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Comptttutioncrl Block Design Documentation Version I. 0 

1.1 High-Level Overview of the Computational Block 

The computational block computer serves to combine the classified data from the four 
independent attribute measurement computers (NMC, PU600/PU300, PU900, and Symmetry) 
into a single set of unclassified passlfail indications. The computational block is the last 
subsystem in the attribute measurement system (AMS) to contain classified information. The 
computational block computer is the only computer in the AMs to contain the classified results 
of all the measurement subsystems. 

The computational block calculates attribute values, which are then compared to attribute 
threshold values contained within its software, Some attribute calculations combine data 
received from two of the independent measurement subsystems. Other attributes only use data 
from one of the independent measurement subsystems. 
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Threshold Value I Subsystem 
500 grams NMC 
0.50 NMC 

1.2 

Explanation 
Minimum total weight of plutonium in canister 
Maximum ratio of alpha-n neutrons to fission neutrons to 

Computational Block Threshold Parameters 

1 .O cts/second 

The computational block software contains attribute threshold values as defined 
parameters in an included header file, DATA-ATT.H. This approach allows the threshold 
values to be readily changed at one location in all the AMs software in response to future 
negotiations. The following table summarizes these attribute threshold values. 

avoid being considered plutonium-oxide 
Maximum 87 1 -keV peak amplitude to avoid being 

0.10 

3 years 
0.15 

3-sigma 

Pu600 

Pu300 
Symmetry 

Symmetry 

Maximum r 4 u P ~ : L j Y P ~  ratio to be accepted as weapons-grade 
plutonium 
Minimum age of plutonium to be accepted as from a weapon 
Maximum fractional deviation from the mean at any angle 
accepted as from a axially symmetric object 
Minimum statistical significance of fractional deviation from 

I I I considered dutonium-oxide 1 

I I I the mean required to reject as axially symmetric object 

The LANL report "Application Guide to Neutron Multiplicity Counting" LA- 13422-M 
defines alpha, a, as the ratio o f  neutrons produced by any (a,n) neutron reaction to spontaneous 
fission neutrons (eqn 5-2). Induced fissions due to neutron multiplication are different from 
spontaneous fission and how they affect this definition should be understood from this report. 
Several formulas for extracting alpha are provided, which depend on various experimental 
parameters and measurement values. Alpha values for oxides between 1 and 10.4 are mentioned. 
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Vendor 
Ampro 
Ampro 
Diamond Systems 
Corcom 
Condor 

1.3 Listing of All Major Computational Block Components 
and Functions 

Part Number Description 
CM2-SXI-Q-73 3SXi 386 Processor Card 
MM2-SVG-Q-71 SVG-I1 VGA Video Card 
Emerald-MM-DIO 
6EC1 
GSC20-5 

Extra 4 Serial Ports & 48-bits of Digital I/O Card 
RFI Power-Line Filter with AC connector 
5V 3,8A Switching Power Supply 
Push-button Ordoff Switch 
Fuse 

The computational block contains commercial and custom hardware and software 
components, which are listed in the following tables. 

Amp 
Amp 

- 
- 

9-pin D-Sub Male Connector for Serial Port 
15-pin D-Sub Female Connector for Parallel Port 

PC 104 card standoffs 
External Case 

Amp 
Amp 

- 25-pin D-Sub Female Connector for Serial Port 
15-pin D-Sub Female Connector for Video Output 

Datalight 
Phoenix 

Table of Computational Block Software Components 
I Vendor I PartNumber I Descrhtion 

ROM-DOS - ,version 6.22 
Award BIOS version 3.10 

Operating System 
Svstem BIOS 

DATA ATT.C 
~ V / L 1 8  version 17 

Microsoft Visual C version 1.52 

Application Software 
Communication Library 
C-Comuiler & Standard Librarv 
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1.5 Pictures of the Computational Block Subsystem 

The following pictures are included to illustrate the design and layout of the 
computational block hardware. 

0 Front-view with the lid on showing the power on switch 
0 Inside-view with the lid off showing the internal components and the back panel connectors 
0 Back-view with the lid on showing the various back panel conneotors 

Side-view with the lid on showing the side panel connector to the data barrier. 



Figure 1 sliocvs the localioiii of thc computational block subsystem in the larger attribute 
nicasuremene sy stcn 1. . 

1;igui.e 1. Schemalic Layout of  tht: Five CIYJs in the Attribute Measurement System 

PtJ300 
PU600 
CPU 

EMAC 
486DX 

PU900 
HPGe 

SENSOR 

Fiber Optic 
13at.a Link OUTPUT DISPLAY 

RED/CREEN LIGHTS 



Pu900 Data 
871-keV 
A tnpf hide 

Symmetry Data 

Fractional 
Deviation 

Serial Port 3 
DIO card 

.- .-& ..--- --. --- 
Serial Port 2 



1.5 Pictures of the Coirnputational Block Subsystem 

'The following pictures are included to illustrate the design and layout of the 
compul ational block hardware. 

0 

e 

e 

0 

Front-view with the lid on showing the power on switch 
Inside-view with the lid off showing the internal components and the back panel connectors 
Back-view with the lid on showing the various back panel connectors 
Side-view with the lid on showing the side panel connector to the data barrier. 



U it 

Push-button Power Switcii 





,463 Power AC Fuse PU600~PU3081 Symmetry RnaIog 
Connector COhf Input GOM Input Video Output 



Display -Light 

DIO Output 

Data to 
Data Barrier 



1.6 Explanation of Classified Data Strings Received with 
le Data Set of Each 

Mode ___ 

Assay 
(Verify) 

Gamma Calibrate 
Measure Control 

Backgra und Background PASS 
____ Background FAIL 

-___-__I 

I_-I__ I_ ---_- 

- ~ _ -  

The various measurement computers provide textual data to the computational block 
cornpuler. These limited text strings are in principle human readable and provide all the 
potentially classified communication between the computers. The "x.xxx" and " y.yyy" indicate 
numeric data that is passed by the analysis programs lo the computational block. When the data 
is passed as a pair of numeric values, the iirst is the value and the second is error in the value. 

Symmetry 
Symmetry: x.xxx, x.xxx 
Symmetry: Physics Error 
Symmetry: Acquisition Error 

Symmetry: Background Complete 
Symmetry: Background Enor 

Table of Textual Inmit Strings to the ComDutational Block from the Analvsis ComDuters 

Table of Textual Inmt Strings to the Computational Block frl 

Gamma Calibrate 

Measure Control 
Background 
-~ ___-- 

Pu3001'600 
PLJ300: x,xxx, x.xxx 
PU600: x.xxx, x.xxx 
Presence: Yes 
Prt:sence: No 
PU3OO:Physics Error 
PU600:Physics Error 
Presence: Physics Error 
PU300: Acquisition Error 

- -- 

PU600: Acquisition Error 
Pti300: Calibrate Complete 
----- -__I- 

PU300: Calibrate Error 
lJI.l6OO: Calibrate Complete 
PIJ600: Calibrate Error 

PIJ300: Background Complete 
PU300: Background Error 
PI JGOO: Background Complete 
PI J6OO: Back..ound Error _--.___ __ 

n the Analysis Computers 
PU900 
PU900: x.xxx,x.xxx 
PU900: Physics Error 
PU900: Acquisition Error 

PU900: Calibrate Complete 
PU900: Calibrate Error 

PU900: Background Complete 
PU900: Background Error 



In addition to the textual strings from the measurement computers, the computational 
block receives 6-bits of data from the operator control buttons. The operator button data 
determines the mode or type of calculations expected of the computer. Each of the measurement 
computers also receives this same operator-input data. The following table indicates the path of 
this mode data 

e 
e 

B to the DIO ports 
e to the Start-Data values, 

The Siart--Data variable is used by the DATA-ATT program to determine which calculations are 
appropriate for the operator-requested mode. 

from the input connector on the real panel 
to the DIO card connector pins 



1.7 Explanation o Calculations Required 

__ 
Yu600/Pu300 

The computational block DATA--A'I'T.C program makes simple comparison calculations 
between the values of the measurements received from the measurement computers and the 
threshold values in the DATA-ATT.H header file. A few attributes require combining results 
from two measuremcnt computers. 

e WMC alphaover threshold 
0 

I___ 

Calculate total mass -NMC mass * ( I  + l/Pu ratio) 

Table Summarii 

- Iso+c R-atio 
Plutonium Age 
Pu Presence 
Oxide 
- ~ _ _ _ _ _ _  

Total f'u. Mass 

Symmetry 

the Computational Block Calculations 
Calculation 

--I-__ 

~ 

PutjOOff u300 
Pu900 
NMC 

Check for a "YES" only 
Logical AND of c 87 1 -keV peak area over threshold 

_-__I I__ --_ 

- - 

C o i n ~ e  - to inass threshold 

Maximum fractional deviation over threshold 
Measured sigma over sigma threshold 

L,ogiia AND o E 
NMC 
Symmetry 



1.8 Summary of Uinclassified Output (Passmail) 

The following table indicates the path of the unclassified output data bits determined and 
set by the DATA-AJ'T program 

from the DIO pods and bits 
to the DIO card connector pins 
to the output connector on the side panel. 

0 

(I 

There is one additional bit (DIQ port3, bitO), which is used to set the data into the data barrier 
flip-flops. 

Table of Digital Output Values from Emerald-MM-DIO Card 
F I T [ % ~ ~  --'T6txtpudlExplanation ' 
~ ~ ~ ~ - ~ ~ - - ~ ~ ~ ~  the Data Barrier Flip-Flops 

___ -- 
I____- 

J5-25 I_ _i A--- A e Green 
55-23 I_ -- S - rnmetryRed __ 

S rnnietry Green 
J5- I9 I.- 18 Pu PTisence Red 

Pu k&ence Green 
Pu Oxide Red 

19 I_ __- 55-2 1 
--I 

--- 
-I_-- 

7 55-17 17 --- 
- __ -- --- - J5-15 

I__ 



igh-LevelI)escription of CIW Card Operation 

'ilie CPU card is a PC 1 04 processor card, which the computational block uses to 
communicate with the four measurement computers, to perform minor calculations and 
comparisons, and to set unclassified pass/fail bits for eventual output to the operators, 



.I Brief Overview arrative for the CPU Card 

‘The processing power that is required of the CPU card is minimal. Commercially 
available PC104 system:; generally use 80386, 80486, or Pentium processors and this selection 
was for minimal excess functionality. The 803 86SX processor selected is more than adequate to 
meet thc processing requirements. 

‘The Ampro 3SXi C:PU card does not use an Intel 80386SX processor, but rather uses an 
Acer Laboratories AI,i M6117G embedded microcontroller IC, In addition to the work-alike 
J86SX processor, the M6117C contains interface capabilities often contained in a separate I/O 
support IC. 



2.1.2 Clritical Specifications for the CPU Card 

The critical specifications for the CPTJ card are minimal. The PC 104 architecture 
satisfies the requireinent of an inspectable, trusted-processor architecture. 
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2.2 Ampro, CoriMo S'Xi - 386SX Processor Card 

The following sections provide information regarding the Ampro CoreModule 3SXi card. 



‘I‘he following specification sheet was downloaded from the Ainpro Internet site at: 

http://www.ampro.condproducts/coremod/cm3 sxi2.pdf 



h t t p : l h w w  arnpro.com/ products/coremoi~~i~-~ sri. htni lmprt t  I k’roducts - CMi3SXi 

11 25MHz 386SX-compatible processor 
6’ UP to 8M bytes onboard DRAM 
* Floppy and IBE disk controllers 

Dual FIFO-buffered serial controllers 
0 One RS232 and one RS232/RS485 
* Bi-directional (EPPIECP) patailel port 
* Optimized for embedded applications 

w Bootable “Solid State Disk“ 
* Watchdog timer 
* Advanced Power Management 

Battetyless boot 

Wide operating temperatiire 
Enhanced etmt.,edded-FlC BIBS 

Law power consitmptron 

Q l iow to Download.- 
* How to Purchase 



SERIAL PORT 2 

1 FLOW INTERFACE -- 

RS485 CONNECTOR ~ - - ~ - . - -  

INTEGRATED 386SX 1 1 1 - 1 - 1  

PRO~:ESSOF~~C:~IIP~F' 

FW104 Hiis  

The CoreModule/3SXi provides cost-effective 
386SX processing power and PClAT compatibility 
in a compact, precon.figured wbsystern module. 
Within j t is t  14 square inchcs of space, the 
CureMoclule/3SXi includes the equivalent functions 
of a PC/AT motherboard plus several aclditional 
expansiori cards. Cost-sensitive embedded 
application:; that formerly required chip-based 

off-the-sfi4I.f module powered by i3  25 MHz 
3865X-compatible CPU, along with hardware 
and software standards like PC/AT' and 
lul S- D OS c o m pati b i I i ty. 

~ 

, cuitom designs can now benefit from an 

The CoreModule/3SXi is designed to meet 
the demands of embedded systems through 
its extremely compact design, low power 
consumption, +SV-only operation, wide operating 
temperature range, and high reliability. 

~~~~~~~~A TlOM ~~~~~~~~~~~ 

The CoreModule/3SXi car1 be used as 
a macrocomponent, plugged into a proprietary 
application board, or it can be combined with 
PC/104-~ompatible expansion products t'o form 
compact, highly integrated control subsystems. 
Multiple modules can be stacked together without 
the cost and space penalties of additional 
mounting haidware. 



CPLJ 
MEMORY 

SYS773kl CONTRQLLERS 

KEYBOARD 

R€dL TIME CLOCK 
BIOS 

386SX-compatible, 25 MHz internal clock rate 
* 2 or 4 Mbytes directiy surface-mounted. Additional 4 Mbytes via plug-in DRAM module 
* 7 DMA channels (8237 equivalent) 

* 3 programmable counter/timers (8254 equivalent) 
* PC/AT-compatible keyboard port 

Speaker port with 0.1 watt drive 
* CMOS RAM (MC146818 equivalent); requires external 3.0 - 3.6V battery (Tadiran TL-52421W or equivalent) 

Award BIOS with Ampro embedded-PC enhancements 

14 interrupt channels (8259 equivalent) . 

SERIAL 

PARALLEL 
I 5 E  

FLOPPY 
BYTEWIDE SOCKH 

OEM FLASH OPTION 

* Two RS232 serial ports with full handshaking 
* One port is jumper-configurable for RS232 or RS485 
* Both ports implemented using 16C550 equivalent with 16 byte data FlFOs 
* EPP/ECP compatible bidirectional parallel printer port 

0 Low profile 44 pin compact 2mm connector 
* Supports 1 or 2 drives 
* Usable with 32K - 1 Mbyte EPROMs, 32K - 512K Flash EPROMs, 32K - 512K SRAMs, or 32K - 512K NOVRA 

SRAM backup using off-board battery 
* Configurable as 64K, of 128 Kbyte window, addressed in the range 00000-EFFFFh 
* Usable with DiskOnChipZOOOTM read/write Flash SSD device 
* Onboard 1 Mbyte OEM Flash 

960 Kbytes available for OEM use (balance used by system BIOS) 
m Configurable as 64 Kbyte window, addressed in the range D0000-DFFFFh or E0000-EFFFFh 

SSD 5.31 Support Software converts into an in-system programmable, read-only SSD devices 
* OEM Flash TFFS software converts into a full readhrite SSD drive (not usable simultaneously with 

2K bit configuration EEPROM, with 512 bits for OEM use 
Supports battery-free boot capability 
Utilizes real-time clock alarm function 
Timeout triggers hardware reset or nan-maskable interrupt 

Support for 1 or 2 IDE hard disk drives 

DiskOnChip2000TM) 

BUS 
POWER . .  

3.6 x 3.8 x 0.9 in. (90 x 96 x 23mm); PC/104 compliant form factor 

16-bit PCi'lO4 bus 
Requirements (typical 25 MHz with 4 Mbytes RAM): +5V *5% 

Operating temperature. 0" to 70" C standard, -40" to +85& C extended (special order) 
5% to  95% relative humidity, non-condensing 
Storage temperature: -55" to +85" C 
Weight' 3.0 02. (85 grn) 

NOTE. Contact Arnpro regarding custom configurations and special order options 

(Includes stackthrough pins. Please refer to PC/104 specification for stacking and other dimensions ) .. 
- 500 mA active / 160 mA sleep 

NOTICE: The producl rpeciflcdtlons provided in this data sheet are subject toshange without notice. 
0 1999 Ampro Computers, Inc. AMPRO IS a registered trademark and 
Coretvlodule, MiniModule, Little Board. and The Embedded Solutions Provider are trademarks of 
Ampro Computers, Inc. All other trademarks and registered trademarks are the propew of their 
respective owners. 

All rights reserved. 

Ampro Headquarters: I /800)966-5200 ww.ampro.com 
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2.2.3 X-Ray of the Arnprs CoreModule 3SXi Card 

The section contains: 

* Labeled top-view x-ray of the Ampro CoreModule 3 SXi Card. 

The x-ray can be readily compared to the top-view photograph in section 2.2.2. Note that 
ICs are mounted on both sides of this printed circuit (PC) board. Thus, the large die in the center 
of the M i  M61 17C, which is surface mounted on the topside, can be seen surrounded by three 
ICs, which are surface mounted ora the bottom-side of the PC board. 

The x-ray of the region ofthe socketed PROM IC is more complex. The PROM, which 
is inserted in the 32-pin socket, is above the Flash memory, which is sudace mounted to the 
topside of the PC board, and above: a line driver, which is surface mounted to the bottom side of 
the PC board. In addition, the PC board has several layers of traces and ground planes. 



RAM 
Memory 

PROM Memory 
in 32-pin Socket 

Flash Memory 
under PROM 
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urnper Settings for the Ampro CoreModule 3SXi 
Card 

Note locations of the jurnptxs is shown in the 3SXi technical manual on page 2-3 in Figure 
2-1, which is reproduced below. The W3 jumpers are illustrated on manual pages 23-25. 

_l_...l-- 

Configuration 

/ w 4  
Watchdog Timer 
Output Selection 

- I- For Parallel Port := LPT 
w7 Byte-Wide Backup 1 w8 1 Power Select 

Byte-Wide Battery 

" 1 1  Default Used _I 

1 4  1=2 

~~ . 

Description 
1=2 C O W  uses RS-232C 
2=3 COM2 uses RS-485 
On = connects V,, for Flash off 

EPROM programming 
1 Spins see page 2-23 for EPROM 
See diagram below 

27C080 = 1-Mbyte EPROM used 

1=2 = Hardware Reset 
2=3 = I70 Channel Check (NME) 
open = IRQ8 turns off interrupt 
1=2 selects DMA channel 1 
2=3 selects DNA channel 3 
1=2 selects DMA channel 1 Off 

w3 W7 W8 Default = 256-kbyte Flash EPROM 
OX 02 03--04 05 1 1 = 28F020 

06--0'7 08 09  10 2 2 
I i l  I 

11 : L 2  13 14 15 3 

W3 W7 WE) Used ==l-MbyteEPROM 
0:1 02  03--04 05 2 1 = 27C080 

0 6  0'7 0 8  09 1 0  2 2 
I f I 

11 12--13 1 4  1.5 3 

I 



Jg 
Serial 2 
RS-232C 

58 
Floppy 

310 
Serial 2 
R W ! 5  

J6 fDE 

J7 Power 

(Key pins on connectors are shaded.) 

53 
Serial 1 

J4 
Parallel 

J5 
Utility 

I Connector and Jumper locations 



2,2.5 Parameter S ings Set by Software for the Ampro 
CoreModule 3SXi 

The setup program catx be accessed via a CTRL-ALT-ESC key combination when the 
computer is flrst powered up. Actual settings were determined with the sample of the configured 
system. 

Setup Page 1 - Stan OS Setup --- ~ " -  

Setting 
I 1.4M 

I-- 

Item 
1st FloGy: ------- 
2nd Flooiw: I None I 
_l_____" A'I'A/ID€ Disk 1 : None 
ATNIDE Disk 2: None 

Enabled 
lplopp y Interface: 
UIE Interface: ---..-___.-llloll 

SO 
Enabled 

EnabIed Disabled 

A Enabled Enabled 
I--- I.p-_----- I Hot kcy setup: 

CI Kegired to in documentation but was not displayed by the ,,Aware 
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Setup Baec 3 - SCSI Hard Disk 

_1_14~____ DOS DESK MAP - kit Boot Device F~ODDV Drive 
I 1st Hard Disk I IDEDisk 1 I AT Bus HDC. Disk 1 I 

2nd Hdrd Disk L Not Active 
Not Active 

4th HakiDisk Not Active 

-------__- 

Mot Active - 
Not Active 

---___. 7th Hard Disk 
8th HaSl Disk 

I Item 

-.-__---.- I Parit1 
_.____Y._ Baud 

Console O u t m  Handshake 
Corn Port Tablr: .---- 

I Setting 1 Default 

No entry No entry- 
No entxy No entry 

NO entry 
No entry 

I?Q entry No entry 
No entry No entry 
1'40 entrv I No entrv 

1- 

I.y__ _____I_ 

No e n t x  - - 
I___. No e n t x  -- 
-y__ - 
-LI_ I 

No entry 
No e n t E  
No entry- 
NO ent 
No entv 

-I 

-- 



2.2.6 Schematics for the Ampro CoreModule 3SXi Card 

The schematics for the Ampro 3SXi card require a non-disclosure agreement with 
Ampro. 



2.2.7 Parts ist for the Am 

‘The Ampro 3SXi card is a &layer PCB using the latest surface mount technology. The 
following table lists the integrated circuits (ICs) inoirnted on the card. The “Locationll column is 
a reference used in the schematics and on the printed circuit card. 

Table of the ICs Mounted on the 3SXi Card 

U8 

u9 
-__ 

74ACT02 U15 1 F’airchild 
U16 MAXIM-- MXD 12 I O  

_.-I. 

1124 Motorola 4HICT244A 
U25 Linear, Lrc485 

U35 1 Fairchild I 74HGT245 
Y1 1 Missing 

Description 
1 Mx8 (1 -Mbyte) PROM Memory 
inserted in 32-1411 Socket for PROM I 

Real-Time Clock (RTC) with 114 Bytes of 

ProgrammabIe 
- Setup CMOS Memory 

(PEiL) IC 
Embedded Microcontroller (3 86SX) 
Power-on-Reset IC 
I I/O Controller 
RS-232 Line Driver 
I @ad 2-Input NOR Gate 
- Non-Volatile RAM Controller 
Hex D-Type Flip-Flop 
Flash Memory Programming Supply 

2-kbit Setup EEPROM 
Clock IC 
&bit Register 

_-I 

-__ 
I_ 

~ _ _ _  

- %bit Register 
RS486 Line Driver 

$-bit Register I 
Clock crystal for internal RTC - Missing 
because internal RTC is not used 

- 

14,318-MHz Clock Crystal for Benchmarq I 
RTC 
32.768-kHz Quartz Clock Crystal for Clock 
- 

1c at u20 i 

Section 9 at the end of the computational block documentation provides a set of Internet 
addresses, at which specifications and data sheets are publicly available. Data sheets for the 



principle components (ix., ALi M6 1 17C=~processor, AT27C080=PROM, and 28F008SA=Flash 
memory) are inclucled in sections 2.3 through 2.5 at the end of this CPU section for clarity. 

Part iiumbers were determined from a combination of the schematics and viewing an 
actual 3SXi board. Vendor infbrmation was not included on the schematics and was taken from 
a combination of symbols on the actual parts and Internet search results. 
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2.2.8 Memory Details for the Ampro CoreModule 3SXi 

'The following table shows details oftlie memory usage as gleaned from the 3SXi manual 
and other Internet sources. Additional memory information (e.g., a memory map output from 
MEM commands) is found in section 6.1.7. The 3SXi in the computational block has two 2- 
Mbyte IIICAMs, a large Rash memory, and a large PROM installed. These memory options are 
denoted by arrows, e, in the table. 

Table ~ Showing ---- _____ Available --I Memory within 3 SXi and Potential Memory Map Locations 
7 .II1____l 

(Address Range rSisr,e -unction or Contents 
- 

I Hex I 

OE0000 -- OEFFFF Possible memory window into extended memory 
1---- t ODOOOO - ODFFFF memorv window into 1 Mbvte of memorv 

~ C O O O ~  - ~ C ~ F F F ~  64k I Video BIOS - - E s i b l e  shadow copy in RAM for speed 
OAOOc6 - OBFFFF- 1:!8k 
O E 6 -  09FFFF- ___- -___. 640k 

Video Screen RAM window into 5 12k bytes of video DRAM 
Possible 640-kbytes of DRAM available for programs 
See -- IMEM memory map in section 6.1.7 for details -- 

_ _ ~  FROM - B 

~ ~ i ~ ~ ~ ~ o ~  ~ ~ ~ ~ ~ ~ . ~ - -  2-kbit EEPROM = Motorola, 93LC56X 
080- OFF Documentation I_"- is unclear 
040 -- OX 
000 -- 040 

--I_ 

5 12 bits for OEM use 
S 3  info 

-_ ___-_ - -_I--- ____ 
----___- 

_______I_ -__.-- 



i Setup NVSRAM R.eal-time clock wi 114x8 NVSRAM = 

Setup storage resisters OOE - -  07F 
Clock & control status resisters I Note: Reauires batterv backun 

__I_______ _ill - t'" 
__ _I___. ___" . .--IC__.g_- 

( ~ U D  internal RAM \I28 k te rna l  real-time clock in M6117 w/ 1 14x8 CMOS RAM 
__ OOE - -  07F 
000 -- OOD 

I____ S c tups ior i res i  s t er s 
Gontrol  status --___ resisters t l___ll -.I ote: Requires battery - backup & documentation unclear 1 LE 

A.clditiona1 rneniory information (e.g., a memory map output from MEM commands) is 
found in section 6.1.7. 



2.2.9 Voltage and Current Requirements for the Ampro 
dule 3SXi Card 

Missing as key Key 
I _ _ ~  

-___. NC ____ ----t __ +12 VDC --. It@-- 

’The following table provides input power connection information for the 3SXi card. 57 is 
an &pin input power connector to the card. P1 is the AT expansion bus connector that provides 
power to additional PC104 cards in the stack. 

, 

Table Providing Power Connector (575 Infomation 
57 
Pin 
__L- 

57- 1 
37-2 
__I_ 

57-3 
57-4 
-- 

57-5 
57-6 
J7-7 
57-8 
-__ 

Ground 
BI I 4.50 MA at +5V 35% for 25 MHz operation 

Growid 
-1-5 VDC 
_l_l__-_- 

240 MA at +5V 45% for standby power 1 mode. 

I I I onboard 
4-12 volts for flash memory programming 

enerated onboard 



2.2.10 Suipplementriry Narrative Describing Functional 
Blocks and ~ r n € ~ l e ~ e ~ ~ t ~ t i ~ ~  for the Ampro 

odule 3SXi Card 

The Ampro 3SXi card uses the ALi M6 1 17C embedded microcontroller as the basic 
component. The processor has internal configuration memory that is explained in the data shect 
provided in section 2.3.3. 

The processor can access several banks of memory with the bank switching handled by 
the ALi MG 1 17C processor, the MXD I2 1 0 Won-Volatile RAM controller, and the 16V8 
prograniinable electrically erasable logic (PEEL) IC . The processor can address a flash memory 
tC, which contains the system BIOS and has 960-kbytes available for other use by the original 
equipment mLulufacturer (EOM) or a sophisticated user. The processor can address a once 
programmable read-only memory (PROM) or erasable programmable read-only memory 
(EPROM) mounted in a 32-pin byte-wick socket (SO). In this case that socket contains a 1- 
Mbyte PROM (AT27COSO) configured as a disk file containing the operating system and 
application software files. The processor can also address the main memory, which consists of 
2-Mbyte dynamic random-access memory (DRAM) ICs each configured i is lMx16 (1M of 16- 
bit words). The 3SXi card inay contain either oiie or two 2-Mbyte DRAM ICs (TC5 1 181 GOCFT- 
60). In this case, two DIUM-[Cs are installed for 4-Mbytes of main memory. 

An external real-time clock (KTC), Benchmarq BQ328S, is used rather than the RTC 
internal to the M6117C. A 14.3 18-MHz dock crystal of unknown manufacture (no label is 
visible on the component) drives the RTC. The setup memory in the RTC can be battery backed, 
bat tlie battery is removed for this application, A 2-kbit setup electronically erasable 
programmable read-only memory (EEPROM) supplies the setup information at power on. The 
EOM or a sophisticated user can use at least 512 bits (possibly 1536 bits) of this EEPROM for 
other parameters. 

A SklSC FDC37C666GT 1/0 coiltroller handles tlie I/O. This Controller handles I/O for 
and IDE h s .  a Floppy inkrface, two serial ports, and a parallel port. The serial ports each USC a 
SIPEX SP211 CA RS-232 line drivedreceiver, which internally generates k9 volts for the RS-232 
line. 

A Power-on-Reset IC senses the power condition. This provides i1 power-good signal to 
the processor., power-ok to the real-time clock and reset signal to the utility connector. The 
processor handles thr: reset for the I/O cornponents and the PC- 104 bus. 

Two IC pads are empty on the board. They were intended for a keyboard controller and a 
hex inverter for the keyboard signals. 



Test Point Ijafolrrnation for the Ampro CoreModule 
3SXi Card 

The followirig table contailis illustrative examples of test points determined from the 
scliematics and Ihe individual IC data sheels. More test points can be readily added for a more 
thorough joint inspection. 

Table o f  R 
Location 
IC-Pin 

-___- 

57- 1 
57-2 
___- -_ 

___- 
U10-39 

Ul0-120 
U10-196 
-_I_ 

U10-163 
u10-113 
u10-1 
u10-8 
11__---. 

U8-SO 
'U8-2 

111 8-G 
UG-11 

U6-37 
U6-38 

--__ 

so-22 

CPU ATCLK 
CPU BCLKl 

I/O CHKJ 

I I F*ashVpp 
Flash Mem 

-__- 

____ Flash Mem F 5 V  after start OE* 
Flash Mem +SV 4 WE* 

-i CE" 
_I_____ - 

Comments 

Input Power Connector 
Innut Power Connector I 

Innut clock ------4 for the CPIJ 

12X Clock for 8254 timer 

+12V supply for write-to-Flash 
+12V .) can write to Flash I 
Mem I 
L=Chip enable (only copy BIOS I 
once during startup) 
L=Output enable 1 
L=Write enable (never write) 

L=Output enable 13v=Write 
Should never be writing to SO 
Should be reading from SO 



2.2.12 Technical Manual for the Ampro CoreModule 3SXi 
Card 

The following tec;hnical manual was downloaded from the Ampro Internet site at: 

http://www.anipro.corr~/techn.liin/coremodule/500 1 13 I e.pdf. 
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PREFACE 

This manual is for designers of systems based on the Ampro CoreModule/3SXi I i 'U, II PCIAT compariblc 
moduIar computing engine. This manual contains information on hardware requirements and connections, 
and details about how to program the device and integrate it with other devices to create an embedded 
system customized to your requirements. 

There are three chapters, organized as follows: 

Chapter 1-Introduction. General information pertaining to the CoreModule/3SXi CPU, its 
features, and technical specifications. 

Chapter 2-Configuration and Installation. A description of the jumper options, connector 
pinouts, and hardware-related technical information needed to configure and install the module. 

Chapter 3-Operation. A description of software-related system features, lncludes instructions on 
how to use the BIOS SETUP feature to configure your system. Includes descriptions of specialized 
utilities provided with the Development Kit. 

iv 
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CHAPTER 1 

INTRODUCTION 

1 .I GENERAL DESCRI 
The CorcModulci/3SXi CPIJ is an excxptionally high integration, high performance, 386SX-based PC/AT 
compatible systcm i n  the PG/lO4 forrn factor. This rugged and high quality single-board system contains 
all the component suhsystcms of a PCYAT motherboard plus the equivalent of several'PC/AT expansion 
boards. 

Key functions included 011 the CoreModule/JSXi module are CPU, RAM, embedded-PC n'IOS, keyboard 
and speaker interfaces, two serial ports, a multimode IEEE- 1284 enhanced parallel port, floppy drive 
controller and IDE hard disk controller. In addition, the CoreModule/3SXi CPU includes a 
comprehcnsive set of systcIn cxtonsiotis and cnhancetnents that are specifically designed for embedded 
systems. It is designed to meet the size, power consumption, temperature range, quality, and reliability 
demantls of embedded applications. 

Among the many cmbcdded-PG cnhanoements that ensure fail-safe embedded systcm operation are a 
watchdog timer and an onboard boatable "solid state disk" (SSD) capability. The unit requires a single 
+S Volt power sourcc and offers "green PC" power-saving modes under support of Advanced Power 
Management (APM) BIOS functions (APM Release 1. I-compliant). 

The CorcModule/3SXi CPlJ is particularly well suited to demanding environments such as embedded or 
portable applications. The flexibility of the CoreModule/3SXi CPU makes system design quick and easy. 
Stack i t  with Ampro MiniModuIcs'M or other PC:/l04-cornpliant expansion modules, use the Ampro 
MiniBac,kplane and ordirtary plug-in cards, or use i t  as the computing engine in a fully customized 
ap p 1 ic a t i o n . 

1.2 FEATURES 
CPUlMotherboard 

The CoreMociule/3SXi CPU irnplernerits a fully PC-compatible motherboard architecture, with an 
80386!3X CPIJ running at 25 MHz. 

The standard DRAM compliment of the CoreModule/3SXi CPU is 2M bytes, soldered on the board. A 
model with 4Mbytes is also available. For DRAM expansion, you can order an Ampro custom memory 
moduit: which allows yoit to add an additional 4M bytes. 

Serial Ports 

Thc baitrd provides two I'C.compatible RS-232C serial ports, implemented using 16C550-type UARTs. 
These UARTs are equipped with 16-byte FIFO buffers to improve throughput. Baud rates up to 115K 
baud ale supported. Onbottrd voltage converters provide the RS-232C voltage levels from the +5 volt 

t J I - i l l l 4 L t l U l l d i  

"PPlY 

id-pdir  signaling schemc. RS 485 is generally used for a serial bus. Up to 32 nodes can be bussed 
togetht-r, :,haring a single twistcd-pair cable. 
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Parallel Port 

An enhanced bi-directional parallel port interface conforms to the IEEE- I284 standard. It provides new 
features attractive to embedded system designers, including increased speed, an internal FIFO buffer, and 
DMA transfer capability. 

Floppy Interface 

An onboard floppy disk interface provides access to standard floppy drives. The interface supports up to 
two floppy drives, 5.25 inch or 3.5 inch, in  any combination. 

IDE Interface 

An onboard IDE interface provides hard disk and CD-ROM drive access. The interface supports up to two 
drives. The BIOS supports hard drives greater than 528 M bytes through Logical Block Addressing 
(LBA). 

Enhanced Embedded-PC BIOS 

One of the most valuable features of the CoreModule/3SXi CPU is its enhanced embedded-PC BIOS, 
which includes an extensive set of functions that meet the unique requirements of embedded system 
applications. These enhancements include: 

8 

8 

8 

8 

Solid State Disk (SSD) support (see below) 

SCSI services-full SCSI BIOS services are integrated with the module's hard disk support 

Watchdog timer-monitors the boot process and provides a watchdog function call for applications 

Fast boot operation-normal or accelerated POST, selectable by SETUP options 

Configurable POST display-select what will be displayed at boot time 

8 Fail-safe boot support-intelligently retries boot devices until successful 

8 Battery-free boot support-saves system SETUP information in non-volatile EEPROM 

Serial console option-lets you use a serial device as a console 

Serial loader option-supports loading boot code from an external serial source 

EEPROM access function--512 bits of EEPROM storage available to user; useful for serialization, 
copy protection, security, etc. 

OEM customization hooks-can execute custom code prior to system boot via ROM extensions; 
allows sophisticated system customization without BIOS modification 

Modular PC1104 Expansion Bud 

. The CoreModule/3SXi CPU provides a PC/104-compatible expansion bus for additional system functions. 
This bus, a compact version of the standard PC ISA bus, offers compact, self-stacking, modular 
expandability. The growing list of PC/104 modules available from Ampro and hundreds of other PC/104 ' 

vendors includes such functions as communications interfaces, LAN interfaces, video framegrabbers, 
digital signal processors (DSPs), data acquisition and control functions, and many specialized interfaces 
and controllers. 

In addition, you can mount thc CoreModule/3SXi CPU on your own custom application-specific base 
board using its PC/104 expansion bus interface as a rugged and reliable interconnect. This eliminates the 
need for you to design a PC engine for your product and facilitates easy upgrades and troubleshooting. 
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Byte4Vide Socket and Solid State Disk (SSI)) 

An important feature of the CoreModulc/3SXi CPU is its bytewide memory socket, in  which you can 
install a hootable "solid state disk" (SSD) or other embedded application software. 

An SSD substitutes EPROMs, Flash EPKOMs, battery-backed SRAMs, or Non-Volatile RAM 
(NOVRAM) modules for convcntional rotating-media drives. Using Ampro's SSD/DOS Support 
Software, any DOS-based application, including the operating system, utilities, drivers, and application 
programs, can be run from SSD without modification. SSD operation is also supported by a growing 
number of real-time operating systems. 

The niodulc's 32-pin byte-wide socket is configurable for nearly every available 28-pin and 32-pin byte- 
wide mernory device. The socket supports all varieties of de.vices, CMOS SRAM, SRAM non-volatile 
modules, EPROM, and Flash EPROM. It xcoinmodates devices from 32K bytes to 1M byte and larger 
using a simple memory-paging scheme implemented with custom BIOS calls. 

To support the use of 12. volt Flash memory devices in the byte-wide socket, the board is equipped with an 
onbo;ird 5 volt to 12 volt converter. 

OEM Flash Memory 

The system BIOS is stored i n  a portion of an onboard Flash memory device. The remaining part of the 
Flash rriemory device can be used by OEMs for embedded software. Ampro provides a utility for 
programming this mcmory. T h c  onboard Flash memory dcvice is accessed as a second byte-wide memory 
device, using the same c i i~ to in  BIOS calls prbvidcd i n  Ampro's extended BIOS that are used to acccss the 
byte-wide memory socket. 

'Two tnodels of the CoreModuie/3SXi are available. One has a 128K byte onboard Flash memory device, 
64K hytes of which are used for the ROM BIOS, and the remaining 64K bytes available for OEM Flash 
memory. Another version comes equipped with a 1M byte Flash memory device, with all but 64K bytes 
available for OEM use. This larger version permits using the OEM Flash memory with Ampro's 
SSD/.DOS to create a read-only solid state disk for the operating system and application programs. Or, 
using OEM Flash True Flash File system (TFFS), you can create a solid state disk with full read/write 
capability. 

I .3 ENHANCED RELIABILITY 
Reliability is especially important in embedded computer systems. Ampro. specializing in embedded 
system computers and peripherals, knows that cmbedded systems must be able to run reliably i n  rugged, 
hostile, and mission-critical environinents without operator intervention. Over the years, Ampro has 
evolvecl system designs and a comprehensive testing program to ensure a reliable and stable system for 
harsh and demanding applications. These include: 

I S 0  !W1 Manufacturing. Ampro is a certified IS0  9001 vendor. 

Regulatory testing. Knowing that many embedded systems must qualify under ESD, EMC emissions, and 
susceptibility testing, Ainpro designs boards with careful attention to EM1 issues. Boards are tested in 
standard enclosures to  ensure that they can pass such tests. Tests include CE MARK directives EMC 
EN550:2'2 and EN5501 1,  ESD EN 61000-4-4, RF susceptibility ENV 50140, EFT EN 61000-4-5, and 
<;;I  ioiis at [:S ~ ; ; l i ; i g < ~  per I:CC: Subp;~It 15.  

Wide--range temperature testing. Ampro Engineering qualifies all of its designs by extensive thermal 
and voltage margin testing. 
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Shock and Vibration Testing. Boards intended for use in  harsh environments are tested for shock and 
vibration durability to MIL-STD 202F, Method 214A, Table 2141, Condition D at 5 minutes per axis for 
random vibration, and to MIL-STD 202F, Method 213B, Table 213-1, Condition A for resistance to 
mechanical shock. (Contact your Ampro sales representative to obtain Shock and Raiidom Vibrufion Tesf 
Report far  the CoreModule/3SXi CPU for details.) 

1.4 SOFTWARE 
The vast array of commercial and public-domain software for the IBM PC and PC/AT is usable in 
CoreModule/?lSXi CPU based systems. You can use the most popular software development tools 
(editors, compilers, debuggers, etc.) for developing code for your application. With this software and the 
standard Ampro-supplied utilities and drivers, you’can quickly tailor a system to your needs. 

Use the board’s SETUP function for all system configuration. SETUP can be invoked using a “hot-key” 
combination (CTRL-ALT-ESC) or from the DOS command line using a utility program, SETUP.COM, 
available on the Common Utilities diskette. Table 1-1 summarizes the configuration parameters you can 
modify using SETUP. 

Table 1-1. Summary of SETUP Options 

I 

R 

R 

R 

R 

R 

I 

rn 
R 

R 

I 

R 

I 

E 
B 

R 

Date and time in the battery-backed real-time clock 
Floppy drive quantity and type 
IDE Hard disk drive quantity and type 
Video controller type (for an external video controller) 
Serial port enable/disable 
Parallel port enable/disahlelrnode 
Byte-wide socket address and size’ 
OEM Flash memory address and site 
Serial console option 
Video BIOS Shadow RAM enable 
SCSl disk drive parameters (using Arnpro SCSl adapter) 
DOS hard disk map 
Choice of default boot drive (hard disk or floppy) 
EnabldDisable hot-key access to SETUP 
Watchdog timer startup time-out 
Serial loader enable/disable/port selection 
POST speed options 
POST screen display and blanking options 

SETUP information is stored i n  both the hattery-backed CMOS RAM-portion of the real-time clock, and 
in  a configuration EEPROM. For a complete discussion of SETUP, see Chapter 3. 
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1.5 ICIESIGNING COREMODULE SYIiTEMS 
‘The CorzMoclule/3SXi CPU affords a great deal of flexibility i n  system design. You can build a system 
using only the GoreModulc, serial or parallel devices for input/output, and a Solid State Disk drive i n  the 
byte-wide socket or OEM Flash clcvicc. 

Self-stacking Modules--The simplest way to  expand a CoreModule system is with self-stacking Ampro 
MiniModules. MiniModulcs are available for a wide variety of functions There are MiniModules that 
provide video interfaces, from monochrome through Super VGA, including flat panel displays. Other 
MiniModules provide additional serial and parallel ports, Ethernet LAN adapter, PCMCIA interface, 
sound card, and other functions. You can stack the MiniModules with the CoreModule and avoid the 
need for bus cables, card cages, and backplanes. 

MiniMotlules mount ilircctly on the €’GI103 bus connector of the CoreModule. PC/lO.t-compliant modules 
can bi: stackt:d with an inter-board spacing of -0.66 inches. Thus, a 3-module system fits i n  a 3.6 inch by 
3.8 inch by  ?.4 inch space. A complcte description of self-stacking options with various Ampro 
MiniModules and other PC/l04-compatiblc tnodules can be found in Ampro Application Note AAN-9402, 
available from Atnpro. 

Minillackplane Systems--You can also use a CoreModule/3SXi system with an Ampro MiniBackplane 
and standard P U A T  plug-in cards. Using the MiniBackplane, two standard cards can be added. 

OEM R/lothi:rboard--’r’ou can add the CoreModule/3SXi CPU as the computing engine to a dedicated 
OEM logic o r  interface hoard. Compatible connectors can be arranged on the OEM “motherboard”, and 
the CoreModule/3SXi CPLJ can be mounted ciirectly on these connectors. Not only does this eliminate the 
need tor OEMs to design their own CPU suhsystem, but i t  also allows for substitution of new models as 
technology changes, without requiring an expensive redesign of the motherboard. 

1.5.1 CoreMssduk Development Chassis 
Whatever your CoreModule application, there will always be a need for an engineering development 
cycle. ’To help developers quickly assemble an embedded system, Ampro offers the CoreModule 
Dcvclopmcnt Chassis. It includes a power supply, floppy disk drive, hard disk, a StackPlane/AT (for 
mounting thc CoreModule and additional MiniModules or other PCI104-compliant modules), speaker, I/O 
connectors, ilnd a two-slot Pc backplnne. 

The Development chassis provides a “‘known good” environment for your development work. You can 
install the CoreMo.dule/3SXi CPU, NliniMotlules or conventional expansion boards, keyboards, monitors, 
and I/O dcv~ces  to quickly create a platform for your hardware and software engineering needs. Often, 
development chassis are used i n  repair and support facilities as well, and on thcproduction floor for 
system test. Contact your Amprp sales representative for information. 

1.6 ~ ~ ~ ~ ~ ~ ~ ~ ~ L ~ ~ 3 ~ ~ i  CPU SPECIFICATIONS 
The foliowing section provides technical specifications foi the CoreModule/3SXi CPU. 
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8 System RAM: 2M or 4M bytes DRAM (soldered on the board) 

- 
- 
Shadow RAM support provides fast system and video BIOS execution 

14 interrupt channels (8259-equivalent) (IRQ12 is not supported.) 

7 DMA channels (8237-equivalent) 

3 programmable countedtimers (8254-equivalent) 

Standard PCIAT keyboard port 

Standard PC speaker port with . 1  watt output drive 

Battery-backed real-time clock and CMOS RAM, with support for battery-free operation 

Award ROM BIOS with Ampro embedded-system extensions 

Provision for an Ampro custom 4M byte memory module 

Supports up to 8M bytes of DRAM, 4M bytes onboard plus one 4M byte memory module. 

1.6.2 Onboard Peripherals 
This section describes standard peripherals found on every CoreModule/3SXi CPU. 

Two buffered serial ports with full handshaking 

- 

- 
Implemented with 16550-equivalent controllers with built-in 16-byte FIFO buffers 

Onboard generation of RS-232C signal levels 

- The second port supports RS-485 

- Logged as COMl and COM2 by DOS. May be disabled using SETUP. 

8 Multimode Parallel Port 

- 
- Bi-directional data fines 

- IEEE-1284 (EPP/ECP) compliant 
- 

- Internal 16-byte FIFO buffer 
- 

Superset of standard LPT printer port 

Standard hardware supports all four IEEE-1284 protocol modes 

DMA option for data transfers 



I Floppy Disk Controller 

I nt  r od tic t i  on 

- 

- 

.- 

Supports one or two drives 

Reliable digital phase-locked loop circuit 

Supports all standard PC/AT formats: 360K, 1.2M, 720K, I .44M 

I HIE Disk Controller 

- 

-- 

Standard PC-compatible IDB hard disk controller 

Supports up to two dcvices, generally hard disk drives or CD-ROM drives. (CD-ROM drives 
require a driver.) 

BIOS supports drives larger than 528 M bytes through Logical Block Addressing (LBA) - 

1.6.3 Em bedded-PC: System IEnhancements 
M 32-pin byte-wide memory socket: 

- [Jsable with 32K to IM byte byte-wide memory devices, including EPROMs, Flash EPROMs, 
SRAMs, and NOVRAMs (Non-volatile RAMS) 

Backup battery automatically converts SRAM to NOVRAM 

Onboard programming of 5 V and 12 V Flash EPROMs 

Contigurable as 64K or 1281C byte window, addressed in the range of DOOOOh to EFFFFh 

lJsable with DiskOnChip read/write Flash memory device 

Supports a PWICIA mcmory card cxrnnection via an Ampro Memory Card Adapter 

Supported by Arnpro SSD Support Software and many third-party operating systems 

OEM Flash Memory-an additional 6 4 K  (or 960K by special order) of onboard Flash.memory 
for OEM use. Operates like il second byte-wide socket. 

- 

-- 

-- 

- 

- 

- 

- 

2K-bit configuration EEPROM: 

- Stores system SETUP parameters 

- Supports battery-free boot capability 

- 5 12 bits are available for OEM use 

I Watchdog Timer 
- 

- 
Utilizes the onboard real-timc clock alarm function 

Timeout triggers a hardware reset or non-maskable interrupt 

1.6.4 Support Software 
Enhanced Embcdded-PC BIOS Features: 

- Solid State Disk (SI))  support 

- SCSI services (supports SCSI interfaces found 011 Ampro MiniModulc boards.) 

- Watchdog tinier (WDT) support 
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- 

- Fail-safe boot logic 

- Battery-free boot 

- Serial console option 

- Serial loader option 

- EEPROM access function 

- BIOS OEM customization hooks 

See the Ampro Embedded-PC BIOS data sheet for  additional details about these features. 

Fast boot and blank POST options 

I Software Utilities Included 

- SETUP utility 

- Watchdog timer support 

- Serial access and development support 

1.6.5 Mechanical and Environmental Specifications 
I Dimensions: 

- Board Envelope: 3.6 x 3.8 x 0.92 inches (90.2 x 95.9 x 23.4 mm.). Refer to Figure 1-1 for 
mounting dimensions. 

Board-to-board spacing: 0.6 inches (15.2 mm.) - 

Provision for system expansion with one or more Ampro MiniModule products or other PC/104 
expansion modules. 

Power requirements (typical, with 4M bytes DRAM installed): 

- 
- 

I 

I 

25 MHz configuration: 450MA at +5V 25% 

Standby power mode: 240MA at +5V 25% 

I Operating environment: 

- 
- 

Standard: Oo to 70" C (with adequate airflow) 

Extended temperature range can be tested by special order. Contact Ampfo for details. 

- 5% to 95% relative humidity (non-condensing) 

Storage temperature: -55" to +85* C . .  

W Weight: 

- 3.4 Oz. (95 gm) 

PC/l04 expansion bus 

- Stackthrouph I h-bit bus connectors, for expansion via PU104  Version 2 "douhle-stackthrough" 
(DST) modules 

- Four mounting holes 

6-layer PCB uGng latest surface mount rcchnology 

* 

, 
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Figure 1-1. Mechanical Dimensions 
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CHAPTER 2 

2.1 INTRODUCTION 
This chapter covers configuration arid installation of the. GoreModule/3SXi CPU. It includes the board’s 
connector signals and pinouts, cxternal device requirements, interconnection cablc wiring, and jumper 
configuration opt ions. 

The topics covered in this chapter are: 

W Power Connector 

DRAM memory 

B RS-232C/RS-485 serial ports 

I Elntiarrcet-I pnrallcl port 

111 Floppy disk interface 

I IDE hard disk interface 

I 32--pin bytc-wide sock.et 

B OEM Flash memory 

E 

H Watchdog timer 

I Battery-backed clock 

fC/104.-compatible expansion bus 

l l t l l i ty  connector (Keyboard, PC: speaker, reset button, external battery) 

2.1.1 Irttr3PfaCf3 C O  nector Summary 
Refer tn Figure 2-1 for the locations of the connectors (PI, Y 2 ,  13 - JlO) and configuration jumpers 
(W1 - W9). 

Table 2-1 summarizcs the use of the IIO connectors and Table 2-2 summarizes use of the configuration 
jumpers. 

Each iriterface is described in its own scction, showing connector pinouts, signal definitions, required 
matins connectors, and configuration jumper options. 

‘ 

Many ot the connectors have a kev piti removed. This allows you to block the corresponding cable 
connt:ctor socket to help prevent impropcr assembly. Table 2-1 indicates which pins are key pins, and 
Figure ?--I shows (hcir locations. 
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Table 2-1. Connector Usage Summary 

Connector 
P I  A/B 

P2CID 

J3 

J4 

J5 

J6 

J7 

J8 

J9 

J10 

Key Pin . Function Size 
PC/104 Expansion Bus 64-Pin B10 

- 

PC/104 Expansion Bus 40-pin c19 

Serial 1 1 O-Din 10 

2 mm 

Power, +5V; +12V, 
-12V, and -5V to $-pin 
PCIlO4 Bus 

34-pin 

Serial 2, RS-232C I 10-pin I IO I 
Serial 2, RS-485 2-pin None 1 I 

Connectors 

Most of the I/O connectors are dual-row headers for use with insulation displacement connectors (IDC) 
and flat ribbon cable. J5 is usually implemented with discrete wires rather than flat ribbon cable. J10 is a 
2-pia connector for an RS-485 twisted-pair cable. 

A number of the connectors have “key pins”. Install a blocking key in the corresponding connector socket 
on the mating ribbon cable to prevent misalignment. 

You can design a PC board assembly, made with female connectors in the same relative positions as the 
CoreModute’s connectors, to eliminate cables, meet packaging requirements, add EM1 filtering, or 
customize your instaliation i n  other ways. 

The PC/I04-compatible expansion bus appears on two connectors (PI and P2). You can expand the 
system with Ampro MiniModule products or other PC/104-compliant expansion modules. These modules 
stack directly on the P.l and P2 connectors, or you can use conventional or custom expansion hardware, 
including solutions available from Ampro. Contact your qmpro sales representative for information about 
alternatives offered by Ampro. 

. 

2-2 



Configuration and Installation 

J9 
Serial 2 
KS-232C: 

J8 
p P P Y  

J10 
Serial 2 
88-485 

-_ P2C/D Expansion Bus I 

37 Power 

(K.ey pins on connectors are shaded.) 

J3 
Serial 1 

J4 
Parallel 

J5 
Utility 

Figure 2-1 I (Xmrtector and Jumper Locations 

2.1.2 dumper Configuration Options 
Ampro installs optiori jumpers i n  default positions so that in most cases the CoreMoclule/3SXi CPU 
requires no special jurnpering for standard operation. You can connect the power and peripherals and 
operate i t  immediately. The only juinpers of concern are those that configure the byte-wide socket for the 
devicc you install. 

Jumper-pin arrays art. designated W I ,  W2 and so forth. Jumper pins are spaced 2 mrn apart. A square 
soldct pad identifies pin 1 of eachjumper array. Table 2-2 is a summary,ofjumper use. In the Default 
column, two numbers separated by a slash (for example, 1/2) means that pins 1 and 2 are shorted with a 
2 nim jumper block. 
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Jumper 
Group 

w1 

Function Default Description 

RS-232C/RS-485 Select 1 /2 1/2=RS-232C: 2/3=RS-485 

Vpp for Flash EPROM 
w2 I power enable I Off I programming 

BIOSIOEM Flash programming 

Byte-Wide Socket Configuration 

Watchdog Timer Output 
Selection 

w 3  
~ -~ 

See “Jumpering the Byte- 
Wide Socket” in Chapter 2 

Off See “Watchdog Timer” on 
Page 2-27. 

w 4  

w 5  

W6 

Byte-Wide Battery 
Backup Power 

BIOS/Byte-Wide Swap 

RS-485 Termination ’ 

Off 

On 

Off 

On enables backup for SO 

Off enables access of a 
system BIOS from SO. 

On for 100 ohm terminator 

DMA ACKl/ACK3 I off 1 Parallel port DMA ACK 
select 

. 

DMA REQI/REQ3 Parallel port DMA REQ I Off I select 

Pin Connection 
1; 7 Ground 

2, 8 +SVDC 

t 

4 +12VDC 

(1/2) enables external I lj2 I battery backup for SO 
Byte-Wide Backup Power Select 

w7 I 

5 

6 

W8 

-5VDC 

-1 2VDC 

w9 

w10 

2.2 DC POWER 
To power the module and to supply power to the PC/104 expansion bus, connect the voltages you need for 
your system to J7. Refer to Table 2-3 for power connections and Table 2-4 for mating connector 
information. 
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Table 2-4. J7 Mating Connectors 

2.2.1 Power Requirements 
The C:oreModule/3SXi CPU requires only +SVDC ( 5 5 % )  for operation. The 29 volts for the RS-232 ports 
is generated onboard from thk +SVDC: supply. 

The niodule is equipped with a 1-5 volt to 412. volt voltage converter circuit for programming 12 volt 
Flash EPROMs. The supply is switched electronically, controlled by the F-LASHWRI program (supplied 
with the CoreModule/3SXi CPU Pevelopnient Kit). Notc that this supply is not intended to supply 
12 volts to peripherals, and is not connected t o  t h e  12 volt input pin on the power connector or on the 
PC1104 connector. Thcre may be ii rcquirenient for a n  external + I 2  volt supply, depending on what 
peripherals you connect to the CoreModule system. 

The exact powcr requirement of' the C:oreMoctule/3SXi CPU system depends on several factors, including 
the qumntlty of DRAM, installed byte-wide rncrnory device, the peripheral connections, and which, if any, 
MiniMciciulc products or other expansion boards are attached to the PCll0.t bus. For example, AT 
kcyboards draw their power from the board, and there can be some loading from the serial and parallel 
ports. Consult thc specifications in Chapter 1 for the basic power requirements of your model. 

If you use a switching power supply, be sure i t  regulates properly with the load your system draws. Some 
switching power supplies do not reguiate properly unless they are loaded to some minimum value. If this 
is the casc with your supply, consult the manufacturer about additional loading, or use another supply or 
another type of power sourcc (si.icli as a linear supply, batteries, etc.). 

2.2.2 CPU s 
The CPU speed is fixed at 2SMHz. There is no user adjustment. 

2.2.3 Backup Battery 
. You cart add aiexternal 3.6 volt l i thium battcry to the Utility Connector, A, to power the onboard real- 

' timeclodk and toeback up an SRAM installed in the byte-wide socket. Connect the positive terminal to . 
J5-9 anti the negative terminal to J5-1. 

Hcre is the formula for calculating battery lifc (in hours): 

Battery life = (battery mA-how spccification i (1 uA + SRAM backup current)) x Duty C y c k  

The real-time clock battcry drairi is approximately I uA. To calculate battery life, divide the battery rating 
bv the sum of tlic clnck r'urrent anti  the SKAM currcnt Then, multiply that result hv the duty cycle of the 
battery. 'l'hat IS, estimate the percentage of time the battery supplies power (while the system is off). 
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2.3 DRAM 
Standard boards have 2M or 4M bytes of DRAM installed on the board. There is also a position for an 
Ampro custom memory module which currently allows adding 4M bytes of additional DRAM. Contact 
your Ampro sales representative for the latest information about Ampro’s custom memory modules. 

When the system boots, the BIOS measures the amount of memory installed and configures the internal 
memory controller for that amount. (No jumpering or manual configuration is required.) The amount of 
memory the BIOS measured can be displayed by running SETUP. Saving SETUP automatically stores this 
figure in  the Configuration Memory. 

Note 

If you change the amount of memory installed, you must run 
SETUP again to save the new value in the Configuration Memory. 

Onboard memory is allocated as follows (standard for the PC architecture): 

The first 640K bytes of DRAM are assigned to the DOS region OOOOOh to 9FFFFh. 

DRAM in  the top 384K bytes of the first 1M byte is not available for user programs. DRAM is 
mapped into the top 64K to shadow the ROM BIOS. DRAM can also be mapped into a portion of 
this region to shadow a video BIOS (a SETUP option). (Shadowing is described in the following 
section.) 

The remaining memory is mapped to extended memory starting at the 1M byte boundary. 8 

2.3.1 Shadowing 
One way to improve system performance is to “shadow” the ROM BIOS and video BIOS. When the 
system operates directly from ROM code, i t  accesses an &bit memory device. When the ROM contents 
are shadowed, the contents are copied into system DRAM where they are accessed as 16-bit wide data. 
Shadowing a BIOS ROM substantially enhances system performance, especially when an application or 
operating system repeatedly accesses the ROM. ROM BIOS shadowing is built into the Ampro Extended 
BIOS. There is no user setting. Shadowing the video BIOS is a SETUP option. For information about 
how to set the video BIOS shadowing option, refer to the SETUP section in Chapter 3. 

. 2.3.2 Expanded Memory and Extended Memory 
Memory above the 1 megabyte boundary is called “extended” memory. It is a contiguous linear block of 
memory. Some programs require that memory be available as “expanded” (or “EMS”) memory, which 
makes memory available as pages rather than as a contiguous block. The exact manner for accessing 
expanded memory is defined i n  the EMS LIM 4.0 specification. 

You can convert the board’s extended memory into expanded memory using DOS EMS emulation 
utilities. Current versions of DOS provide EMS emulation utilities (such as EMM386) that conform to the 
LIM 4.0 specification. Refer to your DOS technical documentation for instructions for using their EMS 
emulation utility. 
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2.4 MATH CQPRQCESSO 
The 386SX CPU does not contain a floating point math coprocessor. There are no configuration jumpers 
or options for ;i math coprocessor. 

2.5 SERIAL 
'The CoreModulef3SX tnodulc Ixovides two standard RS-732C serial ports at J3 and J9. At your option, 
the second serial port can be configured as an RS-485 port. 

You can use the serial ports for printers, moderns, terminals, remote hosts, or other RS-232C serial 
devices. Many devices, such as printers and moderns, require handshaking in one or both directions. 
Consult the documentation for the clevice(s) you use for information abqut handshaking, cabling, and 
other interface con:,iderations. 

Use of the RS-485 option offers a low cost, easy-to-use communications and networking multidrop 
interface that is ideally suited to  a wide variety of embedded applications requiring low-to-medium-speed 
data transfer between two or more systems. 

'The serial ports are based on a 16550 UAKT-compatible controller. This is an advanced UART that has a 
16-byte FIFO buffer to improve throughput. 

Both serial ports support software selectable standard baud rates up to 115.2K baud, 5-8 data bits, and 1, 
1.5, or 2 stop bits. Note that tht.: IEEE RS-232C specification limits the serial port to 19.2K baud on 
cables i q i  to 50 feet in length. 

2.5.1 1/0 A 
The serial ports appear a t  the standard port addresses as shown in Table 2-5. These are fixed assignments 
and cannot be changed. Each serial port, however, can be independently disabled using the SETUP 
function, freeing its I/O addresses for use by other devices installed on the PC/104 expansion bus. For 
information about serial port configuration using SETUP, see Chapter 3 ,  

Table 24. Serial Port i/O Addresses and interrupts 

I Port I 1/10 Address I Interrupt 

I Serial I I 3F8h - 3FFh 1 4 I 
. Serial2 I 2F8h-2FFh I 3 -- 1_.1- I 

2.5.2 Interrupt Assignments 
As shown in  Table 2-5, Interrupt 4 ( R Q 4 )  i s  assigned to Serial 1 and Interrupt 3 (IRQ3) to Serial 2. 
These assipntnents can be disnhfed. but they cannot be changed. When a serial port is disabled, its IRQ is 
available to o t l w  pel rpherals installed on the PC/104 expansion bus. For information about disabling the 
serial port\ i l q i i i o  SFTITP. wt' r1iaptt.r 7 

2-7 



CoreModule/3SXi Technical Manual 

Connector Type 
Ribbon 

2.5.3 ROM-BIOS Installation of the Serial Ports 
Normally, the ROM BIOS supports Serial 1 as the DOS COM 1 device, Serial 2- as the DOS COM2 
device, and so on. If you disable a serial port, and there is no substitute serial port in the system, then the 
ROM-BIOS assigns the COM designations as i t  finds the serial ports, starting from the primary serial port 
and searching to the last one. Thus, for example, if Serial 1 is disabled, the ROM-BIOS assigns COM 1 to 

Serial 2 (unless another Serial 1 is discovered). The ROM BIOS scans 110 addresses for serial ports in  the 
following order: 3F8h, 2F8h, 3E8h, 2ESh. 

Mating Connector 

3M 3473-7010 

2.5.4 Serial Port Connectors (53, J9) 
Serial 1 appears on connector J3 and Serial 2 appears on connector J9. Table 2-6 gives the connector 
pinout and signal definitions for both ports. Both connectors are wired the same. 

In addition, the table indicates the pins to which each signal must be wired for compatibility with standard 
DB25 and DB9 connectors. The serial port pinout is arranged so that you can use a flat ribbon cable - 

between the header and a standard DB9 connector. Normally PC serial ports use male "DB" connectors. 
Table 2-7 shows the manufacturer's part numbers for ribbon cable mating connectors to J3 and J9. 

Discrete Wire 

Table 2-6. Serial Port Connectors (J3, J9) 

I MOLEX Housing 22-55-21 01 

Pin 16-02-0103 

- 
Pin 

1 

2 

3 

4 

5 

6 

7 

8 
9 -  

10 

- 

- 
4 

Signal 
Name 

DCD 

DSR 

RXD 

RTS 

TXD 

CTS 

DTR 

Ri 
GND 

NIA 

Function 
Data Carrier Detect 

Data Set Ready 

Receive Data 

Request To Send 

Transmit Data 

Clear to Send 

Data Terminal Ready 

Ring Indicator 

Signal Ground 

Key pin 

In/Out 
In 

In 

In 

out  

out 

In 

out  

in 

Table 2-7. 53 and J9 Mating Connector 

7 

DB25 
Pin 

a 
6 

3 

4 

2 
5 
20 
22 

7 

- 

DB9 
Pin 

1 

6 

2 
7 

3 

. a  
4 

9 

5 

- 

. 
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5 (JIO, v1 2.5.5 Confi g er vi ng erial 2 for RS-9 I ,  WlO) 
Serial 2 provides circuitry for both an RS-232C and RS-485 interface. Using jumpers, you can configure 
the pori to support either interface ( b u t  not 130th at the same time). 

The RS-232C interface appears on J9. Tablc 2-6 shows the pinout for J9. The RS-485 interface appears 
on thf: two-pin connector, J10. Table 2-9 shows the pinout for J10. 

Figure 2--2 shows how to set W X to select the output interface for Serial 2. 

w i  Select RS-232C Interface 

W1 Select RS-485 Interface 

Figure 2-2. Serial 2 Interface Selection 

Note 

The KS-485 arid 12s-232C interfaces share some circuitry. If you 
configure Serial 2 For RS-485, do not connect a serial device to J9. 
Similarly, if you configure Serial 2 for RS-232C, do not connect 
anything to JlO. 
--III--sIIIy---II 

The kS-485 interface specification rcquires that both ends of the twisted-pair cable be terminated with 
100 ohm resistors. You cat) terminate the KS-485 interface on J10 with a resistor provided on the 
CoreMotlule/3SXi, To terminate: thc line, install a jumper on W10. 

Table 2-8. WS-485 Termination using W10 

- Result 
Connects a 100 ohm termination resistor 
between ,110-1 (+1/0) and ground. 

No termination -- I- 

2-9 



CoreModule/3SXi Technical Manual 

Connector Type 
Discrete Wire 

(Locking Connector) 

Table 2-9. RS-485 Serial Port 2 Connector (J10) 

Mating Connector 
MOLEX Housing 22-01 -2027 
Pin 08-55-01 02 

2 - I/O I 

For further information about the RS-485 interface, see Chapter 3, Section 3.9 Serial Ports. 

2.5.6 RS-485 Twisted-Pair Cabling Using RJ1 I Connectors 
Connector J 10 is used for an RS-485 twisted-pair connection. In RS-485 multidrop installations, standard 
RJl 1 modular telephone connector jacks are often used to attach standard twisted-pair cables between 
systems. 

RJ11 modular connectors have 6 available contact positions, but only 4 are populated. The 4 center 
conductors are wired so that the two outside and the two inside conductors are connected together. This 
eliminates any confusion about pin numbering conventions, as a reversal of connections has no effect. In 
addition, the lines have been chosen to minimize the possibility of circuit damage should the unit be 
accidentally plugged into a standard telephone outlet. (It sets the phone line to its “offhook” state to 
prevent the phone from ringing.) 

The recommended wiring for a JIO-to-RJ1 1 cable is shown i n  Table 2-1 1 .  

Table 2-11. JlOIRJlI  Cable Wiring 

When connecting the RS-485 port into a multidrop network, the devices at the ends of the network should 
be terminated with a 100 ohm resistor. Installing a jumper on.Wl0 connects a termination resistor across 
the RS-485 line on the CoreModule/3SXi. 
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2.5.7 Serial Console 
Unique to Ampro is ROM BIOS support for using a serial console (keyboard and display) in  place of the 
conventional video controller, monitor, and keyboard. See Chapter 3 for an explanation of the serial 
console option. 

2.5,8 Serial Downloader 
Also uniquc to Ampro is KOM BIOS support for downloading a program from a host computer via a 
serial port. The downloaded program is then run lis if it had been loaded from disk. See Chapter 3 for an 
explanatioir or the serial dowrifoad option. 

The CoreModulel3SXi incorporates a multirnodc parallel port. This port supports four modes of 
operation: 

I Standard PC/AT printer part (output only) 

PS/2-compatible bi-directional parallel port ( S P P )  

I Enhanced Parallel Port (EPP) 

I Extended Capabilities Port (ECP) 

See “Multimode Parallel Port” in  Chapter 3 for a description of the parallel port’s modes. 

This ~ectiort lists the pinout of the parallel port connector and describes how to configure i t  for its I10 
port and interrupt assignments, and how to assign a DMA channel to the port when operating in ECP 
mode. Refer to Chaptcr 3 for programming information, inchding how to use the port for bi-directional 
IIO. 

2.6.1 VO Addresses 
The parallel port functions are controlled by eight I/O ports and their associated register and control 
functionality. By enabling the parallel port i n  SETUP, you configure the parallel port as the primary port 
(typically LP-I‘I). You may disable the port to free the hardware resources for other peripherals. 

Table 2-1 2 lists the parallel port addresses. 
I . . *  Table 2-12 Parallel Port Address Configuration 

I__- 

.--- 

-- 
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2.6.2 ROM-BIOS Installation of Parallel Ports 
Normally, the BIOS assigns the name LPTl to the primary parallel port, and LPTZ to the secondary 
parallel port (if present i n  the system), and so on. However, the BIOS scans the standard addresses for 
parallel ports and if i t  only finds a secondary port, i t  assigns LPTl to t h a  one. The BIOS scans for 
parallel ports in the following address order: 3BCh, 378h, 278h. 

2.6.3 Interrupts 
The parallel port can be configured to generate an interrupt request upon a variety of conditions, 
depending on the mode the port is in. (These are described in Chapter 3.) In most applications, the 
interrupt is not used. The standaid parallel port interrupts are: 

U Primary port IRQ7 

Secondary port IRQ5 

The parallel port on the CoreModule/3SXi is assigned IRQ7 when enabled in SETUP. It cannot be 
changed. 

2.6.4 DMA Channels 
In ECP enhancement mode, the parallel port can send and receive data under control of an on-board DMA 
controller. DMA channels operate with a request/acknowledge handshake protocol between an internal 
DMA controller and the parallel port logic. You can select DMA request (DRQ) and DMA Acknowledge 
(DACK) assignments using the jumpers at W5 and W6, The parallel port may use either DMA channel 1 
or DMA channel 3. To select DMA channel 1, shunt jumper W5 (112) and W6 (112). To select DMA 
channel 3, shunt jumper W5 f2/3) and W6 (213). See Figure 2-3. 

W5 W6 - .  

Select DMA Channel 1 

W5 WB 

Select DMA Channet 3 

. . .  , Figure , 2-3. DMA Channel Selection (W5, W6) 

If you will not be using DMA with the parallel port, leave the jumpers off. This makes the DMA controls 
available to other peripherals installed on the expansion bus. 

2.6.5 Parallel Port Connector (54) 
Connection to the parallel port is through connector J4. Table 2-1 3 gives this connector’s pinout and 
signal definitions. You can u w  a flat ribbon cable hctwecn 53 and 3 female DI32-5 conncctor. The table 
also gives the connections from the header pins to the DB25 connector. Table 2-14 gives manufacturer’s 
part numbers for mating connectors. 
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Table 2-13. PEirallel Port Connector (J4) 
_I- 

54 
Pipe 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

2 

4 

6 

8 

26 

10,12, 

14,16 

18,213 

22,24 

1_1__- 

-- 

~I 

I_-- 

---- 
Signa /I 
Name 

---SUPLsllll 

ST RO B Ei * 

Data 0 

Data 1 

Data 2 

Data 3 

Data 4 

Data 5 

Data 6 

Data 7 

ACK’ 

BllSY 

PAPER OUT 

SEL. OlJT 

AUTOfD* 

ERROR 

INIT* 
SEL IN 

hliA 

G RC) CI N D 

Function 
Output data strobe 

LSB of printer data 

MSB of printer data 

Character accepted 

Cannot receive data 

Out of paper 

I? i n t e r s e I e c t ed 

Autofeed 

Printer error 

Initialize printer 

Selects printer 

Key pin 

--I__ 

Signal ground 

_-_-_-.“I-- 

OUT 

I /Q  
I /Q  
1/0 

1/0 

I/O 

I/O 

I /o 
1/0 

IN 

IN 

IN 

IN 

OUT 

IN 

OUT 

OUT 

N/A 

0b25 
Pin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18-25 

Data lines: 24 n?A sink (.4 V rnax.), 12 mA source (2.4 V min.). 

Control lines: 24 m h  sink (.4 V max.), open collector with 4.7K pull- 
ups. 
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Table 2-14. J4 Mating Connector 

Connector Type 

RIBBON 

Mating Connector 

3M 3399-7600 

DISCRETE WIRE MOLEX HOUSING 22-55-2262 
PIN 16-02-01 03 

Note 

For maximum reliability, keep the cable between the bQard and the 
device it drives to 10 feet or less in length. 

2.6.6 IEEE-1284-Compliant Cables 
Using the parallel port for high-speed data transfer in  ECPIEPP modes requires special cabling for 
maximum reliability. 

Some of the parameters for a compliant IEEE-1284 cable assembly include: 

A11 signals are twisted pair with a signnl and ground return 

Each signal and ground return should have a characteristic unbalanced impedance of 62 +I- 6 ohms 
within a frequency band of 4 to 16 MHz 

Please refer to the IEEE-I284 standard for the complete list of requirements for a compliant cable 
assembly, including recommended connectors. For information about the IEEE-1284 standard, see 
Enhanced Parallel Port in Chapter 3. 

Latch Up Protection 

The parallel port incorporates chip protection circuitry on some inputs, designed to minimize the 
possibility of CMOS “latch up” due to a printer or other peripheral being powered up while the 
CoreModulel3SXi is turned off. 

The wire-to-wire crosstalk should be no greater than 10% 

* 2.7 FLOPPY DlSK tNTERFACE 
The onboard floppy disk controller and ROM BIOS support one or two floppy disk drives i n  any of the 
standard DOS formats shown in Table 2-15 

. 
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'ri361e 2-1 5 .  Supported Floppy Formats 

2.7.1 Floppy Drive Csrrsideratians 
Nearly any type of soft-sectored, single or double-sided, 40 or 80 track, S-1/4 inch or 3-1/2 inch floppy 
disk drive is usablc with this interface. Using higher quality drives improves system reliability. Here are 
Lome considerations about the selection, configuration, and connection of floppy drives to the 
CoreMnLiule/3SXi CPU . 

Drive Interface-The drivcs must bc compatible with the board's floppy disk connector signal 
interface, as described bclow. Atnpro rccommcnds any standard PC-or AT-compatible 5-1/4 inch or 
3-1/2 inch floppy drive. 

Drive Quality-Use high quality, DC servo, direct drive motor floppy disk drives. 

Drive Select Jumpwing-Jumper both drives for the second drive select (standard on PC driveb). 

Floppy Cable-For system with two drives, use a floppy cable with conductors 10-14 twisted 
between the two drives. This is standard practice for I'C-compatible systems. 

Drive Termination-Resistive terminations should be installed only on the drive connected to the 
litst interface cable connector (farthest from the board), Near-end cable termination is provided on the 
C:oreIvlodule/3SXi CPU. 

Head Load Jurnpering-When using drives with a Head Load option, jumper the drive for head load 
with motor on rather than hcad load with drive select. This is the default for PC-compatible drives. 

Drive Mounting-If you mount a floppy drive very close to the Little Board or another source of 
%,MI, you may nced to placc a thin metal shield between the disk drive and the device to reduce the 
possibility of electromagnetic interference. 

The floppy interface is configured using SETUP to set the number and type of floppy drives connected to 
the system. Refer to the SETUP section in  Chapter 3 for details. 

[f you don't use the floppy interface, disable it in SETUP. This frees its 1/0 addresses (3FOh - 3F7h), 
DMA2, and IRQ6 for use by other peripherals installed on the PC/104 bus. 

Fl - .=a Fiupp=y iilees*faice Connectsr (58) d. P ,,<I 

Tablr: 2-16 shows the pinout and signal definitions of the floppy disk interface connector, JY. The pinout 
of 58 me,ets the AT standard for floppy drive cables. Table 2-17 shows the manufacturer's part numbcrs 
for mating connectors. 
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Connector Type 

Discrete Wire 

Ribbon . . . ... 
1 .  - 

Mating Connector 
3M 341 4-7600 
MOLEX Housing 22-55-2342 

Pin 16-02-01 03 

- 
Pin - 
2 
4 
6 
8 

10 

12 

14 

16 
18 
20 
22 

24 

26 
28 
30 
32 

34 
1-33 - 

Table 2-1 6. Floppy Disk Interface Connector (J8) 

Signal Name 
RPMI-R W C 

NIA 

N/A 

-IDX 

- M o l  
-DS2 
-DSl 

-M02 

-DIRC 

-STEP 
-WD 

-WE 
-TRKO 

-WP 

-RDD 
-HS 

-DCHG 

(all odd) 

Function 
Speed/Precomp 

(Not used) 

Key pin 

Index Pulse 

Motor On 1 

Drive Select 2 

Drive Select 1 

Motor On 2 

Direction Select 

Step 

Write Data 

Write Enable 
Track 0 

Write Protect 

Read Data 

Head Select 

Disk Change 

Signal grounds ' 

In/Out 
-~ 

OUT 

N/A 

N/A 

IN 
OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

IN 

IN 

IN 
OUT 

IN 
N/A 

Table 2-17, J8 Mating Connector 

2.8 IDE HARD DISK INTERFACE 
Thc CoreModuld3SXi CPU provides an  interface for one or two Inteerated Device Electronics (IDE) 
haradisk drives. IDE drives, thc most popular and cost-effective type of hard drive currently available, 
have an internal hard disk controller. There are also many CD-ROM drives designed to use ihe IDE 
interface. If you attach a CD-ROM drive to the IDE port, you will need a driver (supplied by the CD- 
ROM drive manufacturer or your operating system) to access the device , 
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DE Connector (‘J6) 
The D E  interface appears at ccinncctor J6, a 44-pin, dual-row 2 mm. right-angle connector. Table 2-1 8 
shows the iriterface signals and pin outs for the IDE interface connector. Table 2-19 show5 
rnanuf~rct~trer’s part numbers lor mating conlieutors to 36. 

Note 
__l-_pll-__..l__l ~-- 
For. maximunh reliability, keep IDE drive cables less than 18 inches 
long. 
---^lll_l~--pll-- 

P 

Pin 
1 
3 
4 

5 
6 

7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18’ 
20 

21 
23 
25 
27 
28 
29 

31 

Table 2-1 8. 1DE Drive Interface Connector (J6) 

ignal Name 
-l_llll 

-i4OS’T RESET 
HOST D7 
HOST 08 
HOST D6 
HOST D9 
HOST D5 

HOST D10 
HOST D4 

HOST D11 
HOST €33 

HOST 812 
HOST D2 
HOST D13 
HOST €31 
HOST D14 
HOST DO 
HOST D15 

’ ‘KEY 
RSVD 

-HOST IOW 
-HOST IOW 

RSVD 
RSVD 
RSVD 

HOST IR014 - -__I.- 

Function 
Reset signal from host 

Data bit 7 

Data bit 8 

Data bit 6 

Data bit 9 

Data bit 5 

Data bit 10 
Data bit 4 

Data bit 11 
Data bit 3 

Data bit 12 
Data bit 2 
Data bit 13 

Data bit 1 
Data bit 14 

Data bit 0 
Data bit 15 
Keyed pin 

’ Reserved 
Write strobe 
Read strobe 

Reserved 
Res e rved 
Reserved 

Drive interrupt request - 

In/Out 
OUT 

I/O 
I/O 
I/O 
110 
I/O 
1/0 
I/O 
I/O 
I/O 
I/O 
IIO 
I/O 
I/O 
I/O 
I/O 
I/O 

N/C 
N/C 
OUT 
OUT 
N/C 
N/C 
NIC 
IN 
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. 
Connector Type Mating Connector 

k 

Ribbon Cable, 1 mm. 44 cond. 3M 3625/44 

Ribbon Cable Connector ASTRON AT-IDCSK-44-11-GF 

Table 2-15. IDE Drive Interface Connector (J6) (cont.) 

Pin 
32 
33 
34 
35 
36 
37 
38 
39 

41, 42 
2, 19, 22, 

24, 26, 30, 
40,43 

21, 28. 29 

Signal Name 
RSVD 

HOST A1 
RSVD 

HOST ADO 
HOST AD2 
-HOST CSO 
-HOST CS1 

-HOST SLV/ACT 

+sv 
GND 

N/C 

Function 
Reserved 

Drive address 1 
Reserved 

Drive address 0 
Drive address 2 

Chip select 
Chip select 

Drive activeldrive 
slave 
Power 

Ground 

No Connection 

In/Out 
N/C 
OUT 
N/C 
OUT 
OUT 
OUT 
OUT 

10K Pull- 
UP 

OUT 
OUT 

Table 2-19. J6 Mating Connector 

. 2.8.3 IDE Interface Configuration 
Use SETUP to specify your IDE hard disk’irive type, Refer to the SETUP section in Chapter 3 for 
details. 

If you do not find a drive type whose displayed parameters match the drive you are using, use drive type 
48 or 49. These allow you to manually enter the drive’s parameters. The drive manufacturer provides the 
drive parameters-check the drive’s documentation for the proper values to enter. 

If you are using a newer IDE drive, use drive type AUTO. It automatically configures the drive type 
parameters fIom infurmation provided by thc drivc iisclf. The Autoiodigurz function is dcscribcd in 
Chapter 3. 

If you use an IDE drive in your system, you can still add SCSI drives or other SCSI peripherals. The 
Ampro ROM BIOS provides a means for allowing both IDE and SCSI drives on the same system. See the 
SETUP description in Chapter 3 for details. 

r 
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2.9 BYTE-WIDE SOCKET 
The CoreModule/JSXi CPU hac; a 32-pin onboml  byte-wide memory socket, designated SO.  This socket 
can accept a wide variety of EPROM, Flash EPROM, SRAM, and nonvolatile RAM (NOVRAM) devices 
,Battery backup power can be connected to SO using ajumper option to make a standard SRAM “non- 
volatile” (retains data while system power is off). 

You can use a memory device iristallcd i n  the byte-wide socket for a variety of purposes: 

II Simple prograrn storage 

H BIOS extension 

Solid State Disk (SSD) drive 

Table 2-20 shows representativc hyte-wide tnemory devices that can he installed in the byte-wide socket. 
The table gives examples of generic part nurnhcrs, the size of thc device (K bytes), and thc DIP package 
pin count. I t  also lists tile SSD device type, used by the Ampro Solid State Disk (SSD) Support Software 
to identify memory devices. 

Table 2-20. Typical Byte-wide Devices 

E P F?O M 1 024 

I_.---- 

. ,  
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SRAM32 

SRAM128 

Table 2-21. Typical Byte-wide Devices (Cont.) 

32K bytes 28 43256 

128K bytes 32 62204 

I SRAMs I 

SHAM51 2 51 2K bytes 32 434000 

The pinout of the 32-pin socket can be configured to comply with both the 28-pin and 32-pin JEDEC 
standards. You can install a 28-pin device in  the 32-pin socket. Install the 28-pin device with pin 1 
oriented to the socket's pin 3, as indicated in Figure 2-4. 

0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  i, . .  

28-pin 32-pin 3 3 I ' 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  /L 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Figure 2-4. Using 28- and 32- pin Devices in 32-pin Sockets 

2.9.1 Addressing the Byte-wide Socket 
Use SETUP to specify the size and starting address of the byte-wide socket, and whether the BIOS 
enables the socket upon system initialization. 

Table 2-22 lists the possible settings for sizes and address ranges of the byte-wide socket. 

c 
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Note 

When the byte-wide socket i s  enabled, the memory address space i t  
uses is unavailable for other devices, even if no memory device is 
installed in the socket, You must disable the byte-wide socket in 
SETUP before YOU can use ihe memory space for other purposes. 

- ------.-_- 

Table 2-22. Witidow Size and Address Selection 

D0000-EFFFFh 

The size of the device installed in the byte-wide socket is not limited to 128K bytes. Using a page 
addressing scheme, devices (or modules) u1) to 1M bytes can be used. Higher address lines (A16-AlIS) 
are synthesized and can bc: set hy sortware using Ampro extended BIOS function calls. A description and 
cxamples or byte-wick page control are provided in  Chapter 3. 

If devices larger than 64K bytes are installed, you must select which page is visible in the address 
window. A page is 64K bytes. (If the size is set to 128K bytes, a single 128K byte window is established. 
Paging is only available with the 64K window setting.) The Ampro Extended BIOS provides convenient 
software calls to manage enabling/disabling the socket and selecting pages, Refer to Chapter 3 for details 
about the byte-wide extended KOM-BIOS calli;. 

If you install a devicc that is sniallcr than the selected window size, the contents of the device are 
dup1icatt:d in the byre-wide socket!s memory space. For example, the software will see two copies of a 
32K device in a 64K window, and 4 copies in a 128K window. 

ROM-BIOS Extensions 

The ?,ysiem can be configured to run its application from the byte-widc socket instead of loading i t  into 
DRAM from a disk drive. This technique, known as B ROM BIOS extension, directly executes the 

ROM-BIOS extension concept, and its practical implementation, is discussed in  Ampro Appl-ication Notes 
AAN-8702 and AAN-9003. 

. * application during thc Bower On Self Teqt (POST) instead of booting from floppy or hard disk. The 

Performance Issues 

Note that executing programs directly from the byte-wide socket can adversely affect system performance 
Then: :tie a number of factors that can contribute to thc performance impact: 

The byte-wide devicc is subs!antially slower than DRAM, as i t  is an &bit device instead of 16-bit. 

?‘he dcvicc 15 accessed from the PC expansion bus which is much slower than the high-speed 
processor nieiiiory 1x1s. . 81 

You can improve pcrformai-ice substantially by copying the contents of [he byte-wide device into RAM 
and executing the RAM copy. 
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2.9.2 OEM Flash Memory 
Access to the byte-wide socket is integrated with access to an onboard Flash memory device, designated 
the OEM Fiash Memory in SETUP. The OEM Flash memory acts as a second byte-wide device, in  that 
you access i t  through the same code mechanisms as the byte-wide socket. These mechanisms are described 
in  Chapter 3. (There are no jumpers to configure the OEM Flash memory.) 

Only one of the two devices can be enabled at a time. When you enable the OEM Flash memory (using an 
extended BIOS call), the byte-wide is automatically disabled, and vice-versa. 

The first 64K bytes of the Flash memory device hold the ROM BIOS. The remaining portion can be used 
by OEMs or end-users in a manner similar to the byte-wide socket. In the standard version of the 
CoreModule/3SXi, the remaining portion is 64K bytes (the second 64K portion of a 128K device), By 
special order, you can substitute a 1M byte Flash device. As with the 128K device, the first 64K is used 
for the ROM BIOS. The remaining area is available for the embedded system. (Contact your Ampro Sales 
Representative for details about ordering the larger memory size.) 

Set the address parameters for both the byte-wide socket and the OEM Flash device with SETUP. Refer to 
Chapter 3 for details. 

2.9.3 Solid State Disk (SSD) Drives 
Using the Ampro Solid State Disk (SSD) Support Software, you can configure an EPROM, Flash 
EPROM, or SRAM solid-state device, installed in the byte-wide socket, or the OEM Flash device, to act 
as a solid-state floppy disk drive. 

No custom programming is required. Regular DOS-compliant programs, including standard DOS utilities, 
can be used without modification. Ampro’s SSD support software creates data image files, based on your 
application programs and operating system, which are programmed into the device you install in the byte- 
wide socket. The Ampro ROM-BIOS treats the device like one or more disk drives, loading the programs 
into DRAM for execution. You can use SSD drives in  addition to, or instead of, normal floppy and hard 
disk drives. You can increase the system SSD capacity by adding one or more of Ampro’s SSD expansion 
modules. 

If your board is equipped with the optional I M  byte OEM Flash device, you can install the TrueFFS Flash 
file system in it. This creates a fully readlwrite-capable solid state disk without adding any additional 
components to your system. Instructions on how to configure the OEM Flash device with TrueFFS Flash 
file system is in the TrueFFS manual that comes with the software. 

.‘ 2.9.4 Jumpering the Byte-Wide Socket . 
I 

You must jumper the byte-wide socket for the device you install. Jumper array W3 configures SO for a 
particular device type. 

Table 2-23 shows how to install jumpers for a variety of supported EPROM memory devices. 

Table 2-24 shows how to install jumpers for a variety of supported Flash EPROM memory devices. 

Table 2-25 shows how to install jumpers for a variety of supported SRAM and NOVRAM memory 
devices. 
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2.9.5 Using EPF10Ms 
Tablc 2-23  shows the jumpering for supported EPROM dcvices. If you install an EPROM, make sure the 
jumper o n  W8 is removed and the ,jumper on W'7 is on pins 2/3 to prevent premature discharge of the 
onboard backup battery. Some EPROMs draw current through their chip select lines (or other pins) when 
powered down. 

Table 2-23. EPROM Jumpering for SO 

EPROM 1 Pins I JumDer Diaaram 
1 w3 5 w7 WB 

r- 

8K EPROM 2!7C64 2a 
16K EPROM 27C128 
8K EEPROM 28C84 ---- ---I--- 11 15 

I W3 5 W7 W8 
32K EPROM 
27C25E; 

~ 

11 15 - 
1 w3 5 w7 wa 

64K EPROM 
27C51 i! 

i w3 5 wr w8 

128K EPROM 32 
27COl II 

11 15 

1 w3 5 wr w0 
256K EPROM 32 

27C02f) 

1 w3 5 w7 we 
512K EPROM 32 

27C04U 

11 15 ' 

1 M EPROM 27C080 32 

I 

15 ' 
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Typical Devices 

32K 5V Flash EPROM 29C256 

2.9.6 Using Flash EPROMs 
Flash programming power for +12V Flash devices is provided by an onboard power supply. You do not 
need to connect an external +12V power supply to program Flash devices. Programming power is 
switched under software control so that it is applied only during the actual programming process (to 
prevent accidental corruption of the data). A utility for programming supported Flash devices is included 
on the utility disk that is provided with the CoreModule/3SXi CPU Development Kit. 

If you install a Flash EPROM, make sure the jumper on W8 is removed and the jumper on W7 is on pins 
1/2 to prevent premature discharge of the onboard backup battery. Some Flash EPROMs draw current 
through their chip select lines (or other pins) when powered down. 

Pins Jumper Diagram 
1 w3 5 w7 W8 

28 

Table 2-24. Flash EPROM Jumpering for SO 

32K 5V Flash EPROM 28C256 

Flash EPROM I 

1 w3 5 w7 W8 

28 

64K 5V Flash EPROM 29F512 
128K 5V Flash EPROM 29FO10 
256K 5V Flash EPROM 29F020 
512K 5V Flash EPROM 29F040 

32K 12V Flash EPROM ' 28F256 
64K 12V Flash EPROM 28F512 
128K 12V Flash EPROM 28F010 
256K 12V Flash EPROM 28F020 

I I 11 15 

11 15 
I w3 5 w7 w3 

E! 32 

11 15 

1 w3 5 w7 w3 

32 

11 15 
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2.9.7 Using SRAMs 
If you install an SRAM, you can piovide b x k i i p  power from the battery when power is off by shorting 
WS and W’7-112. If  you use the SRAM for “scratchpnd” storngc and do not want to retain data when 
power is off9 remove the jumper f rorn  W8 and install a jumper on W7-2/3. 

A typical 165 milliarnp-hour external battery provides sufficient current for the onboard real-time clock 
for n 10 year life, but if  you iirc going to batlcry-back-up a device i n  SO, Ampro recommends a larger 
battery. For calculating battery life, see page 2-5, Backup Battery. 

Table ;!-25. SRAM and NOVRAM Jumpering for SO 

SRAM 
Typical Devices 
-___(( 

32K SRAM 43256 
32K NOVRAM Dallas DS1230Y 

Benchmarq 861401 1 Y 

l28K SRAM 6281 28 

128K NOVRAM Dallas DS1245Y 
Benchmarq BW4013Y 

512K SRAM 62851 2 
512K NOVRAM Dallas DSl65OY 

Benchmarq BQ4015Y 

Pins 

28 

32 

Jumper Diagram 

11 15 

- 
w7 wa 

11 15 

NOTE: W7 and WS are show configured for (self-powered) NOVRAMs. To configure 
W7 and W8 for SRAM battery backup, install a jumper on W8 and move the jumper on 
w7 to 112. 

2.9.8 Byte-Wide S clef Signals 
W3 is used to configure the byte-wide socket for specific memory devices. In  addition, jumpers W7 and 
W8 control the backup battery to SO for use with SRAMs. 

Table 2,--26 lists the signals that appear on the pins of W3. 

2-25 



CoreModuld3SXi Technical Manual 

W3 Pin 

1 

2 

3 

4 

5 

6 

7 

Table 2-26. Byte-Wide Jumper Pin Signals (W3) 
~ 

Signal 
Name 

N/C 

A1 9 

Pin 29 

A1 4 

Vcc or 
backup 
battery 

VPP 

Pin 1 

-SMEMW 

Pin 3 

Pin 30 

I++= A1 8 

Pin 31 

15 A17 

1 

Description 

Connection to pin 29 of the byte-wide socket 

Address SA1 4 from the expansion bus 

Connected to the center pin of W7. W7-3 connects 
to +5V. W7-1 connects to the backup battery. 

Programming power for Flash devices 

Connection to pin 1 of the byte-wide socket 

Write strobe 

Connection to pin 3 of the byte-wide socket 

Connected to pin 30 of the byte-wide socket I 
No Connection 

Address A78 

W7 and WS Options 

Some EPROMs draw power through their chip select lines when Vcc is off, This could drain the real-time 
clock battery if it were connected to such a device. Removing the jumper from W8 disconnects the battery 
from the byte-wide circuit (leaving it connected to the real-time clock) and prevents an EPROM from 
draining the battery prematurely. 

Some byte-wide devices require more current than can be handled by the power switch that controls Vcc 
to the byte-wide socket. The power switch is designed to switch betwken battery-power and Vcc for an 
SRAM whjch has very low current-drain. If you are using a'Flash memory.or EPROM in the byte-wide 

' socket, set'W7-2/3 to connect the memory device directly to Vc.c rather than through the power switch 
(W7-1/2). 

2.1 0 BATTERY-BACKED CLOCK 
An AT-compatible battery-backed real-time clock (with CMOS RAM) is standard on the 
CoreModule/3SXi CPU. The clock can be powered by a 3.6 volt Lithium battery connected to the Utility 
Connector, 35. Battery drain for lhe clock is less than 1 uA. 

Use the Ampro SETUP uiility to set the current time and date in the real-time clock, as well as SETUP 
information in the CMOS RAM portion of the clock chip (configuration memory). 
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The contents of  the configuration mernory are also stored i n  an onboard EEPROM. The ROM BIOS reads 
the EEPROM to get configuration information if thc CMOS RAM data is lost. This means that the board 
will function without the battery. Note that without a battery, the real-time clock date and time w i I l  not be 
correct. 

2.1 1 WATCHDOG TIM 
A unique icature of the onboard clock circuitry IS a watchdog timer. You can program this timer to 
generare an interrupt or reset signal if  the programmed time interval expires before the timer is 
rehitiairred. Use SE'PUP to select the time interval. The options arc: Disable, 30 seconds, 60 seconds, 
and 90 seconds. 

The watchdog timer uses the,standard alarm feature of the real-time clock. In a standard AT, the alarm 
output is connccteci to IRQ8, On the CoreMadule/3SXi CPU you can also jumper the alarm output to I/O 
Channel Check (-IOCHCK;) or IIESET with W4. IIO Channel Check is the bus signal that triggers a non- 
tnaskattle interrupt (NMI). RESET is a hard reset signal, the same as pressing the Reset button. Watchdog 
timer responses are summarized i n  Table 2-27. 

Table 2-27. Watchdog Timer Setup 

WDT Response 
~ 

W4- 1 /2 Shorted Enabled Hardware Reset 

WJ-213 Shorted Enabled I/O Channel Check (NMI) 

continues unaffected. 
-- 
W4 Open 

Note 
--l-l___- 

If you use the MS-DOS operating system, you cannot use the 
watchdog tinker to monitor the boot process. MS-DOS resets the 
alarm clock in the real-time clock at boot time. 
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i 
Connector Type Mating Conneetor 

Ribbon 3M 3473-7010 

Discrete Wire MOLEX Housing 22-55-2101 

Pin 16-02-01 03 
I I 

Table 2-28 shows the pinout and signal definitions of the Utility Connector. Since there are connections 
for diverse features on this single connector, you would usually choose a discrete-wire connector rather 
than a ribbon cable connector, though this is not a requirement. Table 2-29 shows manufacturer's part 
numbers for both types of mating connectors. 

Table 2-28. Utility Connector (J5) 

I Pin 1 Signal Name 
Speaker + 

BATV- 

Reset I+ 

* Keyboard Power 

I 9 I BATV+ 
~ 

10 N/C 

~~ ~~ ~ 

Function 
PC audio signal output 

Negative terminal of external backup battery I 
~ ~~~ ~ 

Manual reset button. 

No connection 

Keyboard serial data 

Keyboard clock 
~ ~ 

Keyboard ground 

Kevboard +5V power 

Positive terminal of external backup battery I 
No connection 1 

Table 2-29. J5 Mating Connector 

2.1 2.1 Speaker Connections 
The board supplies about 100 mW for a speaker on J5-1, Connect the otheLside of the speaker to ground 

transistor amplifier buffers ~ h k  speak& signal. Use a smalI general purpose 2 or 3 inch + .. 
permanent magnet speaker with an 8 ohm voice coil. Refer to Chapter 3 for an explanation of the PC 
speaker circuit architecture. 

. ' (J5-2). 

2.1 2.2 Push-button Reset Connection 
JS-3 provides a connection for an external normally-open momentary switch to manually reset the system. 
Connect the othcr side of thc switch to  ground. Thc rcsct siprial is "de-bounced" on the board. 
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2.1 2.3 Keyboard Conriectiralrs 
You can connect an AT (not PC:) keyboard to the keyboard port. J5-S through 55-8 provide this function 
Norrcially, AT keyboards incliitle a cable that terminates in  a male 5-pin DIN plug for connection to an 
AT. Table 2-30 gives the keyboard connector pinout and signal definitions, and includes corresponding 
pin numbers of a normal AT DTN keyboard conncctor. 

‘Table 2-30. Keyboard Connector (J5) 
-_p 

6 Keyboard Data. 2 

No connection 3 

2.1 2.4 External Battery Connections 
TO connect an external haltery, connect its positive terminal to JS-9 and its negative terrninal to J5-2. Use 
a 3.6 volt lithium cell. 

The 1mttt:ry is connertetl by a low-drop Schottky diode. Two blocking devices are in series with the 
battery, corriplying with UL recorninendations for lithium batteries. 

2.13 AT EXPANS1 
The I’CYAT expansion kius appears on a pair of header connectors at PI and P2. PI is a 61-pin female 
dual-row header. P2 is ;i 40-pin female dual-row header. P ins  from both headers extend through the board, 
providing tnale connections for PC/104-compliant peripherals or other devices. 

The f’C-bus subset o l the  expansion bus coririects to the first 62  positions of PI ;  the two additional 
positions of PI (A32 and I332) arc added grounds to enhance system reliability. Connector P2 replaces the 
36-pin edge card connector of a conventional ISA expansion bus. It has extra ground positions at each end 
of the connector (CO, DO, D19) (e19 is a key pin.) The extra grounds CO and DO are numbered “0” to 
keep the pin numb& of the remainink signals on thc connector the same as those on the standard ISA 
bus. ’The layout of signals on Pl and PZ is compliant with the PC1104 bus specification (IEEE P996.1 
(proposed)). PC/IOb-compatible expansion modules can he installed on the CoreModule/3SXi CPU 
expansion bus. 

The buffered output signals to the expansion bus are standard TTL level signals. All inputs to the 
CoreMoclule/3SXi CPU operate at TTL levcls and present a typical CMOS load to the expansion bus. The 
current Intings for most output signals driving {he AT expansion bus are shown in Table 2-3 1 through 
Tnblt 2-34 , and indicatr how the signals arc tcrminatcd on thc CoreModulcl3SXi CPU. 

, 

, . 

2.1 3,:l Onboard MiriihAodule Expansion 
You can install one or  RIOIC hmpto MiniMotiule products or othcr PC/104 modules o n  the 
CorcMocluld3SXi CI’U expansion connectors. Whcn installed on P 1 and P2, the expansion modules fi t  
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within the CoreModule/3SXi CPU’s outline dimensions. Most Ampro MiniModule products have 
stackthrough connectors compatible with the PC/104 Version 2.1 specification. You can stack several 
modules on the CoreModuIe/3SXi CPU headers. Each additional module increases the thickness of the 
package by 0.66 inches (17 mm). See Figure 2-5. 

PC/104 Module 
4-40 nut -+ r I I  I 

I 
CoreModule/3SXi 

I 1  
Stackthroug h 
Expansion 
Bus Headers 

0.6 inchspacer --+ 

PMI 04 Module 
1 I i  

0.6 inchspacer --+ 

Figure 2-5. Stacking PC/104 Modules 
with the CoreModulel3SXi CPU 

2.13.2 Using Standard PC and AT Bus Cards 
Ampro offers several options that allow you to add conventional &bit and 16-bit ISA expansion cards to 
the CoreModule/3SXi CPU system, Contact Ampro for further information about optional bus expansion 
products. . 

2.1 3.3 Bus Expansion Guidelines 

Note 

Ampro doe3 not recommend the use of ribbon cables for bus” 
expansion in production configurations. If cables are unavoidable, 
the following guidelines apply. 

There are restrictions when attaching peripherals to the expansion bus with ribbon cables. If cables are 
too long or improperly terminated, noise and cross-talk introduced by the ribbon cables can cause errors. 
Ampro strongly recommends that you conform to the following guidelines: 
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Cable Length and Quality---In gcneral, keep the bus expansion cable as short as possible. Long cables 
reduce system reliability. 

0 Do not use cables longer than 6 inches. 

Carefully measure signal quality on each bus line. You may need to add termination to correct signal 
degradation. 

Backplane Quality-.-If you connect a backplane to the CorcModule/3SXi CPU. be sure to use a high 
quality backplane [hat rniriimizes signal crosstalk. Use a backplane that has power and ground planes 
between trace layers, anti run guard traces between sensitive bus signals. 

Eliminating Reset and TC Noise---Many cards have asynchronous TTL logic inputs that are susceptible 
to noise and crosstalk. The active high RESET and TC bus lines are especially vulnerable. You can make 
these signals more reliable by’adding a 200 pF to 500 pF capacitor between the signal and ground to 
prevent false triggering by filtering noise on the signals. These RESET and TC filters are included on- 
most Arnpro backplane expansion products. 

Bus ‘2’r:rmination 

Somt: backplanes include bus termination to improve system reliability by matching backplane impedance 
to the rest of the system. The IEEE-1’996 draft specification for the AT expansion bus recommends the 
use of AC termination (sometimes called “:itlubbers”) rather than resistive termination. The recommended 
AC termination is a 50 to 100 pF capacitor, i n  series with a 50 to 100 ohm resistor, from each signal to 
ground. Ampro provides positions for OEM addition of AC termination on most bus expansion products. 
These positions are designed to accommodate %pin 8-terminator Single Inline Package (SIP) terminators. 

Here are some rnatiufacturer part numbers for  !&pin, eight-terminator devices with 100 pF capacitors in 
series with 100 ohm resistors: 

I M ~  CSRC-09C30-101 J- lOlM 

I 13ourns 46,098-70 1--101/10 1 

Caution 
~-IIIIIL--- I 

Do not use resistive bus termination! If the signal requires 
termination, rise AC termination only. 
11_----- -----1-- L- 

The actual rcquirements for signal termination depend on system configuration, interconnecting bus cablc, 
and CIR the number and type of expansiorn tnadules used. ft+is the system engineer’s responsibility to 

For en1:ineering development purposes, you can expand a CoreModule/3SXi system by connecting short 
ribbon cahles to the header connectors. Ampro makes a sma l l~ ibbon  cable connector assembly, the 
110iil~le Stackthrough (DST)  C d l e  Adapter ,  that you can use to connect standard ribbon cables to the 
female rxpaiision bus connectors on the CoreModule/3SXi CPU. Contact your Ampro sales representative 
for mor? inforrnation about thc DST Cable Adapter. 

‘ determine the need f‘o: lermination. 
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2.1 3.4 Expansion Bus Connector Pinouts 
Table 2-31 through Table 2-34 show the pinout and signal functions on the PCI10-l-compliant expansion 
bus connectors. 

The CoreModulel3SXi CPU does not generate r l2VDC or -5VDC for the expansion bus. If devices on 
the bus require these voltages, they can be supplied to the bus connector from the Power Connector (37). 

You do not need to add a +12V supply to program Flash EPROMs installed in the byte-wide socket, or for 
the onboard Flash device. An onboard supply provides the programming voltage. However, this supply 
does not provide power to the expansion bus. Most Ampro.expansion products provide onboard DC-to- 
DC converters to convert the +5V supply to other voltages they require. 

The expansion bus pin numbers shown in the following tables correspond to the scheme normally used on 
ISA expansion bus card sockets, Rather than numericaI designations ( I ,  2, 3) they have alpha-numeric 
designations (AI ,  A2 ..., E l ,  I32 ..., etc.) 
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Table 2-31. AT Expansion Bus Connector, A 1 4 3 2  ( P l )  
V W Y  

Pin ---- 
A I  
A2 
A3 
A4 
I45 
A6 
A7 
AS 
A9 

A 10 
A ?  1 

A12 
A I  3 

A i  4 
A I  Ei  

A16 
A I  7 

A I 8  
A i  9 
A20 
A2 f 
A:?;! 
A23 
A24 
A25 

A26 
A27 

A2EI 
A29 
A :3 0 
A31 
A32 

Signal 
Name 

I oc FI CK* 
s D7 
S D 6  
SD5 
SD4 
583 
SD2 
SD1 
SDO 

IOCHROY 
AEN 
SA1 9 

SA1 8 

SA1 7 
SA 16 

SA15 
SA1 4 
SA1 3 

SA1 2 
SA1 1 

SA1 0 
SA9 
SA8 
SA7 

SA6 
SA5 
SA4 

, SA3 
SA2 
SA1 
SA0 
GND 

I-----yi.--- 

Function 
bus NMI input 

Data bit 7 
Data bit 6 
Data bit 5 
Data bit 4 
Data bit 3 

Data bit 2 
Data bit 1 
Data bit 0 

Piocossor Ready Ctrl 
Address Enable 
Address bit 19 

Address bit 'I 8 

Address hit 17 
Address bit 16 

Address hit 15 
Address bit t 4 
Address bit '13 
Address bit 12 
Address bit 11 

Address bit 10 
Address bit 9 

Acldress bit €3 

Address bit 7 
Address bit 6 
Address bit 5 
Address bit 4 

Address bit 3 

Address bit 2 
Address bit 1 
Address bit 0 

Ground 

InlOut 
IN 
1/0 
IIO 
I/O 
I/O 
I/O 
1/0 
I/O 
I/O 
IN 
I/O 
I/O 
I/O 
I/O 
1/0 
l/O 

f/Q 
1/0 
I/O 
I /o 
I/O 
If O 

110 
I/O 
110 
I /o 
I/O 

I/O 
. I/O 

I /Q 
110 
NJA 

Drive 
Level 

N/A 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
N/A 

12 mA 
6 mA 
6 mA 
6 mA 
6 rnA 
6 mA 
6 mA 
6 mA 
6 mA 
6 rnA 

6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 
6 mA 

6 mA 
6 mA 
6 mA 
N/A 

PUlPDlS * 

4.7K PU 
4.7K PU 
4.7K PU 
4.7K PU 

4.7K PU 
4.7K PU 
4.7K PU 

4.7K PU 

1K PU 

PU -7 pull up; P13 =z pull down; S = resistance in series. All values in ohms. 
I-- --__uIP~ 
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Table 2-32. AT Expansion Bus Connector, 81-832 ( P l )  - 
Pin - 
B1 
82 
83 
84 
B5 
B6 
07 
B8 
B9 
B10 
81 1 
B12 
81 3 
81 4 

81 5 
B16 
B17 
81 8 
B19 
820 
82 1 
822 
823 
824 
825 
B26 
827 
B28 *9 

829 
830 
B31 
832 - 

Signal 
Name 
GND 

RESETDRV 
+sv 
1RQ9 
-5v 

DRQ2 
-1 2v 

ENDXFR* 
+12v 

Key 
SMEMW' 
SMEMR* 

tow 
1 0 R  

DACK3' 
DRQ3 

DACKl* 
DRQl 

REFRESH" 
SYSCLK 

IRQ7 
IRQ6 
IRQ5 
IRQ4 
IRQ3 

DACK2* 
TG 

+5v 
osc 
GND 

GND 

, BALE 

Function 
Ground 

System reset signal 
+5 Volt power 

Interrupt request 9 

DMA request 2 

Zero wait state 

Key pin 
Mem Write(1wr 1 MB) 
Mem Read(lwr 1MB) 

1/0 Write 
110 Read 

DMA Acknowledge 3 
DMA Request 3 

DMA Acknowledge 1 
DMA Request 1 

Memory Refresh 
Sys Clock 

interrupt Request 7 
Interrupt Request 6 
Interrupt Request 5 
Interrupt Request 4 
Interrupt Request 3 

DMA Acknowledge 2 
DMA Terrnina! Count 
Address latch enable 

+SV power 
14.3 Mhz clock 

Ground 
Ground 

TO J16-3 

TO J16-1 

TO J10-1 

-i 

ln/Out 
NIA 
OUT 
N/A 
IN 

N/A 
IN 

NIA 
IN 

NIA 
N/A 
I10 
f /o 
I/O 
I10 

OUT 
IN 

OUT 
IN 
l/O 

OUT 
IN 
IN 
IN 
IN 
IN 

OUT 
OUT 
OUT 
NIA 
OUT 
N /A 
NIA 

~- 

Drive 
Level 

N /A 
12 mA 

NIA 
N/A 
N/A 
N/A 
NIA 
N/A 
NIA 
N/A 

12 mA 
12 mA 
8 mA 
8 mA 
6 mA 
N/A 

6 mA 
NIA 

24 mA 
12 mA 

NIA 
N/A 
NIA 
N/A 
N/A 

6 mA 
12 rnA 
12 mA 
NIA 

6 mA 
NIA 
NIA 

PU/PD/S * 

27K PU 

33 s 
33 s 

33 S, 10K PU 
33 S, 10K PU 

33 S,4.7K PU 

27K PU 
27K PU 
27K PU 
27K PU 
27K PU 

33 s 

* PU = pull up; PD = pull down; S = resistance in series. All values in ohms. 
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Table 2-33. AT Expansion Bus Connector, CO-C19 (P2) 

Pin 
c: 0 
c: 1 
c2 
c3 
c4 
c5 
C6 
c: 7 

C8 
C9 

CiO 
c11 
c t 2 

ct3 
c 14 

C'1 El 

C'I 6 

C'I 7 
c-I a 
c19 --- 

Signal 
Name 
G N u--- 
§%HE 
LA23 
LA22 
LA2 1 
LA20 
LA1 9 

LA1 0 
LA17 

MEMR' 
MEMW* 

SDB 

SD9 
S810 

S D l l  
SD12 
5013 
SD14 
SB15 
Key 

W I I .  

Fu n ct i 0 r1 

G ro u rid 

Bus High Enable 
Address bit 23 
Address bit 22 

Address bit 21 
Address bit 20 

Address bit 'I 9 
Address bit '18 

Address bit 17 
Memory Read 
Memory Write 

' Data Bit 8 

Data Bit 9 
Data Bit 10 

Data Bit 11 

Data Bit '12 

Data Bit 13 

Data Bit 't 4 
Data Bit 15 

Key Pin 

_u- P 
- 

_.l--l-ll_-- 

In/Out 
N/A 
I/O 
1/0 
I10 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 

I/O 
I/O 
I/O 
I /o 
I/O 
I/O 
1/0 
t/O 
N/A 

i/o 

Drive 
Level 

N /A 
12 mA 
24 mA 
24 mA 

24 mA 
24 mA 

24 mA 
24 mA 

24 mA 
12 mA 
12 mA 
12 mA 
12 mA 
12 mA 
12 mA 
12 mA 
12 m A  
12 mA 
12 m A  

NIA - 

PUlPDIS * 

33 S, 1OK PU 
33,S, 10K PU 

4.7K PU 
4.7K PU 
4.7K PU 
4.7K PU 
4.7K PU 
4.7K PU 
4.7K PU 

4.7K PU 

* PU =: pull up; PD =: pull down; S = resistance in series. All values in ohms. 
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- 
Pin - 
DO 
D1 
D2 
03 
D4 
05 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
Dt 3 
D l 4  
D15 
D16 
D17 
D18 
D t  9 - 

Table 2-34. AT Expansion Bus Connector, DO-bl9 (P2) 

Signal 
Name 
GND 

MEMCS16* 
IOCS16' 

I R Q l O  
IRQI 1 
IRQ12 
IRQ15 
lRQl4 

DACKO* 
DRQO 

DACK5' 
DRQ5 

DACKG' 
DRQ6 

DACK7* 
DRQ7 
+5v 

MASTER* 
GND 
GND 

-~ - 

Function 
Ground 

16-bit Mem Access 
16-bit I/O Access 

Interrupt Request 10 
Interrupt Request 11 
Interrupt Request 12 
Interrupt Request 15 
Interrupt Request 14 
DMA Acknowledge 0 

DMA Request 0 
DMA Acknowledge 5 

DMA Request 5 
DMA Acknowledge 6 

DMA Request 6 

DMA Acknowledge 7 
DMA Request 7 

+5 Volt Power 

Ground 
Ground 

. Bus Master Assert 

In/Out 
NIA 
IN 
IN 
IN 
IN 
IN 
IN 
IN 

OUT 
IN 

OUT 
IN 

OUT 
IN 

OUT 
IN 

N/A 
IN 

NIA 
NfA 

Drive 
Level 

N/A 
N/A 
N/A 
N/A 
NfA 
N/A 
NIA 
NIA 
6mA 
NIA 
6mA 
NiA 
6mA 
NiA 
6mA 
NiA 
N/A 
N/A 
N/A 
NIA 

PWPDIS * 

330 PU 
330 PU 
27K PU 
27K PU 
27K PU 
27K PU 
27K PU 

330 PU 

* PU = pull up; PD = pull down; SER 5: resistance in series. All values in ohms. 
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2.13.5 Interrupt and DMA Channel Usage 
The A T  bus p'ovides scverat interrupt and DMA control signals. When you expand the systeni with 
MiniModule products or plug-in cards that rcquire either interrupt or DMA support, you must select 
which interrupt or DMA channcl to use. Typically this involves switGhes or jumpers on the module. In 
most cases, these are not shared rescmrces. It is important that you  conflpure the new module to usc an 
interrupt or DMA channel not already in use. For your convenience, Table 2-35 and Table 2-36 provide a 
surnmary o f  the normal interrupt and DMA channel assignments on the CoreModule/3SXi CPU. 

Tab le 2-3 5. In fer ru p t C ha n ne I As 5 ig n men t s 

Function 

ROM B'IOS clock tick function, from Timer 0 * 

Keyboard interrupt * 

Cascade input for Iff (28-1 5 * 

Serial 2 

Serial 1 

Available 

Floppy controller 

Parallel port 

Reserved for battery-backed clock alarm * 

Available 

Available 

Available 

Avai I a b I e 

Available 

IDE hard disk controller 

Ava i i ab1 e 

. '* 
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Table 2-36. DMA Channel Assignments . 

Channel 
0 

1 

2 

3 

Function 
Available for 8-bit transfers 

Available for 8-bit transfers 

Floppy controller 

Available for 8-bit transfers 

Cascade for channels 0-3 

Available for 16-bit transfers 

Available for 16-bit transfers 

Available for 16-bit transfers 

. .  
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CHAPTER 3 

OPE RAT1 ON 

3.1 INTRODUCTION 
This chapter pr0vidc.s the information you  need to software configure your CoreModule/3SXi CPU. The 
first section describcs the SETIJF' function. It describes each option that can be set using SETUP. 
Additional sections describe important options you can'sct for each major functional block of the board. 

Note 

The SETUP clescriptions in the following section also contain much 
useful information about each SETUP topic. Review these sections 
even if you already know how to set the SETUP parameters. 

Il-lllll.--sI_--~ 

--I--.g-.- 

This chaptcr presumes you have some familiarity with IIOS (PC-DOS, MS-DOS, or DR DOS) It does not 
attempt to describe the standard DOS and €<OM BIOS functions. Refer to the appropriate DOS and'PC 
reference manuals for information about DOS, its drivers and utilities, and about the software interface of 
the onhoard ROM-RIOS. Where Ampro has addcd to or modified standard functions, these will be 
described. 

The Ampro Common Utilities manual contains detailed descriptions of the Ampro utility programs 
supplied on the Utility diskette that is included with the CoreModule/3SXi CPU Development Kit. 

3.2 SETUP OVERVIEW 
Many options provided on the GoreiModule/3SXi CPU are controlled by the SETUP function. You have 
acccss to thcse options when you activate the SET'[JP function. The parameters are displayed on four 
screens. To configure the board, you modify the fields on these screens and save the results i n  the 
onboiird configmarion memory. The configuration memory consists of portions of the CMOS RAM in the 
battery-backed real-time clock chip and an Ampro-unique configuration EEPROM. To enhance 
embedded-system reliability, the contents of the EEPROM mirror the contents of the CMOS memory. 
The EEPROM retains your configuration information even if the clock's backup battery should fail. If you . 
chdose to use the CoreMaduW3SXi CPU without a battery, the system takks ils $ET.UP parameters frqm 

,.the. EEPROM, providing battery-free operatibn. 

The SE'TUI' information is retrieved from configuration rncmory when the board is powered up or when it 
is reI?oored with a CTL-ALT-DEL key pattern. Changes made to the SETUP parameters (with the 
exception of the real-time clock time and date settings) do not takc effect until  the board is rebooted. 

Thc SE'TIJI' function is located in the KOM BIOS. It can be accessed using CTKL-ALT-ESC while the 
computer is i n  the Power On Sell' Test (POST), just prior to booting up. This is called hor key access. The 
scrwii will dispiay ;L rricssigc: irtJic;itirig witcri you can eriici C'lI<LiiL'i'-LSC. i - u u  n i ~ y  a l 5 t )  ciitct' thi: 
SETUP function from the DOS command line using the SETUP.COM program provided on the Ampro 
Conirrion Utilities diskette . 
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Table 3-1 summarizes the choices found on each SETUP page. 

Table 3-1. Functions on Each SETUP,Page 

Page 
1 

2 

3 

4 

Menu Name 
~~~ 

Standard ( CMOSlEEPRO M) 
Configuration 

Options/Peripheral 
Configuration 

Extended SCSl and Hard 
Disk configuration 

Extended Serial Console 
Configuration 

Functions 
~~ __ 

Set date and time 
Define floppy drives 
Define IDE hard disks 
Select video type 
Display DRAM quantity 
Set error halt conditions 
Enableidisable video shadow RAM 
Set POST display option 

-~ ~ 

Enablddisable extended BIOS functions 
Enable/disable APM BIOS functions 
Enable/disable serial ports 
Enable/disable/configure parallel port 
EnabWdisabie floppy interface 
EnabMdisabie ID€ interface 
Configure Mono/Cotor 
Enable/disable hot key access to SETUP 
Set video display stale 
Select POST display option 
Configure byte-wide and OEM Flash memories 
Enablddisable serial boot loader 
Enableldisable watchdog timer 

Set SCSl controller parameters 
Configure SCSl disk map 
Select floppy or hard disk boot 
Configure DOS disk map 

Configure serial port parameters for serial 
console output 
Configure serial port output handshake option 
Configure serial port parameters for serial 
console input 
Delete/include console port from DOS COM - table . - 
when you enable Extended BIOS from SETUP 
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Note 
~ 

Some SEZTUI’ options can put your system into an unrecoverable 
state. For instance, you might set a display option that prevents 
you from seeing the SETLJP screens. Installing a jumper between 
53-7 and ,134 (Serial 1 DTIY. and RI) temporarily sets all SETUP 
functions to their default stnte, bypassing the SETUP parameters 
stored in the configuration memory so that you can reenter SETUP 
and correct the problem. 
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3.3 SETUP PAGE I-STANDARD (CMOS) SETUP 
The first SETUP page contains the parameters normally saved in CMOS RAM plus some additional 
parameters unique to the CoreModule/3SXi CPU. The only parameters not also saved i n  the EEPROM 
memory are the real-time clock date and time. If no battery is used or if the battery fails, the date and 
time will not be accurate. All other parameters are saved in the EEPROM. 

Figure 3-1 shows what can be configured using SETUP page 1. Sections following the figure describe 
each option. 

Date (mm/dd/yy) 

1st Floppy 
2nd Floppy 

ATA/IDE Disk 1 
ATA/IDE Disk 2 

Video 

Base Memory 
Extended Memory 

Error Halt 
Video Shadow RAM 
System POST 

Standard (CMOS/EEPROM) Setup 

9 / 2 0 / 9 6  Time (hh:mm:ss) 10:08:00 

1.4M 
1/2M 

Cyls Heads Sectors  Precomp Landzone 
17 , 655 14 17 0 0 
None 

EGA/VGA 

640 ' 

1024 

NO HALT ON ANY ERROR 
Enabled 
&orma1 

PgDn ot (Dlown for Extended Setup 
$ 3, [Enter] Moves Betwe611 Items, '&+ + - Selects Value8 

( E ) x i t  to &it without change, or (8)ave to record changes 

Figure 3-1. SETUP Page 1 

3.3.1 Date and Time 
The time shown on the first SETUP screen is continuously updated and reflects the current state of the 
hardware real-time clock. The new time and date that you enter is immediately written to the device. 
Enter the date in  the form mnl/dd/'y. Enter the time in 24-hour format, in the form hh:mm:ss. 

The ROM BIOS maintains the system real-time clock. It is incremented approximately 18.2 times per 
second by  a n  interrupt from timdcounter 0. The ROM BIOS :~utornatically initializes the  y s f a m  real-time 
clock from the hardware real-time clock upon system reset or power up. The accuracy of the hardware 
real-time. clock depends, of course, on your connecting a battery to the appropriate terminals qn J5, the 
Utility connector. I f  no battety is attached, the system time information will not remain accurate after a 
power cycle. 
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Thc ROM BIOS supports all of the ~ ~ o l ~ u l i i r  BOS-compatiblc floppy disk formats. This includes all thc 
5-1/4 inch and 3-1/2 inch floppy formats---360K, 720K, 9 2 M ,  and 1.44M. (Note: some formats are not 
supported by early versions of DOS.) In addition, the ROM BIOS supports dual-capacity use of high 
density floppy drives. That is, you  can read and boot from 360K floppies i n  a 1.7M 5-1/4 inch drive, and 
from 720K floppies i n  a 1.44M 3-1/2 inch drive. 

Drive Parameter Setup 

Enter thc number and type of‘ floppy drives in  the system. If the drives connected to the system do not 
match the parameters in  the configuration memory, POST displays an error message. To  eliminate the 
error message, sel the drive parameters to match your floppy drives. 

3 . 3 3  IDE Hard Disk Drives 
The ROM BIOS supports one or two hard disk drives connected to the IDE interface. The BIOS allows 
you to mix IDE drivcs in combination with SCSI hard disk drives. (Use the IDE SETUP parameters for 
IDE drives only .  SCSI hard drives arc configured on SETUP scteen 3 . )  

The ICIEl SETUP pararnettm are iisetl for setting the physical parameters of the drives you install in your 
system. Ptiysicxtl drives can have one or inore logical partitions. You can install up to eight logical drives 
o r  drive partitions, buL only tWCJ physical drives. (Older versions of DOS may litnit the number of logical 
drives y o u  can install.) 

To configure the system for onc or two IDE drives, set the drive parameters with SETUP, as outlined 
here: 

Drive Types--The configuration memory contains a default list of parameters that specify the 
physical format of each dri,ve. Each rype specifies the total number of cylinders, the number of sectors 
per cylindcr, number of heads, cylinder to begin precompensation, and landing zone cylinder number. 
The drive manufacturcr supplies these parameters. The list contains “legacy values”, standard for 
I’C:s.--a number of older (smaller) drives are defined. 

Two special drive types, 48 and 49, let you enter drive parameters manually. If no built-in drive type 
rnntches your drive, select drive type 48 or 49 and enter the drive parameters i n  the fields provided. 

Drive type AUTO selects Autoconfigare. Autoconfigure queries the drive for its parameters, Most 
modern drivcs will respond to the query, allowing the BIOS to set the drive parameter values 
automatically. This option also prwicles Logical Block Addressing (LBA) capability, which is used to 
support drives larger than 5.12M. bytes. * 
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Note 
____ ~ 

LBA uses a translation scheme to convert physical heads, sectors 
and cylinders to logical block numbers. Due to differences in the 
translation schemes used by different system BIOSes, LBA- 
compatible drives that have been formatted on Ampro systems may 
not function properly in other systems that support LBA mode. 
However, due to the intelligent translation algorithm in the Ampro 
BIOS, drives formatted in other systems are  likely to be usable on 
the CoreModule/3SXi CPU. Note that this only applies to IDE 
drives that support LBA mode. Consult the technical literature for 
your specific drive to find out if it supports LBA mode. 

Drive Selection-Besides specifying the physical characteristics of each IDE drive, you also must 
specify how they are to be used by the ROM BIOS. Two factors control how they are used, drive 
number jumper(s) and the DOS disk map. 

An IDE drive can be jumpered as a master or slave. Each manufacturer’s drive is different, so 
you must refer to the drive’s technical literature to find out how to jumper the drives you install. 
Drives default to master from the factory, so if you only have one IDE drive in  a system it is 
generally already set up properly. 

Use the SETUP Extended SCSI and Hard Disk Configuration menu (SETUP page 3) to enter your 
IDE drive(s) in  the DOS disk map. Disk 1 in the map will be logged by DOS as drive C, Disk 2 as 
drive D, and so on. See the description of SETUP page 3 for details. 

Once you have set the system’s configuration memory, the IDE drive(s) can be formatted and otherwise 
prepared normally. Refer to your operating system and disk drive documentation €or specific procedures 
and requirements. 

3.3.4 Video 
Specify the initial video mode. Select Mono, Colar40, Color8O, or EGANGA. If your video display 
card is VGA, super VGA, or any other high resolution standard, specify EGANGA no matter how it is 
configured to comeup. 

3.3.5 DRAM Memory . 
4 

The ROM BIOS automatically sets the aflount of memory i t  discdvers during Power-On Self-Test (POST) 
and stores the result when you save the configuration values when exiting SETUP. If you change the 
amount of memoFy installed on the board, however, you must run SETUP and do a save when you exit. 
This updates the configuration memory to reflect the new memory size. Until you do this, an error 
message will appear during POST. 

Note that if an error message appears during POST when you have not changed the amount of memory 
installed, i t  indicates that at least part of the memory is not functioning properly. 

3.3.6 Error Halt 
Select which kinds of errors will halt the POST. If you plan to use the module without a keyboard, be sure 
to set this option to riot halt on keyboard error. 
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3.3.7 Video Shadow RAM 
This option, when enabled, allows the ROM BIOS to copy the contents of a video BIOS into DRAM. The 
actual video BIOS ROM on the video controller is disabled, and DRAM is mapped into the address space 
i t  occupied. This speeds up video BIOS accesses. Ampro video controllers are designed to allow video 
BIOS shadowing. If yoti are using a video controller from another manufacturer, i t  may not support 
shadowing. In that CRSC, set video J310.S shadowing to “Disabled.” 

3.3,EI System I’OS 
At boot time, the RIOS runs a series of tests called the “Power On Self Test”, or POST. There are options 
in the Rrnpro BIOS to customize the POST to controI how fast the compiitcr powers up and to control 
what the user bees at powei up lime. The choices are: 

PI 

E 

R 

Normal-Displays the results of all test:; 

Fast-Faster than Normal POST because it uses a shorter memory test 

Express-Skips most tests and does not display POST test results on the screen 
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3.4 SETUP PAGE 2-OPTIONS/PERIPHERAL CONFIGURATION 
Use SETUP page 2 to enable or disable many of the functions and peripherals provided on the 
CoreModule/3SXiCPU. Figure 3-2 shows what can be configured on SETUP page 2, and the sections 
that follow describe each parameter. 

CM/3SXi Options/Perigheral Configuration 

CoreModule Extended BIOS . . . . . . . . . . . .  Enabled 
Advanced Power Mgmt BIOS . . . . . . . . . . . .  Enabled 
Serial Port 1 ....................... Enabled 
Serial Fort 2 ....................... Enabled 
Parallel Port ....................... Enabled Mode SPP 
Floppy Interface . . . . . . . . . . . . . . . . . . . .  Enabled 
IDE Interface ....................... Enabled 
Mono/Color Jumper . . . . . . . . . . . . . . . . . . .  Color 
Socket SO . . . . . . . . . . . . . . . . . . . . . . . . . . .  64K @ D0000h 
OEM Flash . . . . . . . . . . . . . . . . . . . . . . . . . . .  64K Q EOOOOh 
Default Socket ...................... SO 

Video State ........................ .Enableti 
Blank POST Test . . . . . . . . . . . . . . . . . . . . .  Enabled 
Serial Boot Loader . . . . . . . . . . . . . . . . . .  Disabled 
Watchdog Timer ...................... Disabled 
Hot Key Setup . . . . . . . . . . . . . . . . . . . . . . .  Enabled 

(Slave to Record Extenaed setup 
/p J* [Enter] Moves Between Items, ++ + - Selects Values 
(E)xit to quit without change, or (Slave to record changes 

Figure 3-2. SETUP Page 2 

3.4.1 Extended BIOS 
Normally, the Ampro Extended BIOS is enabled. This allows access to SETUP pages three and four and 
the features they define. If you do not want to use the BIOS extensions, you can disable them using this 
parameter. (Some UNIX implementations or other operating systems may require disabling the extended 
portion of the BIOS.) Arnpro Application Note AAN-9210 documents the features in the extended BIOS, 
including the application program interface specifications. 

' 

3.4.2 Advanced Power Management BIOS . 
The CoreModuld3SXi CPU BIOS incorporates an Advanced Power Management BIOS (APM) compliant 
with Advanced Power Management (APM) BIOS Interface Specification Revision 1 . 1 ,  created by Intel 

' and Microsoft. This SETUP option allows you to enable or disable access to the APM BIOS functions. 
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Note that this optioti docs not enable or disable power management on the CoreModule, i t  enables or 
disables iiccess to the APM BIOS that drivcrs or applications use to control power management features. 

3.4.3 Serial Ports 
Use SETUP to indepcntlently cnablc or disable either of the two onboard serial ports. (When you use 
SETUP to enable or disable a port, the ch:inge does not take effect until you reboot the system.) 

The I/O addresses and inlerrtq)t assignments (IRQs) for the serial ports cannot be changed. The following 
tablc lists the 1/0 addresses and TRQs of each port. These resources are freed for use by other peripherals 
installed on thc PC/104 bus when their respective ports are disabled. 

Table 3-2. Serial Port Resources 

Normidly, the BIOS logs Serial 1 arid Serial 2 as COMl and COM2. Note, however, that COMI and 
COM2 iire logical designation:;, not physical values. When thc system hoots, the BIOS scans the standard 
serial port adclresse:, and installs the first port it finds as COMl 
one as COM2, and so on. If you disable a serial port, the designations of all higher-numbered COM ports 
will changc. 

For niorc information about the serial ports, see Serial Ports, page 3-19 

If i t  finds a second port, i t  installs that 

3.44 Paratle 
You enable or disable the CoreModulel3SXi parallel port using the Parallel Port option on this SETUP 
page. You set the parallel port rnode (SSP, EPP, or ECP) by setting the Mode option, 

Table 3-3 summariLes the rcsources that arc used when the parallel port is enabled. 

Table 3-3. Parallel Port Resources 

The I/O ports and interrupt request channel are freed for use by other peripherals installed on the PC/104 
bus whcn the parallel port is disabled. 

Normally, thc BIOS logs i n  the primary and secondary parallel ports as LPTl and LPTZ. Note, however. 
tl!:!! L!T" rtnd I.PT:! n!-c lopicnl dcsiyriatinp.:, nc't phycica l  vslt!c:, Wh!:n thc systrm hoots, thc BIOS 
scans the standard parallel pori a d d r p c s  and installs the first port i t  finds as LPTI. If i t  finds a second 
port, i t  installs that one as LPT?., and so on. I f  you disable a parallel port, the designations of all higher- 
numbered I.2T ports will change. 
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-~ 
SPP 

EPP 

Setting the Parallel Port Mode 

Set the parallel port mode to either SPP, EPP, or ECP. 

Standard Parallel Port (default)-Bidirectional, compatible 
with standard and PS/2 ports. 

Enhanced Parallel Port-Bi-directional, compatible with 
standard and PS/2 ports, but adding automatic read- and 
write- cycle modes. 

Table 3-4 Parallel Port Modes 

Mode I Description 

___ ~ ~~ 

ECP Extended Capabilities Port-IEEE-1284-compliant port, 
Provides interlocking handshaking, 16-byte FIFO buffer, 
optional DMA transfer capability, and optional RLE data 
compression. 

Selection 110 Address 1 RQ 
Enabled 03F2h Digital Output Register lRQ6 

03F4h Main Status Register 
03F5h Data Register 
03F7h Control Register 

Disable None None 

For more information about the parallel port, see Enhanced Parallel Port on page 3-23. 

DMA 
DMA 2 

None 

3.4.5 Floppy Interface Enable' 

Selection 
. knabled 

Disable 

Enable or disable the onboard floppy interface. When disabled, rhe I/O ports assigned to the floppy 
controller become available, allowing them to be used by other devices installed on the expansion bus. 
Table 3-5 lists the resources used by the floppy controller. 

I/O Address I nferrupt 
01 FOh - 01 F7 Control and Data Registers IRQ14 
03F7h Shared with FDC 

None None 

3.4.6 I DE. kerf ace Enable 
Enable or disable the onboard IDE hard disk interface. When disabled, the 110 ports and IRQ assigned to 
the IDE controller become available, allowing them to be used by other devices installed on the expansion 
bus. Table 3-6 lists the resources used by the IDE interface. 

Table 3-6. IDE Controller Resources 

i 
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If you have an IDE drive attached to 56, just disabling the IDE interface will not free the interrupt, IRQl4 ,  
since i t  is connected directly to  the drive. You tnust disconnect the cable. 

3.4 I( i7 M on o/C o 1 or Se I e c t i on 
Set the Mono/Color selection t o  Mono only if you have a monochrome monitor connected to a 
moncichrome (MDA) video adapter. In all other cases, set this option to Color. Set it to Color even if you 
have a VGA rnonochrorne monitor attached to a VGA or  SuperVGA adapter. 

3.4.8 Hot Key Setup Enable 
In some embedded sys t em,  yo11 do not want an end-user to use the hot-key sequence (CTRL-ALT-ESC) 
to enter SETUP. You can enable or disable hot-key access to SETUP with this parameter. (This also 
prevents “+++” from entering SETUP when using the serial console feature.) 

3.43 Video State 
You can set this option to EnabXed or Inhibited. Inhibited blanks the display until your program makes a 
call to the Video Restore State function in the video BIOS (via INTlOh). This provides a means o f ’  
controlling what appears on the screcn when the system starts up. This option can be used to inhibit the 
POST test display and everything else that 130s or an application would display, until a call is made to 
the video BIOS. 

The following is an example of code that reenables the display inhibited by this option: 

; ===:=:: ======== r- ======= :===r -===z ;=I==z==  ===== . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

init. : mov ah, Ich 
mov al, -1 
mov bx,414Dh 
mov ex, 5052h 
irmt 1021 

3.4.10 Blank Post 
Eriabie or disable POST display. If set to I$xabled, the niesssges from the POST will not be sent to the 
console. To inhibit display of a broader range of system and application messages, see Video State, 
abovt:. 

3.4.11 Byte- ide Socket and OEM Flash Memory Configuration 
The byte-wide socket, SO, and the user portion of the OEM Flash memory devict: can be independently 
r - i J i i f iwrr4  IOI i t q  c!or irr7~ ~ ~ d d r ~ ~ < ~  and thc Ti-r nf  thc nirmoiv hlock i n  which I t  appcan to the proreqqor.. 
or i t  can bc tlisablcd. You can also specify which device is enabled at boot time (This is the “Defdult 
Socket” SIITUP option.) Notc,that only one can be enablcd at boot time. 
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t 
Size Address 

Disabled None 

Table 3-7 lists the socket address configuration options that are available. 

128K bytes 
(Avaijable only for SO) 

DOOOOh - EFFFFh 

I 64K bytes I DOOOOh-DFFFFh I 
1 64K bytes I EOOOOh-EFFFFh I 

If you configure both devices to occupy the same address space (or overlap), only one device will be 
visible to the CPU. This will be either the default socket (enabled during POST) or the socket that was 
last enabled. The Ampro BIOS provides a call for enabling and disabling each device. A code example is 
shown on page 3-28. Rcfcr to Ampro Application Note AAN-9210 for a complete description of the 
BIOS functions that control the byte-wide sockets. 

Devices larger than 64K can be installed in  the byte-wide socket, independent of the memory block size 
sctting. The memory bIock size setting specifies a “window” in which the memory device is visible. You 
can use an extended BIOS call to select which 64K page of the byte-wide device is visible to the 
processor. A code example is shown on page 3-29. 

You must also set hardware jumpers to configure the byte-wide socket for the device you install in SO. 
Refer to Chapter 2 for jumper positions. If you are using the byte-wide socket for Solid State Disk (SSD), 
using Ampro’s Solid State Disk software, follow the directions for setting the byte-wide socket that are in 
the SSD Technical Manual. 

3.4.12 Serial Boot Loader Enable 
This parameier enables or disables the Serial Boot Loader option in the Ampro ROM BIOS. The serial 
boot loader allows you to boot from either of the onboard serial ports, much in the same way you would 
hoot from a local hard disk or from a LAN. A description of the Serial Boot Loader is provided in the 
Ampro Common Utilities manual (see SERLOAD and SERPROG), and in Ampro Application Note AAN- 
9403. If you are not using the Serial Boot Loader, set this parameter to “Disabled.” 

- ,3.4.13 Watchdog Timer Configuration 
This parameter allows you to set the time duration of the watchdog timer for monitoring the boot process. 
You can set it to 30,60, or 90 seconds, or you can disable i t .  

Further information about the watchdog timer can be found Iater in this chapter under “Watchdog Timer.” 
A description of the WATCHDOG utility program can be found in the Ampro Common Utilities manual. 
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3.5 SETUP PAGE 3-!3CSI HARD DISK 
A unique feature of the CoreModuld3SXi CPlJ is that its ROM BIOS contains hard disk support 
functions that allow easy integration of SCSI and IDE drives. Use this SETUP screen to configure for 
your hard disk drivcs and other SCSI peripherals. Figure 3-3 shows SETUP screen 3, and descriptions of 
each field are provided i n  sections below. 

Extended SCSI and Hard Disk Configuration 

S C S I  /BIOS Services . . . . . . . . . . . . .  Enabled 
:;cSI lpitiator 111 . . . . . . . . . . . . . . .  7 
SCSI Disk I/O R.etries . . . . . . . . . . .  10 

SCSI Disk M a g  
SCSI 3. . . . . . . . . . . . . . . . . . . . . . . . . . .  Id 0, Lun 0 
S C S I  2 . . . . . . . . . . . . . . . . . . . . . . . . . .  Not Active 
S C S I  3 . . . . . . . . . . . . . . . . . . . . . . . . . .  Not Active 
S C S I  4 . . . . . . . . . . . . . . . . . . . . . . . . . .  Not Active 
S C S I  5 . . . . . . . . . . . . . . . . . . . . . . . . . .  Not Active 
SCST 6 . . . . . . . . . . . . . . . . . . . . . . . . . .  Not Active 
S C S I  7 . . . . . . . . . . . . . . . . . . . . . . . . . .  Not Active 
DefauILt B o o t  Device . . . . . . . . . . . . .  Floppy. 
1st; Hard : [ ) i s k . .  . . . . . . . . . . . . . . . . .  SCSI Disk 1 
2nd H i i r d  D i s k  . . . . . . . . . . . . . . . . . . .  IDE Disk 1 
3 r d  I-Ialrd D i s k .  . . . . . . . . . . . . . . . . . .  Not Active 
4 t h  Hard D i s k . .  . . . . . . . . . . . . . . . . .  Not Active 
5th H a r d  D i s k  . . . . . . . . . . . . . . . . . . .  Not Active 
6th H a r d  D i s k  . . . . . . . . . . . . . . . . . . .  Not Active 
7th Hard D i s k  . . . . . . . . . . . . . . . . . . .  Not Active 
8th H a r d  D i s k .  . . . . . . . . . . . . . . . . . .  Not Active 

DOS Disk M a g  

+ + ~ ~ n t e s l  ~ s v u s  Between Items, f.3 + - Selects Values 
( E ) x i t :  to qui t  without change, or (Slave to record changes 

Figure 3-3. SETUP Page 3 

With the Ampro Extended BIOS, SCSI hard disks are available to DOS through standard ROM BIOS 
functions (INT 13). (SCSI interface hardware is available on a variety of Ampro add-on products.) SCSI 
functions are in the SCSI BIOS portion of the KOM BIOS. The ROM BIOS hard disk supporr allows 
direct systern booting from SCSI Common Coinmarid Set direct access devices. Other types of SCSI direct 
access devices can be used to provide a compatible hard disk function. These include CD ROM drives, 
tape drives, SCSI RAM disks, and other peripherals. 

Most DOS or Windows applications run normally in this SCSI-based hard disk environment. Programs 
nearly always use either DOS or KOM BIOS functions for disk drive access. It is rare for software to 
attempt to x c e  ss h aril tl i SIC con fri?l1 er h arci w:ire tlircc t I v . 

Utilities for SCSI drive formatting, and otticr SCSI functions are included on the Ampro Common 
Wtilitics diskette: Thesc arc dcscribed in the Ampro Common Utilities manual. 

3-13 



CoreModule/3SXi Technical Manual 

3.5.1 SCSI Drive Parameter Setup 
If you add a SCSI device to your CoreModule/3SXi-based embedded system, you must set several SCSI 
drive parameters in the configuration memory using SETUP. This section describes the SETUP 
parameters found on the SCSI Disk Configuration screen, 

SCSI Controller Parameters 
SCSIIBIOS Services-To use the SCSI BIOS for hard disks, i t  must be enabled. When disabled, the 
system will not boot from an attached SCSI drive, nor will standard disk-related BIOS calls (INT13) 
be able to see a drive. SCSI services are still available from BIOS calls in your program, even when 
SCSI/BIOS Services is disabled. Disabling the SCSI BIOS services will speed up system booting 
when you don't use the SCSI port. 

SCSI Initiator ID-The Ampro CoreModule/3SXi CPU is the SCSl Initiator in  its transactions with 
SCSI target devices such as hard disk drives. Every SCSI device (target or initiator) must have a 
unique ID between 0 and 7. The default ID for the SCSI controller on the CoreModule/3SXi CPU is 
7. It is the highest priority ID, and this ID tells the SCSI BIOS to reset the SCSI bus on system power 
up or reset. In most cases you will not change the default SCSI initiator ID. 

SCSI Disk YO Retries-You can specify the number of readlwrite retries when using SCSI drives as 
DOS drives. The default is 10 retries. 

SCSI Disk Map 
Target Device IDS and LUNs-The specification of SCSI target device IDS and Logical Unit 
Numbers (LUNs) are stored in the configuration memory. Enter the IDS and LUNs of the SCSI drives 
you have installed in your system. Assign each drive to a SCSI Disk position in  the SCSI Disk Map. 
Normally, all SCSI LUNs default to 0. 

The SCSI ID for target devices can be 0 to 6 (since the CPU is set for ID 7). A device's ID is usually 
set by jumpers or switches on the device. If you have multiple SCSI drives, assign each one a unique 
device ID. 

DOS Disk Map 
BOOT Device Specification-You can choose to boot the system from a hard or floppy drive using 
the Default Boot Device pararneter.,+xou can specify Floppy for floppy A: or Hard Disk for drive C:. 
(When you select Hard Disk, the drive shown as 1st Hard Disk on the DOS Disk Map becomes the 
boot drive.) L 

DOS Disk Map-Assign your disk drives, both IDE drives and SCSI drives,.to positions on the DOS 
Disk Map. You can assign them in any order and in  any mix. The 1st Hard Disk becomes drive C:, 
2nd Hard Disk becomes drive D:, and so on. Any non-SCSI devices that will appear to the system as 
a drive should be configured in the DOS Disk Map as an AT Bus Drive. This includes any device that 
is installed with its own driver. 

f .* ' . .  
. .  
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Note 
-----.I_--- 

SETUP screen 1, “Standard (CMOS) SETUP” is used for defining 
hard drives connected to the IDE interface. Do not attempt to use 
the XDE configuration nieiru to define disk drive parameters for 
SCSI-connected drives. 
-------- 
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3.6 SETUP PAGE 4-SERIAL CONSOLE 
The ROM BIOS includes a unique set of features which allow full access to the system at any time over 
standard RS232 serial ports. An embedded system may take advantage of these remote access capabilities 
using the serial console functions in  the following ways: 

Serial console-Use Serial 1 or Serial 2 as a console. Use a serial terminal to replace the standard video 
monitor and keyboard. 

Serial boot loader-Boot from a serial port much like you would boot from a local hard disk or from a 
network. (This feature is enabled or disabled with the Serial Boot Loader option on Page 2 of SETUP.) 

Serial programming-Automatically update system software, such as an SSD, through a serial port. 
This feature allows you to replace code i n  a Flash device installed in  the byte-wide socket, 

For more information about these serial console functions, see “Serial Console Features,” under “Serial 
Ports”, later in  this chapter. For a thorough explanation of the remote host features, refer to Ampro 
Application Note AAN-9403. 

Figure 3-4 shows the options you can set for the serial console. Since the DOS normally initializes the 
serial ports during boot, you have the option to remove the serial console port from DOS’s COM port 
table. By doing this, the values you set on SETUP screen 4 will remain after you boot DOS. 

= 

Extended Serial Console Configuration 

Console Output Device . . . . . . . . .  Video 
Console Input Device . . . . . . . . . .  Keyboard 
Serial Console Output Setup 
Data Length . . . . . . . . . . . . . . . . .  
Stop Bits . . . . . . . . . . . . . . . . . . .  
Parity ...................... 
Baud . .  ...................... 
Delete from Corn Port Table.. 

Console Output Handshake . . . . . .  
. Serial Console Input Setup . . . .  

Data Length ................. 
Stop Bits . . . . . . . . . . . . . . . . . . .  

--a Parity . . . . . . . . . . . . . . . . . . . . . .  
Baud . . . . . . . . . . . . . . . . . . . . . . . .  
Delete from Com Port Table.. 

NOTE: When the Console Output  Device is ser’ial ,  the 
MONO/COLOR jumper must be removed and the 
Video i n  Standard Setup set to EGA/VGA. 

& [Enter] Moves Between Items, e+ + - Selects Values 
Pgup or ( U ) g  for previous page 

Figure 3-4. SETUP Page 4 
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Console Oritput Device-Select the console output device, either Video, Serial 1 ,  Serial 2, or None. 

Console Input Device-!kleci. thc consolr: input device, either the PC Keyboard, Serial I ,  Serial 2, or 
None. 

Serial  Console Output Setup---Enter thc cornmunication parameters for your console output serial port. 
Set the data length, stop bits, parity, and bi111d rate to match your serial output device. 

Console Outpu t  Handshake--Enable or disable hardware handshaking. If enabled, the DSR and CTS 
signals control the data flow. Be sure to connect the DSR and CTS signals on the serial port’s connector 
to the appropriate handshake signals on the external serial device’s interface connector. 

Serial  Console I n p u t  Setup-Enter the communication parameters for your console i npu t  serial port. Sct 
the data length, stop bits, parity, and baud rate to match your serial input device. 

Delete lrom COM P o r t  Table-When DOS boots, i t  initializes the system serial ports. (Different 
versions of DOS may set the ports to different default settings.) By enabling this option, the BIOS does 
not include your console serial cievice(s) i n  the COM port table. This prevents DOS from changing the 
values you assign to the port in  this SETUP screen. 

Caution 

Be careful when changing the console configuration. If you specify 
“None” l o r  console input and output, there  will be no console access 
to the system. (You call recover from this state by removing the  
serial console plug from the  primary serial p o r t  coiinector and 
shorting pins 53-7/8.) 

3.7 ‘THE SEPUP.C 
‘You can use thc SETUP.COM utility from the command line to access the same SETUP functions as the 
”hot key” code, C?’R.L-ALT-ESC. SETUP.COM also adds additiorlal functionality, such as the ability to 
load ilnd stoIe configuration settings to a disk file, This same feature is used to store up to 512 bits of 
OEM information in the configuration memory EEPROM. SETUP.COM is on the Ampro Common 
Utilities diskette, included with the CoreModule/3SXi CPU Development Kit. 

3.7.1 Creating Canff iguration Files with SETUP.COM 
‘The AnipbSETUP utility, SETUP.COM, offers the following options for command line entry: 

SETUP [-switches] [@file.ext I Wfile.ext1 
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? 

T 

@file.ext 

Wfile.ext 

The supported switches and their meaning are as follows: 

Table 3-8. SETUP.COM Command Switches 

- 

Display a usage help screen 

Set the (hardware) real-time clock time and 
date from the current DOS time and date. 

Writes the specified file to the board's CMOS 
RAM and configuration EEPROM. Drive and 
path are optional in the file name. 

Write CMOS RAM and EEPROM contents to 
the file specified. The file name may contain 
an optional drive and path. 

1 Switch I Function 

You can save a copy of the current contents of the board's configuration memory to a disk file by using 
the W switch. The data saved includes the entire contents of the nonvolatile configuration EEPROM, 
The first 5 I 2  bits are the SETUP information (excluding time and date). The next 5 12 bits are available 
for OEM storage. See Ampro Application Note AAN-8805 for a description of how to use the OEM 
storage portion of the EEPROM. 

Note 

If the SETUP is changed, the system must be rebooted before 
writing a configuration file using the SETUP W option. Otherwise, 
the changes will not appear in the setup file, 

The file you create with this menu option can be used as a source for programming the configuration 
memory of a CoreModule/3SXi CPU at a later time. 

For example, the following command initializes the EEPROM values with a previously saved 
configuration: 

C>SETUP @SYSTEM.A 

Assuming you created the file SYSTE,M.A with SE7JJP's write option, SETUP wilI initialize the 
EEPROM configuration memory and CMOS RAM using the contents of SYSTEM.A: 

Note 

The system must be rebooted before new configuration information 
will take effect. 

Using SETUP to save and load corifiguration memory paraIrretcrs can be useful when many boards must 
be initialized, automatically, for instance, during production, or when you want to change between several 
predefined system configurations. ,. 
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3.8 OPERATION WUTW DOS 
The CorcModulo/3SXi CPU ~ p p o r t s  IBM’s PC-DOS or Microsoft’s MS-DOS, Version 3.3 or later, or 
any version of Digital Research’s DK DOS as the disk operating system. Any differences between these 
similar operating systenih aIc  noted i n  the text where applicable. I 

Caution 
l_l-l_-.----.-_-__ 

Sometimes MS-DCS is customized by a manufacturer for a specific 
system and may not work O H  the CoreModule/3SXi CPU. Use DR 
DOS (supplied by Ampro), IBM PC-DOS (supplied by IBM), or the 
generic version of MS-DOS (supplied by Microsoft on an OEM 
bas is). 
--_---.--.--- 

EMS Option-The CoreModule14SXi CPU can emulate the Lotus-Intel-Micros~~t Expanded Memory 
Specificeition Vcrsion 4.0 (LIM EMS 4.0). with the tneniory management capability of the 803865X CPU, 
undcr control of a device driver. Such drivcrs are available with the newer versions of DOS. With 
Microsoft MS-DOS, the driver is called EMM386.EXE. 

Serial Ports-DOS normally supports the board’s two serial ports as COMl and COM2. 

At boot rime, DQS initializes t h c  serial ports, assigning them their COM port designations and their 
communication parameter settings. Although this might vary with different types and versions of DOS, 
typical ccrnmiunication parameter settings are 9600 baud, even parity, 7 bits, and I stop bit. 

IJsually a n  application program that uses a serial port will access the port’s hardware and reinitialize the 
communication parameters to other values, Ixised un settings that the user has entered when configuring 
the application program. 

Parallel Port-The Parallel Printer port is normally the DOS LPTl device. Most application software 
uses LPT1 as the default printer port. If you enable the port, printing to i t  is automatic. 

The following DOS commands can be used to test printing with a parallel printer: 

A>CPPY f i . > e n a m e .  ext LPTl Prints contents of fi lename. est 

A > D I K  > w r i  Prints the directory 
-II___- 

In addition, the <PrtSc> (Print Screen) key will print the contents of the video screen to the LPTl devicc. 
Also, yo11 can use the Printer Echo function to print all characters typed on the keyboard. The command 
<Ctrl-P:> enables the Printer Echo function. Entering <Ctrl-P> again disables Printer Echo. 

Ifisk f)rives---Older versions of DOS require you t o  divide disk drives larger than 32M bytes into more 
than one partition. More recent versions permit drives to be up to 2C bytes, though IDE drives are BIOS 
limited trt S12M bytes. Drives Iarger than 512M bytes must use the Auto configuration type in SETUP or 
use a vendor supplied driver t o  access the entirc drivc. 

3.9 SERIAL PORTS 
?his scctloii describe:, uses for tlie serial ports o n  the CoreModule/3SXi CPU, including: 

* Using the RS-485 interface 

* The serial console featiirc 

3-19 



CoreModule/3SXi Technical Manual 

Serial booting 

Serial downloading and programming 

Using a serial modem 

3.9.1 Using the RS-485 Jnterface 
This section describes the RS-485 interface circuit and discusses some RS-485 concepts to aid i n  using 
the interface in  an embedded system. 

RS-485 provides for half-duplex operation. It is a 5 volt differentia1 interface, which has greater 
immunity against noise and interference than single-wire interfaces. This interface will drive cable 
lengths up to 4000 feet reliably -at 57.6K bps. All communication, both transmission and reception, 
occurs via a single pair of wires. There are no handshaking lines. 

RS-485 supports multidrop operation. That is, more than two devices can be connected to the same 
RS-485 balanced line. To prevent signal contention, only one transmitter is enabled at a time. The 
CoreModule/3SXi RS-485 transmitter is controlled by Serial 2’s RTS signal. At power up, RTS is in its 
inactive state, ready to receive. When it is time to transmit, the RTS signal is made active, enabling the 
transmitter. It is the responsibility of the user’s software to prevent two transmitters from being enabled 
at the same time. 

Figure 3-5 illustrates the CoreModule/3SXi RS-485 interface wiring. 

RS-232 RxD 

Transrnttter 

JlO-1 +I/O 

J10-2 - 1/0 

TransmHter Enable 

Receiver 

Figure 3-5. RS-485 Jnterface Wiring 

The following are some examples of interconnection schemes that can be used to take advantage of the 
RS-485 serial connection: 

One-way Broadcast-A single device uses an RS-485 signal pair to transmit data to many receiving 
dcviccs. To eiiable tilo broadcaster’s transmitter, the KTS signal IS turned on (True, High, Activc) 
and left on. If the device is to be a receiver, RTS must be turned off and left off. 

Simple Bi-Directional Communication-Two devices use a single RS-485 bi-directional pair for 
half-duplex, two-way transmission of data. The Adapter’s transceiver iS placed i n  the send or receive 

. 
I 
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mode under control of the network software. This can be done using a sirnplc alternation schcme 01’ 

by IncSSag% contained within data packets. 

Multidrop Network-Mare than two clevices share an RS-485 signal pair, for both transmission a n d  
reception of data. Only one device is permitted to talk at any one time. As with simplc bi-dircctionLIl 
communication, the board’s RS-485 transceiver is placed in  receive mode unless i t  is the one 
permitted to transmit. One popular way of managing who is the transmitter is by a “token” passing 
scheme. Each node i s  assigned an ID number. Whoever transmits also sends the ID of the next node 
allowed to transmit. If a node does not need to transmit, i t  just immediately sends the “token” to its 
next tiocte. This simple scheme is easy to implement and trouble free. Time-outs can be implemented 
i n  software to prevent a lockup should a node fail to pass the token properly. 

II 

3.9.2 Serial Crdnsole Features 
To use the serial console features, connect the serial console device(s) to Serial 1 or Serial 2. Use SETUP 
to configure the CorcModule/3SXi CPU to use its serial console support feature. The configuration 
menzory stores serial console configuration parameters. 

Caution 
l-l--._l-.-..----- 

Be careful when changing the console configuration using SETUP. 
If you sliecify “None” for console input and output, there will be no 
eorisolc R C ~ W S  to the system. (You can recover from this state by 
removing the serial console plug from the primary serial port 
connector and shorting pins 53-7/8.) 

SETUP provides separate configuiations for serial console input and output. Thus, you can use a serial 
port (and attached serial clevicc:) for either or both input and output. For instance, you can use a modem or 
other serial device for input, arid a standard video display for output. Or you can use a standard keyboard 
for input and an ASCII terrniiial for serial display, or use an ASCII terminal for both input and output. 

To use an ASCII terr~~inal as the console device for your system, set both the input and output parameters 
to Scrial Port 1 (or 2), and set ihc st:rial baud rate, data length, and stop bits to match the setting of your 
terminal. For proper display of SETUP and POST messages from the BIOS, you must use an IEEE- 
cornliatihle terminal that implements the statidard ASCII cursor commands. The required commands and 
their hexadecimal codes are listed in Table 3-9; 

a 

., * u 

. ‘Table 3-9. Required Serial Console Commands 

Command 
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Note 

Some programs that emulate an ASCII terminal do not properly 
support the basic ASCII command functions shown in Table 3-9, 
Ampro provides a suitable PC terminal emulator piogram, 
TVTERM, on the Common Utilities diskette. 

After booting this system, the keyboard and screen of the terminal become the system console. The 
programs you use this way must use ROM BIOS video functions (rather than direct screen addressing) for 
their display I/O. You can enter keyboard data from both the external serial device and the standard AT 
key board. 

Note 

DOS programs that write directly to video RAM will not display 
properly on a serial console device. 

COM Port Table 

When the system boots, DOS initializes the serial ports to 9600 baud (typical). To preserve the selected 
console port parameters stored in SETUP, the ROM BIOS can be instructed to delete the selected console 
port from the internal COM port table, normally used by DOS to locate the serial ports, With the port 
deleted from the COM port table, DOS cannot change its parameters. If you use a serial console, be sure 
to select the option that deletes the console port from the COM port table. 

Serial Handshake 

The serial console device data format and the CoreModule/3SXi CPU serial port data format must match 
for the devices to properly communicate. In addition, the hardware handshake behavior must be 
compatible. -Normally, a serial port’s Data Set Ready (DSR) and Clear To Send (CTS) input handshake 
signals must be true (active) for the ROM BIOS to send data out. On the CoreModulel3SXi CPU, the 
hardware handshake can be enabled or disabled with SETUP. When hardware handshaking is enabled, be 
sure to connect the DSR and CTS signals to appropriate handshake signals on the external serial device’s 
interface connector. As an alternative, loop the CoreModulel3SXi’s serial output handshake signals to its 
input signals as follows: 

I DTR (out) tb DSR (in) 

RTS (out) to CTS (in) 

3-22 



Operation 

3.9.3 Serial Boating and Serial Programming 
Serial console functionality has heen expanded to incorporate two additional features useful in embedded 
applications. 

The serial boot facility enables the CoreModule/3SXi CPU to boot from code downloaded through a 
serial port i n  a ninnner similar to booting from a local hard disk or from a network. 

The serial pro.qrrtztmting facility permits updating Flash memory devices installed in the bytc-wide 
socket over the serial port. It can also bc used to program the OEM Flash device. 

W 

Refer to Ampro Application Note AAN-9403 for a complete description of these features. Rcfer to the 
Ampio Common Utilities inanunl foI descriptions of SERLOAD and SERPROG, utility programs used to 
suppori serial booting and serial programming. 

3.9-4 Using a Serial Modem 
You can use any of tlre liS232C ports as a modem interfatx. You will not need to concern yourself with 
serial port initialization since most PC communications programs control the serial port hardware directly. 
If your program docs not do this, usc the D0.S MODE cornmand to initialize the port. 

Whcn installing a modern, be sure to connect appropriate input and output handshake signals, depending 
on what your communications software requires. Standard PC-compatible serial modern cables that 
connect all of the proper signals correctly arc commonly availablc. The signal arrangenient on the serial 
port connectors is described in Chapter 2. 

Many powerful comniunicatioiis programs are available to control modein communications. Some of these 
programs offer powerful “script” languages that allow you to generate complex automatically functioning 
applications with little effort. 

3.10 ENHANCED PA ALLEL PORT 
The enhanced parallcl printer port is a superset of the standard PC-compatible printer port. It supports 
three modes of operation: 

Standard PUA‘I’ printer port (SPP)--Centronics-type output only printer port, compatible with thc 
original IBM PC printer port. Sometimes it is called ;t PS12-compatible parallel port. It bchaves thc 
s m t :  as the standard PC/AZ’ port on outputs, and provides an input mode as well. 

Eiihanced Parallel Port (EPP)-.-Bi-diPectional parallel port, compatible with the Standard and PS12 
ports, and adding automatic read- and write-cycle modes. Automatically generates input and output 
hindshaking signah for increased throughput. Data flow is monitored by a watchdog timer (separate 
from the board’s watchdog timer) to enhiirc reliable transfers. 

Extended Capabilities Paraflt.1 Port (1ECP)-Compliant with the IEEE-1284 Extended Capabilities 
Port Protocol and ISA Standard (Rev 1.09, January 7, 1993), developed by Microsoft. The ECP 
modz provides the highest lcvel throughput for the parallel port. It provides interlocking 
h,indh&ing, a 1 h-byte FIFO buffer, DMA transfers (optional), hardware RL,E data compression 
opt 1 o I I a I 1, a II rl w 1 I  11 e fi  ned soft w arc p I o t ocol s . 

The low-level softwarc interlace to the parallel p o F t  consists of eight addressable registers. ‘The address 
map of these icgisters is showrr in  ?‘atilt: 3-10, 
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Register Name 
Data Port 

Address 
Base address 

Status Port 

Control Port 

Base address + I 
Base address + 2 

EPP Address Port 
EPP Data Port 0 

3.1 0.1 Standard and Bi-Directional Operation (SPP) 

Base address + 3 

Base address + 4 

You can use the parallel port as a standard output-only printer port or as a bi-directional data port with up 
to 12 output lines and 17 input lines. The bi-directional mode can be very valuable i n  custom applications. 
For example, you might use it  to control parallel-connected external peripherals, an LCD display, scan 
keyboards, sense switches, or interface with optically isolated I/O modules. All data and interface control 
signals are TTL-compatible. 

To use the parallel port in standard or bi-directional modes, set the parallel port Mode option on page 2 
of SETUP to SPP. 

EPP Data Port 1 . 

EPP Data Port 2 

EPP Data Port 3 

Note 

Base address + 5 

Base address + 6 

Base address + 7 

~ 

Note that the term “mode” in this section is used for both the 
SPP/EPP/ECP Mode as set with SETUP, and for input and output 
modes that port can be in when in the SPP Mode. For clarity, the port’s 
SETUP Mode setting will be in bold type and capitalized to distinguish 
it from the var ioq  modes that the port can be in  when in the SPP 

*. 

. <  
. * Mode. 

The default mode of the port in SPP Mode is output only, to make the port compatible with the original 
IBM PC parallel port. To use the port as a bi-directional data port, put it in bi-directional mode with a 
Ampro extended BIOS call, as shown in the following code example. 
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; C o d e  t o  set t h e  pa ra l l . e l  p o r t  mode to ”bi-directional” 

MOV AH,OCDh ; AMPRO command 
MOV AL, OCh ; AMPRO f u n c t i o n  
MOV BX,Olh ; Ri-directional mode (00 for output-only) 
I N T  1 3 h  

Once the port is i n  hi-directional mode, you can dynamically change the port between input and output 
states by directly acccssing the control register at 110 address 37Ah.. The initial state of the port after the 
BIOS call is input. A “1” written to 37Ah-hit 5 sets the port to input; a “0” sets i t  to output. 

The l‘ollowinp example is code for dynamically changing the primary parallel port’s direction (the code 
assumes that the port is in S W  Mode). 

; C o d e  to change the g a s a l l e l  port direction to output 

AND AL,ODFh ;clear bit 5 
OUT D X , A L  

Using control lines for ImpnVYhtpnt 

Besides the eight ttata !ines, you can use the four control lines (-STROBE, -AUTOFD, -INIT, and -SEL 
IN) as’genersl purpose output lities when the port is set to SPP Mode. Similarly, you can use the five 
status lines (-ERROR, SEI, OUT, PAPER EMPTY, -AC:K, and BUSY) as general purpose input lines. 

You can also read the four control lines and use them as input lines. These lines have open collector 
drivers with 4.7K ohm pull-ups. To use a control line as an input line, you must first write to its 
corresponding hit in the control register. Refer to Table 3-12 for the parallel port control register bit 
definitions. If the line is inverting, write a “0”, otherwise write a “1”. This will cause the line to float 
~ p v ! l ~ ~ J  rir h y  thc 4.7K  oh^ rr-sistc>rs). When t1-ir.y f l r i a t ,  yori can tise the in  as inptits. Tahle 3-1 1 is a 
suminary of the uses of the parallel port lincs. 
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Signal 
Type 
Data 

Control 

Status 

Table 3-1 1. Parallel Port Use 

Number 
of Lines Function Output Drive 

8 lines Readwrite 24 mA 8 .5V 
12 mA Q 2.4V 

4 lines Read/Write* 12 mA Q.5V 
4.7K PU 

5 lines Read Only -- 

Bit 

Parallel Port Interrupt Enable 

Bit 4 in the control register, IRQEN, (see Table 3-12) enables the parallel port interrupt. If this bit is 
high, then a rising edge on the -ACK (IRQ) line will produce an interrupt on IRQ7. 

Signal Name 
or Function 

Table 3-12. Parallel Port Register Bits 

STROBE" 
AUTOFD' 
IN IT* 

I SLC 
IRQEN 

PCD 
1 
1 

..- 
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DATA 
(378h) 

STATUS- 
(379h) 

CONTROL 
(37Ahj 

~~~ 

Data 0 
Data 1 
Data 2 
Data 3 
Data 4 
Data 5 
Data 6 
Data 7 

0 
1 
2 
3 
4 
5 
6 
7 .  

~ 

. o  
0 
0 

ERROR" 
SLCT 

PE 
ACK* (IRQ) 

BUSY 

~ 

1/0 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
IIO 
In --- 
--- 
In 
In 
In 
In 
In 

Active 
Highkow 

High 
High 
High 
High 
High 
High 
High 
High 
--- 
--_ 
--- 

Low 
High 
High 
Low 
High 
Low 
Low 
High 
High 
High 
High --- _ _ _  

J15 
Pin 

3 
5 
7 
9 
11 
13 
15 
17 

- 
DB25F 

Pin 

2 
3 
4 
5 
6 
7 
8 
9 

- 

' Can also be used as input (see text). . .  
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Register Bit Definitions 
Tablr: 3 - 1  3 defines h e  register bits shown i n  the “Signal Name or Function” column in  Table  3-12. 

Table 3-13. Standard and PS/2 Mode Register Bit Definitions 

~- 
ERR’ Error 

SLCT 
status 

PE 

ACK* Ac know I e d g e 

Busy 
Busy’ I 

Print E! r s e I ect 
input 

” 

Interrupt request 
E! ria b I e 

Parallel control 
direction 

--.-_m 

Description 

Reflects the status of the ERROR‘ input. 0 
means an error has occurred. 

fqeflects the status of the SLCT input. 1 
means a printer is on-line. 

Reflects the status of the PE input. 1 indicates 
paper end. 

Reflects the status of the ACK’ input. 0 
indicates a printer received a character.. 

Reflects the complement of the BUSY input. 0 
indicates a printer is busy. 

This bit is inverted and output to t h e  STROBE’ 
pin. 

This bit is inverted and output to the AUTOFD* 
pin. 

This bit is outout to the INIT’ pin. 

This bit is inverted and output to the pin. It 
selects a printer. 

When set to I, interrupts are enabled. An 
interrupt is generated by the positive-going 
ACK’ input. 

When set to 1, port is in input mode. In printer 
mode, the printer is always in output mode 
regardless of the state of this bit. 
I 

PP and ECP Operatiion 
When set to either EPP or ECE’ Mnde, the hoard’s parallel port is compliant with the IEEE-1284 Extended 
C L ~ l j L i : ~ l i l , i L b  Puit i ’ ~ ~ ) i ~ o l  Ld IS,‘& :riai~iiiiiLi ( L v  1 .W, Juu.tiS 7, 199:j, & i c l o p L c I  tty h . I I L i o a s i l .  ‘ I ~ L  
IEEE-1284 spcciftcation I S  complex and is beyond the scope of this manual. Contact IEEE Customer 
Service and request IEE,E Std 1284 for lnformatlon about EPP and ECP opcratlon. 

3-27 



CoreModule/3SXi Technical Manual 

IEEE Customer Service 
445 Hoes Lane 
PO Box 1331 
Piscataway, NJ 08855-1331 USA 

Phone: (800) 678-IEEE (in the US and Canada) 
(908) 981-0060 (outside the US and Canada) 

FAX: (908) 98 1-9667 
Telex: 833233 

3.1 1 BYTE-WIDE SOCKET 
The 32-pin byte-wide memory socket SO supports a variety of 28- and 32-pin JEDEC pinout memory 
devices, including EPROM, Flash EPROM, NOVRAM, and SRAM. If you have a backup battery 
attached to the Utility connector, you can configure the socket to supply backup battery power to convert 
an SRAM into a Non-Volatile RAM (NOVRAM). Chapter 2 gives examples of the memory devices the 
socket will support. 

Ampro's solid state disk (SSD) drive support i n  the ROM BIOS and optional SSD Support Software treat 
the byte-wide socket as one or more DOS disk devices, containing up to 1M byte of storage. The socket is 
highly configurable with jumpers to accept nearly any common JEDEC byte-wide device. Instructions on 
how to configure the byte-wide socket for common devices are in Chapter 2. 

Access Time 

A device used in the byte-wide socket must have access times of 250 nS or less. 

Content Mirroring 

If you install a device smaller than the memory window specified in SETUP, (for example, a 32K byte 
component in a 64K window) the contents will appear as multiple copies in the socket's address window. 

OEM Flash Memory Device 

The CoreModule/3SXi CPU has an onboard Flash memory, 64K of which is used to store the ROM BIOS. 
The remainder is available for semi-permanent storage of programs or data. The amount of available 
OEM Flash memory on the CoreModuIe varies between 64K and 960K, depending on the model. Contact 
your Ampro sales representative for details about CoreModule/3SXi models.) 

The onboard Flash memory is architecturally equivalent to 8 second byte-wide socket. It uses the same 
software mechanisms in the BIOS to control access. It is also configured with SETUP i n  the same way as 
the byte-wide socket. It is designated OEM Flash in SETUP. 

The BIOS *accesses the byte-wide Sd%nd the.OEM Flash memory, SI,  as %bit devices on the PC 
expansion bus. If you are using both devices, your application program must manually enable and disable 
them, as only one can be enabled at a time. 

, .  
I 

. 

3.1 1 .I Accessing the Byte-Wide Socket and OEM Flash Device 
To access the byte-wide socket or the OEM Flash device, it must be enabled. Using SETUP, you can 
L ' I L I ~ C  cither device to  be et~abled at boot tiinc. This places the coiltetlts of the eriabled device at Lhc 
address you specified in SETUP and the processor can access this memory in a normal fashion. If you 
want to use both the byte-wide socket and the OEM Flash device, you will need to enable each device as it 
is needed, as only one can be enabled at a time. 
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Here is a siniple assembly language routine showing how to use an Ampro extended-BIOS call to enable 
or disable the byte-wide memory socket, SO, or the OEM Flash memory. (This code sclects the first 64K 
p g e  on large deviccs.) Note that when you enable a devicc, the BIOS call automatically disables the 
opposite device. 

-------, I . I I- I- . . . .-----.--" ._-__I____.--.---________________ 

; Access contrail code f o r  a byte-wide s o c k e t  (SO o r  the 
; OEM F l a s h  memory) 

MOV AH,OCDH ; AMPKO f u n c t i o n  call 
MOV AI,, nn ; Use 0 3  for SO; 04 for the OEM F l a s h  memory 
M O V '  BL,nn ; K7se 01 t o  t u r n  ON o r  00  t o  t u r n  OFF 
MOV B€I ,OO ; S e l e c t s  page 0 of the device 
MOV OX,414DH ; Ampro identifier('AM') 
IN?' 13 H 

3.11 1.2 Accessi tig Large Dewices 
For bytc-wide devices over 64K bytcs, select the 64K byte window size in  SETUP. You then use software 
to se1r:ct which segment of the device you want to appear in that window, using code equivalent to that 
illustrated below and using the values shown i n  Table 3-14. Table 3-14 gives the byte (in hex) to write to 
the BI-I register to select each 64K segment of a large device. 

This assembly language routine can bc used to select pages when accessing large memory devices: 

; P a g e  select code for a byte-wide socket  (SO or the 
; OEM F l a s h  memory) 

. l _ - - - - l _ _ _ l _ l _ . - _ _ _ _ "  
I 

MOV AH, OCDH ; AMPRO function call 
MOV AL, nn ; Use 0 3  f o r  SO; 0 4  f o r  the OEM Flash memory 
MOV BL, nn , ; Use 03. to t u r n  ON o r  0 0  t o  t u r n  OFF 

MOV BH,xOh ; The upper  nibble of BH contains t he  page 
; number € o r  devices l a r g e r  t han  6 4  K .  

MOV C X ,  414Dh ; Ampi'o i d e n t i f i e r  ( 'AM') 

I N T  13H 
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Table 3-14. Segment Addressing in Large Memory Devices 

Device 
Size 
128K 

256K 

51 2K 

IM 

64KB 
Segments 

2 

4 

8 

16 

Segment Address 
(BH Value) 

First . BH=OOh 
Second BH=l Oh 

First BH=OOh 
Second BH=lOh 
Third BH=20h 
Fourth BH=30h 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 

BH=OOh 
BH=l Oh 
BH=20h 
BH=3Oh 
BH=40h 
BH=50h 
BH=GOh 
BH=70h 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 
Ninth 
Tenth 
Eleventh 
Twelfth 
Thirteenth 
Fourteenth 
Fifteenth 
Sixteenth 

BH=OOh 
BH=t Oh 
BH=2Oh 
BH=BOh 
BH=40h 
BH=50h 
BH-6Oh 
BH=7Oh 
BH=80h 
BH=SOh 
BH=AOh 
BH=BOh 
BH=COh 
BH=DOh 
BH=EOh 
BH=FOh 

128K Special Case 

If you install a 128K byte device in the byte-wide socket, you can set the starting address to DOOOOh and 
' . the window size to 128K. It will occgpy the entire DOOOOh - EFFFFh address region. This allows you to 

. . ' access the entire device without switching between windows. (The 128K byte window size is not available 
for the OEM Flash device, nor can it be used with Ampro's SSD/DOS Support Software.) 

3.1 1.3 Flash EPROM Programming 
To program a Flash device in byte-wide socket's0 or the OEM Flash memory, use the FLASHWRIXXE 
ut i l i ty  slipplied on the Common Utilities diskette. The Common Utilities manual clcscribcs its opcration. 

Programming power is handled automatically for both 5V and 12V Flash devices. The board provides 
12V power for programming 12V Flash EPROMs. There are no jumpers to set (other than the Vpp 
jumper, W2-6), as the onboard 12V Flash programming supply is controlled by software. 
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You can also develop your own Flash programming routines using extended BIOS calls in the ROM 
BIOS. Refer to Ampro Application Note AAN-9210 for information about the extended BIOS call 
provided for Flash programming power. (Note that there is a 5 mS delay for the 12V Flash programming 
supply to come up to its full voltage after being switched on by software.) 

3.12 SCSI CONTROLLER 
A SCSI controller can serve many pnrposes, including controlling hard disk drives, tape drives, text 
scanners, and printer and communications servers. ’The ROM BIOS supports booting DOS from a SCSI 
device such as a hard disk. With Ampro’s ROM BIOS support, you can use any device compatible with 
the SCSI Common Command Set (CCS) for “direct access devices.” Ampro has several MiniModule 
products that can he used to provide a SCSX intbrfacc for a CorcModulel3SXi CPU system. 

The CoreModule/3SXi Development Kit comes with a diskette containing an assortment of SCSI utilities 
for use with DOS. It includes a SCSI hard disk formatting utility that allows low-level formatting and 
changing the disk interleaving. Rcfer to the Ampro Utilities manual for details about using the SCSI 
utilities. 

Besitles direct access, SCSI devices include sequential iiccess devices (tape), printer devices, read-only 
devices (CD-ROM), and processor devices (CFWs). These device types require special application 
progtams, utilities, o r  driver software not included on the Ampro Utility diskette. Contact Ampro 
Technical Support for information about connecting these clevices to a n  Ampro SCSI interface. 

Hard disk support for operating systems other than DOS may or may not be available through the ROM 
BIOS hard disk driver. This depends on two things: whether the operating system i n  question uses ROM- 
BIOS calls-exclusively for the hard disk function; and whether the operating system has any special ROM 
BIOS constraints, such as reentrancy. Some operating systems-multitasking ones in particular such as 
UNIX---bypass the BIOS and attempt to program the hard disk controller directly. With such systems, you 
must nictdify the operating system to add an appropriate SCSI hard disk driver that can take advantage of 
the SCSI interface. An alternative is to use the IDE interface instead of SCSI, as the JDE drive standard 
is mort: widely supported on PC: platforms. 

, 

. 

3.12.1 The Ampro SCSl BIOS 
You can use a variety of mass storage devices with the SCSI universal bus interface and command 
protocols. Ampro has added a further layer of universality, the SCSI BIOS. 

The SCSI BIOS, a set of low level functions in  the ROM BIOS, is a hardware-independent interface 
between system sqftwars iind SCSI peripherals. Using SCSI BIOS calls, prograrnmers can write software 
for SCSI devices without concern for the operational details of the SCSI interface. Also, the SCSI BIOS 
enables you to import software from other environments Inore safely, quickly, and easily. 

Application Note AAN-8804, available from Ampro, provides details of the SCSI BIOS functions. 

. 

3.13 PC SPEAKE 
The CorcModule’s motherboard logic includes a standard AT-compatible speaker port. The speakcr logic 
signal is buffered by a 1.ransistor amplifier, and provides about lU0 iriW to ail external 8 ohm speaker. 

The audio output is based on two signals: thc output of Timer 2;  and the programming of two bits, 0 and 
1 ,  at 1/0 port 6 1 h. Bit I of I/O port 61 h is one term of a 2-input AND gate. The other tcrm is the output 
from Tinier 2. Thus, setting bit 1 to a logic 1 enables the output of Timer 2 to the speaker, and a logic 0 
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disables it. Disabling Timer 2 by setting bit 0 of port 61h to a 0 causes its output to go high. Then you can 
use bit 1 of port 61h to control the speaker directly. 

3.1 4 WATCHDOG TIMER 
The purpose of a watchdog timer function is to restart the system should some mishap occur. Possible 
problems include: a failure to boot properly; the application software losing control; temporary power 
supply problems including spikes, surges, or interference; the failure of an interface device; unexpected 
conditions on the bus; or other hardware or software malfunctions. The watchdog timer helps assure 
proper start-up after an interruption. 

The CoreModule/3SXi CPU ROM BIOS supports the board’s watchdog timer function in two ways: 

I There is an initial watchdog timer setting, specified using SETUP, which determines whether the 
watchdog timer will be used to monitor the system boot, and if so, how long the time-out is (30, 60, or 
90 seconds). 

E There is a special ROM-BIOS function which may be used by application software to start, stop, and 
retrigger the watchdog timer function. 

The initial time-out should be set (using SETUP) to be long enough to guarantee that the system can boot 
and pass control to the application. Once the system is booted and the application is running, the 
application must periodically retrigger the timer so that a watchdog timer time-out does not occur. If the 
time-out does occur, the system will respond in a manner determined by how the watchdog timer jumper, 
W3, is set (see Chapter 2). 

The following assembly language routine illustrates how to reset the watchdog timer using an Ampro 
extended BIOS function call: 

.-__-_-----_----_____________________I__------------------- 
; Watchdog timer control program 

MOV AH,OC3h ; Watchdog Timer B I O S  function 
MOV AL,nn ; Use ”00” to disable; “01” to enable 

; t imer . 
MOV B X , m  : Selects time, in seconds 

; (00-FFh; 1-255 seconds) 
INT 15h 

Ampro providesa simple DOS program that can be used from the command line or in a batch program to 
manage the watchdog timer. It is called WATCHDOG, and is described in the Ampro Common Utilities 
manual. 

.___-_----__---_____------------------------_-------_------ 

* 

Note 

Some operating systems, including some versions of DOS, turn off 
the real-time clock alarm at boot time. If your OS does this, make 
sure that your application program enables the alarm function 
using this BIOS call. 
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If you jumper the output of the Watchdog Timer to trigger a non-maskable inierrupt (NMI), an NMI IO 
Channel Cheek will he asserted by the real-time clock alarm circuit when i t  times out. For the system to 
respond to thc NMI, the NMI circuit must be enabled. (In the PC architecture, the non-maskable interrupt 
can be masked.) To  enable (unmask) the NMI, execute the followins code. 

. ---- -.--1-1-.- ---- ----- - , 
; To enable NMI (LO channel check) 
. - - . - - - - - . . . - . _ . _ _ I _ I _ _ -  ---- ------ , 

IN AL,61H 
AND A&,NOT 08H 
OUT 61W,AL 

To use the NMI I/O Channel Check in  a custom Watchdog Timer handler routine, the standard NMI 
handler would have to be rep1ar:cd with your custom code. If you install your own NMI interrupt service 
routine, it can test to set: if the I/O Channel Check NMI occurred by reading 110 port 61h, bit 6. Bit 6 is 
true (1) i f  the NMI occurred. 

Note 

Following the occurrence of an I/O Channel Check NMI, the 
function must be disabled and then re-enabled before the next one 
can occur. 

3.15 POWERFAIL POWE IT^^ 
In  embedded systems, i t  is important for the computer to execute a clean reset if its power supply 
fluctuates. In general, you would want to avoid erratic hehavior that could result if the system voltage 
were to dip to marginal levels. 

The CoreModule/38hSXi has a built-in powerfail circuit that will generate a clean reset signal if power 
falls below 4.65V. It guarantees a minimum 140 mS reset signal, independent of how long the power falls 
below the 4.65V tbrcshold. 

3.16 SYSTE MEMORY MAP 
The CoreMndule/3SXi CPU architedure allows i t  tb add;ess up to 64M bytes ofmemory. Table 3-15 
shows how this memory is used. 

The DRAM, the byte-wide socket, ROM BIOS, and OEM Flash memory occupy the first megabyte 
(starting at OOOOOh). You can lustall up to 8 megabytes of DRAM onboard with 4M bytes of base DRAM 
and a 4 . M  byte custom add on memory module. 
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OFOOOOh - OFFFFFh 

ODOOOOh - OEFFFFh 

Table 3-15. CoreModule/3SXi Memory Map 

64K ROM BIOS. 

Byte-wide socket SO or OEM Flash, if enabled. 
Otherwise, free. . 

~ 

Function 

OCOOOOh - OCBFFFh 

OAOOOOh - OBFFFFh. 

I 

VGA Video BIOS. 

Normally contains video RAM, as follows: 
CGA Video: 88000-BFFFFh 
Monochrome: B0000437FFFh 
EGA and VGA video: A0000-AFFFFh 

- ~ -  ~ ~ 

FF0000h - FFFFFFh 

100000h - FDFFFFh Extended memory 
Duplicates BIOS at OF0000-OFFFFFh. 

OOOOOOh - OSFFFFh Onboard DRAM 

3.17 SYSTEM 110 MAP 
Table 3-15 is a list of the I/O port assignments used on the CoreModule/3SXi CPU. The 110 port 
functions and addresses (except for a few "Ampro reserved" addresses) shown in Table 3-15 are all 
standard for PC compatibles from both a hardware and software perspective. 

Typically, the ROM BIOS provides all the services needed to use the onboard devices and devices 
connected to I/O ports. If you need to directly program the standard functions, refer to a programming 
reference for the PC/AT. 

3-34 



Opera. t ion 

Table 3-76. CoreModulel3SXi I/O Map 

l/O Address 

0378h - OC17Fh 

02F8h - 02FFh 

0278h - 027Fh 

0202h 

01 I'Oh - 0'1 F7h 

0OFOh - OOFFh 

00COh - 00DFh 

0OAOh - 00A1 h 

0092tl 

0 O 8 O h  - OO9Fh 

0070h - 0071 h 

0060h, 0064h 
0061 11 

0040h - 0043h 

0022h, 0023h 

0020h - 0521h 
OOOOh - 000Fh 

Function 
Primary serial port 

Floppy disk controller ports 
3F2: FDC Digital output register 
3F4: FDC Main status register 
3F5: FDC Data register 
3F7: FDC Control register 
3F0, 3F1 Ampro reserved 

Parallel port (configured as Primary) 

Secondary serial port 

Parallel port (configured as Secondary) 

Ampro reserved 

IDE hard disk interface 

Reserved 

DMA controller 2 (8237 equivalent) 

Interrupt controller 2 (8359 equivalent) 

Fast A20 gate and CPU reset 

DMA page registers (74LS61 equivalent) 

Real-time clock and NMI mask 

Keyboard controller (8042 equivalent) 
Port B 

Programmable timer (8254 equivalent) 

Ampro reserved 

Interrupt controller 1 (8359 equivalent) 

BMA controller 1 (8237 equivalent) 

Note 

Ail 110 porta below l O O R  are reserved for internal system functions 
and should riot be accessed. 

i 
1-17_._1-...___1__..___ 
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INDEX 

28-pin devices, in  32-pin sockets, 2-20 

AAN-8702, 2-2 1 
AAN-8804, SClSl BIOS, 3- 33 
AAN-8805, EEiPROM access, 3 -19 
AAW-9003, 2-2 1 
hAP-9210, Extended BIOS, 3-8, 3-33 
AAN-9403, Serial buot, 3-12, 3- 17, 5 24 
AC tcrmination, 2-3 I 
AT bus, 2-29 

Backplane, quality, 2--3 I ' 

Balanced line, 3-2 1 
Elattcry, 2-5 

Gdculating life. 2-5 
Battery, externaf, 2--29 
Ilattery-backed clock, 2-26 
€I i .-d i recti on a 1 communi c a t i o 11, 3-22 
HIOS, SCSI. 3-33 
Ilroadcast, 3-22 
E ~ U S  termination, 2-3 1 
Elytc-wide, 1-3 

Acccssing large devices, 3--3X 
Addressing, 2--20 
:BIOS calls, 2-2 1 
Configuration, 2--22, 3-1 2 
Flash programming, 3-22 
'In memory map, 3-36 
Serial programming, 3-17 
Socket, 3-30 
Socket signals, 2-25 
Sdckets, 2 4 9  

Cables, 2-2 
Expansion bus, 2-3 1 
Floppy, 2-15 

h.eyi1vani. 2-26 
IlIE, 2-17 

Modem, 3-24 
Parallel port, 2-12 
Utility, 2-28 

<?lock, 2-26, 3-4 

COM port table, 3-24 
Configuration 

Configuration, B y te - w i d e, 2-22 
Connect or 

Coprocessor, math, 2-7 
CPU, 1-1 
CTRL-ALT-ESC, 3-1 

Summary, 2-3 

Parallel port (J15), 2-13 

Cursor commands, 3-23 

DC Power, 2-4 
DIN plug, keyboard, 2-29 
Direction, parallel port, 3-25 
Disk, floppy, 2-14, 3-5 
Disk, IDE, 2-16, 3-5 
Disk, SCSI, 3-33 
DMA, 2-37 
DOS, 3-20 

and SCSI, 3-33 
MODE command, 3-24 

DRAM, 2-6,3-6 

Embedded-PC System Enhancements, 1-7 

Environmental specifications, 1-8 
Expanded memory, 2-6 
Expansion bus, 1-2, 2-29 
Expansion bus, ribbon cables, 2-3 1 
Extended memory, 2-6 
External battery, 2-29 

EMS, 3-20 

Filtering, PC bus, 2-31 
Flash EPROMs, 2-24 
Floppy drives, 2-14, 3-5 
Floppy interface, 1-2, 2-14, 3-10 

Half-duplex, 3-21 
Hard disk drives, SCSI, 3-14 
Hard drives, partitioning, 3-21 
Hot key setup, 3-1 1 
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I/O map, 3-36 
IDE hard drives, 3-5 
IDE interface, 1-2, 2-16, 3-10 

Installation, custom, 2-2 
Installation, MiniModules, 2-2, 2-30 
Interface, floppy disk, 2-14 ' 

Interface, IDE, 2-16 
Interrupts, 2-37 

IEEE 1284, 3-25,3-29 

Jumpering, byte-wide, 2-22 
Jumpering, general information, 2-3 

LIM 4.0, 2-6, 3-20 
Lithium battery, external, 2-29 

Math coprocessor, 2-7 
Mating connector (J15), 2-13 
Mechanical specifications, 1-8 
Memory map, 3-35 
Memory, expanded, 2-6 
Memory, extended, 2-6 . 

MiniModule installation, 2-30 
Modem, 3-23,3-24 
Motherboard, 1-1 
Multidrop, 3-2 1, 3-22 
Multimode Parallel Port. 3-25 

Onboard Flash memory, 3-12 

Parallel port, 1-2, 2-1 1, 3-21, 3-25 
Parallel port configuration, 2-1 1' 
Parallel port connector (.!Is), 2-13 
Parallel port, extended mode, 3-25 
Partioning hard drives, 3-21 

Performance, system, 2-2 1 
Port, Serial, 2-7 
Ports. 3-20 

Power requirements, 2-5 
Power supplies, switching, 2-5 
Power, DC, 2-4 

PC/I 04 bus, 1-2 

POST, SETUP, 3-7 

POWERGOOD signal, 2-27 
Printer port, 2-1 1 
Pushbutton reset, 2-28 

Real-time clock, 2-5, 2-26, 3-4 
Reset, pushbutton, 2-28 
RJl1 modular connector, 2-10 

ROM BIOS, video functions, 3-23 
ROM-BIOS, extension, 2-21 

RS-485 twisted-pair, 2-10 ' 

ROM BIOS, 3-20 

RS-485,2-9 

SCSI 
BIOS, 3-33 
Controller, 3-33. 
Utilities, 3-33 

SCSI BIOS, 3-14 
SCSI drive setup, 3-15 
SCSI hard disk drives, 3-14 
SCSI utilities, 3-14 
Serial boot, 3-24 
Serial boot loader, 3-12 
Serial console, 3-22 
Serial console option, 3-17, 3-24 
Serial port, 1-1, 2-7, 3-9, 3-20 
Serial programming, 3-24 

Setup, SCSI drives, 3-15 
Shadowing, 2-6,2-21,3-7 
Snubbers, 2-31 
Solid state disk (SSD), 1-3, 3-30 
Speaker, 2-28 
Speaker, 3-33 

SETUP, 2-6,2-18,2-20,3-1 

SRAMS. 2-25 
* SSD, 1-3,2-22 

Switching power supplies, 2-5 
System Expansion, 2-2 
System, performance, 2-6 

Termination, 2-1 0 
Termination, AT bus, 2-29 
Termination, foppy drives, 2-15 
Termination, PC bus, 2-31 
Timer, watchdog, 2-27 
Token passing, 3-22 

Index-2 
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Utilities, SCSI, 3-33 

Video, 5-23 

WATCHDOG, 3-34 
Watchdog timer, 2-27, 3-12, 3-34 
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'T'he ALi M6 1 17C is the primary component of the Anipro CoreModule 3 SXi card and 
controls most of' tlie CPU operations. The specillcations and data sheet for this IC are included 
for extra clarity. 



2.3.1 Specifications; €01- the ALi M6117C 

'The following is the vendor's specification sheet for the ALi M6117C, which was 
downloaded from the Acer Labs Internet site at: 

http://~~~.ali.~or~i.tw/eng/product/embed/ni6 1 17c.htm. 



........................ ... ...... .... 

--- ~... _111 

/.' 

j 0 &LJ Home 
Product Qverview 

I a Prscluct features 
i 

....................................................... i 

E FWQs 
1 O Giosrauy 
1 * Pres5 Release 
ii 
L 

. .. ..-.."..-_ ________ ,-1 '.. 

Capror;P:ssar Interface 

* Supports 8C1387SX coprocessor interface 



Products http://wvw.sli.com. tw/eng/prod ucQenibedim6 1 17c. htm 

Peri p be ral Irrte rface 

0 Includes 2 cascaded 8237 DMA controllers 
e Incl~tdes 1 74612 memory n-iapyer 
Q fncliides 2 cascaded 8259 interrupt controllers 
0 Includes I 8254 prugrarnrning counter 

XSA Interface 

Q Executes cycles for requests from CPU, DMA artcf ISA bus rn 
0 Assembles or de-assembles data for tnultipte biis cycle or t i  

data width 
e Generates refresh signals to E A  slots dtrring DRAM refresh 

Built-in WTC 

Q Internal Real Time Clock that provides 128 byte CMOS R A  

Built-Xn PS2/AT Keyboard Csntroliar 

e Internal PS2/AT keyboard rorltrotfer and niouse 

PMU interface 

o Supports CPrJ SMM mode, Sf4I feature 
Q Supports APM control 
0 Provides External Suspend mode switch 
* Provides four (4) systetn states for power saving (017, Doze 

e Supports RTC alarm wake up control 
Suspend) 

Expandabfe GPI/O signals 

e Provides sixteen fxterrial power control inpctt and oiitpi.tI: si 

Watchdog timer 

Q When timer tin%% o u t ,  a system reset or NMI or I R Q  l'iapp 

IDE interface 

o F'rovidcs a decoder for external IDE connection 

Packaging 

Q 208-pin PQFP package 
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2.32 Functional Description of the ALi M6117C 

‘The following is an alternate vendor’s (SSV) fbnctional description of the ALi M6 1 17C, 
which was downloaded from the SVV Internet site at: 

http ://www. ssv-enibedded, delssvlpc 1 041~24. htm. 



..... . . . . .  ................... ._.-_ _-_ 
ALi Mfil.17 FUNC'I'IONAL DESCRIPTION 

..................................... ..................................... ........................................ .................................... ---- .... x.-̂llllll̂lli .x-- 

The rVf6117 i.s designed to perform like Intel's 386SX system with deep green features. Aside from the 
38GSX core, it contains (1) Keyboard Controller for any IBM PC/AT compatible keyboard, (2) Real 
Time Clock to store system boot data, (3) Integrated System Peripheral to serve the peripheral requests, 
(4) Power 1Wa.na.getnent Unit to recluce the chip's power consunipt.ion efficiently, (5) LS245: TTL data 
buflr'er betweeti ISA data bus SD[7:0] and ROM data bus XD[7:O], (6) DRAM Controller for four banks 
nienloiy moclule with page interleave arid up to 64 Mbytes space. The M6117 offers the following blocks: 

208-pin PQFP 

Sbatic 386SX Core: The 386SX core is the same as M1386SX of Acer Labs. Inc. (&I) and 100% 
object code compatible with the Intel 384SX microprocessor. System manufacturers can provide 386 
CPU based system optimized for both cost arid size. Instruction pipelining and high bus bandwidth 
ensure short average instmc;tion execution times and high system throughput. Furthermore it can keep the 
state internally from charge leakage while external clock to the core is stopped without storing the data in 
icgistcrs ?'be power consumption here is almost zero when clock stops The internal structure oftfiis 
core is 32-bit data and address bus with very low supply current, I16 mA in the conditions of 5.OV, 
?OMHz room temperature Real moclc: as well as Protected mode are available and  can run MS-DOS. 
~-t.i'~-CL'indows, 0 5 / 2  and l J N l S .  

Reset and Clock Logic: The switching power supply sends a PWG (power good signal) to M6117 to 
gmerate system reset signals, like IZS'I'DRV, RSTNP, and resets the chip to initial state Also the reset 
signal can bt: generated t y  internal etriulation ICC reset and shutdown cycle. 

I 01 :i 
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There are two clock inputs: BCLK2 and 0% are 2 * system clock and 14.3 18 MHz respectively, and 
three clock outputs: BCLK1, ATCLKl and CK7M which provide frequency operation for the system 
board and devices depending on 1 * clock used. The BLCKl is a half frequency of BCLK2. The CK7M 
derived from the OSC input (divided by 2) is available as the key controller clock when power is on. To 
increase system performance, the M6117 supports variable AT clocks for faster 1SA add-on cards, When 
the CPU accesses the register programmed special address range, the AT clock changes to a faster speed. 
The non-programmed address regions keep the normal speed. There are eight programmable frequencies 
of the ATCLK1 which can change on fly by different specific addresses and determined by D[2:0] of local 
port IEH in both high and normal speed. This optional AT clock can achieve a higher performance when 
a faster add-on card is used. 

CPU Interface Logic: The CPU interface logic decodes the status MTO, DC, WR with different 
equivalents. It will handle all the CPU-side instruct events and requests the bus ownership from the CPU. 

Numerial Coprocessor Interface Logic: For 386SX systems, M6117 monitors ERRORJ, BUSYJ and 
PEREQ to support the 80387SX coprocessor. When ERRON is active, this indicates that an unmaskable 
coprocessor exception has occurred and the coprocessor interface will generate an IRQ13 to the CPU 
core. (If it immediatly follows a RESET signal, this indicates that a coprocessor is present in the system.) 
The coprocessor asserts BUSYJ signal while executing and asserts NPRDYJ to M6117 when it is 
finished. The coprocessor interface then passes the NPRDYJ signal to RDYOJ signal to the CPU core 
This ready signal has to meet the CPU requirement. 

DRAM Controller: The DRAM controller is capable of accessing up to 64 MBytes of local memory, 
and supporting four banks page interleave of DRAM using 256K, 512K, lM, 2M, 4M, 16M single sided 
SIMMs, or 256K, lM, 4M, 16M double sided SIMMs. Page interleave mechanism is able to shorten the 
memory read/write cycle and raise the data access speed between host and RAM, and works on any two 
banks with the same DRAM type. Each bank can be disabled through software. Programmable DRAM 
timing is provided for RAS precharge time and RAS-to-CAS delay to achieve highest performance and 
reliability. And they also explain how to use the 256/384 Kbyte memory remapping feature in 
unshadowed RAM region from AOOOOH to FFFFFH. Programmable shadowing features are supported 
on 12K boundaries between COOOOH and FFFFFH regions (768 KB... IMB).  It also supports "RAS only", 
"CAS before RAS" refresh and self refresh cycle type of DRAMS. 

Configuration Registers: The configuration register controls the whole system of environment under 
different frequencies. It enables the system to set these configuration registers to meet the compatible, 
reliable performance and functional requirements. 

ISA BUS Interface Logic: This block includes the ISA bus state machine, 16- bit or% bit cominands 
justified, command wait states and control logic. These signals were compatible with PCIAT standards. 

Control Logic: The control logic controls the internal data bus and address bus flow. It also generates 
proper read-select to internal device and uses multiplexer to choose the correct data output. It selects the 
correct address bus for DMA and refresh cycles to send to system. 

Address Decode and Memory Mapping Logic: The 16-bit address decode-circuit fiilly de- codes the 
BIOS ROhl, keyboard controller, internal ISP devices, real time clock, port 61H, and configuration 
registers. When remap is enabled, it decodes the remap memory to the end of DRAM. 

1' of3  

Data Buffer: This block generates signals which control data transfer between the CPU core data bus, 
memory data bus and ISA data bus during CPU cycles, ISA bus cycles, DMA cycles and master 'cycles. 



Moreover, w e  added LS245, 'TTI, data buffer between ISA data bus SD[7:0] and ROM data bus 
513[7:0], on the ASIC. So that iiscrs could save some external TTL logic. 

Address Buffer: The address buffer generated at address SAI, SA0 and BFIEJ for ISA bus, initiates the 
byte- enable signal at DMA and inaster cycles. 

1SP Devices (2 * 82C37, 2 * 82C59, 82C54, 74LS612): The integrated system peripheral (ISP) devices 
are built-in, thus no external 326206 is required. There are two 82C37s, two S2C59s, one 82C54 and 
one 74LS6 1% built-in devices. 

R e d  Time Ciloclr: The real time clock (RTC) device is t!uilt-in, thus no external RTC is required. If the 
user does not use the intcrnal RTC for something else, then it can be disabled by hardware setting. 

Keyboard Controller: 'The keyboard controller (KBC) device is built-in, thus no extertel-nal KBC is 
required. If' the user does not use the internal Iu3C for something else, then it (;an be disabled by 
hard ware setting. 

Keyboard and Speaker Logic: This block eniulates the keyboard controller fast-RC and fast gate-A-20 
functions for intiximun perfimnancc. It combines with port 61H at this block to generate speaker signal. 

Parity Generating and Checking 1,ogic: During a local metnory read cycle, M6117 not only monitors bus 
steering, but also checks the parity bit for each data byte from DRAM to ensure the correct data is read 
If a parity error occurs, parity checking logic drives PCI-IERRJ active to peripheral decoder 1ogic.Then 
peripheral decoder pro- duces a NMI to CPU core for the parity error. The parity checking can be 
disabled by hardware setting (pull .XUACKlJ low). During a local memory write circle, M6117 monitors 
the bus steering and uses the accepted data to generate the parity bit sent to D M  for each data byte. 

Power managemant Unit. The M6 117 Power management unit includes SMM, 110 trap, APM, external 
SML switch control and programniable clock timeout unit for I/O device. The PMU strictly controls and 
dramatically reduces overall system power consump tion.Ttis is accomplished via the activity monitors 
which detec;t the system inactivity linier timeout, and signals the power saving device to remove the 
power SOUI-ces fi-om the various peripherals. The M6117 provides one timer from one-second to 300 
minutes to ruonitor the system states (ON/DO%E':/S1'ANDBY/SUSPEND modes). The M6 1 17 provides a 
LED flash c;oiitrol to indicate the system state status.The M6117 also provides 8 progranim- able output 
control sig,uals for peripheral devices to control power-sourcing, or the external clock generator to 
change frequencey settjng. The Mb117 supports external SMI switch into suspend mode, SMI Setup, and 

., wakeup ev&ts@'rC aIarrn).'The M64 I..'I also providegthe ir;taraction control for SMIJ and CPURST. 
- ~ - - - ~  II_ ---- A ~ _I . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 

SSV SOFTWARE SY13T+hIS PC/lOd Products hf61 16. Tile: P24 H7'51, T.x%t Update: 07-Dzc-1997 
Cop>right ( c )  193G, 1997 WST All rights reserved. 
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2,33 Data Sheet for t Li M6117C 

The following is the vendor's data sheet for the ALi M6117C. 
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M61176 :: 38 mbedded Microcontroller 

Section 1 : Introduction 

The M611'7C: is a highly integrated, low voltage, single- 
chip implcmcntation of Intel- TM :386SX compatible 
microprocessor plus ALi. N11217B chipset. ll; 
M6117C provides the following function:; : I) Intel 
386SX core %)Supports ED0 DRAM controller including 
FP mode 3) Coprocessor Interface 4) ISA interface 5) 
Peripheral Interface (includes two cascaded 8237 DMA 
controllers, a 74612 memory mapper, 2 cascaded 8259 
interrupt controller, and an 8254 programmer counter 6) 
Built-in R1-C 7) Built-in PS2 Keyboard Controller and 
Mouse 8)f3uilfin WATCI-IDOG timer 9)16-.bit GPI/C3 IO) 
IDE interface. 

The following sections highlight the main features and 
. functions of the M6117C chip. For additional information, 

see Section 3 of this data sheet. 

1.1 Features and Functions 

I 

I 
0 

M 
e 

b 

* 

b 

Static Intel 386SX cornpatible Care 
Operating Power Supply 5.0V 
Operating frequency 25M11z to 40Mhz 

Coprocessor interface 
Supports 80387SX coprocessor interface 

Memory Controller 
Supports EDO DRAM 
Supports on board mernory size up to 'ISM bytes for 
386SX or 64M bytes upgrade system using 256K, 
512K, iIM, 4M or 16M SlMMs 
Supports up to 4-bank DRAM interface 
Page interleave DRAM access for FP mode 
Prognammable shadow RAM from) A to f3 segment In 
128K byte and C to F segment in 32K byte unit 
F)rovide:i "RAS only" refresh or "CAS before RAS" 
refresh types 
Parity generation and checking 

M 

0 

li 

b 

#l 
* 

I 
* 

4 
0 

Q 

* 
I 

I 

n 
e 

I 
e 

11 
e 

n 
0 

Peripheral Interface 
Includes 2 cascaded 8237 DMA controllers 
Includes 1 74612 memory mapper 
Includes 2 cascaded 8259 interrupt controllers 
Includes 1 8254 programming counter 

ISA lriterface 
Executes cycles for requests from CPU, DMA and 
ISA bus master 
Assembles or de-assembles data for multiple bus 
cycle or unmatched data width 
Generates refresh signals to ISA slots during DRAM 
refresh cycles 

Built-in RTC 
Internal Real Time Clock that provides 128 byte 
CMOS RAM 

Built-In PSZlAT Keyboard Controller 
Internal PSZ/AT keyboard controller and mouse 

PMU interface . 
Supports CPU SMM mode, SMI feature 
Supports APM control 
Provides External Suspend mode switch 
Provides four (4) system states for power saving (On, 
Doze, Standby, Suspend) 
Supports RTC alarrri wake up control 

Expandable GPllO signals 
Provides sixteen External power control input and 
output signals 

Watchdog timer 
When timer times out,  a system reset or NMI or IRQ 
happens 

IDE interface 
Provides a decoder for external IDE connection 

Packaging 
208-pin PQFP package 

-_11___1 
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Section 2 : Pin Description 

2.4 Pin Diagram (M6117C) : 
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149 
148 
1 47 
146 
145 
144 
143 
142 
141 
140 
139 

137 
136 
135 
134 
133 
132 
131 
130 
129 
128 
127 
126 
125 
124 
123 
122 
121 
120 
119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 

138 
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2.2 Pin Description Table : (M6117CI - 
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~~ ~ 

Pin name Description 
REFRESHJ Refresh cycle indicator. ISA master uses this signal to notify DRAM 

needs refresh. During the memory controller's self-acting refreih cycle, 
M6117C diives this signal to the 110 channels. 

interrupt Request sxnals. These are interrupt request input signals. 

IRU[1 I], 

I3MA llnit : 
IRQ[15-14] 

I 

-.... . -...- . 
DRQ[7-5], 
13RQ[3-0] 
.----.. 
DACK[7-5]J, 
DACK[3-O]J 

l_l_l 

I are DMA requast input signals. 

signals. These are DMA acknowledge 

23, 21,'19, 

function is for hardware setting. 

-rc 

Power Management Unit : 
kXTSW1, - 

- - - ~ - ~ ~ u - - [ ~ 6 ~ o f  process. This is the DMA channel terminal count indicating 
signal. 

T ? i f S - i % l - E x t e r n a l  S z S w i t c h .  This switch is caused to assert SMlJ for Dower 

I_--_ 

EXTSW2 
ENPQWER 

saving or to wake up the system through the ISMI routine. 
Enable Power pin. This active high signal updates the status of external 

- I_- 

Timer Unit : 
SPKR 
lll____ _l_l I-- 

-T-o 1 3 2  7 - S p e a k k ; u t p u t .  Speaker data. -- 

WRJ 
ADSJ 
.-P-SIIIII 
BUSY7J I Coprocessor Busy. This IS the busy condition signal from an Intel 

compatible coprocessor. 
CoprocGsor Error. This may be pulsed for reporting error of the 
coprocessor. 
Coprocessor Ready. This signal indicates the coprocessor bus cycle is 
terminated. 
Coprocessor Extension Request. This is the date transferred request to  

N PR DY 7J 

PRQ7 
_Ij 

--- 
CAS[ 3-0][ HL:jJ 

. ~ 

M..rijl l : O ]  ' 
.--==- 
.-__I 

---- 
58, 60-64 

80, 82-84 

Local data bus. These signals are used for data transfer between local 

WS[J-OJJ allows eight on board DRAM SlMM slots. The detail memory 
' 7 4 6 6 - 7 5  11- I-I bus and DRAM interface. 

configuration refers to the meniory configuration table. 
CASrnlHJ is the CAS siqnal to memory bank n for high byte, CAS[n]LJ is 0 
the 6 A k  signal to memory bank n for low byte. Total memory bus width is 

WE is the Write Enable signal to the DRAM. 
Memory data parity bit. Parity bit is written to DRAM in write cycle, and 

0 
I/O 

IS read from DRAM in read cycle 
0 

-"- -----.I..--- 
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. . .  . 
when internal RTC is enabled. 
These pins are connected to the 32.768K crystal when internal RTC is 
used. 

XTALI, XTAL2 1 111, 112 
' 

KBCLK I/O 122 Keyboard interface CLK. 
KBDATA 1/0 123 Keyboard interface DATA. 
I RQ 1 /KB 1 N H I 124 . KB Inhibit input (when enable internal keyboard)/ IRQI input (when 

I1 I I I enable external kevboardl a -..--.- -_.--...-. ..- 
ROMKBCSJ 110 
MSCLK / NC 110 

119 
34 

1 KB or ROM Chip Select, Must be pulled low for normal operation. 
I Mouse interface CLK . I (In M6117B, this is not connected). 

I155 I Mouse interface DATA I IRQ12 input. 

-Miscellaneous : 
TESTJ I 2 Test. This signal is used for ASIC testing, and must be pulled high during 

CPUSPD 0 33 Speed LED output. This is speed LED indicating signal. 
RDYOJ 0 30 CPU Ready. This signal indicates the completion of the current bus cycle 

normal operation. 

of processor. 
BEHJ, BELJ 0 36, 37 CPU cycle byte high, low enable. 
BA24, BA25 0 43,42 Local Bus Address ,424, A25 
DCJ 0 49 CPU cycle DatalCode select. This is a CPU bus cycle definition pin. 
Power pins : 
vcc I ,  15, 38, 46, 53, 59, vcc. 5.ov supply. 

76, 85, 105, 125, 137, 
150, 157, 182, 197 

vss 8, 31, 40, 52, 65, 81, VSS. Ground. 
94, 104, 118, 121, 
132. 156. 161, 169. 
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Pin no. 
85 
" 105 
125 
137 
150 
157 
182 
197 
79 
4a 
1 2a 
129 
130 
-1 31 
133 
134 ' 

135 
136 
111 
7 12 

-.-- 

I_- 

Pin name 

VCCS 
VCCI I 
VCCI2 
VCCl3 
VCC14 
v c c 1 5  
VCCIG 

- vcca 
- 
- 

I 

: WEJ 
- WRJ 

XD7 
XD6 
XD5 

- XD4 
XD3 
XD2 

I 

XDI  
XDO 
XTALI 
XTAL7 

I 

- 

Type 
P 
P 
P 
P 
P 
P 
P 
P 
0 
0 
B 
B 
6 
B 
B 
B 
B 
B 
I 
I 

Note : I3 : Bidirectional P : Power pin 
0 : ChJtput I : Input 

2.5 Hardware Power-On Setup 

Hardware fJower-On Setup Table of Mljl17C 
r r T 2 i n  Name -/77ZZT=e'-=j=TZp I Configuration 7 

LI.-.1us 

UACK7J 

-- W e -  
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Section 3 : Function Description 

The M6117C is designed to perform like Intel. 386SX 
system with deep green features. Aside from the 386SX 
core, it contains (1) PS2/AT Keyboard Controller and 
Mouse, (2) Real Time Clock to store system boot data, (3) 
Integrated System Peripheral to serve the peripheral 
requests, (4) Power Management Unit to reduce the chip's 
power consumption efficiently, (5) LS245 : TTL data 
buffer between ISA data bus SD[7:0] and ROM data bus 
XD[7:0], (6) DRAM Controller for four banks memory 
module supporting ED0 and Fast Page Mode with page 
interleave and up to 64M bytes space. The M6117C offers 
the following blocks : 

Static 386SX Core 
Reset and Clock logic 
CPU Interface logic 
Numerical Coprocessor Interface logic 
DRAM Controller 
Configuration Registers 
ISA Bus Interface logic 
Control logic 
Address Decode and Memory Mapping logic 
Data Buffer 
Address Buffer 
ISP Devices (82C37x2, 82C59x2, 82C54, 74LS612) 
Real Time Clock 
PS2/AT Keyboard Controller 
Keyboard and Speaker logic 
Parity Generation and Checking logic 
Power Management Unit 
WATCHDOG timer 
16 bits GPVO 
IDE decoder interface 

3.1 Static 386SX Core 

The 386SX core is the same as M1386SX of Acer Labs. 
Inc. and 100% object code compatible with the Intel 
386SX microprocessor, System manufacturers can 
provide 386 CPU based systems optimized for both cost 
and size: Instruction p@elirsing and high bug ba.ndlfJidth 

. ensure short average instruction execution times and high 
system throughput. Furthermore, ' it can. keep the state 
internally from charge leakage while external clock to the 
core is stopped without storing the data in registers. The 
power consumption here is almost zero when clock stops. 
The internal structure of this core is 32-bit data and 
address bus with very low supply current, 116 mA in the 
conditions of 5.0V, ZOMHz, room temperature. Real mode 
as well as Protected mode are available and can run MS- 
DOS, MS-Windows, OW2 and UNIX. 

3.2 Reset and Clock logic 
The switching power supply sends a PWG (power good 
signal) to M6117C to generate system reset signals, like 
RSTDRV, RSTNP, and resets the chip to initial state. Also 
the reset signal can be generated by internal emulation RC 
reset and shutdown cycle. 
There are two clock inputs: BCLK2 and OSC are 2X 
system clock and 14.318MHz respectively, and three clock 
outputs: BCLKI, ATCLKl and CK7M which provide 
frequency operation for the system board and devices 
depending on I X  clock used. The BCLKI - is  a half 
frequency of BCLK2. The CK7M derived from the OSC 
input (divided by 2) is available as the keyboard controller 
clock when power is on. To increase system performance, 
the M6117C supports variable AT clocks for faster ISA 
add-on cards. When the CPU accesses the register 
programmed special address range, the AT clock changes 
to a faster speed. The non-programmed address regions 
keep the normal speed. There are eight programmable 
frequencies of the ATCLKI which can change on fly by 
different specific addresses and determined by D[2:0] of 
local port IEH in both high and normal speed. Please 
refer to Section 4.2 index IEH. This optional AT clock can 
achieve a higher performance when a faster add-on card 
is used, 

3.3 CPU Interface logic 
The CPU interface logic decodes the status MIO, DC, WR 
with different equivalents. It will handle all the CPU-side 
instruct events and requests the bus ownership from the 
CPU. 

3.4 Numerical Coprocessor Interface Logic 
For 386SX systems, M6117C monitors ERRORJ, BUSYJ 
and PEREQ to support the 80387SX coprocessor. When 
ERRORJ is active, this indicates that an unmaskable 
coprocessor exception has occurred and the coprocessor 
interface will generate an IRQ13 to the CPU core. (If it 
immediately follows a RESET signal, this indicates that a 
coprocessor is present in the system,) The coprocessor 
asserts BUSYJ signal while executing and asserts 
NPRDYJ to M6117C when it is finished. The coprocessor 
interface then passes the NPRDYJ signal to RDYOJ signal 
to the CPU core. This ready signal has to meet the CPU 
requirement. 
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3.5 DRAM Controller 
The DRAM controller supports Fast Page Mode DRAM 
and ED0 DRAM. The DRAM controller is capable of 
accessing up to 64 MBytes of local memory, and 
supporting four banks page interleave of DRAM using 
256K, 512K, IM, 2M, 4M, IBM single sided SIMMs. Page 
interleave mechanism is able to shorten the rnemory 
readiwrite cycle and raise the data access speed between 
host and RAM, and works on any two banks with the same 
DRAM type. Each bank can be disabled through software, 
please refer tu 4.3 memory type configuration and 4.2 
index ?OH. When using ED0 DRAMS, only page mode 
are enabled. Programmable DRAM titning is provided for 
RAS pre-charge time and RAS-to-CAS delay to achieve 
highest performance and reliability, this part is described 
in 4.2 index ,1'1H and 12H. And they also explain how to 
use the 2Ei6/384KB memory remapping feature in 
iinshadowed RAM region from A0000I-I to FFFFFI-1. The 
AOOOOH to E3FFFFH region can set to shadow enable, 
please refer to index 3CH and 12H. Programmable 
shadowing features are supported on 3:lK boundaries 
between COOOOH and FFFFFH regions (768KB..lMB), 
please refer to 4.2 index I I H  and 15H. Ii: also supports 
'RAS only', 'CAS before RAS' refresh type of DRAMS. 

3.6 Configuration Registers 
She Configuration register controls the whulr. systern of the 
environment under different frequencies. It enables the 
systern to set those configuration registers to meet the 
compatible, reliable performance and functional 
requirements. 

3.7 ISA B u s  Interface Logic 
This block includes the ISA bus state machine, 16-bit or 8- 
bit commands justified, command wait states and control 
logic Thes.e signals are compi-ltible with PCIAT 
standards 

3.8 Control logic 
The control logic controls the internal data bus and 
address bus flow. It also generates proper Cead-select to 
'internal device and cisevmultiplexer to choose the correct 
data output, It selects tho correct address bus for UMA 
and refresh c:ycbs t o  send to system. 

. 

3.9 Address Decode and Memory Mapping logic 
The 16-bit address decode-circuit fully decodes the BIOS 
ROM, keyhoard controller, internal ISP devices, real time 
clock, pot-t 6 1 ki, and configuration registers. When remap 
IS enabled, it decodes the remap memory to the end of 
DRAM. 

* 

3.10 Data Buffer 

This block generates signals which control data transfer 
between the CPU core data bus, memory data bus and 
ISA data bus during CPCJ cycles, ISA bus cycles, DMA 
cycles and master cycles. Moreover, we added LS245, 
TTL data buffer between ISA data bus SD[7:0] and ROM 
data bus XD[7:0], on the ASIC. So that users could save 
some external TTL logic. 

3.11 Address Buffer 
The address buffer generated at address SAI,  SA0 and 
BHEJ for ISA bus, initiates the byte-enable signal at DMA 
and master cycles. 

3.12 ISP Devices (82C37~2,82C59~2,82C54, 

The integrated system peripheral (ISP) devices are built-in, 
thus no 82C206 is required. There are two 82C37s. two 

74LS612) 

82C59s, one 82C54 and one 74LS612 built-in devices 

3.13 Real Time Clock 
The real time clock (RTC) device is built-in, thus no 
external RTC is required. If the user does not use the 
internal RTC for something else, then it can be disabled by 
hardware setting, please refer to 2 5 Hardware setting. 

3.14 PSP/AT Keyboard Controller 
The PS2IAT keyboard controller (KBC) device is built-in, 
and support with Mouse, thus no external KBC is required 
If the user does not use the internal KBC for something 
else, then it can be disabled by hardware setting, please 
refer to 2.5 Hardware setting. 

3.15 Keyboard and Speaker logic 
This block emulates the keyboard controller fast-RC and 
fast gate-A20 functions for maximum performance. It 
combines with port 61H at this block to generate speaker 
signal. 

3.16 Parity Generating and Checking logic 
During a local memory read cycle, M6117C not only 
monitors bus steering, but also checks the parity bit for 
each data byte from DRAM to ensure the correct data is 
read. If a parity error occurs, parity checking logic drives 
PCHERRJ active to peripheral decoder logic. Then 
peripheral decoder produces an NMI to CPU core for the 
parity error. The parity checking can be disabled by 
hardware setting (pull XDACKIJ low). During a local 
memory write cycle, M6117C monitors the bus  steering 
and uses the accepted data to generate the parity bit sent 
to DRAM for each data byte. 

-I..--- 
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primary channel 
secondary channel 

3.17 Power Management Unit 

HDCSIJ HDCSOJ 
IF0 - I F 7  3F6 
170 - 177 376 

The M6117C Power management unit includes SMM, I/O 
trap, APM, external SMI switch control and programmable 
clock timeout unit for I/O device. The PMU strictly 
controls and dramatically reduces overall system power 
consumption. This is accomplished via the activity 
monitors which detect the system inactivity timer timeout, 
and signals the power saving device to remove the power 
sources from various peripherals. The M6117C provides 
one timer from one-second to 300 minutes to monitor the 
system states (ONIDOZEI STANDBY/ SUSPEND modes). 
The M6117C provides an LED flash control to indicate the 
system state status. The M6117C supports external SMI 
switch into suspend mode, SMI setup, and wakeup events 
(RTC alarm). The M6117C also provides the interaction 
control for SMIJ and CPURST. 

3.17.1 SMM Control Logic 

M6117C supports internal 386SX core SMM mode, the 
M6117C will record these SMt events as : 

a. Time-out events : PMU - Mode timeout 

b. 1/0 trap events : VGA device access 
harddisk device access 
line-printer device access 
General I/O port access 
General memory ports access 

c. External device events : IRQ* active 
DRQ. active 
Input devices active 
External suspend-switch 
RTC alarm 
SMI setup-switch 

3.18 16 sets of GPllO power control signals 

The M6117C provides 16 expandable CPOs and 16 
expandable GPls. The user can program at most 16 
signals to control power, flash disk, IDE, LED ... and so on 
application for peripheral devices. Please refer to Section 
4.9. 

- 

3.19 WATCHDOG timer 

The M6117C has watchdog timer function for monitoring 
whether the system is still work or not after a period of 
time. If the system happened some error or hanged up, it 
cause the timer timed out, then a system reset or NMI or 
IRQ may happen decided by BIOS programming. The 
WATCHDOG timer source is 32.768 Khz frequency to 
counter a 24 bits counter such that the timer range is from 
30.5 usecs to 512 secs with resolution 30.5 usecs. Please 
refer to Section 4.10 . 

3.20 IDE decoder interface 

d. Software SMI event 

3.17.2 APM 

The APM (Advanced Power Management interface) 
creates an interface to allow the OS to communicate with 
the SMM code. The M6117C provides the configuration 
index 56H bit 6 to generate the software SMlJ signal for 
APM applications. 
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- 
Section 4 : Configuration Registers 

4.1 How to readlwrite to configuratlion registers 

The read/write configuration register is the first index to 
be processed. On board I/O port 2% is the index register 
and I/O pod 23h is the data register. To read a 
configuration register, write the indtax value to I/O port 
22h in advance, then read data from l/C3 port 23h. To 
write a Configuration register, write the index value to 110 
port 22h, then write data to I/O port 23h. For instance, if 
we want to read the data of configuration register which 
index is I O h ,  the steps art? : 

' 

3 )  Write 10h (index) to 110 port 22h 
:!) Read data from 1/0 port 23h 

If we want to write data 55h to configuration register 
which index IS 12h, then the steps arc! : 

4 )  VVrite 12h (index) to I/O port 2;?h 
2) VVrite data 55h to I/(> port 23h 

*The steps of locking/unlocking the configiiration registers 

OlJ'I'22h, 13h (Enable 13h) 
(3lJ7- 23h, C5h (Unlock) 
(31J'P 22h, XXh (U, = Configuration Index) 
O U T  2 3 h ,  YYh (YY = Configuration data) 
01JT 22h, XXh 
OUT 23h, YYh (Configuration can be written 

repeatedly) 

OlJT %2h, 13h (Enable 13h) 
(31J1- 23h, OOh (Lock) 

4.2 Hardware Power-On setup 

Refer to Section 2.5 Hardware power on setup table. 

t 

--.----I 
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4.3 Memory Controller 

4.3.1 How to enableldisable memory controller 

Memory Controller will be enabled if D[7] of index 20h is 
set to I ,  or is disabled if reset 0[7]. All original DRAM 
cycles (local memory cycles) will turn to ISA bus cycles 
when memory controller is disabled. Meanwhile, WEJ 
and all RAS and CAS signals are driven high when 
memory controller does not work. In other words, all 
memory access will be treated as memory accessing on 
ISA bus. Related timing waveforms, please refer to 
Section 6. 

4.3.2 How to set memory mode 

not mix, so only one type of DRAM can exist at the same 
time. See Table below. There are 32 modes of memory 
type configuration which supports up to six DRAM types 
including 256K, 512K, IM ,  2M, 4M and 16M. Moreover, 
various 30-pin or 72-pin single-sided SlMMs are available 
on system design. We also offer a memory autosizing 
method described by flow chart (Section 5.4 -A) to  detect 
memory mode on board as user. reference. 
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4.3.3 DRAM timing contrd 

(a) Memory write access tirrie insort wait 

CASJ precharge time (high time) will last for one more T-cycle before its falling edge if 0171 of index I I h  is set to high 

BCLK2 

MA 

RASJ 

CASJ 

W€J 

Insert wait I T  

(b) Memory CAS read access time insert wait 

When niemory read cycles. CASJ active time (low time) will last for one more T-cycle before its rising edge if D[6] of 
index 1 'I h is set to high. 

BCLK2 

MA 

RAtW * 

CASJ 

WEJ 

. 

_I- 
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(c) CAS precharge time insert wait - 
Whatever memory read or write, it will insert I T  wait between the falling edges of both RASJ and CASJ, if D[4] of index 
11 h is set to high. 

MA 

RASJ 

CASJ 

(.d) RAS active time insert wait 

If RAS is originally in miss state, that is RASJ = 1. We are able to prolong the inactive state of RAS for an extra I T ,  
before its falling edge, if D[3] of index 11 h is set to high. 

BCLK2 

MA 

RASJ 

CASJ 

i COLaddr i x +Waddress 

Insert wait I T  

3Laddress i 
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(e) Memory miss read RAS to  CAS inssrt wait 

When rr~ernory read miss. WE! can add IT  wait between the falling edges of both RASJ and CASJ, if D[2] of index 12h 
is set to high. 

6CLK2 

MA 

fWSJ 

CASJ 

W J  

Insert "wait I T  

(f) Memory fast write hit insert wait 

When rnemory write hits. This factor is capable of activating CASJ at phase I or phase 2 of BCLK2. If D[O] of inde 
12h is set to low, M6117C will activate CASJ at phase 2. In other words, the active CASJ will lag active RDYOJ by ha 
T-cycte That is early ready timing. If U[O] of index 12h is set to high, chip will activate CASJ at phase 1. So thz 
active CASJ and RDYOJ will be at the same phase. 

(A) D[O] of index '12h is low 

BCLKl 

MA 

' CASJ- 

RDYOJ 

WEJ 
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(6) D[O] of index 12h is high 

(9) RAS precharge time insert wait 

There are two bits to control RAS precharge timing, one is D[5J of index I I h, another is 0[0] of the same index, Table 
as follows is the precharge time related to bit setting. 

1.5T 

2.5T - .  
3.5T 

BCLK2 

BCMl 

RASJ 
CASJ 

RASJ 
CASJ 

RASJ 
CASJ 
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4.3.4 DRAM refreshing 

DRAM refresh cycle is 256 for every 4ms. However, for some DRAM products, the data at capacitance can bl 
maintained more than 15 us. To gel. higher system performance, we can slow down refresh period for some DRAn 
products. Ely programming index 36h : D[5-4], we can get slow refresh period as follows: 

-_ ----__ 
Index 36h ; 0 [ 5 ]  D[4] Refresh period setting 

0 0  15 us 
0 1 120 us 
1 0 15 us 
1 1 60 us 

~ _~-----_--”._----- 

We also. support three types of DRAM refresh : 
(A) RAS only refresh 

This kind O F  refresh will be selected if D[1] of index IOh is set to ‘0’ (low) 

(B) CAS before RAS refresh 
This kind of refresh will be selected if D[1] of index IOh is set to ‘I’ (high) 

MA don’t care 

I 

L ”  

I -8_-1__1- 
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A I  9 A18 A17 A16 PA23 PA22 PA21 PA20 PA19 PA18 PA17 
0 0 0 X 0 0 0 0 1 0 1 
0 0 1 X 0 0 0 0 1 I 0 

1 0  1 0 X 0 0 0 0 1 1 1 

1 OOOOOh 
OEOOOOh 
OCOOOOh . 
OAOOOOh 

N40000h 1 -7.384 MB 

- 
Page EF 
Page CD 
Page AB 

N20000h N.256MB 
NOOOOOh I N.128MB 

Remap split 
address to page 
ABCDEF 

J 

where N c OFh 

(B) Shadow Page EF, split address[23-20]= A[23-201, Remap type = split remap 

A I  9 A18 A17 A16 I PA23 PA22 PA21 PA20 PA19 PA18 PA17 
0 0 ' 0  X I  0 0 0 0 ,l 0 I 

1 0  0 1 X I o  0 0 0 1 1 0 1  

, 
N20000h 
NOOOOOh 

1 OOOOOh 
OEOOOOh 
OCOOOOh 
OAOOOOh 

OOOOOOh 

Remap split 
address to page 
ABCD 
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- 

(C) Shadow Page CD, split address[23-20] = A[23-20], Remap type = split remap 

---I. 
A I  I.1 -_--II-- A17 7 7 3  PA22 PA21 PA20 PA19 PA18 PA17 

0 0 0 0 0 1 0 I 
---.- 0 m 0 0 0 0 1 1 1 I::*- --_- 1 

N40000h 
N2000Oh 
N0000Oh 

1 OUOOOh 
DEOOOOh 
OC0000h 
OAOOOOh 

OOOOOOh 

Remap split 
address to page 

- ____ 

Page AB 

where N < OFh 

(D) No shadow, A[20-23]=111'l, Remap typo =Move-oiit remap and memory mode cannot be 10, 19, 21, 22, 25, 28, 29, 
30, 31 

--~._1-__11_ 

A18 _---____ A I 7  F { - p 7 3  PA22 PA21 PA20 PA19 PA18 PA17 
0 1 0 0 0 1 0 1 

FCOOOOh 
FA0000h 

1 OOOOOh 
OE0000h 
OC0000h 
OA0000h 

OOOUOOh L 

Remap 15M.ABCD 
to Page 0M.ABCD 

-. ----- 
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A I  9 A18 A17 A16 
1 0 1 X 
1 1 0 X 

(E) Shadow EF, A120-231 11 11, Remap type=Move-out remap and memory mode cannot be 10, 19,21,22,25,28,29, 
30, 31 

PA23 PA22 PA21 PA20 PA19 PA18 PA17 
0 0 0 0 1 0 1 
0 0 0 0 1 1 0 

FCOOOOh 
FAOOOOh 

1 OOOOOh 
OEOOOOh 
OCOOOOh 
OAOOOOh 

OOOOOOh 

Shadow EF 
Page CD 
Page AB 

Remap 15M.ABCD 
to Page 0M.ABCD 

(F) Shadow CD, A[20-23]=1 I I I, Remap type=Move-out remap and memory mode cannot be I O ,  19,21,22, 25, 28,29, 
30, 31 

A I  9 AA8 A17 A16 I PA23 PA22 PA21 PA20 PAIS PA18 PA17 
1 0 I X I  0 0 0 0 1 0 1 

FCOOOOh 
FAOOOOh 

1 OOOOOh 
OEOOOOh 
OCOOOOh 
OAOOOOh 

OOOOOOh 

-7EE-l 
15.AB MB ~ 

Remap 15M.AB 
to Page OM.AB 

Page AB 
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(G) Shadow ESF, A[20-23~=1'111, or A[20-%3] = 0000, Remap type=Move-out remap and memory mode cannot be IO, 19, 
21, 22, 25, 28, 29, 30, 31 

- --_. ----.- 
I A I  8 A17 ,,:,73 PA22 PA21 PA20 PA19 PA18 PA17 

I .-_I 0 0 0 1 1 I 1 

F EOOOOtl 

IOOOO(1h 
flE000Otl 
OCOOOOh 
OA00013h 

080000h 

4.3.6 Shadow Control 

Remap 15M.EF to 
Page 0M.EF 

The address OCOOOOh- OFFFFFh is for KOM or unused areas. When the range address is used for ROM, the system cat 
use RAM to map the area to enhance performance. The address OC0000-OFFFFFh is also called shadow region. Thl 
shadow region can be read/write control. For example, when it is read enable, write disable, the operation of shadow RAh 
is the same EIS ROM. By programming irrdex '14h, 15h, BIOS programmer can set the readlwrite control function ti 
initialize the systetn. Suppose  OC00OOh-.OCi'FFFh video ROM is present, and OC0000h- OC7FFFh region wants to bi 
shadowed, then the setup steps are : 

( I )  Index 14h : D[l-O] = 00, Shadow region OC000Oh - OC7FFFh readlwrite both disable. Allow the process to be read 
from ROM only. 

(2) Index 14h . D['l-O] = I O ,  Shadow region OC000Oh - OC7FFFh read disable, write enable. Allow the process to be real 
from RCIM and write to DRAM (Shadow RAM). Then video ROM data copies to shadow RAM region. 

(3) Index l 4 h  ' D[1-0] = 01, Shadow region OCOOOOh -0C7FFFh read enable, write disable. Allow the operation to be real 
from DRAM. The video KOM read process is via shadow RAM OC0000h- OC7FFFh region, not via video ROM. 

-u --u_--Yu 
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The range of OCOOOOh - OFFFFFh partitions to eight blocks, each block is 32KB. Each shadow region block can be 
shadow readlwrite disabled or enabled by programming index 14h, 15h. 

The AOOOOh - BOOOOh region can set to shadow enable. If host read/write this region, the data will readhvrite from local 
memory when enable shadow. 

How to set shadow A/B region ? 
Index 3ch: 

bit 3 = 0, Disable shadow A/B function 
bit 3 = I, Enable shadow NE function 

bit 1 = 0, Disable shadow A/B region. All access to NB memory region will pass to ISA 
bit 1 = I ,  Enable shadow A/B region. All access to N E  memory region will be at local memory, 

Index 12h: 

Only both the index 3ch and 12h enable, the shadow AI6 region will enable. 

4.3.7 BIOS ROM control 

The size of BIOS ROM can be 64KB or 128KB. When using 64KB BIOS ROM, then index 10h:D[O] sets to ‘O’$ and the 
address used can be OF0000h-OFFFFFh or OFFOOOOh - OFFFFFFh. When 128KB BIOS ROM is used, index 10h : D[O] 
sets to ‘1’ and the address used is OE0000h- OFFFFFh. The BIOS ROM can be replaced by flash ROM to support ROM 
BIOS updatable by software program. Flash ROM is writable by activating write enable pin. Before writing data to flash 

’ ROM, we have to set index 20h : D[2] to ‘1’. Otherwise, flash ROM cannot accept it. 

4.3.8 On board 15M- 16M memory enableldisable control 

On board OFOOOOOh- OFFFFFFh memory can be enabled/disabled by programming index 10h : D[2]. When D[2] =0, the 
on board 15M -16M memory will be recognized as local memory. When D[2] =I, the on board 15M-16M range memory 
will not be recognized, and will be treated as ISA range. 
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4.4 ISA Bus  Interface Control 

The ISA bus controller and ISP devices are developed and verified by ALi's M1487/M7489 series. 

4.4.1 ISA RTCLK frequency control 

After powering-on, the default value of ISA ATCLK is 7.159 Mhz, this clock is changed by programming index 1Eh : D[2:0] 
to set to different frequencies to meet the system designer requirements. 

I 

Note : PCLK2 means doubled CPU clock 

To make scire the system hoots normally, lhe default ATCI-K is 7 159 Mhz. So system can boot at any CPU frequency 
After powering on, BIOS can detect the CF"U frequency, and set the desired AT clock frequency For example, if CPU 
running at 40 Iklhz, the PCl  K2 will be EI0 Mhz and if we choose D[2-01 = 110, this means ATCLK =PCLK2/10, then ATCLK 
I$ A MH7 

iti-iti 

4.4.2 110 Recovery Control 

For old slow ISA curds, I10 recovery time must be added to back ISA I/O commands. If an I/O writes too fast, the 
previous 110 write data will be overlaid by the later one, so the card will fail. The I10 recovery time recommends value of 
500 ns and ?iE!t by index 33h : Q7-41. Notice thai you have to enable the I/O recovery time in advance, otherwise index 
33h : 0[7-4] will not work. We separated on-chip decoded 1/0 poit control and general purpose 110 port control to index 
33h . D/2] and 0[3J respectively. 

- -1 
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D[2] 
0 
1 

Index 33h 

250 ns 
001 0 500 ns 
001 I 750 ns 
0100 1000 ns 

On chip 110 recovery 
disable 
enable 

I 0101 I 1250 ns 
0110 1500 ns 

t 0111 I 1750 ns I 

D[3] I VO recovery 
0 disable 

I 1 I enable I 

Since ISA bus is slow, our ISA high speed change-on-fly function permits ISA card operating in higher ATCLK during 
specific 110 or memory accessing cycles. Index 16h - 18h are used to define and mask ISA memory address set 1 which 
will fly to higher ATCLK frequency when setting addresses are matched. Index 19h- I B h  are used to define and mask ISA 
memory address set 2 which will fly to higher ATCLK frequency when setting addresses are matched. Index 1 Ch- 1 Dh are 
used to define and mask ISA I/O address. For instance, if the CPU clock is 40 Mhz, PCLKZ = 80 Mhz and Index I E h  : 
D[2:0] = 01 I, then the AT clock will be PCLK2/5 = 16 Mhz in normal speed address, and PCLK214 = 20 Mhz in high speed 
address. 

Normal frequency goes to high frequency when address matches. High frequency goes back when address does not 
match. 
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4.5 Power Management 

In M6117C internal circuit, it has an internal signal SMlJ which is used to inform system to enter Power Management 
(Hyper State Mode; HSM) space if an event happens. However, there are other extra choices to achieve power 
management. They are NMI, IRQ3, lliQ4, IRQS, IRQ6, IRQ7, IRQS, IRQIO, IRQII ,  IRQ12, IRQ14, and IRQIS. Chip 
only switches the SMI signal to internal NMI or lRQs if it is selected when an event happens. Index 55h : O[l-O] and Index 
38h : D[3-0] determine which one is selected. Please refer to Appendix A and €3 for CPU information in this section. 

Notice that the system is riot going to enter HSM space if you choose NMI or other IRQs timing support. All power 
management using NMI and other IRQs timing are handled by software. 

45 .1  SMI Structure 

Like other p e n  CPlJs, M6117 needs i3 special memory space to place Hyper State Mode (HSM) routine if you would like 
to use M6'117 deep green features. We can enter H S M  space by hardware SMlJ (System Management Interrupt) or 
instruction BRKPM, OP code : OFlh, and return by instruction RETPM, OP code: OD6h, OE6h. How to use power 
management functions efficiently to minirnize the system power consumption is a challenge. 

Normil 
M m r y  
S p a :  

BIOS 
c6 

applicatior 

SMJ 
BRWM (CF1 h) 

control Pr&nrn 

( P c m  Manager) 

--I- - I- 
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4.5.2 System Management Interrupt (SMI) 

System management interrupt has the most priority to cause M6117C entering HSM space. Like non-maskable interrupt 
(NMI), M6117C will jump to SMI entry point or starting address, ROM area OFFFFFFSOh in default, after accepting sMI, 
this chip thus has entered HSM space. Depending on different applications, we can also change the page address of SMI 
entry point by way of updating the value of UGRS' which is a special 32-bit register in M6117 CPU core. For instance, if 
we write OAOOOOh to UGRS before activating SMI, then M6117 will jump to 00AFF90h when SMI asserts. Following is a 
short sample of assembly code to implement the example above. 

MOV EAX, OAOOOOh 

DB OD6h, OCAh, 03h, OAOh 
; LDUSR UGRS, EAX 

4.5.3 Enter and Exit the HSM(Hyper State Mode) space 

\f we select SMl to implement Power Management Mode, the CPU will switch memory space to HSM while an event 
happens. Also, we can use the instruction BRKPM(opcode - DB OFlh) to  enter HSM. The PV monitor interrupt (set by 
CR03h PMON) and opcode trap(set by CROEh TOP and CROFh WON)  can do the same operation. 

The BRKPM (opcode - DB OF1 h) instruction or any equivalent interrupt transfers the values, which have been set before 
its generation with the registers indispensable in controlling the processor operation, to the high-order general purpose 
registers(shown below), and then switches the processor space to shift control to the specific physical addresses. Then 
CPU is brought to the following reset state: 

16-bit context 
Real Mode Addressing 
Paging Off 
Interrupt Disable 

SMI, BRKPM instruction 
PV monitor, and opcode trap 

EXP monitor 

EFLAGS 
CS-LIMIT CS-LIMIT 
CS-BASE GR28 SRl CS-BASE 

GR27 E IP 
GR26 
GR25 

-. 

OR26 
GR25 

The RETPM (opcode - DB OD6h OE6h) instruction causes the reverse operation of the BRKPM instruction. It returns 
control to the normal context. Note that savehestore is done only for CROOh, ARI,  €FLAGS, SR1, EP, and, CS for.both 
BRKPM and RETPM instructions. Therefure, the contents of the other registers must be saved and restored by software. , 

When the original operating system is in protected mode and we enter HSM space, we need to handle the segment base 
and attribute registers carefully when the segment register is changed. Also, we can get other information from reading the 
GR31- GR25 to do our application. 
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4.6 The way to generate system mariageinent interrupt 

4.6.1 Mode timer tirne-oca?: 

There is a Mode timer in power mianagemutit unit of Mtjll7C, this is based on 14.318 Mhz frequency input. There are four 
time bases 1 sec, 10 secs, 'I niin and 'IO mins. The timer counter is from 0 to 15, so the combinations are as follows : 

-I._pl 

---- 

-I- 

e.g. There are two possible settings for two minutes, (a) 10 secs time base, time count is 12. 
(ti) 1 minute time base, time count is 2. 

The BIOS should choose the small time base to reduce time shift. In other words, small time base is more precise than 
bigger time base. 

The configuration register index 64h is the timer setting. 

Index 64h 

* 
I .  

Index f34h ... _.-,. - ... 
Timer countheset 
Timer reset 
Timer count 

1 second 
.IO seconds 

1 0  I 1 minute 
1 1  I I O  minutes 

Once the mode timer counter is equal to the time count 
setting, then the time-out occurs. Time-out will generate a 
system management interrupt and index 5Bh will show 
O6h to manifest the interrupt cause. Notice that you 
should set index 59h : 0 [ 5 ]  to '1' to activate mode timer 
even if you have already set the index 64h. We can 
prolong time delay for double of our time setting by 
programming index 69h : D[4] to 'I' which is double 
counter time base control hit \Nhm timer is cn.-ibI-l. 
any access to monitored device range, the corresponding 
tirnei will reset and restart counting until time-out is 
reached. For instance, mode timer will be reset when any 
key on keyboard is pressed for keyboard is the most 
possible monitored peripheral device. 
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* 

4.6.2 Interrupt request active 

D[7] IN monitor IRQ3 select 
D[6] IN monitor IRQ4 select 
0151 IN monitor IRQ12 select 

System will generate SMI as soon as any channel of 
8259. IRQ happened if we have already programmed 
index 5Ch and 5Dh. System. definite instant SMI cause 
from it has the most priority among all interrupts. 
Moreover, index 57h:D[3) and index 5Ah :D[5] should be 
set to '1' to enable IRQ trigger SMI. Index 5Bh will show 
08h after this SMI has occurred. 

D[7] 
D[6] 
D[5] 
D[4] 
D[3] 
D[2] 
D[1] 
D[O] 

Index 5Ch Index 5Dh 

DRQ7 selected 
DRQ6 selected 
DRQS selected 
DRQ4 selected 
DRQ3 selected 
DRQ2 selected 
DRQI selected 
DRQO selected 

The M6117C has 49 configuration registers, these 
registers reside at 110 port 23H (readlwriite), with index at 
output port 22H. Table 4-1 lists the internal registers 
summary. Section 4.2 describes the bit function of 
internal registers, Table 4-3 lists memory type 
configuration. 

4.6.3 DMA channel request active 

System will generate SMI as soon as any channel of 
8237* DRQ happened if we have already programmed 
index 5Eh, besides index 57h :D[7] and index 5Ah : D[6] 
should be set to '1' to enable DRQ trigger SMI, Here, 
index 5Bh will show 09h after this SMI has occurred. 

4.6.4 IN access - 

IN access will happen when monitoring IRQ12, IR44, 
IRQ3 and IRQI (always enable) are asserting. Index 
66h:D[7-5] is to define which IRQ channel is enabled as IN 
access, notice that IRQI is always enabled. SMl occurs 
when monitoring IN access is activating and then index 
5Bh will show OAh. 

4.6.5 External switch 

There are two external trigger signals to generate S M I ,  
external SMI switch input (EXTSWZ) and external suspend 
switch input (EXTSWI), both of them have the same 
function-trigger SMI. Index 58h :D[7-6] are the enable bits 
to EXTSW2 and EXTSWI respectively. Each input trigger 
polarity can choose low-to-high active or high-to-low active 
or both depending on index 67h: D[l-O] respectively. 
These two input pins has internal debouncing circuit to 
prevent the miss action. But you can bypass internal 
debouncing circuit , Index 37H: D[5:4] are enable bits to 
bypass EXTSWZ and EXTSWI internal debouncing circuit 
respectively. Index 56h will show OCh if SMI cause from 
EXTSWI and 10h if SMI cause from EXTSW2. 

4.6.6 Real Time Clock alarm 

System will generate SMI when IRQ8 assert, if RTC has 
properly been programmed and the following control bits is 
set to '1' : index 57h :D[3], index 59h :D[6], index 5Ah :D[5] 
and index 5Dh:D[O]. Index 5Bh will show ODh after this 
event is asserted. 

4.6.7 Software SMI 

If index 56h :D[6] is set to '1' and D[7] of the same register 
is '1'' 'system will generate SMI called software SMI. Index 
5Bh will show OFh after this event. 

4.6.8 VGA access 

If index 57h:D[1] and index 5Ah:D[O] are set to ' l ' ,  then 
system will generate SMI when memory write address 
matches OA0000h- OBOOOOh with index 66h :D[O] is I ? ' ,  or 
when I/O write address matches 3BOh- 3BFh with index 
66h :D[1] is '1'. Index 5Bh will show 11 h after VGA access 
event. 
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4.6.9 Hard Disk Drive access 

Hard disk cfrive operations will trigger SMI by 
programming following control bits to '1' = Index 57h :D[3], 
0[2 ]  ; 5Ah:0[5], D[ l ]  and 5Ch : D[5]. 12h will be shown on 
index 5Bh after HDD event. 

4.6.10 Line Printer 8ccess 

If indices 591-1: 0141, D[3], 5Ah:D[5], D[2], and 5Ch:D[7] are 
set to 'I1, {hen it enables line printer iiccess to activate 
SMI. Index 5Bh will show 13h to manifest SMI cause 
from line printer operation. 

4.6.1 1 General purpose memory address access 

If indices GCh, BDh, GEh, GFh wcre programmed in 
advance and control bits 581i:D[O], 5Ah:D[3], 6Bh :D[1] 
were set to ' I '  (enable), then system will generate SMI 
when memory readlwrite address matches the address 
defined in indices 6Ch-6Fh, called GPO event. For 
example, I i  we write 10h  to index 6Ch, QFh to index 6Dh, 
OOh to indices 6Eh and 6Fh ,  set index 58h: D[O], index 
5Ah:D[3], index 6Bh: D [ l ]  to high, then system will 
generate SMI when memory readlwritt: address is the one 
during lM13--%MB. Index 5Bh will show 14h after GPO 
event. 

4.6.12 General Purpose 110 address access 

Similar to CPO access, SMI will occur when 1/0 read/write 
address matches the address defined in index 70h, called 
GP1 event. In addition to programming 70h and 6Bh, 
index 58h: D[I], iridex 5Ah :D[4] and index GBh:D[O] 
should be set to 'I1! thus GPI event will be enabled and 
index 5Bh will show 15h if any SMI occurs by GPI event. 
Moreover, index 6Bh;D[7-4] offer three kinds of well 
defined I/O address group to cause GPI event. 

4.6.13 Special instruction to emulate SMI 

Instruction BRKPM, OP code = OFlh, will emulate 
M6117C entering HSM space as if SMI has occurred. This 
special instruction is only for emulation or testing, no 
programming is needed and of course index 5Bh will show 
nothing when designer uses BRKPM instruction. 

4.7 How to enter power saving mode 

M6'117C can stop internal clock to its CPU core that will 
reduce almost 80% of its power consumption. Because 
our chip belongs to pure CMOS process, it will keep the 
internal states from leaking current when Vcc is still 
powered on and clock has stopped. There is one control 
bit, called as power clock stop (PCSTP), in internal control 
register to determine if M6117C is going to enter power 
saving mode or not. Here, we have a diagram to show the 
whole operation on accessing power saving mode. Notice 
that chip enters power saving mode by executing HALT 
instruction, and leave by any interrupt or reset. 

M61IYC Power Saving Mode 

I--- 4 Normal Bus  Cycle k-, 
t-_- 

NMI =1 or 
INTR=I or 
Reset=l 

NMI =I or 
INTR=I or 
Reset=l 

H L D R E G O  \ / ,/HLDRECI=O 

or 
Hold State 

-- I-__- 
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I 0 0  1.0sec 
101 2.0sec 
110 4.0 sec 
&Ill 8.0sec > 

Question : How to set PCSTP 7 (Power Clock Stop) - 

Answer : MOV EAX, 00008000h 
OB OD6h, OFAh, 03h, 02h 
I* MOV PWRCR, EA0 *I 

4.8 Speed LED flash control 

System Designer can connect an LED to M61170 CPUSPD pin to show LED flashing as a phenomenon in green mode, 
There are many varieties of LED flash combination including duty cycle, just program a value to index 71 h. Then LED will 
start flashing. 

Index 71ti 
D[4-2] I LED flash period 
000 I 0.1 see 

IO01 lO.Zsec I 
010 I 0.4 see ' 

011 I 0.8 sec 

index 71h 

disable 
25% 
50% 
75% 

4.9 General Purpose Output (GPO) and General Purpose input (GPI) 

M6117C supports 16 expandable GPOs and 16 expandable GPls. During normal condition, pins XD[7:0] are data bus to 
peripheral devices. But during cold reset, XD[7:0] is an input pin and latched by internal register - index 68h; the pin 
ENPOWER is also active at this time to latch XD[7:0] at external 74LS373. Because there is no default value in index 
68h and as to XD[7:0] without any pulling resistor. Designer has to connect externally pull-up or pull down resistors to 
XD[7-01 to initialize index 68h. The index 68h : D[7-0] are both readable and writable. If BIOS wants to change the 
external 74LS373 latch value. It should first set index 68h :D[7:0] a new value, then write any value to index 73h, that will 
generate an ENPOWER signal to update 74LS373 latch value. The index value in 68h will appear at XD[7:0] bus and 
ENPOWER will update the XD value to 74LS.373. 
Index 3Dh: The high byte GPO value . Default OOh RNV 
Index 3Eh: The low byte GPI value. Default OOh Read only. 
Index 3Fh: The high byte GPI value. Default OOh Read only. 

4.9.1 Generate GPOs method 
(1) Use external 2 X 74373 input connect to SD bus. The latch enable pin connects to ENPOWER. 
(2) Set index 68h and 3Dh to desired GPO value. 
(3) Write index 73h. 
(4) Then data stored in index 68h will be sent to SD[7:0] and XD[7:0]. Data stored in Index '3Dh will be sent to SD[15:8] 

and ENPOWER will be active. 
(5) The value will be latched by 74373. 

4.9.2 Generate GPls method 
(1) Add external 2 X 74245, the input connects to GPls, the output connects to ISA SD bus. The OE control connects t o  

ISA REFRESHJ. 
( 2 )  When REFRESHJ is active, the SD will become input and M6117C will use MEMRJ rising edge to latch the SD 

value. 
(3) Every 15us, the GPls value will be updated. 
(4) BIOS can Ieba tile GPI- value thioltyti index 3Fh which store 50[15:0] value. 
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4.10 Watchdog timer 

The watchdog timer uses 32 768 kHz frequency source to count a 24-bit counter so the time range is from 30 5u sec to 
512 sec with resolution 30 5u sec When tinier times out, a system reset, NMI or IRQ may happen to be decided by BIOS 
programming 

4.10.1 HQW tQ set the watchdog tirner function 7 
Index 37h : 

Bit 6 = 0,  Disable watchdog tirner 
Bit 6 i- .I, Enable watchdog timer 
Bit 7 := 0, Counter read mode. When read from index 3Bh, 3Ah, 39h, the return value is the setting counter value 
Eii, 7 == 1, Counter read mods. When bit 7 set from 0 to 1, the counter present value will be latched to buffer. 

When read from 3Uh, 3At1, 39h, the return value is the buffer value. The counter will keep on counting. 
Index 3Ch: 

Bit 7 := 0, Read only, Watchdog timer time out event does not happen, 
Bit 7 := 1, Read only, Watchdog timer time out event happens. 

Index 3Bh, JAh, 39h : Counter 

--__I--I 

Counter 

4.10.2 HQW to set the watchdog timer cotinter ? 

(I) Set Bit 6 = 0 to disable the timer 
(2) Write the desired counter value to 3Bh, 3Ah, 39h. 
(3) Set Bit tj = 1 to enable the timer, the counter will begin to count up. 
(4) When counter reaches the settirig value, the time out will generate signal setting by index 38h bit[7:4] 
( 5 )  BIOS can read index 3Ch Bit 7 to decide whether the Watchdog timeout event will happen or not. 

Index 38h : 
Bix/:4] : time out generate signal select 

[---index 3% I t i m e o u t a d  

7 - w -  I_I-Ds_ 
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Index 37h : D[1] 
Pin 174 
Pin 175 
Pin 176 

4.10.3 How to read the watchdog timer counter value when i ts counting ? 
(1) Set Bit 7 = I to latch value 
(2) Read the value in register index 38h,3Ah,39h. Then this is the on going value of counter. 

D[ l ]  = 0 D[l] = 1 
SA1 9 HDCSOJ 
SA1 8 HDCSlJ 
SA1 7 HDENJ 

4.10.4 How to clear the watchdog timer counter 7 
(1) Set Bit 6 = 0 to disable timer. This will also clear counter at the same time. 

Index 3Ch : D[O] 
Channel 

HDCSlJ 
HDCSOJ 

4.11 IDE interface 

4.11.1 How to enable IDE interface 7 

D [O] = 0 
Primary Secondary 

D[O] = I 

IF0 - IF7 170 - 177 
3F6 376 

(2) Write index 3Ch bit[O] to select IDE channel as primary or secondary. 

Notice : Be careful with SA[19:17] bus, they must be separated. Please refer to APPLICATION. 
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4.12 Register Summary 

- 
HI. ---I 

Ver. 0.93, Document Number: 6117DSC?.dac 
Acer Laboratories, Inc., USA, 18308 Bering Dnva, San Jose, CA 95112; Tel: 408-467-7456; Fax: 408-467-7474 
wrwacer lahs corn 

Page 39 



Acer Laboratories Inc. M67 77C Preliminary Datasheet 

Page 40 Ver, 0.93, Document Number: 6117DSCI.doc 
Acer Laboratories, Inc., USA, 18305 Bering Drive, San Jose, CA 95112; Tel: 408-467-7456; Fax: 408-467-7474 

w . a c e r l a b s . c o m  



Acer Laboratories --ll_l-y.---II h c ,  M6117C Preliminary Datasheet 

4.13 Register Bit Definition 

The details of M6117C configuration registers are 
described as follows : 

PORT 22H 
Bit 
7-0 

PORT 23H 
Bit 
7-0 

INDEX 1OH 
Bit 
7-3 

2 

1 

0 

default 001-1 
Description 
Index of Configuration register 

default 001-1 
Description 
Data of Configuration register if 
unlock register unlocked, 

default OOH 
Description 
The five bits are used to set the 
memory type, the DRAM type is 
described in memory type table. 
U[7-4]=PMf3-0] & D3ZPM4 

The on board memory 151vi - 16M-1 
0 : enable 
1 : disable 

Two different refresh types: RAS only 
or CAS before IRAS refresh. 
0 : RAS only refresh 
1 : CAS before RAS refresh 

0 : 64KB ROMIEPRCIM (OFOOOO- 

1 : 128K ROMEPROM (IJEOOOO- 
OFFFFF/ FFOOOO-,FFFFFF) 

OFFFFFl FE0000-FFFFFF) 

INDEX l l H  
Bit 
7 

6 

5 

4 

3 

2 

1 

0 

INDEX 12H 
Bit 
7-4 

3 

2 

1 

0 

default F8H 
Description 
Memory write access time insert wait 
(BWAIT) 
0 : disable 
I : enable 

Memory CAS read access time insert 
wait (CASLWT) 
0 : disable 
1 : enable 
Slow RAS precharge time 
0 : see bit 0 below 
I : 3.5T 
CAS precharge time insert wait for RAS 
to CAS delay (CASHVVT) 
0 : disable 
1 : enable 

RAS active time insert wait (RWAIT) 
0 : disable 
1 : enable 

Memory remap 
0 : disable 
I : enable 

Select re-map mode 
0 : split 
1 : move-out 

Fast RAS pre-charge time 
0 : 2.5T 
1 : 1.5T 

default 10H 
Description 
Split address SP[23-201 

resewed . 
Memory read miss RAS to CAS insert 
wait (MCASHWT) 
0 : disable 
1 : enable 
Shadow RAM OA0000h-OBFFFFh 
readlwrite control 
0 : disable 
I : enable 
Memory fast write hit insert phase 
(FS'I WTH 15') 
0 :  PH2 
1 : PH1 
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INDEX 13H default OOH 
Bit Description 
7-0 C5h : Uniock configuration Register 

OOh : Lock Configuration Register 

INDEX 14H default OOH 
Bit Description 
7 Shadow RAM OD8000-ODFFFF write 

0 : disable 
1 : enable 

Shadow RAM OD8000-ODFFFF read 
0 : disable 
1 : enable 

Shadow RAM OD0000-OD7FFF write 
0 : disable 
1 : enable 

Shadow RAM ODOOOO-OD7FFF read 
0 : disable 
1 : enable 

Shadow RAM OC8000-OCFFFF write 
0 : disable 
1 : enable 

Shadow RAM OC8000-OCFFFF read 
0 : disable 
1 : enable 

Shadow RAM OCOOOO-OC7FFF 'write 
0 : disable 
1 : enable 

Shadow RAM OCOOOO-OC7FFF read 
-0 : disable 
I : enable 

INDEX 15H 
Bit 
7 

6 

5 

4 

3 

2 

1 

0 

INDEX 18H 
Bit 
7-4 

3-0 

INDEX 17H 
Bit 
7-4 

3-0 

default OOH 
Description 
Shadow RAM OF8000-OFFFFF write 
0 : disable 
1 : enable 

Shadow RAM OF8000-OFFFFF read 
0 : disable 
1 : enable 

Shadow RAM OF0000-OF7FFF write 
0 : disable 
1 : enable 

Shadow RAM OF0000-OF7FFF read 
0 : disable 
I : enable 

Shadow RAM OE8000-OEFFFF write 
0 : disable 
1 : enable 

Shadow RAM OE8000-OEFFFF read 
0 : disable 
1 : enable 

Shadow RAM OE0000-OE7FFF write 
0 : disable 
1 : enable 

Shadow RAM OE0000-OE7FFF read 
0 : disable 
I : enable 

default OOH 
Description 
ISA high speed memory address 
Af23-201 set 1 

ISA high speed memory address 
A[ 19-1 61 set 1 

default FFH 
Description 
ISA high speed memory address 
mask A[23-201 set 1 

ISA high speed memory address 
mask A[19-16] set 1 
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INDEX 18H 
E? it 
7-4 

default FOH 
Description 
E A  high speed memory address 
mask A[15-12] set 1 

ISA high speed memory address 
A[15-12] set I 

INDEX IEH 
Bit 
7-3 

2-0 

default OOH 
Description 
resewed 

ATCLKI Definition 
High Freq. ATCLK[2:0] Normal Freq. 
14.3 1 81% 0 0 0  14.3 1 812 
P C LK2/2 0 0 1  P c Ly\2/3 
PCLK2/3 0 1 0  PCLK214 
PCLK214 G I  1 PCLK2/5 
PCLK2/5 1 0 0  PCLK2/6 
PCLK216 I 0 1  PCLK2/8 
PCLK2/8 I 1 0  PCLK2/10 
PCLK2110 I 1 1 PCLK2/12' 

3-0 

INDEX 191-1 
13it 
7-4 

default O O t i  
Description 
ISA high speed memory address 
A[23-201 set 2 

3-0 ISA high speed memory address 
A[19-16] set 2 

INDEX 20H 
Bit 
7 

6 

5 -4 

default 80H 
Description 
DRAM controller 
0 : disable 
1 : enable 

INDEX 1AH 
I3 it 
7-4 

default FFH 
Description 
ISA high speed memory address 
mask A[23-20] set 2 

3-0 ISA high speed memory address 
mask* A[19-.16] set 2 

reserved 

Allocation remapping when SMI 
occurs, D3 must be enabled except 
remapping to ROM area 
0 0 : Remap to ROM area 
0 I : Remap to page A,B 
1 0 : Remap to page E 
I 1 : Remap to page F 

INDEX 1BH 
13 it 
7-4 

de f a u It FO I i  
Description 
ISA high speed memory address 
mask* A[15-'12] set 2 

ISA high speed memory address 
A[ 15-1 21 set 2 

3-0 

Remap SMI routine to local memory 
when this bit is set to high INDEX fCH 

Bit 
7-4 

default GOH 
Description 
ISA high speed 110 address 
A[9-6] 

Write to Flash ROM 
0 : disable 
1 : enable 

3-0 ISA high speed I/O address 
A[5-2] I DRAM self refresh (Index 10h D[1] 

must be I )  
0 : disable 
1 : enable 

INDEX IDH 
Bit 
7-4 

default FFH 
Description 
ISA high speed I10 address 
mask* A[9-6] 0 Force ROM area remapping, 

disable remapping SMI routine to A, 
B page in local memory when this 
bit is set to high. 

3-0 ISA high speed I/O address 
mask* A[5-2] 

* Mask t3it := I : Compare this address bit. 
0 : Do not compare this address. 

-I_. 
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INDEX 30H 
Bit 
7-4 

3 

2-0 

INDEX 3?H 
Bit 
7-6 

5 

4 

3-1 

0 

' lNDEX32H 
Bit 
7 

6 

5 4  . 

0 

default O8H 
Description 
reserved, must be 0 

CPU speed, read only. 
0 :  low 
1 : high 

reserved, must be 0 

default 0 I, H 
Description 
reserved 

Fast reset state 
0 ; enable 
1 : disable 
reserved 

reserved, must be 0 

Fast gate A20 
0 : disable 
1 : enable 

default OOH 
Description 
ISA I/O high speed 
0 : disabte 
1 : enable 

ISA memory high speed 
0 : disable 
I : enable 
reserved. must be 0. 

Port F I  reset NP 
0 : disable 
I : enable 

INDEX 33H default OOH 
Bit Description 
7-4 110 recovery period definition 

( unit : 250ns ) 

3 I/O recovery 
0 : disable 
1 : enable 

2 On-chip 110 recovery 
0 : disable 
1 : enable 

I reserved 

0 Must be 0 
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INDEX 34H IPower-on setup, Read only) 
Bit 

'7-6 

5 

4 

3 

2 

1 

0 

No., 
Name 

26, 
DACKGJ 

199, AEN 

22, 
DACKBJ 

20, 
DAC ti2J 

16, 
DACKOJ 

Description 

reserved 

reserved, must be pulled high 

ISA clock test made, when 
TESTJ = 0 

PSI2 Keyboard IRQ'I timing 
select 
I : direct connect IRQI to 8259 
0 : send IRQI to 8259 after latch 
bit is reversed when readout 

Internal I iTC 
0 : disable 
1 : enable 

reserved 

reserved, must be pulled hiylt 

INDEX 35H 
F3it No., Name Description 
7 119, reserved, must be pulled low. 

(Power-on setup, Read only) 

ROMKBCSJ 

6 24, 13ACK5J reserved, must be pulled low. 

5 28, f3ACK7.J Intertiat Keyboard Controller 
selection 
0 : disable 
I : enable 

4-2 reserved, must be 0. 

,l 18, I3RcK1 J Memory parity check 
0 : disable 
1 : enable 

* o  a .  res ewe d 

INDEX 36H 
Bit 
7 

6 

5-4 

3 

2-0 

INDEX 37H 
Bit 
7 

6 

5 

4 

3 
2 

I 

0 

. 

- 1: bypass internal de-bouncing circuit 
Resented, must be 0 
Internal mouse selection -*  

0' disable 
1: enable 
IDE function 
0: disable 
1: enable 
E D 0  DRAM mode 
0: disahle 
1' enable 

default OOH 
Description 
16 bit ISA cycle insert 1 wait 
0 : disable 
1 : enable 

PS/2 mouse lRQl2  timing 
0 : direct connect IRQ12 to 8259 
1 : send IRQ12 to 8259 after latch 

Slow refresh control bits : Refresh 
period 
0 0 : 1,5 us 
0 1  : 12Ous 
1 0  : 15us 
1 1  : 60us 
reserved, must be 0 

Chip version (Read only) 
000 : M6117B 
001 : M6117C 

d efa u It OOH 
Description 
Latch Watchdog timer value and 
counter read mode. 
0: When read from 

the setting counter value 
1: When bit 7 set from 0 to I, the 

to buffer. When read from Index 
3BH,3AH,39H, the  read value is the 
buffer value. The counter will keep on 
counting, 
Watchdog timer 
0: disable 
1: enable 
EXTSW2 de-bouncing circuit 
0: enable internal de-bouncing circuit 
1: bypass internal de-bouncing circuit 
EXTSWI de-bouncing circuit 
0: enable internal de-bouncing circuit 

lndex3BH,3AH,39H, the read value is 

counter present value will be latched 

---I y_-_y_p- 
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INDEX 38H default OOH 
Bit Description 
7-4 Watchdog timer time out report signal 

select 
0000: Reserved 
0001: IRQ3 selected 
0010: IRQ4 selected 
0011: IRQ5 selected 
0100: IRQ6 selected 
0101: IRQ7 selected 
01 I O :  IRQQ selected 
01 11: IRQ10 selected 
1000: I R Q l l  selected 
1001: IRQ12 selected 
1010: IRQ14 selected 
1011: IRQ15 selected 
1100: NMI selected 
1 101: system reset selected 
1 I IO:  Reserved 
11 1 I: Reserved 
SMI relocate to IRQ 
0000: depend on Index 55H setting 
0001: Reserved 
001 0: Reserved 
001 I: IRQ3 timing support 
0100: IRQ4 timing support 
0101: IRQ5 timing support 
01 I O :  iRQ6 timing support 
01 11: IRQ7 timing support 
1000: Reserved 
1001: IRQ9 timing support 
1010: IRQlO timing support 
I01 I: IRQl I timing support 
11 00: IRQI2 timing support 
1101: Reserved 
11 10: IRQ14 timing support 
11 1 I :  Reserved 

3-0 

lNDEX 39H default OOH 
Bit Description 

. 7-0 Watchdog timer counter value, byte 0 

INDEX 3BH default OOH 
Bit Description 

INDEX 3CH 
Bit 
7 

2 

I 

0 

default OOH 
Description 
Watchdog timer time out 
0: not happened 
1; happened 
Reserved 
Reserved 
Reserved 
Memory Shadow A, B page function 
0: disable 
1: enable 
IRQ Level trigger selection. 
0: negative level trigger 
I: level trigger 
ED0 DRAM timing detect mode 
0: disable 
1: enable 
IDE channel selection 
0: primary channel selected 
1: secondary channel selected 

INDEX 3DH default OOH 
Bit Description 
7-0 GPO signals. 

When write index 73H, Bit 7-0 will sent 
to SD[15:8J 

INDEX 3EH default OOH 
Bit Description 
7-0 GPI signals. 

When REFRESHJ is active, the SD will 
become input and M6117C will use 
MEMRJ rising edge to latch the SD[7:0] 
to Bit 7-0. Read only 

INDEX 3AH defautt OOH 
Bit Description 
7-0 

INDEX 3FH default OOH 
Watchdog timer counter value, byte 1 Bit Description 

7-0 When REFRESHJ is active. the SD will 
become input and M6117C will use MEMRJ rising edge to 
latch the SD[l6:8] to Bit 7-0. Read only. 
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INDEX 551-1 
Bit 
7-2 

default OOH 
Description 
reserved 

INDEX 57H default OOH 
Bit Description 
7 DRQ select 

1 : selected. If DRQ idle longer than 
mode timer setting. Mode timer time-out 
will signal. 
0 : not selected. 

1-0 SMI timirig selection 
0 0 : SMI timing support 
0 1 : NMI timing support 
I 0 : IRQl ! i  timing support 
I I : reserved 6 FDD select (3FOH-3F7H) 

I : selected. If FDD cannot be accessed 
longer than mode timer setting. Mode 
timer time-out will signal. 
0 : not selected. 

INDEX 56H 
Bit 
7 

default OOH 
Description 
SMI event signal 
0 : disable 
1 : enable 5 COM select (3F8H-3FFH, 2F8Ha2FFH, 

I : selected. If COM port cannot be 
accessed longer than mode timer 
setting. Mode timer time-out will signal. 
0 : not selected. 

3E8H-3EFH, 2EBH-2EEH) 
6 Software SMI 

0 : disable 
1 : enable 

5-3 

2 

reserved 
LPT select (378H-37FH, 278H-27FH, 

I : selected. If LPT port cannot be 
accessed longer than mode timer 
setting. Mode timer time-out will signal 
0 : not selected. 

3 SCH3BEH) 
4 

PMU state 
I : On 
0 : Off 

1-0 Power management system mode 
state 
0 0 :  ON 
0 1 : DOZE 
1 0 : STANDBY 
1 I : StJSPEND 

3 IRQ select 
1 : selected. If IRQ idle longer than 
mode timer setting. Mode timer time-out 
will signal. 
0 : not selected. 

2 HDD select (1 FOH-1 F7H) 
I : selected. If HDD cannot be accessed 
longer than mode timer setting. Mode 
timer time-out will signal. 
0 : not selected. 

VGA select (Memory AB region write, 
380H-3BFH write) 
1 : selected. If VGA cannot be accessed 
longer than mode timer setting. Mode 
timer time-out will signal. 
0 : not selected. 

1 

0 KED select (60H, 64H) 
1 : selected. If KBD cannot be accessed 
longer than mode timer setting. Mode 
timer time-out will signal. 
0 : not selected, 

-1- 
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INDEX 58H 
Bit 
7 

6 

5-2 
1 

0 

INDEX 59H 
Bit 
7 

6 

5 

4-0 

default OOH 
Description 
EXTSW2 active (external SMI switch 
input, level trigger) 
1 : EXTSW2 issues SMI 
0 : no SMI from EXTSW2 

EXTSWI active (external suspend 
switch input, level trigger) 
1 : EXTSWI issues SMI 
0 : no SMI from EXTSWl 

reserved, must be 0000b. 
GPI select 
1 : selected. If GP1 cannot be accessed 
longer than mode timer setting. Mode 
timer time-out will signal. 
0 : not selected, 

GPO select 
I : selected. If GPO cannot be accessed 
longer than mode timer setting. Mode 
timer time-out will signal. 
0 : not selected, 

default OOH 
Description 
reserved, must be 0. 

RTC alarm (IRQBJ) SMI 
0 : disable 
1 : enable 

MODE timer time-out signaling SMI 
1 : enable 
0 : disable 

reserved, must be 00000b. 

INDEX 5AH 
Bit 
7 

6 

5 

4 

3 

2 

default OOH 
Description 
IN signaling SMI 
1 : enable 
0 : disable 
DRQ active (select DRQ source by 
register 5E) signaling SMI 
1 : enable 
0 : disable 
IRQ active (select IRQ source by 
register index 5C,5D) signaling SMI 
1 : enable 
0 : disable 

GPI access (RNV GPI defined area) 
signaling SMI 
1 : enable 
0 : disable 

GPO access (RNV GPO defined area) 
signaling SMI 
1 : enable 
0 : disable 

LPT access (RNV 378H-37FH or 278H- 
27FH) signaling SMI 
1 : enable 
0 : disable 

HDD access ( R W  port I FOH-1 F7H) 
signaling SMI 
1 : enable 
0 : disable 

VGA access (W AOOOOH-BFFFFH, port 
3BOH-3BFH) signaling SMI 
1 : enable 
0 : disable 
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II 

INDEX 5BH default O O H  

Bit Description 
7-5 reserved 
4-0 SMI Cause register 

0 0 0 0 0  : None 
0 0 1 '1 0 : Mode Timer Time out 
0 1 0 0 0 : IRQ active 
0 1 0 0 1 : C)RQ active 
0 1 0 1 0 : IN access 
0 1 1 0 0 : EXTSWI active (external 

suspend switch input, level 
trigger) 

0 I 1 0 1 : F?TC alarm 
0 1 1 1 1 : Software SMI 
1 0 0 0 o : EX-rSW2 active (external 

next SMI switch input, level 
trigger) 

'1 0 0 0 I : VGA access (W 
A0000t-I- BFFFFH, P C ) ~  3BOH- 
BBFH) 

I 0 0 1 0 : HOD access ( R M I  pod 

1 0 0 1 I : 1.P-i- access (RNV 378t-I- 
37FH or ;!78H-271W) 

I 0 I 0 0 : GPO access (R IW GPO 
defined area) 

j 0 1 0 I : (>PI access (RIW GP'I 
defined area) 

Others : reserved 

1 F0I-l-I F7H) 

INDEX 5CH 
Bit 

0 

default OOH 
Description 
Select source to signal S M I  when 
occur. This selection based on 
INDEX 5A bit 5 be set. 
1 : IRQ7 event selected 
0 : IRQ7 event not selected 
1 : IRQ6 everit selected 
0 : IRQ6 event not selected 
1: IRQ5 went  Aec ted  
0 : IRQ5 w e n t  not s,elected 
1: IRQ4 event selected 
0.: IRQ4.evenf not selected 
1: lRQ3 event selected 
0 : IRQ3 event not selected 
1: NMI event selected 
0 : NMI everit not selected 
1: IRQ'I event selected 
0 : IRQI went  not selected 
1: IRQO event selected 
0 : IRC30 event not selected 

' 

INDEX 5DH 

I3 it 

'7 

6 

5 

4 

3 

2 

1 

0 

INDEX 5EH 
Bit 

7 

6 

5 

4 

3 

2 

1 

0 

default OOH 

Description 
Select source to signal SMI when 
happening. This selection based on 
INDEX 5A bit 5 is set. 
1: 1RQI5 event selected 
0 : IRQ15 event not selected 
1: IRQ14 event selected 
0 : IRQ14 event not selected 
1: IRQ13 event selected 
0 : IRQ13 event not selected 
1 : IRQI 2 event selected 
0 : IRQ12 event not selected 
1: IRQl l  event selected 
0 : IRQI 1 event not selected 
1: IRQIO event selected 
0 : IRQIO event not selected 
1: IRQ9 event selected 
0 : IRQ9 event not selected 
1: IRQ8 event selected 
0 : IRQ8 event not selected 

default OOH 
Description 
Select soiirce to signal SMI when 
happened. This selection based on 
INDEX 5A bit 6 is set. 
1: DRQ7 event selected 
0 : DRQ7 event not selected 
1: DRQ6 event selected 
0 : DRQ6 event not selected 
1: DRQ5 event selected 
0 : DRQ5 event not selected 
1: DRQ4 event selected 
0 : DRQ4 event not selected 
1: DRQJ event selected 
0 : DRQ3 event not selected 
I: DRQ2 event selected 
0 : DRQ2 event not selected 
I: DRQ 1 event selected 
0 : DRQI event not selected 
1: DRQD event selected 
0 : DRQO event not selected 
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INDEX 64H default OOH 
Bit Description 
7-4 Set the time delay 

0 : Timer disable 
1-15 : Timecount 

3 reserved 

INDEX 67H 
Bit 
7 
6 

default OOH 
Description 
SMI event (Read only) 
EXTSWI status (Read only) 

5 
4 

reserved 
DRQ access (Read only) 

IRQ access (Read only) 
EXTSWZ status (Read only) 

2 Timer countlreset 
I : Timer count 

.O : Timer reset 
3 
2 

1-0 Time Base select for Mode timer 
0 0  : 1 sec. 
0 1  : 10sec. 
1 0 : 1 min. 
1 1  : 10min. 

1-0 EXTSWIIEXTSW input polarity 
setting 
00 : disable 
01 : rising edge trigger 
I O  : falling edge trigger 
11 : edge trigger 

INDEX 66H default OOH 
Bit Description 

VGA and IN monitor and signaling 
SMI. This selection based' on 
INDEX 5A bit 7 is set. 

1: selected 
0: not select 

7 IN monitor IRQ3 

INDEX 68H 
Bit 
7-0 

default OOH 
Description 
Power ON latched Power Control 
Initial status from XD(7-01 
D[7-01 : PWR[7-O] control pin 

status 
6 IN monitor fRQ4 

I: selected 
0: not select 

INDEX 69H 
Bit 
7 

default OOH 
Description 
resewed, must be 0. 

5 1N monitor IRQ12 
1: selected 
0: not select 

6 Read the timer counter 
0 : counter setting 
1 : current value 

4-2 

1 

reserved. 
5 

4 

reserved, must be 0 
VGA monitor 110 write 3BOH-3BFH 
I: selected 
0: not select 

Double counter time base 
0 : disable 
1 : enable 

0 VGA monitor memory write 

1: selected 
0: not select 

AOOOOH-80000H 3-0 reserved 
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INDEX 6AI-I default 00l-i 
E3 it: Description 
7 SUSPEND time-out Mode timer 

time-out from mode STANDBY to 
SUSPEND 

G 

5 

STANDBY time-out 
Mode timer time-out from mode 
DOZE to STANDBY 

DOZE time-out 
Mode 'timer time-out from mode 
ON to DOZE: 

4-0 reserved, fixed on O (Read only) 

INDEX 6BH default 0Ot-l 
Bit 
7 

G 

5 

4 

3-2 

1 

0 

Description 
resewed 

GP1 I/O address 30OH-3F:Ft-I 
0 : disable 
1 : enable 

GFII I/O address 20LlH-2F-FH 
0 : disable 
I : enable 

GPI I/O addre:js 1 OOH-1 F'FH 
0 : disable 
1 : enable 

Uefine G P l  110 address mask A[3-2] 
respectively. 
0 : do not compare this address bit. 
1 : compare this address hit. 

GPO metrlory address 
0 : disable 
1 : enable 

GPI I/O address . . *  
0 : disable 
1 : enable .- 

. 

INDEX 6CH 
Bit 
7-0 

INDEX 6DH 
Bit 
7-0 

INDEX 6EH 
Bit 
7-2 

1-0 

INDEX 6FH 
Bit 
7-2 

1-0 

INDEX 70H 
Bit 
7-0 

INDEX 71H 
Bit 
7-5 

4-2 

1-0 

-* * , 

default OOH 
Description 
Define GPO memory address A[23- 
161 

default OOH 
Description 
Define GPO memory address A[23- 
161 mask bits respectively. 
I : compare this address bit. 
0 : do not compare this address 
bit. 

default OOH 
Description 
reserved, must be OOOOOOb 

Define GPO memory address A[25- 
241. 

default OOH 
Description 
reserved, must be OOOOOOb 

Define GPO memory address A[25-241 
mask bits respectively. 
1 : compare this bit 
0 : do not compare this bit 

def a u It OOH 
Description 
Define GP1 I/O port address SA[9-21 

default OOH 
Description 
reserved 

Define Mode LED on/off period 
0 0 0  : 0.1 sec 
0 0 1 : 0.2 sec 
0 1 0  : 0.4 sec 
0 1 1  : 0.8 sec 

0 0  : 1.Osec 
1 0  1 : 2.0 sec ' 

1 0 : 4.0 sec 
I I I : 8.0sec 

Define Mode LED duty cycle 
0 0 : disable 
0 1  : 25% 
I O  : 50% 
1 1 : 75% 

I U I P Y U - ~ I I  
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INDEX 72H default DOH 
Bit Description 
7-0 Shadow 110 port for port 70H data 

INDEX 73H default OOH 
Bit Description 
7-0 Power Control status output 

command 
Write to this port will generate 
enpower pulse to update power 
control status. 
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.-_I-- - ----------- 

Section 5 : Programming Guide 

5.1 B a s i c  Procedure and Macro Definition 
a) Delay 

IO-Delay MACRO 
jcxz $+2 
jcxz $+2 
ENDM 

b) Unlock chipset. configure registers 
Open--Chip MACRO 

rnov al, 013h 
out 022h, ill 
IO--Delay 
rnov al, Oc5h 
out 023h, al 
IO-Delay 
ENDM 

c) Lock chipset. configure register!; 
C lose.-C: t i  i p MACRO 

niov al, 01 3h 
out 022h, al 
I (3-D ela y 
mov al, OOOh 
oiil 023h, al 
IO-Delay 
ENDM 

d) Write data to configure register 
; INPIIT: AH - IN [)EX# 
; INPUT: AL Data 
; ACTION : Write the value of Al. into the value of AH INDEX 
; Interrupt controller and Stack are available 
Write-_To--C hip PROCEDURE 

CII 
push ax 
Op en-C h i p 
POP ax 
out 022h, al 
IO-Delay 
xchg ah, a1 
otit 023h, 81 
IO-Delay 
xchg ah, al 
push ax 
C I ose-C h i p 
POP ax 
Stl 
ret 
ENDP 
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e) Read data from configure register 
; INPUT: AL - INDEX# 
;OUTPUT: AL - Data 
; ACTION : Read data from the value of AL INDEX 
; Interrupt controller and Stack are available 
Read-Fro m-C h i p P ROC 

cli 
push ax 
Open-Chip 
POP ax 
aut 022h, al 
IO-Delay 
in al, 023h 
IO-Delay 
push ax 
C I o s e-C h i p 
POP ax 
sti 
ret 
ENDP 

5.2 Detection and Setting of Fast Page Mode and ED0 DRAMS 
; BDO must be pulled high IOK 
; Stack must be available 
; all routines in this section must be executed at ROM access 

DRAM-Type-Detect ion: 
mov ax, 01010h 
ca II Read-F rom-C h ip 
and al, 00000111b 
or al, 01010000b 
xchg ah, al 
call Write-To-Chip 

; Set mode 5 for DRAM detection 

mov ax, 03c3ch 
call Read-From-Chip ; to enable ED0 DRAM timing detect 
or al, OOOOOOlOb ; mode. 
xchg ah, al, 
call Write-To-Chip 

; Set the bit I of INDEX 3Ch to '1' 

push ds 
mov ax,Oh 
mav ds,ax 
mov ds: word ptr[Oh], Oaaaah 
mov ds: word ptr[IOOOh], 05555h ; dummy write 
cmp ds: word ptr[Oh], Oaaaah 
je ' Is-EDO-type-DRAM 
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I s-Fa s 4_Pa g e-M od e-Pyp e-D RAM : 
mov 
call 
and 
xchg 
call 
Imp 

ax, 03c3ch 
Rea d-,Frorn.-C h i 1) 
at, 11111101b 
ah, al ; rnode 
Write-To-C h i p 
Finis h--DRAM-Type-Detection 

; Disable €DO DRAM timing detect 

I s-Ei 0 (3-Pype-DRAM : 
mov ax, 03c3ch 
ca II 
and al, '11111101b 
xchg ah, al 
call Write-,To-chip 

Rea d-,F ro m.-C h i p 

mov ax, 03737ti 
ca I I 
or al, 00000001 b 
xchg ah, al 
call Write-,To-Chip 

Re a d-.F ro m,-C h i p 

: Disable ED0 DRAM timing detect 
; rnode 

; Set ED0 DRAM mode 

s-- -----I- 
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5.3 Memory Auto Sizing 

big-gdt-descriptor label fword 
dw 
dw offset big-gdt 
db Ofh  
db 93h 
dw OOOOh 

big-gdt-end - big-gdt - 1 

big-gdt label qword 
dq 0 
dq - 008f93000000fMh 
dq 000093000000ffffh 

big-gdt-end'equ . $ 

mem-config-table label word 

, 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 

memory mode 

001 1 h, 
I l l l h ,  
031 1 h, 
331 1 h, 
051 1 h, 
0002h, 
0022h, 
0322h, 
3322h, 
0522h, 
5522h, 
0032h, 
0332h, 
0052h, 
0003h, 
0033h, 
0333h, 
3333h, 
0533h, 
5533h, 
0053h, 
0553h, 
5553h, 
0004h, 
0044h, 
5544h, 
0054h, 
0005h, 
0055h, 
0555h, 
5555h, 
0066h, 

type pattern 
0000h, 
0010h, 
0020h, 
0030h, 
0040h, 
0050h, 
0060h, 
0070h, 
0080h, 
0090h, 
OOaOh, 
OObOh, 
OOcOh, 
OOdOh, 
OOeOh, 
OOfOh, 
0008h, 
0018h, 
0028h, 
0038h, 
0048h, 
0058h, 
0068h, 
0078h, 
0088h, 
0098h, 
00a8h, 
00b8h, 
00c8h, 
00d8h, 
00e8h, 
00f8h, 

; limit of gdt 

total 
memory 
0001 h, 
0002h, 
0003h, 
0005h, 
0009h, 
0001 h, 
0002h, 
0004h, 
0006h, 
OOOah, 
0012h, 
0003h, 
0005h, 
0009h, 
0002h, 
0004h, 
0006h, 
0008h, 
OOOch, 
0014h, 
OOOah, 
0012h, 
001 ah, 
0004h, 
0008h, 
0018h, 
OOOch, 
0008h, 
0010h, 
0018h, 
0020h, 
0040h, 

; Stack must be available 
: all routines in this section must be executed at ROM access 

Type 
; o  
;I 
; 2  
; 3  
; 4  
; 5  
; 6  
; 7  
; 8  
; 9  
; 10 
; 11 
; 12 
; 13 
; 14 
; 15 
; 16 ' 

; 17 
; I 8  
; 19 
; 20 
; 21 
; 22 
; 23 
; 24 
; 25 
; 26 
; 27 
; 28 
; 29 
; 30 
; 31 
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Auto,-DRAM-sizi ng : 

call ~)RAM~-Type-Uetection 

; enable 8042 address line 20 here 

.386p 
mov eax, cr0 
or al, Olh 
mov crO, eax 

cli 

lgdt cs: big.-gclt-descriptor 
jmp short enter-1mtected-mode 

enter-protected-mode: 
mov 
rnov 

mov 
call 
and 
or 
xchg 
call 

xor 
tnov 

s izi 11 g-ba n k-23: 
rnov 
and 
or 
tnov 
mov 
CmP 
jr 

, 

mov 
and 
or 
mov 
rnov 
CmP 
jz 

mov 
and 

rnov 
tnov 
cmP 
jz 

or 

and 

ax, ODO8h 
ds, ax 

ax, 01OlOh 
Kea d-Fro ni--C h i p 
i31, 000001 I 1  b 
a/ ,  I 1  101 00(3b 
ah, al 
Write-To-Chip 

dx, dx 
esi, 3000h 

odi, 800h 
dl, OfOh 
dl, 5 
ds: word ptr[esi+edi], Oaa!39h 
ds: word ptr[esi], 099aah 
ds: word ptr[esi+edi], Oaa99h 
sizirig--ban k._23_end 

edi, 100h 
dt, OfOh 
111, 3 
ds: word ptr[esi+edi], Obb88h 
ds: word ptr[esi], 088bbh 
cis: word ptr[esi+edi], Obb88h 
s izin CJ-- ba n k-23-en d 

edi, 2ti 
dl, OfOh 
di, 1 
ds: word ptrlesicedi], Occ77h 
cls: word ptr[esi], 077cch 
d s: word p t f [ c s i + ed i], Occ.77 h 
sizing-- h a n 1{-23+n d 

ell, OfOh 

; Detect and set the E D 0  DRAM 

; Set PE 
; Enter protected mode 

; Set mode 30 for DRAM sizing 

; store DRAM mode 
; A13, A12 enable - bank 3 

; A l l  

i 5--4M 

; dummy write 

; 4M, go to test next bank 

; A10 

i 3 1 M 

; dummy write 

; I M ,  go to test next bank 

; A I  

1 1 --256K 

; dummy write 

; 256K, go to  test next bank 

; none in this bank 

I- ---. 
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sizing-bank-23-end: 
cmp esi, 2000h 
jz short sizing-bank-01-begin 
sub esi, IOOOh 
shl dx, 4 
jmp sizing-bank-23 

sizing-ban k-01-beain: 
mov 
call 
and 
or 
xchg 
call 

skin g-ba n k-0 1 : 
shl 

mov 
and 
or 
mov 
mov 
CmP 
jZ 

mov 
and 
or 
mov 
mov 
CmP 
jz 

mov 
and 
or 
mov 
mov 
CmP 
jz 

rnov 
and 
or . .mov 

CmP 
j+ 

rnov 

and 
jmp 

i x ,  01010h 
Read-From-Ch ip 
al, 000001 11 b 
al, 11111000b 
ah, a1 
Write-To-C hip 

dx, 4 

edi, IOOOh 
dl, OfOh 
dl, 6 
ds: word ptr[esi+edi], Odd66h 
ds: word ptr[esi], 066ddh 
ds: word ptflesi+edi], Odd66h 
sizing-bank-Ol-end 

edi, 800h 
dl, OfOh 
dl, 5 
ds: word ptr[esi+edi], Oee55h 
ds: word ptr[esi], 055eeh 
ds: word ptflesitedi], Oee55h 
sizing-bank-01-end 

edi, 400h 
dl, OfOh 
dl, 3 
ds: word ptr[esitedi], Off44h 
ds: word ptr[esi], 044ffh 
ds: word ptr[esi+edi], Off44h 
short is-lor2M 

edi, 2 
dl, OfOh 
dl, I 
ds: word ptflesitedi], Ol2abh 
ds: word ptijesi], Oabl2h 
ds: word ptGesi+edi], O12abh 
short is-2or5K 

dl, OfOh 
short s iz i ng-ba n k-0 I-end 

; finish sizing bank 3 and 2 

; go to sizing bank 2 

; Set mode 31 for DRAM sizing 

; next bank 

; A12 

; 6 -- 16M 

; dummy write 

; 16M, go to test next bank 

; A l l  

; 5 - -4M 

; dummy write 

; 4M, go to test next bank 

; A10 

; 3- -1M 

; dummy write 

; 1 or 2M, go to is-lor2M to check 

; A I  

; 1 -- 256K 

; dummy write 

; 256 or 512K, go to is-Zor5K to check 

; none in this bank 
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is-I or2M. 
rnov edi, 1000000 
mov ds: word ptr[esi+ediJ, 03lcdh 
mov ds: word ptriesi], Oed34h 
cmp ds. word ptr[esi+edi], 034cdh 
jnz short siriny~._batik_OI_end 
and dl, OfOh 
or dl, 4 
jmp short siring--bank-Ol-end 

is-,Zor5K: 
mov edi, I00000 
rnov ds: word ptr[esi+edi], 05f3efh 
rnov ds: word ptflesi], Oef56h 
cmp ds: word ptr[esi+edi], 056efh 
jnz 
and dl, OfOh 
or dl, 2 

short sizing_-ba nk-01 -en d 

; A24 

; dummy write 

; 1M 

; 2M 

; A20 

; dummy write 

; 256K 

; 512K 

siri ng-,ban k-0 1 -end: 
cmp esi, 0 
jz short sizing.-meniory-end 
rnov esi, 0 ; bank 0 
j m p sizing-. ba n k-0 1 

siz i ng...tneniory_en d: 
tnov ax, OlOh 
mov ds, ax 

; reset descriptor 

mov eax, crO ; reset PE 
and ai, Ofeh 
mov crO, eiix 
jmp short enter-real-mode 

entt.?r--real_qmode: 
286p 

: disable 0042 address line 20 here 

mov 
mov 

check--mode ; 
rnov 
CmP 
jz 
add 
loop 

si, offset cgmup: mem-config-table 
cx, 32 

ax, cs: word ptr[si] 
dx, ax 
short check.-mode-end 
si, 6 
check.-mode 

; Display rnernory error here 

, if dx '= C)OO1, set rnocfe 5 for 512K DRAM 

- -.I..I--- 
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check-mode-end: 
mov bx, cs: word ptr[si+2] 

mov ax, Ol010h 
call Read-From-Chip 
and al, 000001 I I b 
or al, bl 
xchg ah, al 
call Write-To-Chip 

; Set DRAM Mode 

I 

; Do your memory remapping setting here. 

; Use the total DRAM size to check whether the remapping is 
; allowable or not. 
; Use the total DRAM size to set the bit 7-4 of INDEX 12h Split address. 
; Select the remap mode by setting the bit 1 of INDEX I 1  h. 

5.4 Remapping Memory 

If enable memory remap(lNDEX 11 h, bit 2); we have two choices: split or move-out. We can use the split mode when the 
size of the DRAM is less than 16M owing to the limitation of hardware. In this way, the available memory is increased. 
When the memory size is less than 16M, we can also choose the move-out mode. Therefore, we should get the DRAM 
size by the Auto-DRAM-Sizing routine. The details of setting the configure registers are described a s  follows : 

; Get the total memory size to bl 

; I ) .  Get the total memory size from Auto-DRAM-Sizing 
I 

rnov bl, cs: byte ptr[si+4] 

; or 2). Using the fol1owin.g routine to get the total memory size from reading DRAM mode 

rnov al, OlOh 
call Read-From-Chip 
and al, 11111000b 
xor dx, dx 
or dl, al 
mov si, offset cs: mem-config-table 
mov cx, 32 

mov ax, cs: word ptr[si+2] 
cmp dx, ax 
jz short check-mem-mode-end 
add si, 6 
loop check-mem-mode 

mov bl, cs: by&e ptr[si+4] 

check-mem-mode: 

check-mem-mode-end: 

cmp bl, 16 
ja do-remap-memory 

; if bl >= 16 (the memory size is equal to or greater than 16M ), disable memory remapping. 
rnov ax, O l l l l h  ; Disable memory remapping 
ca II R ead-From-Ch ip 
and al, I I l l l O l l h  
xchg ah, al 
ca I I  Writ e-To-C hip 

; Otherwise, doing memory remap in the following routine 
; 1) We would like to choose move-out mode 
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mov ax, 01 'I 11 h 
call Kead-From.,.Chip 
and al, 11111001b 
or al, OOOOBllOb 
xchg a h , a l  
ca I I Writc3-To-C 1.1 i p 

mov ax, C11212h 
ca II Rea d-From.-.C h ip 
and al, 00001 11 I b 
or al, 11110000b 
xchg ah, al 
call Write-To-Chip 

; or 2) We would like to choose split inode 
rnov ax, 01 11 I h 
call Read_From.,.Chip 
and al, 11111001b 
or al, 000O0100b 
xchg ah,a l  
ca II Write-To-C h i p 

rnov ax, 01212h 
ca I1 
and ai, 00001 I1  I b  
5hl bl, 4 
or ai, bl 
xchg a l i ,a l  
ca II Writ (?-To-(: I I i p ' 

Rea d-f-rom- .Ch ip 

; Enable memory remapping 
; Select move-out mode 

: Set Split address SP[23-201 
; to [1111] 

: Enable memory remapping 
; Select split mode 

; Set Split address SP[23-201 
; t o  [1111] 

; bl -total memory size 

5.5 Interrupt controller edge/level trigger programming 

The default setting of M6117C interrupt controller is edge trigger disregarding the value of ICWI. M6117C has the ability 
of setting each IRQ to be edge or level trigger by decoding I/O ports 04dOh and 04dl t i .  

To enable this feature, set the bit 2 of INDEX 3Ch to 'l', 
mov ax, 03c3ch ; Enable IRQ level trigger selection 
ca II 
or al, 0000010Ob 
xchg ah,a l  
ca I I Writ e-To-C I? i p 

Rea d-Fro m--,C h i p 

. 
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Then the I/O port 04dOh and 04dl h can set the corresponding IRQ to be level trigger 
I/O port 04dOh - Interrupt controller I 

bit 7 - IRQ7 
b i t6  - IRQ6 

bit 1 - IRQI 
bit 0 - IRQO 

bit 7 - IRQ15 
bit 6 - IRQ14 

110 port 04dl h - Interrupt controller 2 

bit I - IRQ9 
bit 0 - IRQ8 

To enable IRQIO to be level trigger, use 
mov dx, 04dlh 
in al, dx 
I 0-0 e lay 
or al, 00000100 
out dx, al 
I 0-D ela y 

; bit 2 - IRQlO 

5.6 PMU Programming Guide 

5.6.1 Power Management Mode Selection 

If any event happens, M6117C will check the setting of INDEX 55h and INDEX 38h to generate a signal. 
I) SMI support : 

mov ax, 05555h 
call Read-From-Chip 
and al, 11111100b 
xchg ah, al 
call Write-To-Chip 

; SMI support 

2) NMI support : 
. rnov ax, 05555h 

ca I I  Read-From-Ch ip 
and al, 11 11 I lOOb 
or at, 00000001 b 
xchg ah,al 
call Write-To-Chip 

3) IRQ15 support: 
rnov ax, 05555h 
call Read-From-Chip 
and al, 11111100b 
or al, OOOOOOlOb 
xchg ah, al 
call Write-To-Chip 

; NMI support 

; IRQ15 support 
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4) Other IRQs support IKG13, IHQ4, IRQ5, IRQ6, IF?Q7z IRQ9, IRQIO, IRQI I ,  lRQ12, IRQ14 
mov ax, 055551-1 
call t?ead-Frorn-Chip 
or al, UOOOO01 I b ; IRQ3, IRQ4,*RQl4 support 
xchg ah, al 
call Write-To-Chip 

Then set the bit 3-0 of INDEX 38h to IRQ number 
rnov ax, 03838h 
ca II Rea d-.Fro tn -C h ip 
and al, 11110000b 
or al, U O O O O O I  I b , lRQ3 support 
(or al, 00000100b , IHQ4 support 
(or al, 00001 110b , IRQ14 support 
xchg ah,  al 
call Write-To-Chip 

5.6.2 Structure of Power Management routine 

tnov ax, 05656h 
call Reacl-.From,-Chip 
and al, O l l l l l l l b  
xchg ah,al 
call WriCe-,To-Chip 

; read event from INDEX 5bh 
mov al, 05trh 
ca I I  R ea d-.Fro mi-C h i 1, 
; check the bit4-0 of INDEX 5bh 
; disable PMU state 
mov ax, 05656h 
call Kead-.Fratn,-Chip 
and al, ~ l l l 1 l O l l b  
xchg ah, al 
call Write-To-C hip 

; disable original event 
; by clearing INDEX 58h, 59h, 5ah 

; disable SMI signal 

; disable PUM state 

; de your power management routine here 

; set the condition of your next power management event 
; by setting INDEX 57h, 58h, 59h, 5ah, 5ch, 5dh, 5eh, 64h, 66h, 67h, 69h, 6bh, 6ch, 6dh, 
; 6eh, fif, 70h 

I- -s-II-- 
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5.6.3 Power management example 

In the following example, use 
LPOETW( INDEX#, DATA) to write chipset. configure register and 
LPORTR( INDEX#) to read chipset. configure register 

Example I :. Mode Translation 

LPORlW( 056h,084h); 
LPORlW(057h,008h); 
LPORTW(059h,020h); 
LPORTW( 064 h, 067h); 

L P O R W (  056h,004h); 
LPORTR(O5Bh); 

LPORTR(O6Ah); 

LPORTW(059 h,000h); 
LPORTW( 05Ah,080h); 
LPORTW( 056hS084h); 
DB OD6h ; 
DB OE6h ; 

P The DOZE, STANDBY, SUSPEND modes are defined by the BIOS *I 
/* Enable SMI, PMU and set the system state at ON mode *I 
I* Monitor IRQs in this example */ 
I* Enable MODE timer *I 
I* Set the time base of the MODE timer as 60 min *I 
I* SMlJ will be generated if no IRQ is active during 60 min *I 
/*Wait for the assertion of SMIACKJ *I 
/" Deassert SMlJ *I 
I* To read the SMI cause *I 
/* It should be the MODE timer time-out in this example *I 
I* Read the time-out status */ 
I* Start SMl routine */ 
I* Clear MODE time-out event */ 
I* Set IN(standard input) as a wake-up event *I 
I* Enable SMI again *I 
/* End SMI routine *I 
r RETPM *I 

. 
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Example 2 : External Switch 
LPORTW( 056h,084h); 
LPORTW( 067h,O03h); 
LPORTW( 058ht000h); 
LPORTW(05Uh,040h); 

LP 0 RT R (0!5 13 h ); 

LPORTR(OG'7h); 

LPORTW(058h,O00h); 
LPORTW(058h,O40h); 
LPORlW(05Ah,080h); 
LPORTi/V( 056 h ,  084h); 
DB OD6h 
DB OE6h 

P Enable SMI and PMU function Y 
I* Set external switch both low-to-high and high-to-low active *I 
I* Clear external switch */ 
/* Enable external switch */ 
P SMI is generated when external switch is  pushed *I 
/* Wait for the assertion of SMIAGKJ */ 
/* To find out the SMI event is caused by which time-out event */ 
/* It should be the external switch active in this example */ 
P Check the external switch status */ 
/* Start SMI routine *I 
I" Clear external switch *I 
/" Enable external switch */ 
/* Set IN(standard input) as a wake-up event *I 
/* Enable SMI again */ 
/* End SMl routine ' I  
/* KETPM */ 

Example 3: llsage of the IN Group 
IN a r o w  is used to monitor the activity of 1:he standard input devices - ,  
IN group is defined as: 

IN group tirner time-out: 

IRQI: default for keyboard 
IRQl2: optional for PS/2 mouse ( index 66--05) 
IRQ4: optional for COMl mouse ( index 66-D6) 
IHQ3: optional for COM2 rnouse ( index 66-D7) 

(I) Generate power control signal to turn off the screen 
(2) Enter SMM by asserting SMIJ 

(1) Generate power control signal to turn on the screen 
(2) Enter S M M  by asserting SMIJ 

IN group access: 

Hence, rnionitoring the IN group activity can be used to implement the function of the acreen saver". Besides, it will not 
impact the performance of 'the running program, instead the whole power can be reduced dramatically. 

Example 4 : Software SMI Event 

l.PORTW( 0x56 ,OxC4); /* Ei:nable SMI and PMU function, and enable software SMI */ 
I* SMIJ is asserted */ 
/*Wait for the assertion of SMIADSJ */ 
/* Read SMI cause, it should be software SMI *I 
/* Deasscrt SMIJ */ 
/* Start :;MI routine */ 
/* Enable SMI again *I 
/* End SMI routine */ 

LP QRTR (Ox5 E3); 
LP 0 R TW( 0x5 6,Ox04); 

LPORTW((lx56,0x84); 
DB OD6h; 
DE3 OE6h; P RETPM */ 

-Ye __I 
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Example 5 : SMM Remap Start Address 

LPORTW(Ox20,OxBO); 
MOV eax, OOOFOOOOh 
DB OD6 h,OCAh,OJ h, OAOh 
DB 0D6h,OC8hS03h,OAOh 
DB OF1 h 

LPORTW(Ox20,0x90); 
mov eax, OOOAOOOOh 
DB ODGh,OCAh,O3h,OAOh 
D B OD6 h , OC 8 h , 03 h , OAO h 
DB OF1 h 

I' Remap start address to F region, no shadow *I 
I* start address = OOOFOOOO */ 
I* Load EA0 to ultra SR register*/ 
/* Load ultra SR register to EA0 *I 

/* Remap start address to AB region, shadow */ 
I* start address OOOAOOOO *I 
I* Load EA0 to ultra SR register*/ 
/* Load ultra SR register to EA0 *I 

I* ERKPM, instruction to enter SMM mode, *I 

I* BRKPM. instruction to enter SMM mode *I 

LPO RTW( 0x20, OxAO); 
mov eax, OOOEOOOOh 
DB OD6h,OCAh,OJh,OAOh 
DB OD6h,OC8h,OJh,OAOh 
DB OF1 h 

I* Remap start address to E region, shadow *I 
I* start address = OOOEOOOO *I 
I* Load EA0 to ultra SR register*/ 
/* Load ultra SR register to EA0 */ 

I* BRKPM, instruction to enter SMM mode */ 

LPORTW(Ox20,OxB8); 
mov eax, FFFFOOOOh 
DB ODGh,OCAh,03 h, OAO h 
DB OD6h,OC8h,03h,OAOh 
DB OFlh 

I* Remap start address to F region, shadow *I 
I* start address = FFFFOOOO *I 
I* Load EA0 to ultra SR register*/ 
I* Load ultra SR register to EA0 *I 

I* BRKPM, instruction to enter SMM mode */ 

Example 6 : Stop Internal CPU Clock 

mov eax, 00080000h 
DB ODGh,OFAh,O'Jh, 02 h 
hlt 

/* Set Power Control Register Clock Stop Bit = I *I 
I' MOV PWRCR, EA0 , where PWRCR is Power control register*/ 
I* Stop internal CPU clock *I 
I* Wake up by INTR, NMI *I 

5.7 Flowcharts 

Note : The following notations below have the following meanings. 
HAi (where I is an integer) denotes a specific CPU address. 
HAi[j] denotes the jth bit of the address lines HAi. 
*Ai & HAiO] = K denote the specific address Hai is with a binary value K assigned to the jth bit. 
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Define addresses EIS follows 
HA'I : H A 0  & t-1A0[24,20,11, ' I O ]  = 0000 
HA2 t iAO & tHA0 [%4,20 ,11 ,10 ]  = 0 0 1 0  
HA3 H A 0  & t H A 0 [ 2 4 , 2 0 , 1 1 , 1 0 ]  I I 0 0 0  
HA4 HA0 & t ~ A 0 [ 2 4 , 2 0 , 1 1 , 1 0 ]  = 0 0 0 1  

A. Flowcharl of Detecting Memory Mode 
~ __ 

Memory Auto Siring 

Disable pal ity checks, 
LPORTW O I O h ,  OEDh , Assuine Mode E: 30 

I----- -- 

n=3 

r -- + ___ 

- 

_-.. __ 
HA0 with 
Choose an address 

-~_____-- 

Memory Read Address = HA1 with Data = 132 L-- -___ I .~ . ___ 

.--t---~ 
0 3  = 134>-- N O  

___ 
Memory Write : Address = HA3 with Data = D5 
Memory Read : Address = HAT witth Data = D6 

Bank n is 4M DRAM 

.- _____I-.____.___ x-  
---@< D 6 z D 4  < /' B5=D6)------ -1. No 

, . -  l... 
-..__<. 

J yes  1 Yes 

4 

-~ ~ ~ ~ 

/MeGory Write : Address = HA4 with Data = D7 
:Memory Head : Address = HA1 witti Data = D8 ___-___ \ ~ ~ . . ~  . - ~ 

Ver. 0.93, Document Number: 6J17DSCI.doc 
Acer Laboratories, Inc., USA, 183013 Bering Drive, San Jose, CA 95112: Tel: 408-467-7456; Fax: 408-467-7474 
www acedabs corn 

Page 67 



Acer Laboratories Inc. M6117C Preliminary Datasheet 

. ' 
*' 

No 
Error 

No 

Memory Write : Address = HA5 with Data = 0 9  
Memory Read : Address = HA1 with Data = D10 

Bank(n) = 3 
Bank n is 1M DRAM 

1 

Define addresses as follows 
HA1 = HA0 8. HA0 [25,24,20,12,11,10]=000000 
HA2 = HA0 & HA0 [25,24,20,12,11,10]=100100 
HA3 = HA0 8 HA0 [25,24,20,12,11,10j=000010 
HA4 = HA0 8 HA0 [25,24,20,12, I 1,10]=010000 
HA5 = HA0 & HA0 [25,24,20,12,11,10]=000001- 
HA6 = HA0 & HA0 [25,24,20,12,11,10]=001000 

Bank n is 256K DRAM Bank n is 512K DRAM 

Yes 

LPORTW OIOH, OF8H ; Assume mode = 31 + 

n = l  

1 1 

1 1 
Choose an address HA0 
with HA0[13] = 1 

Choose an address HA0 
with HAO[ 131 = 0 

Memory Write : Address = HA1 with Data = D1 
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Memory Write : Address  tHA2 with Data :=D3 
Memory Read : Address= HA1 with Data :-D4 

1 c -. - - . ~  

---1___1--~-_I_~-_ 

Mcrriory Write . Address:. HA3 with Data =D5 
Merriory R e a d  : Address-: HA1 with Data =I36 

--------I---- 
/\ 

JYes 

jsank(n)=6 1 @ 
Bank n is 16M DRAM 

Yes 

- ---_1_- ------I- 

I____--I_____-l__l_ ___._ 

---"--."- - 

p-7- 
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' 

D10 = D8 Error 
No 

I 

Case Bank (3-0) 
0,0,1,1 : Memory Mode = 0 
1 ,I ,? ,I : Memory Mode = 1 
0,3,1 ,I : Memory Mode = 2 
3,3,1 ,I : Memory Mode = 3 
0,5,1,1 : Memory Mode = 4 
0,0,0,2 : Memory Mode = 5 
0,0,2,2 : Memory Mode = 6 
0,3,2,2 : Memory Mode = 7 
3,3,2,2 : Memory Mode = 8 
0,5,2,2 : Memory Mode = 9 
5,5,2,2 : Memory Mode = 10 
0,0,3,2 : Memory Mode = I 1  
0,3,3,2 : Memory Mode = 12 
0,0,5,2 : Mepory Mode = 13 
0,0,0,3 : Memory Mode = 14 
0,0,3,3 : Memory v o d e k  15 
0,3,3,3 : Memory Mode = 16 

I Yes I Yes 

L 
I 

+ 
Memory Write : Address = HA6 with Data =D1 I 
Memory Read : Address = HA1 with Data = D12 

1 Yes 

Bank (n) = 2 
Bank n is 512K DRAM 

1 Yes 
Bank (n) = 1 
Bank n is 256K DRAM . 

n = n - I  

3,3,3,3 : Memory Mode = 17 
0,5,3,3 : Memory Mode = 18 
5,5,3,3 : Memory Mode = 19 
0,0,5,3 : Memory Mode = 20 
0,5,5,3 : Memory Mode = 21 
5,5,5,3 : Memory Mode = 22 
0,0,0,4 : Memory Mode = 23 
0,0,4,4 : Memory Mode = 24 
5,5,4,4 : Memory Mode = 25 
0,0,5,4 : Memory Mode = 26 
0,0,0,5 : Memory Mode = 27 
0,0,5,5 : Memory Mode = 28 
0,5,5,5 : Memory Mode = 29 
5,5,5,5 : Memory Mode = 30 
0,0,6,6 : Memory Mode = 31 
Others : Type is undefined 

: , 
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8. Flowchart of Enabling the Shadowed Regions 

Shadowed ROM Region Setting 

_ _ 1 - 1 1 -  

Enable Write and Disable Read of page EF. c -_____-_ 

1 _____ 
LPORTW 015h, 055h 

- ..Lp 
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Enable SMI 
LPORTW 056h, 084h 

1 [New SMI Eventb MI386 may enter its power saving 

C. SMI Control Flowchart 

mode (internal clock stop) here and 
wait for IRQ, NM! to wakeup 

1. 

SMI event 
SMIJ Asserts 

1 
SMI acknowledge Asserts 

Enter SMM mode : SMI routine 
1 

a. Time-out SMI = Mode Time-out 
b. Trigger SMI P IRQ,DRQ,IN-device access, 

c. 110 Trap SMI = GPO, GPI,LPT,HDD,VGA 
d. Software SMt : 

RTC alarm, EXTSW 

1. M1386' 'instruction 
OPcode=OFl h 

2. Set index 056h : bit 6 

I Read SMI cause 
LPORTR 05Bh 

Trigger SMI Access SM1 
Time-out (110 trap) 

I 

Clear SMI 1 lndex056h= bit7 I 

"I" index 057h & 058h 

ETPM :db OD6h, OE6h 
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4. M6117C Power Saving Mode 

Normal Bus Cycle 
NMI =1 or NMI .=1 or 

INTR=I or IN’rR=I or 
Reset=l Reset=l 

HLDREQ-10 

Hold State 
l_lll-.llll- 

Question : How to set PCSTP ? (Power Clock Stop) 

Answer : MOV EAX, 00080000h 
LIB ODGh, OFAh, 03h ,  02h 
/” MOV PWRCR. EA0 */ 

---- 
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6 

7 

a 

9 

10 

. 

512K 0,l row A l l  A12 A13 A14 A15 A16 PA17 PA18 PA19 PA20 A1 0 

512K 0,l row A l l  A12 A13 A14 A15 A16 PA17 PA18 PA19 PA20 A t 0  
column A2 A3 A4 A5 A6 A7 A8 A9 A I  

column A2 A3 A4 A5 A6 A7 A8 A9 A1 

column A2 A3 A4 AS A6 A7 A8 A9 A1 A1 0 

column A2 A3 A4 A5 A6 A7 A8 A9 A1 

column A2 A3 A4 AS A6 A7 A8 A9 A1 A I  0 

column A2 A3 A4 AS A6 A7 A8 A9 A I  

column A2.A3 A4 A5 A6 A7 A8 A9 A1 A10 A l l  
512K 0,l row A l l  A12 A13 A14 A15 A16 PA17 PA18 PA19 PA20 - - A I  0 

column A2 A3 A4 AS A6 A7 A8 A9 A1 
4M 2,3 row PA21 PA22 A13 A14 A15 A16 PA17 PA18 PA19 PA20 PA25 - A1 2 

column A2 A3 A4 A5 A6 A7 A8 A9 A1 A10 A l l  

1M 2 row A l l  A12 A13 A14 A15 A16 PA17 PA18 PA19 PA20 - - 
512K 0,l row A l l  A12 A13 A14 A15 A16 PA17 PA18 PA19 PA20 A1 0 

1M 2,3 row PA21 A12 b.13 A14 A15 A16 PA17 PA18 PA19 PA20 A1 1 

512K 0,l row A l l  A12 A13 A14 A15 A16 PA17 PA18 PA19 PA20 A I  0 

4M 2 row PA2t A12 A13 A14 A15 A16 P A j 7  PA18 PA19 PA20 PA22 - 

. 
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MA Table (continued) 

5 A13 A14 A15 A T  

A14 A15 A16 

A14 A15 A16 

A14 A15 A16 

MA6 MA7 MA8 

PA17 PA18 PA19 

PA17 PA18 PA19 

PA17 PA18 PA19 

PA17 PAIS PA19 
A8 A9 A I  

PA17 PA18 PA19 

PA17 PA18 PAIS 
A8 A9 A I  

Aa ~9 AI 

A8 A9 A I  
PA17 PA18 PA19 

PA17 PA18 PAIS 
A8 A9 A I  

I ---r~ ~1 
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DRAM 
mode 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MA Table (continued) 

DRAM 
type 
1M 

4M 

1M 

4M 

4M 

2M 

2M 

2M 

4M 

2M 

4M 

4M 

4M 

4M 

4M 

4M 

16M 

Bank 

0 

192 

0 

1 

2,3 

0 

Ob1 

2,3 

0 

1 

0 

0,l 

081 

2 

0-3 

Of1 

DRAM 
addr 
row 

coolumn 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 
row 

column 

MA0 MA1 MA2 MA3 MA4 MA5 

A l l  A12 A13 A14 A15 A16 

PA21 PA22 A13 A14 A15 A16 

A l l  A12 A13 A14 A15 A16 

PA21 A12 A13 A14 A15 A16 

PA21 PA22 A13 A14 A15 A16 

A l l  A12 A13 A14 A15 A16 

PA21 A12 A13 A14 A15 A16 

PA22 A i 2  A i 3  A14 A15 A16 

PA21 PA22 A13 A14 A15 A16 

A l l  A12 A13 A14 A15 A16 

PA21 A12 A13 A14 A15 A16 

PA21 A12 A13 A14 A15 A16 

PA21 PA22 A13 A14 A15 A16 

PA21 PA22 A13 A14 A15 A16 

PA21 A12 A13 A14 A15 A16 

PA21 PA22PA23 A14 A15 A16 

PA21 PA22 PA23 A14 A15 A16 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A2 A3 A4 

A5 A6 A7 

A5 A6 A7 

A5 A6 A7 

A5 A6 A7 

A5 A6 A7 

A5 A6 A7 

A5 A6 A7 

AS A6 A7 

A5 A6 A7 

A5 A6 A7 

A5 A6 A7 

AS A6 A7 

A5 A6 A7 

A5 A6 A7 

AS A6 A7 

A5 A6 A7 

A5 A6 A7 

I Refresh Address (RAS only) I RA2 RA3 RA4 RA5 RA6 RA7 R A O  RA1 RA8 RA9 RAlO I 

MA6 MA7 MA8 MA9 MA10 MA1 1 Enable 
Bank 

PA17 PA18 PA19 PA20 
A8 A9 A I  A I  0 

PA17 PA16 PA19 PA20 PA23 A12 
A8 A9 A I  A10 A l l  

PA17 PA18 PA19 PA20 
A8 A9 A I  A I  0 

PA17 PA18 PA19 PA20 PA22 
A8 A9 A1 A10 A l l  

PA17 PA18 PA19 PA20 PA23 A I  2 
A8 A9 A1 A10 A l l  

PA17 PA18 PA19 PA20 PA21 
A8 A9 A I  A1 0 

PA17 PA18 PA19 PA20 PA22 A1 1 
A8 A9 A I  A10 

PA17 PA18 PA19 PA20 PA22 A? 1 
A8 A9 A1 A1 0 

PA17 PA18 PA19 PA20 PA23 A I  2 
A8 A9 A I  A10 A l l  

PA17 PA18 PA19 PA20 PA21 
A8 A9 AT A I  0 

PA17 PA18 PA19 PA20 PA22 
A8 A9 A I  A10 A l l  

PA17 PA18 PA19 PA20 PA22 
A8 A9 A1 A10 A l l  

PA17 PA18 PAIS PA20 PA23 A I  2 
A8 A9 A I  A10 A l l  

PA17 PA18 PA19 PA20 PA23 A I  2 
A8 A9 A1 AZO A l l  

PA17 PA18 PA19 PA20 PA22 
A8 A9 A I  A10 A l l  

PA17 PA18 PA19 PA20 PA24 A13, A12 
A8 A g  A1 A10 A l l  

PA17 PA18 PA19 PA20 PA24 PA25 A13 
A8 A9 A I  A10 A l l  A12 
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Section 6 : Timing Diagrams 

. .... ......................................... (A) P9 Non-pipelined Read. Inactive 3 waits ................ 78 

(8) P9 Nom-pipelined Write ... Inactive ... 2 waits ..... ..... ................................ 

... .. ............................... (C) P9 Non-pipelined Read M i s s  4 waits .......................... 80 

( 0 )  P9 Non-pipelined Write Miss 3 waits ........................... 81 ... ... ......................................... 

(E) P9 Non-pipelined Read ... Hit ... 1 wait .................................. .................. a2 

(F) PQ Non-pipelined Write ... Hit ... 1 wait .............................................. 

(G) P9 Pipelined Read ... Inactive ...  2 waits ............ 

(H) P9 Pipelined Read ... Miss ... 3 waits ...... 

(I) P9 Pipelined Write ... Miss ... 2 wait:;: ................ 

................ 

....... 

.................. 86 

(J) PS Pipelined Read ... Hit ... 0 wait ..................... 

(K) P9 Pipelined Write ... Without Fast Write Hit ... 0 wait. 

(L) P9 Pipelined Read Hit. after Write Hit ... Add 1 wait .. 

(M) P9 Pipelined Write Hit .. .  with Fast Writs Hit ... 7 wait 

(N) P9 Pipslined Read Hit after Fast Write Hit ... 0 wait. 

.............................. 89 

(0) Wavefcirrn of Disabling DRAM controller' ................................................................................. 92 

93 (P) Bank M i s s  for ED0 DRAM Timing 
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(A) P9 Non-pipelined Read ... Inactive .... 3 waits 

T1 T2 T2 T2 T2 

. .  

NAJ i 
' I  

. .  
RDYOJ i 

Valid Address i At25-11 i 

MA[ll-O] i CQL 

--- RASJ i 

CASJ i 
WEJ i 
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(B) P9 Non-pipelined Write ... Inactive .... 2 waits 

ADSJ 

NAJ 

FZDYOJ 

I-- 
.. 

- -L.- 
Valid Address i 

---- Y I  
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(C) P9 Non-pipelined Read... Miss .... 4 waits 

T I  T2 T2 T2 T2 

ADSJ 

NAJ 

RDYOJ 

L 

/ 

Valid. Address i AI2511 i 
a .  

MA[II-O] i W L  i ROWAddr i COL M d r .  

RASJ i 

CASJ i . ,  - .  

WEJ i 
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(B) P9 Non-pipelined Write,.. Miss .... 3 waits 

7'1 

ACISJ 

NR J 

--- -7-p- 

Ver. 0.93, Document Number: 6117DSCI.doc 
Acer L.aboratorir?s, Inc., USA, 10308 Bering Drive, San Jose, CA 95112; Tel: 408-467-7456; Fax: 408-467-7474 
www acedaf)s.com 

Page 81 



Acer Laboratories Inc. M6117C Preliminary Datasheet 

(E) P9 Non-pipelined Read ... Hit .... 1 wait 

T1 T2 T2 T2 T2 

NAJ i 

RDYOJ i / 
Valid Address i A[25-1] i 

- 
MA[I l -O] i COOL addr 

RASJ i 

CASJ i 

WEJ-i 
. .  
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(F) P9 Non-pipelined Write ... Hit .... 1 wait 
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(G) P9 Pipetined Read.. . Inactive .... 2 waits 

T2P T I  P T2P T2P T2P 

ADSJ i 

NAJ / 
: 

. *  
RDYOJ i \ 
Af25-ll i n Valid Address i n+l Valid Address 

MAfl1-01 i COLaddri x ROW dddr X C O L i a d d r  . Xntl COL addr i 

RASJ i 

CASJ-i 

WEJ i 

. .  

. .  
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(H) P9 Pipelined Read... Miss .... 3 waiits 

ADSJ 

NAJ 

RDYOJ 

-I- 
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(I) P9 Pipelined Write.. . Miss .... 2 waits I 

T2 T l  P T2P T2P T2P T I  P T2P 

. .  
NAJ i 

. .  

RDYOJ 7 , *  

i n Valid Ad9ress i n+l Validbddress 

i nCOLaddri x neOWaddr i Xn CQL x n k l  COLaddr i 
A[25-1] i 

MA[ll-0] I 

RASJ i 

CASJ i 
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(J) P9 Pipe l ined  Read ... Hit .... 0 wait 

T2 P 7'2P T I P  T2 P T I  P 

-I P-pu-u-- 
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(K) P9 Pipelined Write ... Without Fast Write Hit .... 0 wait 

T2P T2P TI  P T2P TIP 

NAJ / 

RDYOJ i 
. '  

i n Valid Adijress in+l Valid Adc$ess 

' I  

A[25-1] i 
MA[lI-O] i nCOLaddri i Xn.1 COG addr 

RASJ i 

WEJ i 
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(L) P9 Pipelined Read Hit after Write Hit ... Add 1 wait 

T2 P TIP 12P 11 P T2P T2P 

PJAJ 

RC)YO J 

A[25-.1] 

MA[ I 'I -01 

RASJ 

CASJ 

VEJ 

8 

_I(-. 

Ver. 0.93, Document Number 6117DSCI.doc 
Acer Labomtvries. lnc., USA, 18308 Eerily Drive, San Jose, CA 95112; re/' 408-467-7456, Fax. 408-467-7474 
www aceflabs corn 

Page 89 



Acer Laboratories Inc. M6117C Preliminary Datasheet 

1 (M) P9 Pipelined Write Hit... with Fast Write Hit... 1 wait 

T I  T2 T2 T2 T2 

.ADSJ i 

I .  

NAJ i 

RDYOJ [ 
. .  

3 V fi  A dr ss i 

M [ l - 0  --x iC0 ; a dr ssi 
. *  
I '  

A[25-1] 

- R A J  i 

C SJ i 
. .  

EJ ' 
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(N) P9 Pipelined Read Hit after Fast Write Hit ... 0 wait 

ADSJ 

NAJ 

RDYOJ 

A[%5-1] 

MA[ '1 1-Oj 

RAW 

C A W  

WEJ 
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(0) Waveform of Disabling DRAM Controller I 

1 1 1 1 1 1 1 l I l I I I l I I I I l I l l l l l l l l l l  

I I I I I I  
IMEMCJI I f I I I I I I )  I l l l l l l l l l l l l l l l l l l  I I ' I ' I * '  I I I I I 1 I 

DATA I I I '101JO I I I X I  1 I 2020 I I )I I I  

A D S J I V I  I I i i i I  I I ~ I  I l l 1  I I C ~ I  I I I I I I I  I I - ~ I  I I I I I I  I I 7~ I l l 1  I 1  

I l l  I l l I I I I l l l l l l l l l l l I l I I l l l l 1  

ADDR 

1 1 1 1 t I , , / t , ( ( ,  

I I I I I I I I I I I l l l l l l l l  I I I I I I I I I I I  

All memory cycles belong 
to DRAM cycles. 

All memory cycles belong to 
ISA cycles . 
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(P) Bank Vliss for ED0 DRAM liming 

e... 

e... 

* e *  

e.... 

mee.mee 

...e.... 

e.... 

....e 

.+e+. 

P.... 

0. .  

........ 

I I I I I I I I I I I I 
-LI"----.-.l- L- 

( - - 'Tx-oladdr ; 9(- n+l  kwadclcx n i l  coladdr 1 
I I I I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I 
I I 
I 1 I I I I I I 
I I I I I I I I 
I I I I I I I I 

1 -  I I I I I 
I I I I I I I 
1 -_--. L---L--L----L--Li-.- 1 I I 
I I I I I I I I I I 
I I I f I I I I I 
I I I I I I I I I I 1 I 

i-----r-- I I ----r--r-----r----r------~r I I I 

I I >+- I X i J  I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I 1:: ;valid ddta T->;\?lidd8r} I I /j( -- 

- ---I__ 
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Section 7 : Electrical Characteristics 

Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 

Although all inputs are protected against ESD or inadvertent connection to high voltages, exposure to stresses exceeding 
absolute maximum ratings may permanently damage the device or seriously affect reliability. 

Symbol Min. Unit 
- 0.5 + 7.0 

v - 0.5 VCC+ 0.5 
C T 0 + 70 

S g  - 65 . o c  

Functional operating range: Tcase = 0 OC 
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7,3 AC Characteristics 

HALE Float delay 
RE:FRESHJ Input setup time 
REiFRESHJ Input hold time 

__I_I-.- 

- _.I- 
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Meaning of symbols : 

Notes : 

1. Parity data is only recognized in non-CPLI memory read cycles, the timing requirements are related to command ending 
2. Parity data are only generatt?d in non-CPIJ memory write cycles, the timing are related to the stable ISA data. The 

3. The timing refers to the generated.delay after the CF'U stable address. 
4. The timing refers to  propagating delay from BD to SCI 
5. The timirig refers to propagating delay from SD to BO. 

memory cycles in notes 2 and 3 refer to  the on-board local memory cycles. 

The following pages show the input waveforms : 
Setup, Hold, Valid, Float t3ei;iy time description 

GLK 7 cy--- 1 r-- 

Cr Ll tpu t ------*- VAL1 D signals -.I--_ly__-- 

Note : I. For coprocessor and DRAM side signals, CLK = CLK2 
2. For ISA side signals, CLK = ATCLK 
3. Signal reference level = 1.5 a/ 
4. Environment : loading 50 pF 

L 

-_ ---__I.__ 
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Data Flow Delay Description 

BD[15-0] 

SD[15-0] i / 

4 5 to 

Clock Skew Time Description 

BCLK2 

ATCLK 

OSCI 4M 

CK7M 

I 
r 

I 
c( w 
i fskewl 
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Section 8 : Packaging Infamiation 

€ 1  

H E  

-- 

seating plane 

C 

us I-.- 
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Section 9 : Revision History 

i.v. 11II 1/97 

p. 15,29 0311 3/98 

p i a  0512a/ga 

p.29 o w m a  
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Appendix 
Subject : 
Date : October 1,1997 
Part & Version : Total Pages : 4 

New Improvement of Power Good Circuit on M6117 

To : 
From : 

All Distributors & M6117 Customers 
ALi 

Note : M6117 needs delay of 150ms for PWG signal. 

0. Please reler to Fig.1 for PWG circuit. 

1. PWG form power supply: 
e 
e 
0 

Power good delay time depends on the power supply spec. 
PWG rise time depends on F78 I C2 value, warm reset delay time depends on C2 / R 9  value, 
Please refer to Fig.:! - Fig. 4 fur scope timing. 

2. PWG form LM393 
e 
e 

6 

PWG rise time, delay time, warm reset delay time all depend on R I C  value 
PWG delay time depends on R5,R6 / C1 value (see table1 for delay time setting), PWG rise time depends on R7 
/ C2 value, warm reset delay time depends on C2 & R 9  value 
Please add CY for LM393 circuit and modify R 5  & R 6  to 470K & 100K If we do not modify LM393 circuit for 
PWG, there may be some power-on failure orr high speed application (such as 40Mhz) Phis change will insert 
delay time for VCC rise to valid voltage 
Please refer to Fig.5 - Fig. 9 for scape timing 6 

--- 
Table1 LM393 delay time 

3. PWG form ADM709MAR 

C 
a 
cb 

PWG delay time fix in 184 rns by ADI. 
PWG rise time depends on K'7 I C2 value, warm reset delay time depends on C2 / R9 value. 
Please refer to Fig.10 - Fig. 12 for scope timing. 

n 

P.. __LI I  
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S w i t c h  

<<PI 

.............................. 

i I .... 

I 

I 

Page 102 Ver. 0.93, Document Number: 6117DSCl.doc 
Acer Laboratories. Inc., USA, 18305 Bering Drive, San Jose, CA 95112; Tel: 408-467-7456; Fax: 408-467-7474 

ww.acerlabs. corn 



---I-- Acer Laboratories fnc. - - - ~ - -  M6117C Preliminary Datasheet 

T6k Run: 500 $/$ Sanrpls 

. . .  

. . .  . . .  

. . . . . . . , . 

. . .  

14:s.3: 20 

. .  

. . . . . . . . . . . . .  . . .  . . .  . .  

Chl Frcq - t12 
No perlotl 

found 

Flg.5 LM393 PWG delay time (org. , no delay) 

I " " " " 

3'k 500 5/5 
1 

Fig.7 LM393 PWC _.._,.^ -"--,. ~. 

Chl Frcq 
w HZ 

No perlod 
found 

.,:?;+ ::;:<; 

P<:?:..!..: 
:, : .. .. 

:;:::i:; 

. . .. 
. J  

- -__..-- 
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Tok Slngle 5eq 25.dkS/s 

A: 2.92ms 
0: -2.96ms 

. . .  . . .  

. . , .  . . .  . , . . .  . . . ,  . . .  

. . .  . . .  . . .  . . .  . . . . . , . . . . , 

Chl  Freq - HZ 
No period 

found 

I ,  t. ! I I 

1.00 V I I  hi2.6bms Gill I 4 265ep  1997 
16: 13:55 

Fig.10 ADM709 PWG rise(2.92ms) 
W): mrW flngle Seq 500 S/J 

I '  ' " '  " ' " . " " I '  " ' I t 
I 1  

le 1 
A; 184lnS 

l 
e: 184mr 

Fig.11 ADM709 Power Fail delay time(42ms) 

i i 
1.00 VQ <S.' 1.W.L;~' hi 100 ms Chl J 4 . 12V t 6 S e p  1997 

16:lS:IS 

Fig.12 ADM709 PWG delay time(l84ms) 
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This material is recyclable. @ 
Pentium is a trademark of Intel Corp. 
Windows is a trademark of Microsoft Corp. 
Other brands and names are the property of their respective owners. 

Acer Labs products are not licensed for use in medical applications, including, but not limited to, use in life support devices 
without proper authorization from medical officers. Buyers are requested to inform ALi sales office when planning to use 
the products for medical applications. 

Product names used in this publication are for identification purposes only and may be trademarks of their 
respective companies. 

Acer Laboratories Inc. makes no warranty for the use of its products and assumes no responsibility for any errors 
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APPENDIX A. M6117C’s CPU Register:; 

The CPU registers are compatible with 80386 registers. They also provide more powerful operations on register 
programming. 

A.1 General Purpose Registers (GR) 

The CPU incorporates 32 general purpose 32-bit registers. In arithmetic and logic operations, these registers 
can be used as operands. The registers then are used as data registers. In address calculations, the registers 
are used as base registers or index registers. 

.*....** ..*..*.*.**. 
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1 
A.2 Base Registers (SR) 

The CPU has 10 32-bit segment base registers to locate a block of program or data in the memory area. When the 80386 
object code is used, these registers operate automatically. They require no operator intervention, . 

I 

A.3 Attribute Registers (AR) 

The CPU has 10 32-bit segment attribute registers. Each attribute register holds an attribute of the 
corresponding segment register. When the 80386 object code is used, these registers operate automatically. 
They require no operator intervention. 
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A 4  instruction Pointer 

The instruction pointer (EIP) register contains the offset in the current code segment for the next instruction to execute. It is 
controlled irnplicitly by control-transfer instructions (jumps, returns, etc.), interrupts, and exceptions. 

According to the CPlJ mode or operand size, the program counter is used as either a 32-bit register EIP, or a 16-bit 
register IP. The initial value of EIP register is 0000FFFOh. 

A.5 Flags F!egister 

The CPU has flags to indicate current modes and operation results, EFLAGS. The initial value right after reset 
is 000000I32h. 

BIT 30 

BIT 29 D : 

E A .  Extended Address Generation Flag 
This bit controls paging. 

Cleared by external reset signal. Set/CIear by special OP codes : 
BRDD/BRDW instructions (Chansge Context to 32/16 bit and jump ), 

Default Flag 
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A.6 Control Registers(CR) 
The CPU incorporates up to 256 32-bit control registers. Some registers is assigned to the 80386-compatible functions and 
can be accessed by 80386-compatible instructions. 

I I 

I 

These registers can be divided into 5 grotips ' 
1. Processor Control Reaisters. 

..* 

... 
I .  I 

om. 

0.. 

2. Instruction Decoding Unit Control Registers, 
3. Protected-Mode Instriction Unit Control Registers, 
4. Paging Unit Control Registers, 5. SiEMU-I1 Unit Control Registers. 
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A.6.1 Processor Control Registers 

CROOh CRO 
The CROOh contaiirs tl?ose bits to control an interface of numeric coprocessor and execution modes. The initial 
value right after reset is “7FFI:’FFDOh. ’‘ The meaning of every bif except bit 5 IOB is same as normal definition. 

bit 5 IO6 
(A) 16-bit 110 bus mode( IOU = 0, default setting) 

Byte operation at even address. (UBHE# = ’ I t  DBLE# = 0) 
DATA BUS 

Byte operation at odd address. (DBHE# = 0, DELE# = 1) 
DATABUS . 

Word operation at even address. (CIBWE# 0, DEL&# = 0) 
DATA BUS 

Word operation at odd address. 
DATA BUS 

8 bit I/O bus mode( 108 = 1) 
Byte operation at ever) address. ([IBHE# = ’I, DBLE# = 0) 

DATA BUS 

Byte operation at odd address. (DBHE# = 0, DBLEW = 1) 
DATA BUS 

Word operation at even i3ddress. ‘(LIBHE# := 0, DBLE# = 0) 
DATA BUS 

Word operation at odd address. 
DATA BUS 
DATA BUS 

This register controls Power Save hiode. The initial value right after reset is FFFFOOFFh. 

When set, the CPU enters Power Save Mode and main clock stops functioning after HALT instruction. 
If tiL.C)REQ input becomes active in the Power Save Mode. CPU enters a hold state. When HLDREQ becomes 
inactive. CPU returns to the Power Save Mode. 
Main clock starts ,again when NMI, INTAEQ, or RESET becomes active. When clear, HALT instruction is 
executed normally. PCSTP is cleared after external reset signal. 

bit 15 F’CSTP 

. ,  
CR03h(PMOJW) special 

This register controls processor monitor function. The initial value right after reset is EAAFFFFFh. 

bit 28 PIVBM: Protected Mode Instruction Monitor 
When set, the following instructions cause an operation equivalent to the BRKPM interrupt. 

PUSHF, POPF, CLI, STI, IRET, LGDT, SGDT, LIDT, SIDT, LLDT, SLDT, 
I-TH, STR, LMSW, SMSW, ARPL, CLRTS, LDAC, LDLM, TRDE, TWRE, 
move tdfromk CRx, DRx, TRx( CROOh, 08h, OCh, 19h, IDh, 30h, 34h, 38h, 
39h, 3Ch, 3Dh) fromAo GRx. 
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This allows the software to emulate the instructions used for a protected-mode OS, and a protected- 
mode OS can run as a guest OS under the virtual machine OS. The Protected Mode Instruction 
Monitor can then be used for debugging the protected-mode OS or BIOS. It can also be used for 
processor testing. 

If set at ‘O’, when a special instruction (move immediate to CS, etc. which is not compatible with 386 
instruction) is attempted in protected mode, an invalid operand exception (exception 6) occurs. If set at 
& l ’ ,  such instructions become valid in protected mode. After reset, this bit is set at ‘0’ to make possible 
a protection function. The bit 31 - 29 of EFLAGS can be written only when VMZM# is ’1’. 

bit 24 EXPM: Exception Monitor 
If set, when either a hardware or software exception is detected in protected mode, an execution similar 
to BRKPM occurs. 

bit 22 TM: Test Mode 
If set, when an exception occurs, CPU stores the exception number in GR26 and jumps indirectly using 
GR27 as a new IP. 

When set, cycle steal address calculation is disabled and when clear, it is enabled. Cycle steal address 
calculation is an address operand calculation of the next instruction using the unused time slot in 
internal buses for pre-fetching. 

bit 26 VMZM#: VML Instruction Monitor 

bit 20 DPAC: Cycle Steal Address Calculation Disable 

bit 18 IOM: I/O Instruction Monitor 
When set, the instructions below cause an operation equivalent to the BRKPM interrupt. This forces the CPU to 
enter Real Mode, regardless of the mode that it was in. 

IN, OUT, INS, OUTS 

A.6.2 Instruction Decoding Unit Control Registers 
CROEh(T0P) special 
The register controls the ‘opcode trap function’, together with CROFh. It is operated only through Real Mode 
instructions. The initial value right after reset is undefined. Each field of ‘OPCODE 3’ to ‘OPCODE 0’ stores an 
opcode to be trapped, The relevant opcode will cause the same operation as BRKPM. 

CROFh(7CON) special 
The register controls the ‘opcode trap function’, together with CROfh. It is operated only through Real Mode 
instructions. The initial value right after reset is 00000000h. Each field of ‘OPCODE 3’ to ‘OPCODE 0’ stores an 
opcode to be trapped. The relevant opcode will cause the same operation as BRKPM. 

bit 46 TCE: Opcode Trap Enable 
When set, the opcode trap is enable. Clears when an opcode trap occurs. 
bit 15 - 8: Trap Opcode Mask 
When set, masks compares to the bits set for OPCODE BREAK 0. 
bit 7 - 0 : Map 3 - 0 
00 : No trap 
01 : 1st opcode 
10 : 2nd opcode following OOFh 
11 : 2nd opcode following OD6h 
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A.6.3 Protected-Mode Instruction Unit Control Registers 

CR?2h(7LESH) special 
This register is used under Prott:cted Mode. It is accessible when the CPlJ is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right after reset is 
u ndetin ed. 

CR13h(TDESL) special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right after reset is 
u ndef ned . 

CR? 6 h W )  special 
This register is used under Protected Mode. It is accessible when the CP\J is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right after reset is 
undefined. 

CRlTh(T9 special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. However, operation by software is not norrnally required. The initial value right after reset is 
undefined. 

CRlAh177C) special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right ailer reset is 
undefined . 

CRlEh(7”SEL) special 
Phis register is used under Protected Mode. It is accessible when the CPLJ is in Real Mode or VMZ# is 
sei. However, operation by software is not normally required. The initial value right after reset is 
undf:fined. 

CRlFh(TERI?) special 
This register is used under Protected Mode. It is accessible when the CPlJ is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right after reset is 
undefined. 

A.6.4 Paging Unit Control Registers 

CROGh(PL)ER) special 
The page directory entry register (PDER) is loaded with the value of a page directory entry at the time 
of a hit or miss by the paging unit, It is accessible when the Real’ Mode instructions are available. 
However, operation by software is not normally required. The initial value right after reset is undefined. 

CRQTh(PYE!?) special 
The page table entry register (PTER) is loaded with the value of a page directory entry at the time of a 
hit or miss by the paging unit. It is accessible when the Real Mode instructions are available. However, 
operaliori by sottware is nul. iioIirialIy rtquired. Thehi t ia l  value right after reset is undefined. 

CRO8h(PFAR) CR2 

I __y 
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PFAR is compatible with 386 CR2 and accessible by either Real or Protected Mode instructions. A 
linear address which is generated a page fault is transferred from the page fault address buffer and 
stored in this register. The initial value right after reset is undefined. 

CROBh(PECR) special 
PECR is provided for paged virtual memory under Real Mode. Its lowest 3 bits are loaded with the error 
code for a page fault. However, the error code is pushed onto the stack under Protected Mode. The 
initial value right after reset is undefined. Error codes to be set with the lowest 3 bits conform to those 
under Protected Mode. 

CROCh(PD6R) CR3 
PDBR is compatible with 386 CR3 and accessible by either Real or Protected Mode instructions. The 
initial value right after reset is undefined. The base address of a page directory is 32-bit and can be 
readhritten. 

CRlSh(LAR) TR6 
LAR is compatible with 386 CR6 and accessible by either Real or Protected Mode instructions. The 
initial value right after reset is undefined. 

bit 31-1 2: Linear Address 
On a TLB write: To be written to the TLB 
On a TLB lookup: To be looked up in the TLB 

bit 11: V 
Valid Bit 

bit 10 - 9: D, D# 
Dirty bit and its complement 

bit 8 - 7: U, U# 
U/S bit and its complement 

bit 8 - 7: U, U# 
UIS bit and its complement 

bit 6 - 5: W, W# 
R/W bit and its complement 

bit& C 
Command Bit 

C = 1 : TLB write 
C = 0: TLB lookup 
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CRlDh(PA13) TH7 
PAF! is compatible with 386 TR7 and accessible by either Real o r  Protected Mode instructions. The 
initial value right after reset is undefined. 

bit 31-12:: Physical Address 
On a TLB write: To be written to the TLB 
On a TLB lookup: Value ,from the TLB 

On a TLB write: 
bit 4: PL 

PL 0: Write to the internal pointer 
P L  = I: Write to the REP pointer 

PL = 0: Miss 
PL = 1: Hit 

On ii ‘TbB lookup: 

bit 3: REP’I 

bit 2: REP0 
For a TLB write, selects which block is to be written. 

For i3 TLB lookup, selects in which block the look-up entry was found. 

A.6.5 SiENIU-tl Unit Control Registers 

CR3Oh(SPAO) DRO 
SPA0 is compatible with 386 DRO and holds the address for Breakpoint 0. The initial value right after reset is 
undefined 

CR34h(SPAY) DRI  
SF’AI is compatible with 386 DR1 and holds the address for Breakpoint 1. The initial value right after reset is 
undefined. 

CR38h(SPd42) DR2 
SPA2 is compatible with 386 DR2 and holds the address For Breakpoint 2. The initial value right after reset is 
undefined. 

CR39h(SBRK) DR6 
SEIRE is compatible with 386 O R 6  and to be set when any break is detected. The initial value right after reset is 
00000000h. 

bit $ 5 :  ET 

bit 14: BS 

bit 13: BD 

bit 3: B3. 

bit 2: E2 

bit 1: Ei1 

bit 0: BO 

Task switch break detecl 

Single step break detect 

Register protection violation break detect 

Breakpoint 3 break detect 

Breakpoint 2 break detect 

Breakpoint 1 break detect 

Breakpoint 0 break detect 

SPA0 is compatible with 386 DR3 and holds the a-dress for Breakpoint 3 The initlal value right after iesct IS 

u ind 12 13 ned 

CR3Dh(SCON) DR7 

u- 1-v 
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SCON is compatible with 386 DR7 and controls breakpoints 3 to 1. The initial value right after reset is 
00000000h. 

bit 31,30,27,26, 23, 22,19, 18: LENx 
Breakpoint location size 

Double undefined in the 386 
Double 

bit 29, 28,25,24,21, 20,17, 16: W w x  
Break condition 

No Break undefined in the 386 
Data read I write 

bit 13: GD 

bit 9: GE 

bit a: LE 

Debug Register Protection Condition Enable (To be cleared by the processor) 

Fault Mode Enable (Global) 

Fault Mode Enable (To be cleared by’the local or task switch) 

Address Break x Enable (Global) 

Address Break x Enable (To be cleared by the local or task switch) 

bit 7, 5, 3, I: Gx 

bit 6,4,2,0:  Lx 
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APPENDIX E L  Special instruction format 

The following instruction set is useful for processing SMI routine if the original operating system is in protected 
mode. If we use IRQ15 to implenient power management mode or the original operating system is in real 
mode, we do not need to do extra work. 

B.'l Move Data 
This function is provided to move data between register and register/memory. It is fully compatible with 386 
instructions. Also, it includes the following instructions which are more powerful than 386 instructions are. 

General register to  General regioterlmemory 
11010110 01001000 greg b m l  bm2 gregfim 

disp W 

greg : 5 bit, froni 00000 t o  1111 I, GRO to GR31 

b m l  
000 
001 

01 1 
I00  
'I 0.1 
I10 
111 

a io  

greg 
GB#(Use GR# as Byte Register, bit 0 to 7) 
GL#(Use GR# as Word Register, bit 0 to 15) 
GI-l#(Use GR# as Ward Register, bit 16 to 31) 
GR#(Use GR# as Double Word Register, bit 0 to  31) 
GB#, brn2 gr/im' is not required, next two bytes is disp W 
GL#, bm2 gr/im is not required, next two bytes is disp W 
GI-I#, brn2 gr/irn is not required, next two bytes is disp W 
GR#, brn2 gr/irn is not required, next two bytes is disp W 

bm2 greglim 
000 GEl# 
001 GL.# 
010 GM# 
O i l  GR# 
IO0 post-increment" 
'I 01 pra-decrement" 
110 
111 

5-bit short  immediate with zero extend 
5-bit short immediate with sign extend 

*: If GR4 0 1  OR5 i s  selected as GBASE, the stack segment is selected in default. It can be 
In other memory access, EDS segment changed by a segment override prefix or postfix. 

register will be selected in default. 

Control register to General register 
11010110 11111000 ' greg011 creg 

creg : 8 bit, from 00000000 to 11111111, CROOh to CRFFh 

General register to Control register 
11Ql0110 1 1 'I 1 1070 greg 011 creg 

Base register to  Gerieral register 
1 10101 I O  I I O 1  1000 greg 011 sreg 00000 

src!$ : 3 bit, fritio 000 to l l f n  SRO to SR7 

Gsrreral register to E3aoe register 
11010110 1 I 0 1  10'1 0 greg 011 sreg 00000 

Attribute register to  General register 
I_.---- 
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11010110 1 101 I001 greg 011 areg 00000 

areg : 3 bit, from 000 to Ill, ARO to AR7 

General register t o  Attribute register 
11010110 11011011 greg 01 1 areg 00000 

User Base register t o  General register 
110101 I O  11001000 greg 011 usreg 00000 

usreg : 3 bit, 100 eusp, 010 SWu, Ill SRfu 

General register t o  User Base register 
110101 I O  11001010 greg 011 usreg 00000 

User Attribute register to General register 
11010110 11001001 greg 011 uareg 00000 

uareg : 3 bit, 010 AR2u, 111 AR7u 

General register to User Attribute register 
11010110 11001011 greg 011 uareg 00000 

B.2 PushlPop Data 
This function is provided to pushlpop data intolfrorn stack. It is fully compatible with 386 instructions. If we pop segment 
register (DS, ES, and so on), the base and attribute register may be changed (please refer to Intel'. instruction set). Also, 
it includes the following instructions which are more powerful than 386 instructions are. 

push General register 
I 1010.l10 101 10100 greg brnl 

pop General register 
110101 10 10111100 greg b m l  

push segment register 
11010110 Ill 10100 sreg 00000 

pop segment register 
11010110 I I1  I1  100 sreg 00000 

push all General register GRO GR31 
'1 I O I O *  *o 11100100 

pop all General register GROGRJI 
11 0101 10 1 1101100 
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APPENDIX 6, 82C54 behavior limitation 

The 82C54 has the capability of read channt4 counter value. When the counter is prograntmed as 18bit, the programmer 
has a way to obtain channel counter value by reading the channel twice. It happens in very rare situations, The 
phenomenon below. 

When a 16-bit counter value reads counter twice, which obtains low counter value followed by high counter value. 
Sometimes the counter happen at the time frame near carry happened between high/low byte. The counter value 
may be wrong on the high byte. 

Suggestion : Case 1. Customers calculate time distance by reading 82C54 counter value, and have full 
control of the programming code. The suggested method is to change ISA 
AT clock to  7.159MHz ternporarily during reading 82C54 counter value. 

Case 2. Customers have no control of programtning code related to access 82C54 counter: 
value. 1K.g. Landniark and Windows' media player, which will access 82C54 counter 
in order to calculate timing, will cause this problem. The suggestion is to fix ISA AT 
clock as 7.159MHz. 

. .  

_IuI- 
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APPENDIX A. M6117C’s CPU Registers 

The CPU registers are compatible with 80386 registers. They also provide more powerful operations on register 
programming. 

A.l General Purpose Registers (GR) 

The CPU incorporates 32 general purpose 32-bit registers. In arithmetic and logic operations, these registers 
can be used asoperands The registers then are used as data registers. In address calculations, the registers 
are used as base registers or index registers. 
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A.2 Base ftegisters (SR) 

The CPU has 10 32-bit seggmunt base registers to  locate a block of program or data in the memory area. When the 80386 
object code is used, these registers operate automatically. They require no operator intervention. 

A.3 Attribute Registers (AR) 

The CPU has 10 32-bit segment attribute registers. Each attribute register holds an attribute of the 
corresponding segment register. Wlien the 80386 object code is used, these registers operate automatically, 
They require no operator intervention. 
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A.4 Instruction Pointer 

The instruction pointer (EIP) register contains the offset in the current code segment for the next instruction to execute. it is 
controlled implicitly by control-transfer instructions (jumps, returns, etc.), interrupts: and exceptions. 

According to the 
register IP. The initial value of EIP regisler is 0000FFFOh. 

2-bit register EIP, or a 16-bit 

A S  Flags Register 

The CPU has flags to indicate'current modes and opera'tion results, EFLAGS. The initial value right after reset 
is 00000002h. 

BIT 30 EA : Extended Address Generation Flag 
This bit controls paging. 

BIT 29 D : 
Cleared by external reset signal. SeVClear by special OP codes : 
BRDD/BRDW instructions (Change Context to 32/16 bit and jump ). 

Default Flag 
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A.6 Control Registers(CR) 
The CPU incorporates up to 256 32-bit control registers. Some registers is assigned to the 80386-compatible functlons and 
can bo accessed by 80386-compatible instructions. 

em u e u a a e  e e e w e e e e e e  

P 

These registers. can be divided into 5 ~ r o u p s  : 

.................... II I 

c 

~. 
I: F1rocessor Control Registers, 
3.  Protected- Mode Instruct io t i  Unit Control Reg iste rs, 

2. Instruction Decoding Unit Control Registers, 
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4. Paging Unit Control Registers, 5. SiEMU-II Unit Control Registers. 
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A.6.1 Processor Control Registers 

CROOb ~y~l50. l  130 \f " S ~ b o l "  \S %--) CRO 
The CRQOh contains those bits to control an interface of numeric coprocessor and execution modes. The initial 
value right a fer  reset is "7FFFFFDOh. " The meaning of evety bit except bit 5 108 is same as normal definition. 

bit 5 1OB 
(A) 16-bit 110 bus mocle( 1013 = 0, default setting) 

Byte operation at w e n  address. (DEiHE# =: 1, DBLE# 0) 
DATA BUS 

Byte operation at odd address. (DBHE# = 0 ,  NILE# = 1) 
DATA BUS 

Word operation at even address. (DBHE# = 0, DBLE# := 0) 
DATA BUS 

Word operation at odd address 
DATA BlJS 

(B) 8 bit I/O bus mode( IOB = I) 
Byte operation at even address. (DBHW = 1, DBLE# = 0) 

DATA BUS 

Byte operation at odd addres:;. (DBHE# = 0, UBLEB = 1) 
DATA UlJS 

Word operation at even address. (LIBHE# = 0, DBLE# = 0) 
DATA BUS 

Word operation at odd address. 
DATA BUS 
DATA BUS 

CROZhfEPWRCR) symbol 190 \if "Spubof \s I O - )  special 

This register controls Power Save Mode. The initial value right after reset is FFFFOOFFh. 

When set, the CPU enters Power !save Mode and main clock stops functioning after HALT instruction. 
If HLDREQ input becorries active in the Power Save Mode. CPU enters a hold state. When HLDREQ becomes 
inactive. CPU returns to the Power Save Mode. 
Main clock starts again when NMI, INTREQ, or RESET becomes active. When clear, HALT instruction is 
executed normally. PCSTP is cleared after external reset signal. 

bit 15 PCSPP 

CROJh(PMC)N) symbol /SO \f "Synuboil " \s 9-1 special 
This register controls processor monitor function. The initial value right after reset is EAAFFFFFh. 

bit 28 PMM: Protected Mode Instruction Monitor 
When set, the following instructions cause an operatiori equivalent to the BRKPM interrupt 

LTR, STR, LMSW, SMSVV, ARPI-, CLRTS, LDAC, LDLM, TRDE, TWRE:, 
move to/from CRx, DRx, TRx( CROUh, OBh, OCh, 19h, IDh, 30h, 34h, 3Rh, 
J9h, 3Ch, 3 D h )  froniita GRx 

PUSHF, T~OPF, CLI, STI, IRET, LGDT, SGDT, LIDT, SIDT, LLDT, SLDT, 
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This allows the software to emulate the instructions used for a protected-mode OS, and a protected- 
mode OS can run as a guest OS under the virtual machine OS. The Protected Mode Instruction 
Monitor can then be used for debugging the protected-mode OS or BIOS. It can also be used for 
processor testing. 

If set at 'O', when a special instruction (move immediate to CS, etc. which is not compatible with 386 
instruction) is attempted in protected mode, an invalid operand exception (exception 6) occurs. If set at 
'l', such instructions become valid in protected mode. After reset, this bit is set at '0' to make possible 
a protection function. The bit 31 - 29 of EFLAGS can be written only when VMZM# is -1'. 

bit 24 EXPM: Exception Monitor 
If set, when either a hardware or software exception is detected in protected mode, an execution similar 
to SRKPM occurs. 

bit 22 TM: Test Mode 
If.set, when an exception occurs, CPU stores the exception number in GR26 and jumps indirectly using 
GR27 as a new IP. 

When set, cycle steal address calculation is disabled and when clear, it is enabled. Cycle steal address 
calculation is an address operand calculation of the next instruction using the unused time slot in 
internal buses for pre-fetching. 

bit 26 VMZM#: VML Instruction Monitor 

bit 20 DPAC: Cycle Steal Address Calculation Disable 

bit 18 IOM: VO Instruction Monitor 
W e n  set, the instructions below cause an operation equivalent to the BRKPM interrupt. This forces the CPU to 
enter Real Mode, regardless of the mode that it was in. 

IN, OUT, INS, OUTS 

A.6.2 Instruction Decoding Unit Control Registers 
CROEh(T0P) symbol 190 If "Symbol" Is IO---] special 
The register controls the 'opcode trap function', together with CROFh. It is operated only through Real Mode 
instructions. The initial value right affer reset is undefined. Each field of 'OPCODE 3' to 'OPCODE 0' stores an 
opcode to be trapped. The relevant opcode will cause the same operation as BRKPM. 

CROFh(TC0N) symbol 190 If "Syfibol" b IO-] special 
The register controls the 'opcode trap function', together with CROEh. It is operated only through Real Mode 
instructions. The initial value right affer reset is 00000000h. Each field of 'OPCODE 3' to 'OPCODE 0' stores an 
opcode to be trapped. The relevant opcode will cause the same operation as BRKPM. 

bit 16 TCE: Opcode Trap Enable 
When set, the opcode trap is enable. Clears when an opcode trap occurs. 
bit 15 - 8: Trap Opcode Mask 
When set, masks compares to the bits set for OPCODE BREAK 0. 
bit 7. - 0 : Map 3 - 0 
00 : No trap 
01 : 1st opcode 
10 : 2nd opcode following OOFh 
11 : 2nd opcode following OD6h 

L 
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A.6.3 Protected-Mode Instruction Unit Control Registers 

CRlZh(7lJL3H] synbol 190 \f “Symhol \s i!L) special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. However, operation hy software is not normally required. The initial value right after reset is 
undefined. 

Cf913h(Ti3ESL) symbol 190 \f “Symbol ‘ I  \s 1&-} special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right after reset is 
undefined. 

CRfGh(7Z) symbol 190 \P “Symliol ‘I \s I&-) special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZitf is 
set. However, operation by software is not normally required. The initial value right after reset is 
undefined, 

C R V h ( T 9  symbol 1.90 \f “Symlbol ‘ I  \s IC-} special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. tiowever;operation tty software is not normally required. The initial value right after reset is 
II ndefin ed . 

CRIAh(T9  ~yi11b01 190 \f “SymbtJl“ \S  lo-} Special 
This register is used cinder Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. tiowever, operation by software is not normally required. The initial value right affer reset is 
undefined. 

CRfEh(TSEL) syntbol 190 \f “.lymburl ‘ I  \s 1Q-1 special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. /However, operation by software is not normally required. The initial value right after reset is 
undefined. 

CRiFb(TER/?) symbol 190 \f “,‘iymbnl ‘ I  \s l&] special 
This register is used under Pro1,ected Mode. It is accessible when the CPU is in Real Mode or VMZ# is 
set. However, operation by software is not normally required. The initial value right affer reset is 
u rrdefin ed. 

A.6.4 Paging Unit Control Registers 

CROGh(P,DER) s p b o l  I98 \f “8ymbol It \s I&) special 
‘The page directory entry register (PDER) is loaded with the value of a page directory entry at the time 
of a hit or miss by the paging unit. It is accessible when the Real Mode instructions are available. 
However, operation by software is not normally required. The initial value right after reset is undefined. 

CRO7h(Pl“ER) s y d d  191) \E frSyabiitl lr \s l L }  special 
The page table entry register (PTER) is loaded with the value of a page directory entry at the time of a 
hit o r  mic7 hy thc paging unit. I t  ic; accessible when the Real Mode instructions are available. H O W ~ V W  
operation by software is not iiwrnally required. The initial value right after reset is undefined. 

CROBh(PFAR) symbol 190 \f “Symbol “ \s .IO-) CR2 
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PFAR is compatible with 386 CR2 and accessible by either Real or Protected Mode instructions. A 
linear address which is generated a page fault is transferred from the page fault address buffer and 
stored in this register. The initial value right after reset is undefined. 

CROBh(PECR) symbol 130 \f "Symbol " \s I&) special 
PECR is provided for paged virtual memory under Real Mode. Its lowest 3 bits are loaded with the error 
code for a page fault. However, the error code is pushed onto the stack under Protected Mode, The 
initial value right after reset is undefined. Error codes to be set with the lowest 3 bits conform to those 
under Protected Mode. 

CROCh(PDBR) symbol 190 \f "Syabol" \s lo-] CR3 
PDBR is compatible with 386 CR3 and accessible by either Real or Protected Mode instructions, The 
initial value right after reset is undefined. The base address of a page directory is 32-bit and can be 
readhvritten. 

CRfSh(LAR) symbol 190 \f "Symbol" \s l&) TR6 
LAR is compatible with 386 CR6 and accessible by either Real or Protected Mode instructions. The 
initial value right after reset is undefined. 

bit 31-12: Linear Address 
On a TLB write: To be written to the TLB 
On a TLB lookup: To be looked up in the TLB 

bit 11: V 
Valid Bit 

bit I O  - 9: D, D# 
Dirty bit and its complement 

bit 8 - 7: U, U# 
U/S bit and its complement 

bit 8 - 7: U, U# 
U/S bit and its complement 

bit 6 - 5: W, W# 
RNV bit and its Complement 

bit 0: C 
Command Bit 

C = I : TLB write 
C = 0: TL6 lookup 
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CRlDh(PAR) TR7 
PAR is compatible with 386 TK7 and accessible by either Real or Protected Mode instructions. The 
initial value right after reset is undefined. 

bit 33-92: Physical Address 
On a TLE write: To be written to the TLB 
On a TLB lookup: Value from the TLB 

On a.TL6 write: 

011 23 -rLB lookup: 

bit 4: PL 

PL = 0: Write to the internal pointer 
PL = 1: Write to the REP pointer' 

. PL = 0: Miss 
PL = 1: Hit 

bit 3:  REP1 

bit 2: REP0 
For a TLB write, selects which block is to be written. 

For a TLB lookup, selects in which block the look-up entry was found. 

A.6.5 SiEMU-11 Unit Control Registers' 

CR30h(SPAOJ DRO 
SPA0 is compatible with 386 DRO and holds the address for Breakpoint 0 The initial value right after reset is 
undefined. 

CR34h(SPAl) D H I  
SPA1 is compatible with 386 DR1 and holds the address tor Breakpoint I. The initial value right after reset is 
undefined. 

CR38h(SPA2) UR2 
SPA2 is compatible with 386 DR2 and holds the address for Breakpoint 2. The initial value right after reset is 
undefined . 

CR39h(SBRKf DR6 
S B K K  is compatible with 386 DR6 and to be set when any break is detected. The initial value right after reset is 
OCl OOOOOO h , 

bit 15: BT 

bit 14: 13s 

bit 13: 5 C t  

bit 3:  €33 

bit 2: E32 

bit 1: E31 

bit 0: DO 

Task switch break detect 

Sincgle step break detect 

Kogister protection violatiorr break detect. 

Bi eskpnint 3 b.reak detect 

Breakpoint 2 break detect 

Bieakpoint 1 break detect 

Bieakpoint 0 break detect 

CR.7 Ch (SPA 3) P R ? . SPA0 is compatible with 386 U R 3  and holds the address for Breakpoint 3, The initial value right after reset is 
undefined 

CR35h(SC6M) BR7 

I-. -- 
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SCON is compatible with 386 DR7 and controls breakpoints 3 to 1. The initial value right after reset is 
^ r  - - - - 

bit 31, 30,27,26, 23,22, 19, 18: LENx 
Breakpoint location size 

Double undefined in the 386 
Double 

bit 29,28, 25, 24, 21, 20, 17, 16: W x .  
Break condition 

No Break undefined in the 386 
Data read I write 

bit 13: GD 

bit 9: GE 

bit 8: LE 

bit 7 ,  5, 3, 3 :  Gx 

bit 6, 4, 2, 0: Lx 

Debug Register Protection Condition Enable (To be cleared by the processor) 

Fault Mode Enable (Global) 

Fault Mode Enable (To be cleared by the local or task switch) 

Address Break x Enable (Global) 

Address Break x Enable (To be cleared by the local or task switch) 
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APPENDIX El. Special instruction format 

'The following instruction sel is usel'LII for processing SMI routine if the "original operating system is in protected 
mode. If we use IHQ15 to irriplement power management mode or the original operating system is in real 
mode, we do not need to do extra work. 

B.1 Move Data 
This function is provided to move data between register and registerlrnemory. It is fully compatible with 386 
instructions. Also, it includes the following instructions which are more powerful than 386 instructions are. 

General register to General registerlrnemory 
11010110 011~01000 greg h m l  bm2 greglirn 

disp W 

greg : 5 bit, from 00000 to 11111, GRO to GR31 

b m l  
000 
001 
01 0 
01 1 
300 
101 
,110 
I11 

bm2 
000 
001 

01 I 
,100 
I01  
110 
I11 

a i 0  

g reg 
GEl#(Use GR# as €3yte Register, bit 0 to  7) 
GLf(Use  GR# as Word Register, bit 0 to 15) 
GH#(Use GR# as Word Register, bit 16  to 31) 
GR#(Use GR# a s  Double Word Register, bit 0 to 31) 
G&#, bin2 grlitn is not required, next two bytes is disp W 
GL#, brr12 grlirn is not required, next two bytes is disp W 
GW#, brnZ grlirn is not required, next two bytes is disp W 
GR#, bin2 grfitn is not required, next two bytes is disp W 

greglirn 
GEM 
G L# 
GW# 
G f%# 
post-increment" 
pre-decrement* 
5-bit short immediate with zero extend 
5-bit short immediate with sign extend 

*: If GR4 or GR5 is selected as GBASE, the stack segment is selected in default. It can be 
In other memory access, EDS segment changed by a segment override prefix or postfix. 

register will be selected in default. 

Control register to General register 
11010110 11'1 I IOrJO greg 011 creg 

4 

creg : 8 bit, from 00000000 to I 1  1 11 1 I I I CROOh to CRFFh 

General register to  Control register 
i i o i o i i a  11111010 greg 011 creg 

Base  register to General register 
i m a l  i o  11011050 greg 011 sreg 00000 

creg : 3 bit, frari: COO f 3  711, ERO to SR7 

Gcntxal register to 13ase register 
'11010110 1 I D 1  I010 greg 011 sreg 00000 

Attribute register t o  General register - - .I- 
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110101 10 I101 1001 greg 01 1 areg 00000 

areg : 3 bit, from 000 to Ill , ARO to AR7 

General register t o  Attribute register 
I 10101 I O  1101101 I greg 011 areg 00000. 

User Base register to  General register 
11 0101 I O  I 1001 000 greg 01 1 usreg 00000 

usreg : 3 bit, 100 eusp, 010 SRZu, 111 SR7u 

General register to  User Base register 
11010110 I 100.1 01 0 greg 01 1 usreg 00000 

User Attribute register t o  General register 
110101 10 11001001 greg 011 uareg 00000 

uareg : 3 bit, 010 ARZu, 111 AR7u 

General register to User Attribute register 
110101 I O  1 I001 01 1 greg 011 uareg 00000 

B.2 Push/Pop Data 
This function is provided to push/pop data into/from stack. It is fully compatible with 386 instructions. If we pop segment 
register (DS, ES, and so on), the base and attribute register may be changed (please refer to Intel’* instruction set). Also, 
it includes the following instructions which are more powerful than 386 instructions are. 

push General register 
11010110 101 10100 greg bml  

pop General register 
11 01 01 I O  101 11 100 greg bml  

push segment register 
11 0101 I O  1 I1  10100 sreg 00000 

pop segment register 
11010110 . I I I I1  100 sreg 00000 

push all General register GRO GR31 
11010110 11100100 

pop all General register GROGR31 
110101 10 11101100 
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APPENDIX C. U2C54 behavior limitation 

The 82C54 has the capability of read c:hannel counter value. When the counter is programmed as 16-bit, the programmer 
has a way to obtain charinel counter value by reading the channel twice. It happens in very rare situations. The 
phenomenon below. 

Whtw a 16-bit counter value reads counter twice, which obtains low counter value followed by high counter value. 
Strnietimes the counter happen at the time frame near carry happened between high/low byte. The counter value 
may he wrong on the high byte. 

Suggestion : Case 1, Customers calculate time distance by'rcading 82054 counter value, and have full 
control of the programming code. The suggested method is to change ISA 
AT clock to 7.159MHz temporarily during reading 82C54 counter value. 

Case 2. Customers have no control of programming code related to  access 82654 counter 
value. E.y.  Landmark arid Windows' media player, which will access 82C54 counter 
in order to calculate timing, will cause this problem. The suggestion is to fix ISA AT 
clock as 7.159MI-f~. 

' 

---- I-- 
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- 

APPENDIX A. M6117Cfs CPU Registers 

The CPU registers are compatible with 80386 registers. They also provide more powerful operation on register programming. 

A.l General Purpose Registers(GR) 

The CPU incorporates 32 general purpose 32-bit registers. In arithmetic and logic operations, these registers can 
be used as aperands. The registers then are used as the data registers. In address calculations, the registers are 
used as the base registers or index registers. 

- 

I I 

386 Programmer Visible 
Accessible 

GR17 
I 

< i  
I 

GR30 

Internal Use / 
Reserved 
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A 2  Base Registers(SR) 

The CPU has 10 32-bit segrnent base registers to locate a block of program or data in the memory area. When the 80386 
object code is used, these registers operate automatically. They require no operator intervention. 

386 Programmer Invisible 

386 Programmer Visible 
Accessible 

A.3 Attribute Registers (AR) 

‘The CPlJ has 10 32-bit segment attribute registers. Each attribute register holds an attribute of the corresponding 
segment register. When the 80386 obied code is used, these registers operate automatically. They require no 
operator intervention. 

386 Programmer Invisible 

386 Programmer Visible 
Accessible 
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A.4 Instruction Pointer 

The instruction pointer (EIP) register contains the offset in the current code segment for the next instruction to execute, it is 
controlled implicitly by control-transfer instructions (jumps, return.s, etc.), interrupts, and exceptions. 

According to the CPU mode or operand size, the program counter is used as either a 32-bit register- EIP, or a 16-bit register 
- IP. The initial value of EIP register is 0000FFFOh. 

AS' Flags Register 

The CPU has flags to indicate current modes and operation results, EFLAGS. The initial value right after reset is 
00000002 h. 

BIT 30 EA: Extended Address Generation Flag 

BIT 29 D: Default Flag 
This bit controls paging. 

Cleared by external reset signal. SeUClear by special OP codes: 
BRDDBRDW instructions (Change Context to 32/16 bit and jmp). 
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A.6 Control Registers (CR) 
The CPU incorporates up to 756 32-bit control registers Some registers is assigned to the 80386-compat1ble functions and 
can be accessed by 80386-cc)rnpatible instructions 

These registers can be divided inlo 5 

CRO 

CR2 

P D 7  

groups: 

I I '3Eh 

DR 

DR 

DR 
DR 

DR 
DR 

386 Progratniner Invisible 

386 Programmer Visible 

i- Ar.r.PcjhlF: 

Internal Use / 
Reserved 

- * _  

'1 . Processor Control Registers, 
3. Protected-Mode lristnrction Unit Control Registers, 
4. Paging Unit Control Registers, 

2. Instruction Decoding Unit Control Registers, 

5. SiEMU-II Unit Control Registers. 

A.6.1 Processor Control Registers 

CROOh CRO 
The C X U O h  contains those bits to control an interface of numeric coprocessor and execution modes. The initial vallie 
right after reset is "7FFFFFDOh." The meaning of every bits kxcept bit 5 IO3 is same as normal definition. 
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bit 5 IOB - 

(A) 16 bit 1/0 bus mode( IOB = 0, default setting) 

Byte operation at even address. (DBHE#= 1, DBLE# = 0) 

DATA BUS 

Byte operation at odd address. (DBHE# = 0, DBLE# = 1) 

DATA BUS 

Word operation at even address. (DBHE# = 0, DBLE# = 0) 

DATA BUS 

Word operation at odd address. 

DATA BUS 

(B) 8 bit I/O bus mode( IOB = 1) 

Byte operation at even address. (DBHE# = 1 , DELE# = 0) 
DATA BUS 

Byte operation at odd address. (DBHE# = 0, DBLE# = A )  

DATA BUS 

Word operation at even address. (DBHE# = 0, DBLE# = 0) 

DATA BUS 

Word operation at odd address. 

DATA BUS 

DATA BUS 
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C: R02 h(EP WR CR) -- special 

This register controls Power Save Mode. The initial value right after reset is FFFFOOFFh. 

bit 15 PCS'TF' 
When set, the CPU enters Power Save Mode arid main clock stops functioning after HALT instruction. 
If HL[IKEQ input becomes active in the Power Save Mode. CPU enters a hold state. When HLDREQ becomes 
inactive. CPU returns to the Power Save Mode. 
Main clock starts again when NMI, IN'TREQ, or RESET becomes active. When clear, HALT instruction is executed 
normally. PCSTP is cleared after external reset signal. 

CR03h(PMON) special 
This register controls processor monitor function. The initial value right after reset is EAAFFFFFh. 

bit 28 PMM: Protected Mode Instruction Monitor 
When set, the following instructions cause an operation equivalent to the BRKPM interrupt: 

FJUSHF, POPF, C X I ,  STI, IRET, LGUT, SGDT, LIDT, SIDT, LLDT, SLDT, 
LTR, STF?, LMSW, SMSW, ARPL, CLRTS, LDAC, LDLM, TRDE, TWRE, 
move to/frorn CRx, DRx, TWx( CROOh, 08h, OCh, 19h, IDh, 30h, 34h, 38h ,  
39h, 3Ch, 3Dh) from/to GRx. 

This allows the software to emulate the instructions used for a protected-mode OS, and a protected-mode 
OS can run as a gucst OS under the virtual machine OS. The Protected Mode Instruction Monitor can then 
be used for debugging the protected-mode OS or BIOS. It can also be used for processor testing, 

If set at \ O r ,  when a special instruction (move immediate to CS, etc. which is not compatible with 386 
instruction) is attempted in protected mode, an invalid operand exception (exception 6) occurs. If set at 
'1 ' ,  such instructions become valid in protected mode. After reset, this bit is set at $0'  to make possible a 
protec;tion function. The bit 31 - 29 of EFLAGS can be written only when VMZM# is '1 ' . 

If set, when either a hardware or software exception is detected in protected mode, an execution similar to 
E3RKPM occurs. 

If set, when an exception occurs, CPU stores the exception number in GR26 and jumps indirectly using 

GR27 a:; a new IP. 

bit 26 VMZM#: VMZ instruction Wlonitor 

bit 24 EXPM: Exception Moriitor 

bit 22 TM: 'Test Mode 

& 
bit 20 OPAC: Cycle Steal Address Calculation Disable 

When set, cycle steal address calculation is diabled and when clear, it is enabled. Cycle steal address 

calculation is an address operand calculation of the next instruction using the unused time slot in internal 

buses for prefetching. 

bit I 8  IOM: 110 Instruction Nlotlitor 

When set, the instructioris below cause an operatior4 equivalent to the BRKPM interrupt. This forces the 

CPU to entkr Weal Mode, regardleris of the mode that it was in. 

IN, OIJT, INS, OUTS 
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A.6.2 Instruction Decoding Unit Control Registers 

CROEh(T0P) -special 

The register controls the lopcode trap function', together with CROFh. It is operated only through Real 

Mode instructions. The initial value right after reset is undefined. Each field of loPCODE 3' to 'oPCODE 

0' stores an opcode to be trapped. The relevant opcode will cause the same operation as BRKPM. 

CROFh(TC0N) - special 
The register controls the 'opcode trap function', together with CROEh. It is operated only through Real 

Mode instructions. The initial value right after reset is 00000000h. Each field of 'oPCODE 3' to 'oPCODE 

0' stores an opcode to be trapped. The relevant opcode will cause the same operation as BRKPM. 

bit 16 TCE: Opcode Trap Enable 
When set, the opcode'trap is enable. Clears when an opcode trap occurs. 

bit 15 - 8: Trap Opcode Mask 
When set, masks compares to the bits set for OPCODE BREAK 0. 

bit 7 -0:  Map 3 - 0  
00: No trap 
01 : 1 st opcode 
IO: 2nd opcode following OOFh 
11: 2nd opcode following OD6h 

Acer Laboratories Inc. 
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Embedded Microcorntroller M61.176 
-I__..L_ Preliminary Data Sheet 

-I --- 
A.6.3 Protected-Mode Instruction Urnit Cantrol Registers 

CRf2h(TDESM) - spechl 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set, 
tiowever, operation by software is not nortrially required. The initial value right after reset is undefined. 

CR73A~DESL) - special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set. 
However, operation by software is not normally required. The initial value right after reset is undefined, 

CRIGh(Tf) --special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set. 
However, operation by software is not normally required. The initial value right after reset is undefined, 

CR17h(Tv --special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set. 
However, operation by software is riot normally required. The initial value right after reset is undefined. 

CRfAh(Tw -- special 
This register is u'sed under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set. 
However, operation by software is riot normally required. The initial value right after reset is undefined. 

CRIEh(TSE1,) ---special 
This register is used under Protected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set. 
However, operation by software is riot normally required. The initial value right after reset is undefined, 

C/?IFti(TERt?) --. special 
This register is used under Prcttected Mode. It is accessible when the CPU is in Real Mode or VMZ# is set. 
However, operation by software is not normally required. The initial value right after reset is undefined. 

A.6.4 Paging iJnit Control Registers 

CROCihpDER) -- special 
The page directory entry register (PDER) is loaded with the value of a page directory entry at the time of a 

hit or rniss by the paging unit, It is accessible when the Real Mode instructions are available. However, 

operation by software is not normally required. The initial value right after reset is undefined. 

CR07h(PTER) - -special 
The page table entry register (PTER) is loaded with the value of a page directory entry at the time of a hit 

or miss by the paging unit, It is accessible when the Real Mode instructions are available. However, 

operation by software is not normally required. The initial value right after reset is undefined. 

Aceu Laboratories Inc. 
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Embedded Microcontroller M6117C 
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CR08h(FFAR) - CR2 - I 
PFAR is compatible with 386 CR2 and accessible by either Real or Protected Mode instructions. A linear 
address which is generated a page fault is transferred from the page fault address buffer and stored in this 
register. The initial value right after reset is undefined. 

PECR is provided for paged virtual memory under Reai Mode. Its lowest 3 bits are loaded with the error 
code for a page fault. However, the error code is pushed onto the stack under Protected Mode. The initial 
value right after reset is undefined. Error codes to be set with the lowest 3 bits conform to those under 
Protected Mode. 

CROBh(PECR) -special 

CROCh(PDBR) - CR3 
PDBR is compatible with 386 CR3 and accessible by either Real or Protected Mode instructions. The initial 
value right after reset is undefined. The base address of a page directory is 32-bit and can be read/written. 

CRISh(LA R) - TR6 

LAR is compatible with 386 CR6 and accessible by either Reat or Protected Mode instructions. The initial 1 

value right affer reset is undefined. 

bit 31 -1 2: Linear Address 

On a TLB write: To be written to the TLB 

On a TLB lookup: To be looked up in the TLB 

bit 11: V 

Valid Bit 

bit 10 - 9: D, D# 

Dirty bit and its complement 

bit 8 - 7: U, U# 

U/S bit and its complement 

bit 8 - 7: U, U# 

U/S bit and its complement 

bit 6 - 5: W, W# 

R/W bit and its complement 

Acer Laboratories Inc. 
1830 B Bering Drbe, San Jose, CA 951 12, Phone 408-467-7456, Fax: 408-467:7474 
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Embedded Microcoritrralkr M6119C 

hit 0:  C 

Comrnartd Bit 

C = I : TLB write 
C = 0: TLB lriakup 

CRIDh(PAR) 7R7 

PAR is compatible with 386 TR7 and accessible by either Real or Protected Mode instructions. The initial 

value right after reset is undefined. 

bit 31-12: Physical Address 
On a 7'LB write: To be written to the TLB 
On a TLB lookup: Value frorn the TLB 

On a TLR write: 
bit 4: PL 

PL = 0: Write to the internal pointer 
PL = 1: Write to the REP pointer 

PL =: 0: Miss 
P L  =: 1: Hit 

On a TLB lookup: 

bit 3: REP'I 

bit 2 :  REP0 
Fora TLB write, selects which block is to  be written. 

For a 'rLB lookup, selects in which block the look-up entry was found. 

A.6.5 SiEMU-II Unit Caiitrol Registers 

@R30h(§PAO) -- DRO 
. SPA0 is conipatible with 386 DRO and holds the address for Breakpoint 0 The initial value right after reset is 

undefined. 

CR34h(SPAl) -- DRI 
SPA? is compatible with 386 D R I  and holds the address for Breakpoint 1 The initial value right after reset IS 

undefined, 

CR38h(SPA2) DR2 
SPA2 i?; cornpatlble .with 386 DRZ and holds the address for Egeakpoint 2. The initial value right after reset is 
Lindefirrerl. 

CRJSh(S6RK) -- DR6 
SERK I!; corripatible with 386 OR6 arid to be set when any break is detected. The initial vaiue'right after reset is 
000000OI3h. 

bit 15: B'T 

bit 14: 6s 
i a s k  :,witch bleak detect 

Single step break detect 

Acer Laboratories Inc. 
1830 Ei Bering Drive, San Jose, CA 951 12, Phone 408-467-7456, Fax: 408-467-4474 

Jan. 1998 I Version .9 
Page 10 



Embedded Microcontroller M6117C 
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I 

L R L R L R L R o G o G  
E / E / E / E /  
N W N W N W N W  

bit 13: BD 
Register protection violation break detect 

E D 

bit 3: 83 

bit 2: B2 

bit 1: B1 

bit 0: BO 

Breakpoint 3 break detect 

Breakpoint 2 break detect 

Breakpoint I break detect 

Breakpoint 0 break detect 

SPA0 is compatible with 386 D R 3  
undefined. 

CR3Ch(SPA3) - DR3 

CR3Dh(SCON) - DR7 

nd h Ids the ddre s f o  B int 3. The initial value right after res€. is 

SCON-is compatible with 386 DR7 and controls breakpoints 3 to 1. The initial value right after reset is 
00000000 h. 

31 30 2 9 2 8  2726 2524 2322 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6  

~ 

bit 31,30,27,26,23, 22, 19, 18: LENx 
Breakpointed location size 

Double - undefined in the 386 
Double 

bit 29,28, 25,24,21,20, 17, 16: FUWx 
Break condition 

No Break- undefined in the 386 
Data read I write 

* .  
, ’ *  bit 13: GD 

Debug Register Protection Conbition Enable (To be cleared by the processor) 

Fault Mode Enable (Gfobal) 

Fault Mode Enable (To be cleared by the local or task switch) 

Address Break x Enable (Gobal) 

Address Break x Enable (To b e  cleared by fhP local or t x k  switch) 

bit 9: GE 

bit 8: LE 

bit 7, 5, 3, 1: Gx 

bit 6,4 ,2 ,0 :  Lx 

5 - 
G 
2 
I 

4 3 2 1 0  
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AQ.PENDIX Et. Special instruction formal: 

The following instruction set is useful for processing SMI routine if the original operating system is in protected 
mode. If we llse R Q I 5  to implement power management mode or the original operating system is in real mode, 
we do not need to do extra wotk. 

B.1 Move Data 
This function is provided to move data between register and register/memoty. It is fully compatible with 386 
instructions. Also, it includes the following instructions which are more powerful than 386 instructions are. 

General register t o  General registerlmemory 
J1010110 01 001000 greg bml bm2 greglim 

disp W 

g r e g  : 5 bit, from 0t)OOO to I I I I I, GRO to GR31 

bml 
000 
on1 
010 
01 I 
I00  
101 
110 
111 

El reg 
GB#(llse GR# as Byte Register, bit 0 to 7) 
GL#(Use GR# as Word Register, bit 0 to 15) 
GH#(llse GR# as Word Register, bit 16 to  31) 
GR#(llse GR# as Double Word Register, bit 0 to 31) 
(;El#, bni2 grlim is net required, next two bytes is disp W 
GL#, bm2 grlim is not required, next two bytes is disp W 
GH#, hni2 grlim is not required, next two bytes is disp W 
GR#, bm2 grlim is not required, next two bytes is disp W 

bm2 greglim 
000 GB# 
001 GL# 
010 GH# 
011 GR# 
100 post-increment* 
101 pre-dr!cretnent* 
I 10  
11 1 

5-bit short immediate with zero extend 
6-bit short immediate with sign extend 

*: If GR4 or GR5 is selected as GBASE, the stack segment is selected in default. It can be changed by 
a segment override prefix o r  postfix. In other memory access, EDS segment register will be 
selected in default. 

Control register to  General register 
11010110 'I111 1000 greg 011 creg 

creg : 8 bit, frorn6)0000000 to 11111111, CROOh to CRFFh 

Gener:al register to  Corrtrol register 
I '1 01 01 I O  'I 1 I I 1 81 0 greg 011 creg 

Base  register to General register 
11010110 1 I 0 1  1000 greg 011 sreg 00000 

sreg : 3 bit, from 000 to 1 1 4 ,  SRO to SR7 

General  w t j i C t P r  to R n w  rrqisler. 
110101 10 11011010 greg 01 1 sreg 00000 
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- 1 
Attribute register to General register 

11 01 01 I O  1101 I001 greg 01 I areg 00000 

areg : 3 bit, from 000 to 11 1, ARO to  AR7 

General register to  Attribute register 
11010110 11011011 greg 011 areg 00000 

User Base register to  General register 
11010110 1 I001 000 greg 011 usreg 00000 

usreg : 3 bit, 100- eusp, 010 - SRZu, Ill - SR7u 

General register t o  User Base register 
11010110 1100101 0 greg 011 usreg 00000 

User Attribute register to  General register 
11010110 11001001 greg 01 I uareg 00000 

uareg : 3 bit, 010 - AR2u, I11 - AR7u 

General register to User Attribute register 
11010110 11001011 greg 011 uareg 00000 

I B.2 PushIPop Data 
This function is provided to push/pop data intolfrom stack. It is fully compatible with 386 instructions. If we pop segment 
register(DS, ES, and so on), the base and attribute register may be changed (please refer Intel's instruction set). Also, it 
includes the following instructions which are more powerful than 386 instructions are. 

push General register 
11010110 10110100 greg bml  

pop General register 
11010~10 10111100 greg bml 

push segment register 
11010110 11110100 sreg 00000 

pop segment regfster 
110w110 11 1 I1  100 sreg 00000 

push all General register GRO- GR31 
11010110 11100100 

pop all General register GRO - GR31 
11010110 1 I101 I00 
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2.4 AtmeliA 27C080 - 1- byte EPROM 

The AT27C080-12PC is a critical memory component of the Ampro CoreModule 3SXi 
card ,and contains the system and application software, which determines most CPU operations. 
The spccifications and data slieet for this IC are included for extra clarity. 

‘Two types of memory ICs from Atmel have been used. 
a 27C080- 12 PC Once programmable read-only memory - PROM 
8 27CO80-1% DC - UV crasable programmable read-only memory - EPROM 

‘rhe UV erasable version is usehl during program development. l’he once 
programmable version is used in the information barrier system to reduce the capability to 
change the system. ‘The PC: suffix indicates a plastic DIP package with a commercial 
temperature range, l’he DC siiffix indicates a cerdip package with a commercial temperature 
range. 



'T27C080-12PC and 

'This section contains: 

A photograph with both top and bottom views of both the once-programmable (PROM) 
version aid the tJV erasable (EPROM) version. 

Notice the distinctive window on the EPROM version. The PROM version, without the 
window, is used iii the compuitational block during thc demonstration. Notice also the longer 
shadow associated with the top view when Ihe legs offset the IC more from the white 
background s heel. 



Once-Programmable PROM ICs UV-Erasable PROM ICs 
AT27C080-12PC AT27C080-12DC 



2.4.2 X-Ray of the AT27 080-12PC and 
hT27C88O- 12 

‘This section contains: 

A x-ray with both top and bottom views of both the once-programmable {PROM) version 
and the UV erasable (EPROM) version. 

Notice the plastic case of the once-progranmable PROM is much more transparent to x- 
rays thim the ceramic case ofthe U V  erasable version. In the raw image of the UV-erasable 
version, one can see a circle, which is slightly whiter than surroundings, corresponding to the 
clear window. 

Notice the distinctive window on the EPROM. ‘The PROM version is used in the IB system 
during the demonstration. Nolice also the longer shadow associated with the top view when the 
legs offset the IC more from the white background sheet. 



PR Integrated Circuits - X-ray 

W-Erasable PROM ICs Once-Programmable PROM ICs 
AT27C080- I2DG AT27C080-12PC 



eet far the AT29C080 

The following is the vcndor's datu sheet for the Atmel AT27C080 1-Mbyte PROM 
memory, which was downloaded from the Atmel Internet site at: 

The data sheet does not. distinguish between the various versions. 



tF:::LaZccess ‘rime - 90 n s  
* Low Power CMOS Operation 

.- 100 FA max. Standby 

.- 46 mA max. Active at 5 MHz 

- 32 Lead PLCC 
- 32-Lead 600-mil PDIP and Cerdip 
.- 32-Lead 450-mil SOIC (SOP) 
- 32-Lead TSOP 

m JEDEC Standard Packages 

0 5v 4 10% Supply 
tiigh-Reliability CMOS Technology 
- 2,OOOV ESD Pratectlon 
- 200 mA Latchup lnimunlty 

RapidTM Programming Algorithm - 50 ps/bytyte (typical) 
CMOS and TTL Compatible Inputs arid Outputs 

* Integrated Product ldentiflcation Code 
Industrial and Commercial Temperature Ranges 

A 6 C  
A 5 C  
A 4 C  
A? L~ 
A2 L. 
A I  C - ~  
A0 E, 

Description 
The AT27C080 chip is a low-power, high-performance 8,388,608-bit ultraviolet eras- 
able programmable read only memory (EPROM) organized as 1 M by 8 bits. The 
A127C080 requifes only one 5V power supply in normal read mode operation. Any 
byte can be accessed in less than 90 ns, eliminating the need for speed reducing 
WAIT states on high-performance microprocessor systems. (continued) 

6 28 
7 27 
B 26 

3 ;5 
10 24 
1 1 23 
12 22 

f i n Con f i 9 M ratio ns 
Pin Name l=wnctian 1 

I A0 - ,449 I Addresses I 

___- 
Output Enable/ 
IJrogram Supply 

TSOP Top View 
Type 1 

CDIP, PDIP, SOlC Top View 

vcc 
A i  9 
A i  7 
A I  4 
A i 3  
A8 
A9 
A i  1 
m v P P  
A10 
CT 
07 
0 6  
0 5  
04 
03 

PLCC Top View 

I1 A i 4  
71,413 
I1 A8 
3 A9 
7 A I i  
II W N P P  
3 A I 0  
7 CE 

A i  
8-Megabit 
(IN1 x 8)  
UV Erasable 
EPROM 

AT27CO80 
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Atmel's scaled CMOS technology provides low active 
power consumption and fast programming. Power con- 
sumption is typically 10 mA in active mode and less than 10 
pA in standby mode. 
The AT27C080 is available in a choice of packages, includ- 
ing; one-time programrnahle (OTP) plastic PLCC, PDIP, 
SOlC (SOP), and TSOP, as well as windowed -- ceramic 
Cerdip. All devices feature two-line control (CE, OE) to give 
designers the flexibility to prevent bus contention. 
With high density 1M byte storage capability, the 
AT27COSO allows firmware to be stored reliably,and to be 
accessed by the system without the delays of mass storage 
media. 
Atmel's 27C080 has additional features to ensure high 
quality and efficient production use. The Rapid'" Program- 
ming Algorithm reduces the time required to program the 
part and guarantees reliable programming. Programming 
time is typically only 50 ps/byte. The Integrated Product 
Identification Code electronically identifies the device and 
manufacturer. This feature is used by industry standard 
programming equipment to select the proper programming 
algorithms and voltages. 

Block Diagram 

vcc - 
GND - 

Erasure Characteristics 
The entire memory array of the AT27C080 is erased ( 
outputs read as VoH) after exposure to ultraviolet light at a 
wavelength of 2,537A. Complete erasure is assured after a 
minimum of 20 minutes of exposure using 12,000 pW/cm2 
intensity lamps spaced one inch away from the chip. Mini- 
mum erase time for lamps at other intensity ratings can be 
calculated from the minimum integrated erasure dose of 15 
W.sec/cm2. To prevent unintentional erasure, an opaque 
label is recommended to cover the clear window on any UV 
erasable EPROM that will be subjected to continuous 
flourescent indoor lighting or sunlight. 

System Considerations 
Switching between active and standby conditions via the 
Chip Enable pin may produce transient voltage excursions. 
Unless a.ccommodated by the system design, these tran- 
sients may exceed data sheet limits, resulting in device 
non-conformance. At a minimum, a 0.1 pF high frequency, 
low inherent inductance, ceramic capacitor should be uti- 
lized for each device. This capacitor should be connected 
between the Vcc and Ground terminals of the device, as 
close to the device as possible. Additionally, to stabilize the 
supply voltage level on printed circuit boards with large 
EPROM arrays, a 4.7 pF bulk electrolytic capacitor should 
be utilized, again connected between the Vcc and Grou 
terminals. This capacitor should be positioned as close 

to the array. 
possible to the point where the power supply is 

DATA OUTPUTS 
00 - 07 

'e c c e c c c $ 

BUFFERS PROGRAM LOGIC CE 
1 I 

CELL MATRIX 

ID ENTl FlCATlON 
tNPUTS X DECODER 

2 AT27COSO 



lbsolute Maximum Ratings'Ik 
~ _ _ _ _  ~ ~ ~~ 

Temperature Under Bias ................................ -55°C to +125"C 

Storage Ternperature ..................................... -65% to .tl50"G 

Voltage on Any Pin with 
Respect to Ground ......................................... -2.W to +7.0V(') 

Voltage on A9 with 
Respect to Grouiid ...................................... .Z.OV to -~14.0V(') 

V,, Supply Voltage with 
Respect to Ground ....................................... .2.0V to +14.0v(') 

Inlegrated UV Erase Dose .......... : .................. 73.58 Wusec/cm' 
_g_)_l_ .________ 

'NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating 
pnly and functional operation of the device at 
these or any other conditions beyond those 
indicated in the operational sections of this 
specification is not implied. Exposure to abso- 
lute maximum rating conditions for extended 
periods may affect device reliability. 

Note: 1. Minirritirn voltage is -0.6V DC which may undershoot to -2.OV for pulses of less than 20 ns. Maximum output pin voltage is 
V,, + 0.7% DC which may overshoot to +7.0V for pulses of less than 20 ns. 

Outputs 

High Z 

High Z 

DIN 

A9 = VHC3) 
AU = VI, or VI, 
A1 - A1 9 = V,, 

lden tification 
Code 

4. Two identifier bytes may be selected. Ail Ai inputs are held low (VIJ, except A9 which is set to V, and A0 which is toggled 
low (VIL) to select the Manufacturer's Identification byte and high (VIH) to select the Device Code byte. 
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DC and AC Operating Conditions for Read Operation 
I I AT27CO80-90 I AT27CO80-10 I AT27CO80-12 I AT27COBO-15 

Operating Com. 
Ind. Temperature (Case) 

I 

0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 

-40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C 

V,, Power Supply 

DC and Operating Characteristics for Read Operation 

5V f 10% 5 V f  10% 5V f 10% 5 V f  10% 

Symbol I Parameter Condition I Mln I Max I Units 

Is,, (CMOS), CE = V,, f 0.3V 
V,-&') Standby Current 

lSR2 (TTL), = 2.0 to Vcc + 0.5V 

1Ll Input Load Current fl .o PA 
[LO Output Leakage Current VoUT = OV to Vcc (Com., lnd.) f5.0 W A .  

100 PA 

1 .o mA 

"OH 

I f = 5 MHz, louT = 0 mA, 40 mA = VI, V,, Active Current 

Output High Voltage I Io, = -400 PA 2.4 V 

I V 'IH I Input High Voltage 2.0 

Parameter 

VOL 1 Output LOW Voltage I lo,= 2.1 mA t 1 0.4 I V 

AT27CO80 

-90 -1 0 -t 2 -1 5 - 
Condition Mln Max Mtn Max Min Max Mln Max Units 

- 
CE to Output Delay OE = VI, 90 
- 

tCEt3) 

AC Characteristics for Read Operation 

100 120 150 ns 

Svmbol 

- b,(3)(4) 1 OE to Output Delay 
- 
CE = VI, 20 20 30 35 ns 

tAcc(4) 1 Address to Output Delay 1 1 1 90 1 1 100 1 1 120 I 1 150 1 ns 

b H  

I L 

0 0 0 0 ns Output Hold from Address, 
or m,,whichever occurred first 

I I 3 * l  1 3 0 1  1 3 5 1  / 4 0 / * s  
tDF(2)15) OE or CE High to'output float, whichever 

occurred first 

4 AT27C080 



AT27C080 

IC. Waveforms for ~ e a d  Operation(’) 

Notes: 1 Timing measurement references are 0.W and 2.0V. Input AC drive levels are 0.45V and 2.4V unless otherwise specified. 
2. t,, is specified form OFNPP or CE, whichever occurs first. Output float is defined as the point when data is no longer driven. 
3. EN,, ,  may be delayed up to t,, . to, after the falling edge of without impact on tcf:, 
4. OEA/,,~ niay be delayed up to tAcc- bE after the address is valid without impact on tA,c. 
5. This parameter is only sampled and is not 100% tosted. 

Input Test Waveform and 
M eas u re me tit Leve Is 

2.4V --7 
1 

/‘ AC 

t,, t, < 20 n s  ( I  0% to !30%) 

Pin Capacitance 
f = 1 MHz, T = 2ijoC(’) 

Output Test Load 
1.3v - 

(lN914) 

OUTPUT 
PIN 

Note: CL = 100 pF including jig capacitance. 

f;?!k b” -i~ ;;-yyi 
___--- ___--_I_-- 

VOUT = QV _- -- -...--- Cot,, 
Note: 1 .  Typicill values For nominal supply voltage. This parameter is only sampled and is not 100% tested 
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Programming Waveforms 

Symbol 

ILI ' 

vi, 
'IH 

VOL 

VOH 

ADDRESS 

DATA 

VCC 

Limits 

Parameter Test Condltlons Mln Max Units 

Input Load Current = viL* VIH f10 PA 

input Low Level . -0.6 0.8 V 

Input High Level 2.0 v,, + 1 .o V 

Output Low Voltage Io, = 2.1 mA 0.4 V 

Output High Voltage lo" = -400 PA 2.4 V 

- 
CE 

- 

READ 

VI H 
VIL 

VIH 

VIL 

6.5V 
5.0V 

13.0V 

VIL 

VIH 

VIL 

I I I I 

I 'ID I A9 Product Identification Voltage 

Notes: 1, The Input Timing reference is 0.8V for Vi, and 2.OV for V,H. 
2. bE and tDFp are characteristics of the device but must be accommodated by the programmer, 

11.5 12.5 v 

DC Programming Characteristics 
TA = 25 i 5"C, Vcc = 6.5 i O.25Vl O N p p  = 13.0 i 0.25V 

I icc2 I V,, Supply Current (Program and Verify) I 

6 AT27C080 



AT27C080 

Pins 

1 00 

0 

0 

Manufacturer 

Device Type 
__ 

C Programming Characteristics 
A 25 .C 5"C, V,;c 2: 6.5 J- 0.25V, C E N p p  13.0 f O.25V 

-IIB 

)I 

I--- 

------ 
___I _I___ 

Input Rise and Fall limes: 
____- 

(10% to 90%) 20 ns 

Hex Data 

1E 

8 A  
- 

Address Hold Time 

Data Hold Time 
_II__ __ Input Pulse L.evels: 

0.45V to 2.4V 

130 " ns 

Cls 

52.5 PS 

1 .o Cls 

ns 

ns 

lnpul 'Timing Reference Level: ___.__.___̂II__ I___ 

-.- ---1_-1_. 

Output Timing Reference Level: 
o.av to 2 . 0 ~  

Prograrnming 
Notes: 1. V,, must be applied sirnultaneously or before GE/Vpp and removed simultaneously or after mN,, 

2. This parameter is only sampled arid is not 100% tested. Qutput Float is defined as the point where data is no longer driven- 
see timing diagram. 

3. Prograni IJuIse width tolerance is 50 vs f 5%. 

Atrnel's 27C080 Integrated roduct lclentificatisn Code 
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A 50 ps pulse width is used to program. The address is 
Rapid P rog ram m C ng A Ig o r i t h m 

set to the first location. Vcc is raised to 6.5V and ~ N , ,  is 
raised to 13.0V. Each address is first programmed with one 
50 ps pulse without verification. Then a verification 
reprogramming loop is executed for each address. In the 
event a byte fails to pass verification, up to 10 successive 
50 ps pulses are applied with a verification after each 

pulse. If the byte fails to verify after 10 pulses have 
applied, the part is considered failed. After the byte verifies 
properly, the next address is selected until all have been 
checked. mNpp is then lowered to V,, and V,, to 5.0V. All 
bytes are read again and compared with the original data to 
determine if the device passes or fails. 

START 

ADDR = FIRST LOCATION 

8 

t 
PROGRAM ONE 50 US PULSE 

ADDRESS 

[ YES 

I ADDR = FIRST LOCATION 1 

f 
PROGRAM ONE 50 US PULSE 

v,, = 5.0V F C W P P  = VIL 1 YES 

AT27C080 

PASS 1 

DEVICE 
PASSED 



AT27C080 

Package Type .- -"- 

3::ov;c 
32J 

32P6 

___ r,: I.- ,d, n.coo" ' ' v l r - i c ' ~ ~ ~ ; . ~ ~ ~ ,  0 - m  __- 

&?-Lead,Plastic J-Leaded Ciiip Carrier (IJLCC) - l l _ l ~ - l l l l l l l l l l l l ~ -  t 32-Lead, 0.600" Wide, Plastic Dual inlino Package (PDIP) 
. 

100 

1 -- 

Information 

40 

40 

40 

Standby 

0.1 

0.1 

0.1 

0.1 

Package 

32DW6 
32J 
32P6 
32R 
32T 

- 

32DW6 
32J 
32P6 
32R 
32T 

32DW6 
32J 
32P6 
32R 
32T 

32DW6 
325 
32P6 
32R 
32T 

Operation Range 

Commercial 
(0°C to 70°C) 

Industrial 
(-40°C to 85OC) 

Commercial 
(0°C to 70°C) 

Industrial 
(-40°C to 85°C) 

%!-Lead, 0.450" Wide, Plastic Gull Wing Small Outline (SOIC) 

32-Lead, Plastic Thin Small Outline Package (TSOP) , 32T 
+_-__ 
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Orderin! 

Standby 
0.1 

Information (Continued) 
Icc (mA) 

Ordering Code Package 
AT27C080-12DC 32DW6 

Active 

0.1 

0.1 

40 

AT27C080-15DC 32DW6 Commercial 
AT27C080-15JC 325 (0°C to 70°C) 
AT27C080-15PC 32P6 
AT27C080-15RC 32R 
AT27C080-15TC 32T 

AT27C080-15DI 32DW6 Industrial 

AT27C080-15Pl 32P6 
AT27CO80-15RI 32R 
AT27C080-15TI 32T 

AT27C080-15JI 32J (-40°C to 85°C) 

40 

32DWG 

32 J 

32P6 

32R 

32T 

40 

32-Lcad. 0.600'' Windowed, Ceramic Dual lnlinc Package (Ccrdip) 

32-Lead,Plastic J-Leaded Chip Carrier (PLCC) 

32-Lead, 0.600" Wide, Plastic Dual lnline Package (PDIP) 

32-Lead, 0.450" Wide, Plastic Gull Wing Small Outline (SOIC) 

32-Lead, Plastic Thin Small Outline Package (TSOP) 

40 

I I i 

0.1 

AT27CO80-12JC 
AT27C080-12PC 
AT27C080-12RC 
AT27C080-12TC 

AT27C080-12DI 
AT27C080-12Jl 
AT27C080-12PI 
AT27C080-12RI 
AT27CO80-12TI 

323 
32P6 
32R 
32T 

32DW6 
32J 
32P6 
32R 
32T 

Operation Range 
Commercial 

(0°C to 70'C) 

Industrial 
(-40°C to 85°C) 

I Package T L D ~  I 

10 
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AT27C080 

Qat= kag ing I nformat i on 
3213W6, 32-Lead, Q.600" Wide, Windowed, Ceramic 
Dual lnline Package (Cerdip) 
Dimensions in Jnches and (Millimeters) 
MIL-STD-1835 C)-16 CONFIG A 

1.69(42.9) I, - .---.. 
1.64(41.7! I 

32P6, 32-Lead, 0.600" Wide, Plastic Dual lnline 
Package (PDIF') 
Dimensions in lriches and (Millimeters) 

167(4%.4) 
1.64(41.7) ---6q P---- - --- 

.220(5.5!1) 
MAX 

JdL .022(.559) 
.014(.356) 
___ 

32J, 32-Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC STANDARD MS-016 AE 

.045(1.14) X 45' PIN NO. 1 .025(.635) 30'-45' 
.O 1 2 i.305) 
.008(.203) 

.530(13.5) 

.015(.381) 
.050(1.27) TYP 

.140(3.56) AT CONTACT 
POINTS .120(3.05) 

.022(.559) X 45' MAX (3X) 

1 .495(12.6) ~ 1 
.485( 12.3) 

~ ~~ 

32R, 32-Lead, 0.440" Wide, Plastic Gull Wing Small 
Outline (SOIC) 
Dimensions in Inches arid (Millimeters) 

.020{.508) 

.014(.356) - lk 

4 ,0501'1.27) BSC 

11 



Pac kag i ng I n f o rm a t i on 

32T, 32-Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions in Millimeters and (Inches)' 
JEDEC OUTLINE MO-142 BD 

INDEX 
MARK 

16.5(.728) 20.2(.795) I I 3 s 3 m -  

1.20(.047) MAX 

8 REF 0.20(.00a) 
I r i33 ima 

\ - - - . I  k----------- T 
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Atmel Headquarters 

Corporate HeLrdquarters 
2325 Orchard Parkway 
San Jose, C:A 95131 
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Atmel U.K., Ltd. 
Coliseum Business Centre 
Riverside Way 
Camberley, Surrey GU 15 3YL 
England 
TEL (44) 1276-686679 
FAX (44) 1276-686697 

Asicc 
Atmel Asia, L.td. 
Room '1219 
Chinachem Golden Plaza 
77 Mody Road 
Ts i rri s h a t s u i East 
Kowloon, Hong Kong 
TEL (852) 2721 9778 
FAX (852) 27221369 

.rrpcm 
' Atmel Japan K.K. 

'ronetsu Shinkawa Bldg., 9F: 
1-24-8 Shinkawa 
Chuo-ku, Tokyo 104-0033 
Japan 
TEL (e l )  3-3S23-3551 
FAX (81) 3-3523-7581 

Atme1 Operations 
Atvnel Colorcrclo Springs 

1150 E. Cheyenne Mtn. Blvd. 
Golomdo Springs, GO 80906 
'TEL. (719) 576-3300 
f'AX (7'1 9) 540-1 759 

Atinel Rousset 
Zone lndustrielle 
-1 31 06 Rousset Cedex, France 

f-AX (33) 4 42 53 60 01 
TEL. (33) 4 42 53 60 00 

~-- --- ------.-I 

Fax-ort-Dernund 
North America: 

International: 
1-(800) 292-8635 

1 -(403) 441-0732 

e-mail 
literature @ atmel.com 

Web Site 
h ttp://www.atmel .corn 

BBS 
1-(408) 436-4309 

C3 Atmel Corporstiori '1998. 
Atmel Corporation makes no warranty for the use of its producfs, other than those expressly contained in  the Company's standard war- 
rarity which is delniied iri Atmel's Terms and Conditions located on the Company's websiie. The Company assumes no responsibility for 
any errors which may appear in this ciocumerit, reserves the right to change devices or specifications detailed herein at any time withotit 
qotice, and does ncil make any commitment to update tho information contained herein. No licenses t o  patents or other intellectual prop- 
:rty of Atmel are granted by the Company in connection with the  sale of Atmel products, expressly or by implication. Atmel's products are 

not authorized for use as critical components in life support devices or systems, 

Marks bearing and/or "" are registered trademarks and trademarks of Atmel Corporation 

Terms and product names in this document may be trademarks of others. 
@ Printed on recycled paper. 

0360G-1 O198lxM 



2.4.4 Part Number Codes for the AT27COSO 

The following is the vendor's product number codes for the Atmel AT27C080 1 -Mbyte 
PROM memory, which was downloaded from the Atmel Internet site at: 

11 ttp:l/www.a~tmel.conl/atmel/acro bat/doc05 3 8 .pdf. 

When purchased the Al27CO80-12l3C comes in a plastic case without the window to 
erase the memory on either the top or the hottom of the IC. The top is labeled Atmel I 
AT27C080 I 12PC I 9944 and the bottom is labeled 9E4254-34012B I 1M 9E9931. 

When purchased the AT276080-12DC comes in a ceramic case with a circular window 
to allow 'CJV light to erase the memory ccritcred on the topside of the IC. The top is labeled 
Atmell A'r27C080 I 12PC I 9950 and the bottom is labeled 9E3009A-34012B 1 1 PHILIPPINES- 
F I 9E9947. 



Ordering 

fxplanatioii of Atrnel’s Part Number Code 
SI Atmel part numbers begin with the prefix “Al‘”. The next 
i u r  to nine digits arc the part number. In addition, Atmel 
arls can be ordered in particular speeds, in specific pack- 
ges, for particular temperature ranges a n d  with the option 
f 883C level B military compliance. The available options 

for each part are listed at the back of its data sheet in its 
“Ordering Information” table. These options are designated 
by the following suffixes placed at the end of the Atmel part 
number, in the order given: 

Prefix Device-- 
Ar xxxxx 

!Jak--“. 
x x x  

I 
F’ rocessing 

Blank = Standard 
/a83 = MIL-STD-883, Class B Fully Compliant 
B = MIL-STD-883, Class B Non-Compliant 

Tern peratu re Range 
C = Corn Temp (0°C to 70°C) 
1 = lrid Temp (-40°C to 85°C) 
RA = Mil Temp (-55°C to 125°C) 

Package 
A =. TQFP 
€3 =: Ceramic Side Braze Dual lnline 
6 =: CBGA 
D =: Cerdip 
F =: Flatpack 
G =: Cerdip, One Time Programmable 
J = Plastic &Lead Chip Carrier 
K = Ceramic J-Lead Chip Carrier 
L =: Leadless Chip Carrier 
M =: MSOP 
N I Leatiless Chip Carrier, One Time Programmable 
P =: Plastic DIP 
Q =: Plastic Quad Flatpack 
8. =: SOlC 
s =z SO16 
T =: TSOP (TSSOP for Serial EEPROM) 
U =E pBGA 
V :: VSOP (Small TS0P) 
W :: Die 
X :; TSSQP 
Y Cerpack 
Z ::: Ceramic Multi-Chip Module 

Speed 

W:re is an example Atmel part number: 

Rev. 05388-1 Ui98 
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EPROMs 

AT27BV256 

AT27EV512 

AT27EVOiO 

AT27EV 1024 

AT27BVOZO 

AT27BVO40 

AT27BV4096 

AT27BV400 

32KX8 

64K x 6 

128Kx8 

64K X 16 

25BK x 8 

S12K x 8 

256K x 16 

5i2K x 6/2S6K x 16 

70.150 ns 

70.150 ns 

90 - 150 ns 

90 - 150 ns 

90 - 150 ns 

120 - 150 ns 

120.150 ns 

150 ns 

256K.bit, 2.7.vok to 3.6-VOH EPROM 

512K-bk. 2.7wk to 3.6-vok EPROM 

NOW 

NOW 

iM-bH, 2.7-vol to 3.6-vqk EPROM NOW 

1M-bit. 2.7.vok to 3.6-volt EPROM N W  

2M.bil,2.7-vol to 3.6-vok EPROM Now 

4M-blt, 2.7-wk to 3.6-VOlI EPROM N W  

4M-blt, 2.7.vok to 3.6-vok EPROM NOW 

NOW 

NOW 

' 
4M.bit, Byte-selectable 2.7.voR to 3.6-volt EPROM 

BM.bit, Bytesaledabla 2.7-volt to 3.6-wlt EPROM AT27BVBM) 1M x61512K x 16 150 ns 

Lowwoltage (3.0 to 3.6v) 

AT27LV256A 32KX8 55 - 150 ns 256K-bit. 3-voit EPROM Now 

AT27LV512A 64K x 8 70 - 150 ns 512K-bl. 3-volt EPROM Now 

AT27LV520 64K X 8 90 ns 512K-bl, Lalched 3-voA EPROM Now 

AT27LVO1 OA 128Kx8 70 - 150 ns 1 M-bit, 3-valt EPROM NOW 

AT27LV1026 2 x 32K x 16 35- 55 ns 1M-bll, Interleaved 3-voA EPROM Now 

AT27LV020A 256K x 6 90 - 150 ns 2M-bit, 3-volt EPROM NOW 

AT27LV040A 512K X 8 90 - 150 ns 4M-bl1, 3-volt EPROM NOW 

1 Standard MI1 

AT27C256fl 

AT27C512R 

AT27C516 

AT27CSZO 

AT27C1024 

AT27CCQO 

AT27C2048 

AT27CO40 

AT27C4098 

AT27C400 

AT27CO80 

I (S.0v-j 

32Kx8 

64K x 8 

3W x 16 

64K X 8 

128Kx6 

64KX 16 

256K xB 

128K x 16 

512K x 8 

256% X 16 

51 2K x 6 I 258K x 16 

1Mx8 

t M  x 81 512K x 18 

45 - 150 no 

45 - 150 nr  

45-1601% 

70 - 90 ns 

45 - 150 ns 

45-15Ons 

55-15011s 

55-150ns 

70 - 150 ns 

55-15Ons 

90-150ns 

90. 150 ns 

100 - 150 no 

258K*bit, 5-VOk EPROM 

5 1 BK-bA, 5-VOk EPROM 

512K-bii, 5-voR EPROM 
512K-bA. Lalchd 5-vaft EPROM 

1M-blt. 5-wit EPROM Standard and Low-power 

IM-blt, 5-wlt EPROM 

ZM-blt. S-valt EPROM 

ZM-bit, 5-wk EPROM 

4M-blt, 5-wlt EPROM 

c(M-blt, 5-wk EPROM 

4M-blt, Bytesoledable 5-volt EPROM 

8M.btt. S - ~ i t  EPROM 

BM-bit, Byte-ssledabls 5.vok EPROM 

Now 

NOW 

NOW 

NOW 

NOW 

NOW 

Now 

NOW 

NOW 

NOW 

NOW 

NGW 

Now 
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28F008SA -I 1-Mbyte Flash Memory 

‘T’lre 28F008SA is a criiical memory component of the Ampro CoreModule 3SXi card and 
contains the system BIOS software, which controls low-level interactions between the CPU and 
peripheral ICs. The specifications ,and data sheet for this IC are included for extra clarity, 



2.5.1 Data Sheet for the 2 

The following is the vendor's dah sheet for the Intel 28F008SA 1-Mbyte flash memory, 
which was downloadcd from the Intel Internet site at: 

!ii p : //download. intel. com/design/flcomp/datashts/2 904290 8. pdf. 



PRELIMINARY 
5 VOLT FIashFikP MEMORY 

28FOO8SA (x8) 

IU High-Density Symme?tricalty-Blo~ked I Deep Power-Down Mode 
Architecture - 0.20 PA Icc Typical 

Very High-Performance Read - Sixteen 64-Kbyte Blocks 

IN Extended Cycling CEipahiiitv - 85 ns Maximum Access Time 
-- 100,000 &IO& Er& Cycles 
- 1.6 Million Block Erase Cycles 

oer Chit, 

I SRAM-Compatible Write Interface 
Hardware Data Protection Feature - Erasemrite Lockout during Power 

Transitions a Automated Byte Write and Block Erase 
- Command User Interface 
- Status Register 

- RYlE3YJt Status Qwtput ETOXTM V Nonvolatile Flash 
-- Erase Suspefld Capability 

a Industry Standard Packaging - 40-Lead TSOP, 44-Lead PSOP 

Techno I og y - 12 V Byte Write/Block Erase 

m System Perforrnanco Enhancenients 

The 5 Volt FlashF71eTM memory 28F008SA'~ extended cycling, symmetrically blocked architecture, fast 
access time, write automation arid low power consumption provide a more reliable, lower power, lighter 
weight and higher performarice alternative to traditional rotating disk technology. The 28F008SA brings new 
capabilities to portable computing. Application and operating system software stored in resident flash memory 
arrays provide instant.on, rapid execute-In-Place (XIP) and protection from obsolescence through in-system 
software updates. Resident software also extends system battery life and increases reliability by reducing 
disk drive accesses. 

For high-density data acquisition applications, the 28F008SA offers a more cost-effective and reliable 
alternative to SRAM and battery. Traditional high-density embedded applications, such as 
telecommunications, can take advantage of the 28F008SA's nonvolatility, blocking and minimal system code 
requirenients for flexible firmware and modular software designs. 

The 28FOO8SA is offered in 40-lead TSOP and 44-lead PSOP packages. Pin assignments simplify board 
layout when integrating multiple devices in a flash memory array or subsystem. This device uses an 
integrated Command User Interface and state rnachlne for simplified block erasure and byte write. The 
28F008SA memory map corisists of 16 separately erasable 64-Kbyte blocks. 

Intel@ 28F008SA omploys advanced CMOS circuitry for systems requiring low power consumption and noise 
immunity, Its 85 ns access time provides superior performance when compared with magnetic storage media. 
A deep power-down mode lowers power consumption to 1 pW typical through VCc, crucial in portable 
computing, handheld instrumentation and other low-power applications. The RP# power control input also 
provides absolute data protectioti during syslern power-upldown. 

Manufactured on Intel@ 0.4 micron ETOX V process technology, the 28F008SA provides the highest levels of 
quality, reliability and cost-effectiveness, 

NOTE: This document formerly known as 28FU08SA 8-Mbit (1-Mbit x 8) Flashfile m Memory 

Order Number: 290429-008 



Inlonation in thls document Is provided In connectlon wllh Inlet products. No Ilcense, express or Implied, by estoppel or 
otherwise, lo any Intellectual property rlghts is granted by thls document. Except as provided in Intel’s Terms and Conditlons of 
Sale for such products, Intel assumes no liability whatsoever, and Intel disclaims any express of implied warranty, relating to 
sale and/or use of Intel products Including llabilly or warranties relating lo fitness for a parllcufar purpose, merchantability, or 
infringement of any patent, copyright or other intellectual property right. Intel products are not intended for use In medlcal, life 
saving, or life sudainlng applications. 

intel may make changes to specifications and product descriptions at any time, wlhout notice. 
The 28F008SA may contain design defects or errors known as errata which may cause the product to devlate from published 
specifications. Current characteribed errata are available on request. 

Contact your local lntet s a h  office or your distributor to obtaln the latest specliffiations and before placing your product order. 

Copies of documents which have an ordering number and are referenced In this document, or other Intel literature. may be 
obtained from: 

Intel Corporation 
P.O. Box 5937 
Denver. CO 80217-9808 

or call 1-800-548-4729 
or vis# Intel’s website at httpJh.inte1.com 

COPYRIGHT o INTEL cowoRAnoN 1997,igga 

“Thlrd-party brands and names are the property of their respectlve owners 

GO-041493 
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28F008SA 

Number 
-002 

-004 

-005 

-006 

4 

REVISION HISTORY 
Description . ' 

Revised from Advanced Information to Preliminary 
Modified Erase Suspend Flowchart 
Removed -90 speed bin 
Integrated -90 characteristics into -85 speed bin 
Combined Vpp Standby current and Vpp Read 

Lowered VLKo from 2.2 V to 2.0 V. 

current into one Vpp Standby current spec with two 
test conditions (DC Characteristics table) 

~ 

PWD renamed to RP# for JEDEC standardization compatibility. 
Changed lpps Standby current spec from *10 ~IA to i15 PA in DC Characteristics table. 

Added Extended Temperature Specs for 28F008SA 
Added IPPR Spec 
Corrected lpps Spec Type 
Added VoHZ (Output High Voltage-CMOS) Spec 
Added Byte Write Time Spec 

Minor changes throughout document. 
Added reset specifications, All components used prior to the publlcation date of this 
datasheet are not affected by the new specification. Only devices used after this date must 
adhere to this new specification. 

Removed references to reverse pinout throughout document. 
Added section numbers, 

Changed document title from 28F008SA 8-Mbit (1-Mbif x 8) FtashFilerMMernory. 

I PRELIMINARY 



28F008SA 

1.0 PRODUCT OVERVIEW 

The 28F008SA is a high-performance 8-Mbit 
(8,388,808 bit) memory organized as 1 Mbyte 
(1,048,576 bytes) of 6 bits each. !Sixteen 64-Kbyte 
(65,536 byte) blocks ale included on the 
28F008SA. A memory map is shown in Figure 5 of 
this specification. A Mock erase operation erases 
one of the sixteen blocks of memory in typically 
1.6 seconds, independent of the remaining blocks. 
Each block can be indepsnderitly erased and 
written 100,000 cycles. Erase suspend mode 
allows system software to sirspend block erase to 
read data or execute code from any other block of 
the 28F008SA. 

The 28F008SA is available in the 40-lead TSOP 
(Thin Small Outline Package, 1.2 mm thick) and 
44-lead PSOP (Plastic Small Outline) packages. 
Pinouts are shown in Figures 2 and 3 of this 
specification. 

The Command User Interface (CIJi) serves as the 
interface between tho microprocessor or 
microcontroller and the internal operation of the 
28F008SA. 

Byte Write and Block Erase Automation allow byte 
write and block erase operations to be executed 
Lisiiig a two-wnte command sequonce to the CUI. 
The internal Write State Machino (WSM) 
automatically executes the algorithms and timings 
necessary far byte write and block erase 
operations, iiv&cling verifications, thereby 
unburdening the microprocessor or micro- 
controller. Writing of inemoiy data is performed in 
byte increments typically within 9 ps-an 80% 
improvement over current flash niemory products. 
Ipp byte write and block erase currents are 10 mA 
typical, 30 mA maximum. Vl,p byte write and block 
erase voltage is 11.4 V to 12.6 V. 

PRELIMINARY 

The status register indicates the status of the 
WSM and when the WSM successfully completes 
the desired byte write or block era$e operation. 

The RY/BY# output gives an additional indicator of 
WSM activity, providing capability for both 
hardware signal of status (versus software polling) 
and status masking (interrupt masking for 
background erase, for example). Status polling 
using RY/BY# minimizes both CPU overhead and 
system power consumption. When low, RY/BY# 
indicates that the WSM is performing a block 
erase or byte write operation. RY/BY# high 
indicates that the WSM is feady for new 
commands, block erase is suspended or the 
device is in deep power-down mode. 

Maximum access time is 85 ns (tACC) over the 
commercial  temperature^ range (0 "C to +70 "C) 
and over V,C supply voltage range (4.5 V to 5.5 V 
and 4.75 V to 5.25 V). I,, active current (CMOS . 
Read) is 20 mA typical, 35 mA maximum at 
0 MHz. 

When the CE# and RP# pins are at Vcc, the Icc 
CMOS standby mode is enabled, 

A deep power-down mode is enabled when the 
RP# pin is at GND, minimizing power consumption 
and providing write protection. Icc current in deep 
power-down is 0.20 pA typical. Reset time of 400 
11s Is required from RP#I switching high until 
outputs are valid to read attempts. Equivalently, 
the device has a wake time of 1 ps from RP# high 
until writes to the CUI are recognized by the 
28FOOBSA. With RP# at GND, the WSM is reset 
and the status register is cleared. 

5 



28F008SA 

6 

Figure 1. Block Diagram 
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28F008SA 

WE# 

AY/BY# 

"PP 

"CC 

GND ' 

INPlJI/OUTPUT 

INPUT 

INPUT 

INPUT 

_----a 

Table 1. Pin Descriptions -_- 
Name and Function 

ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycle. 

DATA INPUUOLJTPUTS: Inputs data and commands during CUI 
write cycles; outputs data during memory array, status register and 
Identifier read cycles. The data pins are active high and float to tri- 
state off when the chip is deselected or the outputs are disabled. Data 
is internally latched during a write cycle. 

CHIP ENABLE: Activates the device's control logic, input buffers, 
decoders, and sense amplifiers. CE# is active row; CE# high 
deselects the rnerrioty device and reduces power consumption to 
standby levels. 

-~ 

---- 

RESEVDEEP POWER-DOWN: Puts the device in deep power-down 
mode. RP# is active low; RP# high gates normal operation. RP# also 
locks out block erase or byte write operations when active low, 
providing data protection during power transitions. RPt  active resets 
internal automation. Exit from deep power-down sets device to read- 
array mode. 

OUTPUT ENABLE: Gates the device's outputs through the data 
buffers during a read cycle. OE# is active low. 

-I_ 

WRITE ENABLE: Controls writes to the CUI and array blocks. WE# 
is active low. Addresses and data are latched on the rising edge of 
the WE# pulse. 

READYBUSY#: Indicates the status of the internal Write State 
Machine. When low, it indicates that the WSM is performing a block 
erase or byte write operation. RY/BY# high indicates that the WSM Is 
ready for new commands, block erase is suspended or the device is 
in deep power-down mode. RY/BY# is always active and does NOT 
float to tri-state off when the chip is deselected or data outputs are 
disabled. 

BLOCK EAASUBYTE WRITE POWER SUPPLY for erasing blocks 
of the array or writing bytes of each block. 

NOTE: 
With Vpp < V~PLMAX'  memory contents cannot be altered. 

DEVICE POWER SUPPLY (5 V *lo%, 5 V +5%) 

GROUND 

- _ ~ -  

-- 
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E28FOMSA 
I -Load TSOP 
10 mm x20 mm 

TOP VlEW 

38 

37 
36 
3s 
34 
33 

32 
31 
30 

29 
28 

27 
26 

25 
24 

23 
22 
21 

Figure 2. TSOP Lead Configurations 
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II Y 

Figure 4. 213F008SA Array Interface to lnto1386SL Microprocessor Superset through PI Bus 
(Including RY/BY# Masking and Selective Power-Down), for DRAM Backup during System SUSPEND, 

Residerit O/S and Applications and Motherboard Solid-state Disk. 
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2.0 PRINCIPLES OF OPERATION 

The 28F008SA includes on-chip write automation to 
manage write and erase functions. The Write State 
Machine (WSM) allows for 100% TTL-level control 
inputs, fixed power supplies during block erasure 
and byte write, and minimal processor overhead 
with RAM-like interface timings. 

After initial device power-up, or after retum from 
deep power-down mode (see Bus Operations), the 
28FOO8SA functions as a read-only memory. 
Manipulation of external memoty-control pins allow 
array read, standby and output disable operations. 
Both status register and intelligent identifiers can 
also be accessed through the CUI when Vpp E 

This same subset .of operations Is also available 
when high voltage is applied ta the Vpp pin. In 
addition, high voltage on Vpp enables successful 
block erasure and byte writing of the device. All 
functions associated with altering memory 
contents-byte write, block erase, status and 
intelligent identifier-are accessed via the CUI and 
verified through the status register. 

Commands are written using standard 
microprocessor write timings. CUI contents serve 
as Input to the WSM, which controls the block erase 
and byte write circuitry. Write cycles also internally 
latch addresses and data needed for byte write or 
block erase operations. With the appropriate 
command written to the register, standard 
microprocessor read timings output array data, 
access the intelligent identifier codes, or output byte 
write and block erase status for verification. 

Interface software to initiate and poll progress of 
internal byte write and block erase can be stored in 
any of the 28FOO8SA blocks. This code is copied 
to, and executed from, system RAM during actual 
flash memory update. After successful completion 
of byte write andlor block erase, codeldata reads 
from the 28FOO8SA are again possible via the Read 
Array command. Erase suspendlresume capability 
allows system software to suspend block erase to 
read data and execute code from any other block. 

"PPL. 

FFFFF 

FOOOO 
EFFFF 

EO000 
DFFFF 

DOOOO 
CFFFF 

coooo 
BFFFF 

BOO00 
AFFFF 

AOOOO 
SFFFF 

90000 
8FFFF 

80000 
7FFFF 

*70000 
6FFFF 

60000 
SFFFF 
50000 
4FFFF 

40000 
3FFFF 

30000 
2FFFF 

20000 
1 FFFF 

10000 
OFFFF 

00000 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block * 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

64-Kbyte Block 

0129-4 

Figure 5. Memory Map 
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2.1 Command U s s r  Interface and 

An on-chip state machine controls block erase and 
byte write, freeing the systctm processor for other 
tasks. After receiving the Erase Setup and Erase 
Confirm commands, the state machine controls 
block pre-conditioning and erase, returning 
progress via the status register and RY/BY# output. 
Byte wnte is similarly controlled, after destination 
address and expncted data are supplied. The 
program and erase algorithms of past Intel@ Flash 
rnemorios are now regulated by the state machine, 
including pulse repetition where required and 
internal verification and margining of data. 

Write Automation 

2.2 Data Protection 

t)epending on the application, the system designer 
rnay choose to make the Vpp power supply 
switchable (available only when memoty byte 
writesiblock erases are required) or hardwired to 
Vppt,. When VI.p = V p p ~ ,  memory contents cannot 
be altered. The 28F008SA CUI architecturo 
provides protection from unwanted byte write or 
block erase operations even when high voltage is 
applied to Vpp. Additionally, all functions are 
disabled whenever V,, is below the write lockout 
voltage V L K ~ ,  or when RP# is at VIL. The 
:!BF008SA accomtnodates either design practice 
and encourages optimization of the processor- 
memory interface. 

The two-step byte writehiock erase CUI write 
sequence provides additional software write 
protection. 

3.0 BUS OPERATION 

Flash memoty reads, erases and writes in-system 
via the local GPU. All bus cycles to or from the flash 
memory confortn to standard microprocessor bus 
cycles . 

3.1 Read 

The 28FO08SA has three read modes. The memory 
can be read from any of its blocks, and information 
can be read from the intelligent identifier or status 
register. Vpp can be at either V p p ~  or VppH. 

The first task 5s to wnte the appropriate read mode 
command to the CUI (array, intelligent identifier, or 
status register). The 28F008SA automatically 
resets to read array mode upon initial device power- 
up or after exit from deep power-down. The 
28FOOSSA has four control pins, two of which must 
be logically active to obtain data at the outputs. 
Chip Enable (CE#) is the device selection control, 
and when active enables the selected memory 
device. Output Enable (OE#) is the data 
inputioutput (DQ,-DQ7) direction control, and when 
active drives data from the selected memory onto 
the IIO bus. RP# and WE# must also be at V ~ H .  
Figure 13 illustrates read bus cycle waveforms. 

3.2 Output Disable 
With OE# at a logic-high lave1 (VI,,), the device 
outputs are disabled. Output pins (DQ,-DQ,) are 
placed in a high-impedance state. 

3.3 Standby, 

CE# at a logic-high level (VIH) places the 
2DFOODSA in standby mode. Standby operation 
disables much of the 28F008SA's circuitry and 
substantially reduces device power consumption. 
The outputs (DQo-DQI,) are placed in a high- 
impedance state independent of the status of OE#. 
If the 28F008SA is deselected during block erase or 
byte write, the device will continue functioning and 
consuming normal active power until the operation 
completes. 
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Table 2. Bus Operations 

NOTES: 
1. 
2. 

3. 

4. 
5. 

Refer to DC Charactedstlcs. When Vpp = V p p ~ ,  memory contents can be read bul not wrltten or erased. 
X can be VLL or VIH for control pins and addresses, and VppL or VppH for Vpp. See DC Characferlstlcsfor VppL and V,,, 
voltages. 
RYIBY# Is Vo, when the Write State Machine Is executing Internal block erase or byte write algorithms. It is VoH when the 
WSM Is not busy, In erase suspend mode or deep power-down mode. 
Command writes involving block erase or byte write are only successfully executed when Vpp = Vpw. 
Refer to Table 3 for valid qN durlng a write operation. 

3.4 Deep Power-Down 

The 28F008SA offers a deep power-down feature, 
entered when RP# is at VIL. Current draw through 
Vcc is 0.20 pA typical in deep powerdown mode, 
with current draw through Vpp typically 0.1 PA. 
During read modes, RP#-low deselects the 
memory, places output drivers in a high-impedance 
state and turns off all internal circuits. The 
28F008SA requires time tpHQV (see AC 
Cheracteristics-Read.Only Operatrons) after return 
from power-down until initial memory access 
outputs are valid. After this wakeup interval, normal 
operation is restored. The CUI is reset to Read 
Array, and the upper 5 bits of the status register are 
cleared to value 10000, upon return to normal 
operation. 

During block erase, program or lock-bit 
configuration, RP#-low will abort the operation. 
RY/BY# remains low until the reset operation is 
complete. Memory contents being altered are no 
longer valid; the data may be partially erased or 
written. Time tpHWL is requlred after RP# goes to 
laglc-hlgh (VIH) before another command can be 
written. 

12 

This use of RP# during system reset is important 
with automated wrlte/erase devices. When the 
system comes out of reset it expects to read from 
the flash memory. Automated flash memories 
provide status information when accessed during 
write/erase modes. If a CPU reset occurs with no 
flash memory reset, proper CPU initialization would 
not occur because the flash memory would be 
providing the status Information instead of array 
data. Intel's Flash memories allow proper CPU 
initialization following a system reset through the 
use of the RP# input. In this application RP# is 
controlled by the same RESET# signal that resets 
thesystem CPU. 

3.5 Intelligent Identifier Operation 

The intelligent identifier Operation outputs the 
manufacturer code, 89H; and the device code, A2H 
for the 28F008SA. The system CPU can then 
automatically match the device with its proper block 
erase and byte write algorithms. 

PRELIMf NARY 



28F008SA 

The manufacturer- and device-codes are read via 
the CUI. Following a write of 90H to the CUI, a read 
from address location OOOOOH outputs the 
rnanufacturer coda (89H). A read from address 
00001H outputs the devico code (A2H). It is not 
necessary to have high voltage i3pplied to Vpp to 
read the intelligent identifiers from the CUI. 

3.6 Writo 
Writes to the CUI enable reading of device data and 
Intelligent Identifiers. They also control inspection 
and clearing of the status register. Additionally, 
when V,, =I VPPHl the Cl l l  controls block erasure 
and byte wnte, [he contents of the interface 
register serve as input to the interrial state machine. 

The CUI itself does not occupy.an addressable 
rnemoty location. The interface register is a latch 
used to store the t;ommand and address and data 
information needed to execute the command. Erase 
Setup and Erase Confimi commands require both 
appropriate command data and an address within 
the block to be erased. The Elyte Write Setup 
command requires both appropriate command data 
and the address of the location to be written, while 
the Byte Write command consists of the data to be 
written and the address of the location to be written. 

The CUI is written by bringing WE# to a logic-low 
lsvel (VIL) whita CE# is low. Addresses and data 
are latched on the rising edge of WE#. Standard 
microprocessor wnte timings are used. 

Refer to AC Write Characteristics and the AC 
Waveforms for Write Operations, Figure 15, for 
specific timing parameters, 

4.0 COMMAND DEFINITIONS 

When V p p ~  is applied to the Vpp pin, read 
operations from the status register, intelligent 
identifiers, or array blocks are enabled. Placing 
V p p ~  on Vpp enables successful byte write and 
black erase operations as well. 

Device operations are selected by writing specific 
.commands into the CUI. Table 3 defines the 
2EF008SA commands. 

4.1 Read Array Command 

Upon initial device power-up and after exit from 
deep power-down mode, the 28F008SA defaults to 
read array mode. This operation is also initiated by 
writing FFH into the CUI. Microprocessor read 
cycles retrieve array data. The device remains 
enabled for reads until the CUI contents are altered. 
Once the intomat WSM has started a block erase or 
byte write operation, the device will not recognize 
the Read Array command, until the WSM has 
completed its operation. The Read Array command 
is functional when Vpp ES VppL or VppH. 

PRELIMINARY 13 
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Command 

Read ArrayIReset 

inteltigent Identifier 

Read Status Register 

Clear Status Register 

Erase SetupIErase 
Confirm 

Erase SuspendlErase 
Resume 

Byte Write SetupMrite 

Alternate Byte Write 
SetuplWrite 

IOTES: 

Table 3. Command Definitions 
1 

I Second Bus Cycle I Bus 
Cycles I Notes I 
Req'd 

First Bus Cycle 

2 1 5  

T f 

Write I X I 90H 

Write I x I  OH 
I 

~~ 

Write X 50H 

Write * BA 20H 

.Write X EOH 

Write WA 40H 

Write WA 10H 

I 

Read I IA I IID 
I 

Read X SRD 

Write BA DOH 

Write X DOH 

Write WA WD 

Write WA WD 

1. 
2. 

Bus operations are defined In Table 2. 
IA z ldentlfler Address: OOH for manufacturer code, O1H for  device code. 
BA = Address wlthln the block belng erased. 
WA = Address of memory locatlon to be wrftten. 
SRD = Data read from status register. See Table 4 for a descriptlon of the status reglster bits. 
WD I Data to be written at locatlon WA. Data Is latched on the rising edge of WE#. 
IID E Data read from Intelligent Identlflers. 

4. Fdlowlng the Intelligent Identifier command, two read operations access manufacture and devlce codes. 
5. Either 40H or 1OH are recognized by the WSM as the Byte Write Setup command. 
6. Commands other than those shown above are reserved by lnlel for luture devlce Implementations and should not be used. 

. 
3. 
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4.2 Intelligent ideritifieir Command 
Tho 28F008SA contains an intelligent identifier 
operation, initiated by writing 9Oti into the CUI. 
Following the command write, a read cycle from 
address OOOOOH retneves the manufacturer code of 
RBH. A read cycle from address DODOlH returns the 
device code of A2H. To terminate the operation, it 
IS necessary to write anothur valid command into 
the register. Like the Read Array command, the 
Intelligent ldentifiei command is functional when 
VPF’ vPPL Or VPPt l *  

4.3 Read Status Register 
Command 

The 28FOO8SA contains a status register which 
rnay be read ta determine when a byYe write or 
block erase operation is complete, and whether that 
operation completed successfully. Tho status 
register may be road at any time by writing the 
F?ead Status Register command (70H) to the CUI. 
After writing this command, all subsequent read 
operations output data from the stntus register, until 
another valid commarrd is written to the CUI. The 
contents of the status register are latched on the 
falling edge of OEI# or CEB, whichever occur:; last 
in the read cycle. 6E# or CE# must be toggled to 
\/,H before further reads to update the status 
register latch. The Read Status Register command 
functions whon Vpp = V p p ~  or VppI+ 

4.4 Clear Status Register 
Command 

The erase statiis and byte write status bits are set 
to ‘7”s by the Write State Machine and can only bo 
reset by the Clear Status Register command. 
These hits indicate various failure conditions (sea 
Table 4). By allowing system software to control the 
resetling of these bits, several operations may be 
performed (such as cumulatively writing several 
bytes or erasing multiple biocks In sequence). The 
status register may then be polled to determine if 
an error occurred during th;it sequence. This adds 
flexibility to the way the device may be used. 

Additionally, tho Vpp status bit (SR.3) must be 
reset by systeni software before further byte writes 
or block erases are attempted. To clear the Status 
Register, the Clear SfiatUS Register command (50H) 
is written to the CUI. The Clear Status Register 
command Is functional when Vpp r-- V p p ~  or V p p ~ .  

4.5 Erase SetuplErase Confirm 

Erase is executed one block at a time, initiated by a 
two-cycle command sequence. An Erase Setup 
command (20H) is first written to the CUI, followed 
by the Erase Confirm conirnand (DOH). These 
commands requlre both appropriate sequencing 
and an address within the block to be - FFH. Block preconditioning, erase and v e m  
handled internally by the WSM, invisible to the 
system. After the two-command erase sequence is 
written to it, the 28FOOBSA automatically outputs 
status register data when read (see Figure 6; 
Aufmateed €?/lock Eras8 Flowchar$ The CPU can 
detect the completion of the erase event by 
analyzing the output of the RY/BY# pin, or the 
WSM status bit of the status register. 

When erase is completed, the erase status bit 
should be checked. If erase error is detected, the 
status register should be cleared. The CUI remains 
in read status register mode until further commands 
are issued to it. 

This two-step sequence of set-up followed by 
execution ensures that memory contents are not 
accidentally erased. Also, reliable block erasure 
can only occur when Vpp = Vpp,. In the absence of 
this high voltage, memory contents are protected 
against erasure. If block erase is attempted while 
Vpp = VppL, the Vpp status bit will be set to “1.” 
Erase attempts while V p p ~  < Vpp < V p p ~  produce 
spurious results and should not be attempted. 

Commands 

4.6 Erase SuspendlErase Resume 
Commands 

The Erase Suspend command allows block erase 
interruption in order to read data from another block 
of memory. Once the erase process starts, writing 
the erase suspend command (BOH) to the CUI 
requests that the WSM suspend the erase 
sequence at a predetermined point in the erase 
algorithm. The 28F008SA continues to output 
status register data when read, after the Erase 
Suspend command is written to it. Polling the WSM 
status and erase suspend status bits will determine 
when the erase operation has been suspended 
(both will be set to “ 3 ” ) .  AY/BY# will also transition 
to VOH 

15 



28F008SA 
I . .  

At this point, a Read Array command can be written 
to the CUI to read data from blocks other than that 
which is suspended. The only other valid 
commands at this time are Read Status Register 
(70H) and Erase Resume (DOH), at which time the 
WSM will continue with the erase process. The 
erase suspend status and WSM status bits of the 
status register will be automatically cleared and 
RYIBY# will retum to VoL. After the Erase Resume 
command is written to it, the 28F008SA 
automatically outputs status register data when 
read (see Figure 7; Erase Suspend/Resume 
Flowchari). Vpp must remain at V p p ~  while the 
28F008SA is in Erase Suspend. 

4.7 Byte Write Setupmrite 
Commands (40H or lOH) 

Byte write is executed by a two-command 
sequence. The Byte Write Setup command (40H or 
IOH) is written to the CUI, followed by a second 
write specifying the address and data (latched on 
the rising edge of WE#) to be written. The WSM 
then takes over, controlling the byte write and write 
verify algorithms internally. After the two-command 
byte write sequence is written to it, the 28F008SA 
automatically outputs status register data when 
read (see Figure 8; Aufomated Byte Write 
Flowchari). The CPU can detect the completion of 
the byte write event by analyzing the output of the 
RY/BY# pin, or the WSM status bit of the status 
register. Only the Read Status Register command 
is valid while byte write is active. 

When byte write is complete, the byte write status 
bit should be checked. If byte write error is 
detected, the status register should be cleared. The 
internal WSM verify only detects errors for "1"s that 
do not successfully write'to "O"s, The CUI remains 
In read status register mode until further commands 
are Issued to it. If byte write is attempted while Vpp 
-- VppL, the Vpp status bit wilt be set to "1." Byte 
write attempts while V p p ~  c Vpp < V p p ~  produce 
spurious results and should not be attempted. 

I 

5.0 EXTENDED BLOCK 
ERASUBYTE WRITE CYCLING 

lntei has designed extended cycllng capability lnio 
its ETOX flash memory technologies. The 
28F008SA is designed for 100,000 byte write/block 
erase cycles on each of the sixteen 64-Kbyte 
blocks. Low electric fields, advanced oxides and 
minimal oxide area per cell subjected to the 
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tunneling electric field combine to greatly reduce 
oxide stress and the probability of failure. A 20- 
Mbyte solid-state drive using an array of 
28F008SAs has a MTBF Mean Time Between 

reliable than equivalent rotating disk technology. 
Failure) of 33.3 million hours I , over 600 times more 

6.0 AUTOMATED BYTE WRITE 

The 28FOOBSA integrates the Quick-Pulse 
programming algorithm of prior Intel Flash devices 
on-chip, using the CUI, status register and WSM. 
On-chip Integration dramatically simplifies system 
software and provides processor interface timings 
to the CUI and status reglster. WSM operation, 
internal verify and Vpp high voltage presence are 
monitored and reported via the RY/BY# output and 

= appropriate status register bits. Figure 8, 
Aufomated Byte Write Flowchart, shows a system 
software flowchart for device byte write. The entire 
sequence Is performed with Vpp. at V p p ~ ,  Byte write 
abort occurs when RP# transitions to V~L, or Vpp 
drops to Vppp Although the WSM Is halted, byte 
data is partially written at the location where byte 
write was aborted. Block erasure, or a repeat of 
byle write, is required to initialize this data to a 
known value. 

7.0 AUTOMATED BLOCK ERASE 

As above, the Quick-Erase algorithm of prior Intel 
Flash devices is now implemented internally, 
including all preconditioning of block data. WSM 
operation, erase success and Vpp hlgh voltage 
presence are monitored and reported through 
RY/BY# and the status register, Additionally, if a 
command other than Erase Confirm is written to the 
device following Erase Setup, both the Erase status 
and Byte Write status blts will be set to "1"s. When 
Issuing the Erase Setup and Erase Confirm 
commands, they should be written to an address 
withln the address range of the black to be erased. 
Figure 6, Automated Block Erase Flowchart, shows 
a system software flowchart for block erase. 

' Assumptions: 10-Kbyie file wrinen every 10 minutes. (ZO-Mbyte 
array)/(lO-Kbyte file) = 2,MM file Wes before erase required. 

(2wO mas wrlteslerase) x (iOCt.030 cydss per 28FOOBSA black) = 
2Ml mllIian fib w h o .  

f2W x 10' R l s  wrles) x 110 midwrite) x (1 hr/60 min) - 33.3 10' 
MTBF. 
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Erase typically takes I .6 seconds per block. The 
Erase Suspend/Erase Resume command sequence 
allows suspension of this erase operation to read 
data from a block othor than that in which eraae is 
being peffomsd. A system software flowchart is 
showti in Figure 7, Erase Suspend/Uesume 
Fla wehart. 

The entire sequence is performed with Vpp at 
VppH. Abort occurs when RP# transitions to VIL or 
Vpp falls to Vpp,-, while erase is in progress. Block 
data is partially erased by this operation, arid a 
repeat of erase is required to obtain a fully erased 
block. 

8.0 DESIGN CONSIDERATIONS 

8.1 Three-L.ine Output Control 

The 28F008SA will often be used in large memory 
arrays. Intel provides three control inputs to 
accommodate multiple memory connections. Three- 
line control provides for: 

a)  lowest possible memory power dissipation 
b) complete assurance that data bus contention 

will not occur 

lo efficiently use thew control inputs, an address 
decoder should enable CE#, WhilQ OE# shoufd be 
connected to all memory devices and the system’s 
FIEAD# control line. This assures that only selected 
memory devices have active outputs while 
deselected memory devices are in standby mode. 
RP# should be connected to the system 
POWERGOQD signal io  prevent unintended writes 
during system power transitions. POWERGOOD 
should also toggle during syz;tem reset. 

8.2 RY/BY# and Byte Write/Block 
Erase Polling 

RY/BY# is a full CMOS output that provides a 
hardware method of detecting byte write and block 
erase completion. It transitions low time tWHRL after 
a write or erase command sequence is written to 
the 28F008SA, and returns to V,, when the WSM 
has finished executing the internal algorithm. 

RY/BY# can be connected to the interrupt input of 
the system CPU or controller. It Is active at all 
times, not tri-stated if the 28FOOBSA CE# or OE# 
inputs are brought to VIH. RY/BY# is also VOH when 
the device is in erase suspend or deep power-down 
modes. 

8.3 Power Supply Oecoupling 

Flash memory power switching characteristics 
require careful device decoupling. System 
designers are interested In three supply current 
issues; standby current levels (Ise), active current 
levels (Icc) and transient peaks produced by falling 
and rising edges of CE#. Transient current 
magnitudes depend on the device outputs’ 
capacitive and inductive loading. Two-line control 
and proper decoupling capacitor selection will 
suppress transient voltage peaks. Each device 
should have a 0.1 pF ceramic capacitor connected 
between each Vcc and GNO, and between its Vpp 
and GND. These high frequency, low inherent- 
inductance capacitors should be placed as close as 
possible to package leads. Additionally, for every 
eight devices, a 4.7 pF electrolytic capacitor should 
be placed at the array’s power supply connection 
between Vcc and GND. The bulk capacitor will 
overcome voltage slumps caused by PC board 
trace inductances. 
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WSMS ESS 

inu, 

ES BWS VPPS R R R 

A.7 =WRITE STATE MACHINE STATUS 
1 = Ready 
0 = Busy 

- 
RY/BY# or the Write State Machine status bit must 
first be checked to determine byte write or block 
erase completion, before the Byte Write or Erase 
status bit are checked for success. 

~ 

SR.6 = ERASE SUSPEND STATUS 
1 = Erase Suspended 
0 = Erase in ProgresdCornpleted 

1 = Error in Block Erasure 
0 = Successful Block Erase 

SR.5 = ERASE STATUS 

SR.4 = BYTE WRITE STATUS 
1 = Error in Byte Write 
0 = Successful Byte Write 

SR.3 = Vpp STATUS 

0 = Vpp OK 
1 = Vpp Low Detect; Operation Abort 

If  the Byte Write and Erase status bits are set to 
"1"s during a block erase attempt, an improper 
command sequence was entered. Attempt the 
operation again. 

If Vpp low status is detected, the status register 
must be cleared before another byte write or block 
erase operation Is attempted. 

The Vpp, status bit, unlike an A/D converter, does 
not provide continuous indication of Vpp levef. The 
WSM Interrogates the Vpp level only after Ihe byte 
write or block erase commend sequences have 
been entered and informs the system if Vpp haa 
not been switched on. The Vpp status bit is not 
guaranteed to report accurate feedback between 
VPPL and VPPH. 

These bits are resewed for future use and should I be masked out when polling the status register. 
1 SR.2-SR.0 = RESERVED FOR FUTURE 

ENHANCEMENTS 
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28F008SA 

Block Address 
-.- 

Write DOH, 

----- 

FULL STATUS CHECK PROCEDURE 

(- Read ";"> 
Register Data 
(See AbOv-. 

I o,,~~lo,, 1 Command I ' 
Comments , ;;:; I Era;:: :%,"H1 Addr Within Blcck to Be Erased 

Addr *I Within Block to 8e Erased 

or 
Read Status Register 
(Check SR.7 
1 = Ready. 0 -Busy 
Toggle OE% or CEit to Update 
Status Reaislerl 

Slandby/Read 

I Repeat for subsequent bytes 

Full status check can be done afler each byte, or alter a sequence of 
bytes. 

Wine FFH after the last byte write operation to reset the device to rea 
array mode. 

_ _ _ ~ -  
SR.5 = O>>Nx Block Erase Error 

.I__pII, 

Successful 

I op:s,on I Command 1 Comments 

Optional Read l l  CPU may already have read statu: 
register data in WSM Ready pollin 
above 

I Standby I Check SR.3 
1 .I v,, LOW Detect I 
Check SR.4, 5 
Both 1 - Command Sdquence 1 Standby j 

I Standby 1 I :heck -Block Erase Error 
SR.5 

SR 3 must be cleared, if set durlng a block erase attempt, before 
further attempts are allowed by the Wrrto State Machine. 

SR.5 Is only cleared by the clear status register command In cases 
where multiple bytss are erased before full Status Is checked. 

It an enor Is detected, clear lhe status rogistsr before attempting retry 
or other error recovq.  

Figure 6. Automated Block Erase Flowchart 
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28F008SA 

Command Comments Start 0 

* Read Array 

Erase Resume 

?-I Wrlte BOH 

Check SR.6 
1 = Suspended 

Data = FFH 

Read array data from block 
other than that being 
erased 

Data = DOH 

Write 70H a el Read Status Register 

4 Yes 

Write 

Write 

StandbyIRead 

Write I 
' 1 Write 

SR.6 = l? 

Erase Has Completed 
Write 

I I Write FFH 

Done Reading? 

l-7 Write DOH 

c-7 Continue Erase 

Erase Suspend I Data = BOH 

I Data = 70H 

042199 

Figure 7. Erase SuspendlResume Flowchart 
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Write Byte 
AddresdData 

Check if  Desired 
J 

FULL STATUS CHECK PROCEDURE 

Write 

Standby/Read 

Iepeat for subsequent bytes. 

Comments 

Data = 40H (1 OH) 
Addr = Byte to Be Written 

Data to Be Wriiten 
Addr E Elyte to Be Written 

Check RY/BY# 
(VoH = Ready, V,, = Busy) 
or 
Read Status Register 
(Check SR.7 
1 = Ready, 0 = Busy 
Toggle OE# or CE# to Update 
Status Register) 

%ill status check can be done atter each byte, or after a sequence of 
iytes. 

Nrite FFH after the last byte wrile operation to reset the devlce to real 
way mode. 

BUS 
Owratlon 

Optional Read 

Standby 

1- 

Standby 

Command Comments 

register data in WSM Ready pollin: 
above 

Check SR.3 
1 = V,, Law Detect 

Check SR.4 
1 = Byte Write Error 

SR.3 must be cleared, if set during a byie write attempt, before further 
attempts are allawed by the Write State Machine. 

SR.4 is only cleared by the clear status register command in cases 
where multiple bytes are written before full status is checked. 

If an error is detected, clear the status regider before attempting retry 
or other error recovery. - 

PRELIMINARY 

Figure 8. Automated Byte Write Flowchart 
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28F008SA int& 
8.4 Vpp Trace on Printed Circuit 

Boards 

Writing flash memories, while they reside in the 
target system, requires that the printed circuit board 
designer pay attention to the Vpp power supply 
trace. The Vpp pin supplies the memory cell current 
for writing and erasing. Use similar trace widths and 
layout considerations given to the VCC power bus. 
Adequate Vpp supply traces and decoupling will 
decrease Vpp voltage spikes and overshoots. 

8.5 VCC, Vpp, RP# Transitions and 
the Cornmand/Status Registers 

Byte write and block erase completion are not 
guaranteed if Vpp drops below V p p ~ .  If the Vpp 
status bit of the status register (SR.3) is set to "1 ," a 
Clear Status Register command must be issued 
before further byte writehlock erase attempts are 
allowed by the WSM. Otherwise, the byte write 
(SR.4) or erase (33.5)  status bits of the status 
register will be set to "1"s if error is detected. If RP# 
transitions to VIL during byte write and block erase, 
RY/BY# will remain low until the reset operation Is 
complete. Data is partially altered In either case, 
and the command sequence must be repeated after 
normal operation is restored. Device power-off, or 
RP# transitions to VIL, clear the status register to 
initial value 10000 for the upper 5 bits. 

The CUI latches commands as Issued by system 
software and is not altered by Vpp or CE# 
transitions or WSM actions. Its state upon power- 
up, after exit from deep powerdown or after VCc 
transitions below VLKO, is read array mode. 

After byte write or block erase is complete, even 
after Vpp transitions down to VppL, the CUI must be 
reset to read array mode vla the Read Array 
command if access to the memory array is desired. 

22 

8.6 Power Up/Down Protection 

The 28F008SA is designed to offer protection 
against accidental block erasure or byte writing 
during power transitions. Upon power-up, the 
28F008SA is indifferent as to which power supply, 
Vpp or VCC, I powers up first. Power supply 
sequencing is not required. Internal circuitry In the 
28F008SA ensures that the CUI is reset to the read 
array mode on power-up. 

A system designer must guard against spurious 
writes for VCC voltages above VLKO when Vpp is 
active. Since both WE# and CE# must be low for a 
command write, driving either to VI,, will lnhlbit 
writes. The CUI architecture provides an added 
level of protection since alteration of memory 
contents only occurs after successful completion of 
the two-step command sequences: 

Finally, the device is disabled until RP# Is brought 
to  VI^, regardless of the state of its control inputs. 
This provides an additional level of memory 
protection. 

8.7 Power Dlssipation 

When designing portable systems, designers must 
consider battery power consumption not only during 
device operation, but also for data retention during 
system Idle time. Flash nonvolatility increases 
usable battery life, because the 28F008SA does not 
consume any power to retain code or data when the 
system Is off. 

In addition, the 28F008SA's deep power-down 
mode ensures extremely low power dissipation 
even when system power Is applied. For example, 
portable PCs and other power sensitive 
applications, using an array of 28F008SAs for solid- 
state storage, can lower RP# to VIL In standby or 
sleep modes, producing negllgible power 
consumption. If access to the 28F008SA is again 
needed, the part can again be read, following the 
tpHQV and tpHWL wakeup cycles required after RP# 
is first raised back to VIH. See AC Characteristics- 
Read-only and Write Operations and Figures 13 
and 15 for more information. 
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9.0 ELECTRlCAL SIIECIFICAT!ONS 

-- 
Symbol 

T A  

VCC 

vcc 

“-. 

-- 

9.1 Absolute Maxirnum Ratings* 
Operating Temperature 

During Read .... .................... I . .  0 “C to +70 “ C [ ~ I  
During Block ErasdByIe Write ... 0 “C to +70 “C 

Teniperature Under Bias .....,...,..... -1 0 ‘ C  to +BO “C 
Storage Temperature ....,... .......,. -65 “C to +I25 “C 
Voltage on Any Pin 

(except Vcc and Vpp) 
with Respect to GND ......,..... -2.0 V to +7.0 V(2) 

Vp, F’rogram Voltage with 
Respect to GNU during 
Block Erase/Byte Write ....- 2.0 V to +14;0 V(2,3) 

Vcc Supply Voltage 

with Respect to GNU ..... -2.0 V to +7.0 V(2) 

Output Shorf Circuit Current ..................... 100 mA(4 

Pa -- 
Operating remporature 

Vcc Supply Voliage (10%) 

Vcc Supply Voltage (5%) 

._--__1-.1__- 

_ll_..--.__l- 

_-_l____._ll- 

9.2 Operating Conditions 

28F008SA 

new products in production. The specifications are subject 
to change wlthout notice. Vetify wlth your local Intel Sales 
office that you have the latest datasheet before finalizing a 

“WAHNING: Stressing the device beyond the ”Absolute 
Maximum Ratings” may cause pemanenr damage. These 
are slrsss ratings on&, Operation beyond the ”Operating 
Conditions” is not recommended and extended exposure 
beyond the “Operating Conditions“ may affect device 
reliability, 
NOTES: 
I . 
2. 

3. 

4. 

5. 

Operatlng temperature is for commercial product 
defined by this specilicatlon. 
Minimum DC voltage is -0.5 V on input/output pins. 
During transitions, this level may undershoot 10-2.0 V 
for periods 
4 0  ns. Maximum DC voltage on InpuVoutput pins is 
Vcc + 0.5 V which, during transitions, may ovarshoot to 
V,, + 2.0 V for periods €20 ns. 
Maximum DC voltage on V,, may overshoot to +I 4.0 V 
for periods <20 ns. 
Output shorted for no more than one second. No more 
than one output shorted at a time. 
5% V,, specifications refererice the 28F008SA-85 in 
its High Speed configuration. 10% Vcc specifications 
reference the 28F008SA-85 in its Standard 
configuration, and the 2EFOO8SA-120. 
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9.4 DC Characteristics 

Symbol fYP - Max 

*I .o 
- Parameter Notes Min 

Input Load Current 1 

Unlt 

CIA 

Test Condition 

ILI VCC = VCC Max 
VIN = V c c  or GND 

VCC = VCC Max 
Vow = Vcc or GND 

!LO I 1  Output Leakage 
Current 

lccs VCC Standby Current 1.3 

- 

VCC Deep Power-Down 1 
Current 

VCC Read Current 1 

kco RP# = GND Ht.2 V 
IOU (RY/BY#) = 0 mA 

20 VCC =: VCC Max, CE# = GND 
f = 8 MHz, 
CMOS inputs 

Vcc = V c c  Max, CE# = viL 
f = 8 M H z ,  !OUT = 0 mA 
Tn Inputs 

= 0 mA 

- 
25 

lccw VCC Byte WrlteCurrent I f I m A  

mA 
- Byte Write In Progress 

ICCE I 1  V c c  Block Erase 
Current 

Block Erase In Progress 

ICCES VccEraseSuspend 
Current 

Vpp Standby Current 

Block Erase Suspended 
CE# = VIH 

VPP 5 vcc IPPS 

IPPO RP# - GND ~t0.2 V Vpp Deep Power-Down 
Current 

IPPR VPP > vcc 200 

m A  

VPP VPPH 
Byte Wrlte in Progress 

Vpp Byte WrRe Current 1 

Vpp Black Erase 1 
Current 

Vpp Erase Suspend 1 
Current 

inpd Low Voltage 

Input High Voltage 

IPPE VPP = VPPH 
Block Erese in Progress 

~~ __ 
VPP = VPPH 
Block Erase Suspended 

IPPES 

~ 0.5 

VIL 

VIH 

24 
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9.4 DC Cflarac:teristics (Continued) 

~ ~ ' ~ ~ ~ ~ ~ . - - " ~  
Output Low Voltago 

Output High Voltage 
(CMOS) 

V,, during Nornral 
Ogorations 

VpF, durin!] ErasoNVrite 
Opnrations 

V,, EraseiWrito Lock 
Voltage 

ll-lll_-..--.-_ 

I____ 

Test Condition 

I I I I 

11.4 12.0 12.6 V 

TOT V 

NOTES: 
1. 

2 

3 Includes RYIHYlf. 
4. 
5 Sampled, not 100% tested. 

All currents are in RMS unless othenvise noted. Typical values at Vcc = 5.0 V, V,, = 12.0 V, TA = 25 "C. These currents 
are valid for all product versions (packages and speeds). 
lCC~S is specified with the device deselected. If the 28FOO8SA is read while in erase suspend mode, current draw is the 
sum of lCCES and I C C f P  

Block erases/byle wriies aro inhibaed when VpF, = VppL and not guaranteed in the range between VppH and V,,,. 

9 5  Extemdod Temperature Operating Conditions 

Parameter --- 
perating Temperature 
cc Supply Voltage (I 0%) 

Supply Voltage (5%) 

----- 

pl__prm_il 

25 
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9.6 DC Characteristics-Extended Temperature Operation 

Symbol 

lLl 

int& 

Parameter Notes Min 
Input Load Current 1 

Typ 

Output Leakage 
Current 

VCC Standby Current 

Max Unit Test Condltion 

e1.0 pA Vcc=VcC Max 
VIN = Vcc or GND 

1 I,,, I Vcc Deep Power-Down 
Current 

110 

ICCR 

pA Vcc=VccMax 
Vow, = Vcc or GND 

lccw 
lCCE 

1.0 

30 

0.20 

20 

25 

10 

10 

5 

21 

'CCES 

2.0 rnA Vcc=Vcc Max 

100 pA Vcc=VCCMax 

20 pA f lP#=GNDt0.2V 
tOUT (RY/eY#) = o mA 

35 mA Vcc=VccMax, CE#= 

CE# = RP# = VI" 

CE# = flP# VCc 10.2 V 

GND f = 8 MHz,  low^ = 0 
mA CMOS Inputs 

50 mA Vcc = Vcc Max, CE# = VI, 
f = 8 MHz, loUT = 0 m A  
m Inputs 

30 rnA Byte Write In Progress 

30 mA Block Erase In Progress 

10 mA Block Erase Suspended 
CE# = V,H 

it15 HA VppSVcc 

Vcc Byte Write Current 

Vcc Block Erase 
Current 

Vcc Erase Suspend 
Current 

lPPR 

lPFW 

Vpp Standby Current 1 

Vpp Read Current 

Vpp Byte Write Current 1 

Vpp Deep Power-Down 
Current 

10 

200 HA Vpp>V,c 

30 mA Vpp=Vpp~ 
Byte Write in Progress 

Vpp Block Erase 
Current 

10 

90 I lppEs Vpp Erase Suspend I Current 

- ~ 

30 mA Vpp=Vpp~ 
Block Erase in Progress 

Block Erase Suspended 
200 PA Vpp=Vpp~ 

1 vIL I Input LOW Voltage I I -0.5 1 V I F  1 Input Highvoltage I 2.0 

26 

0.10 I 5.0 1 PA I RP# =GNDt0.2V 
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28F008SA 

9.6 DC Characteri8tics-Extended Temperature Operation (Continued) 

I_.-- 

-- 

NOTES: 
1, 

2. 

3. Includes AY/UY#. 
4 
5. Sampled, not 700% tested. 

All currents are in RMS unless otherwise notod Typical values at V,, = 5.0 V, V,, = 12.0 V, TA = 25 "G. These currents 
are valid for all product versions (packages and speeds). 
lCCES is specified with the dcvice deselected. If the 28F008SA Is read while in erase suspend mode, cunent d a w  is the 
sum of lCCES and ICCR 

Black eraseskiyte wr[tes are inhihaed when V,, = V,,, and not guaranteed in the range between V,,, and V,,,. 
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b2tS. 

AC test inputs are driven at VOH (2.4 V ~ L )  tor a Logic "1" 
and VoL (0.45 Vn3 for a Logic"0." Input timing begins at 
VIH (2.0 VmL) and VIL (0.E Vnl). Output timing ends at VIH 
and VIL. Input rise and fail times (10% to 90%) 4 0  ns. 

Figure 9. Testing Inpuffoutput Waveform(1) 

T lN914 

9 = 3.3 kn i 
Device 

Under Tesl ,,, C,- lOOpF 

0145.01 

JOT€: 
:L includes Jig Capacitance 

Figure 10. AC Testing Load Circuit(*) 

10 

P I  

8245.08 

AC test inputs are driven at 3.0 V for a Logic"1" and 0.0 V 
for a Logic"0." input timing begins, and output timing ends, 
at 1.5 V. Input rise and fall times (10% to 90%)c10 ns. 

Figure t t. High Speed AC Testing Inpuffoutput 
Waveforrns(2) 

~ ~- 

1N914 

R, = 3.3 kn 

Device 
Under Test 

- - 
0215.80 

,4OTE: 
CL includes Jig Capacitance 1 

Figure 12. High Speed AC Testing Load 
CircuitW 

NOTES: 
1. Testing characteristics for 2EFOOESA-E5 in Standard configuration, and 28FOOESA-120. 
2. Testing characteristics for 26F008SA-65 in High Speed configuration. 
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9.\7 AC Characteristics-Read-Only OperationsU) 
- 

Unit 

s_ 

ns - 
ns 

- 
ns 

-- 
Versions vcc * 5% 

-_ 
Symbol Pareninter Notes 

I 

Max 

tRc I Read Cycle Time 

tACC I Address to Output 
Delay 

85 

tCf CE# to OUtplJt Delay ----- 
tPwkI RP# High to Output 

toE OE# to Output Delay 

Delay 
-.____l_p”l 

_I-. ._---- 
t i -  GI-# t0 OUtplJt L.OW 
_.-- ll_-llll- 

tHZ CE# High to Output 
High 2 

__-.I I_ _.-_I 

toL- 8E# to Output Low z 
-.-~I---.- 

tDF OE# High to Output 
High Z 

toH Output Hold from 

1 1 1 1 - 1 1 1  

Addresses, (;E# or 
OEU Change, 
Whichever is First .__---- 

2 85 

400 

40 

ns 

ns 

ns 

3 ns 55 

3w 

3 ns 

3 ns 

3 

I- 

ns 

NOTES: 
I. 
?, 
5. Sampled. not 100% tested. 
4 

5 

See AC lnpulloiitput Reference Waveform for timing measurements. 
OE# may be delayed up to lcFtaE after the fallinq edge of CE# without impact on kE. 

See High Speed AC InpuVOutput Reference Waveforms and High Speed AC Testing l oad  Circuits for testing 
characteristics. 
See AC InputlOutput Refemnee Waveforms arid AC Testing Load Circuits for testing characteristics. 
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28F008SA int& 
9.8 AC Characteristics-Read-only Operattons(%- 

Extended Temperature Operation 

NOTES: 
1, 
2. 
3. Sampled, no1 100% tested. 
4. 

5. 

see AC InpuVOutput Relerence Waveform lor tlmlng measurements. 
OE# may be delayed up to hdoE after the failing edge of CE# without impact an bE. 

See High Speed AC InpuVOutput Reference Waveforms and High Speed AC Testing Load Circuits for lasting 
characteristics. 
Sae AC InpuVOutput Reference Waveforms and AC Testing Load Circuits for testing characteristics. 
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i4 ................... !"v,," ......._.......... 
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28F008SA 

# 

PI 

P2 

Notes Min Max Unit Sym Parameter 

tpLpH RP# Pulse LOW Time 100 ns 
(If RP# is tied to VCC, this specification is not 
applicable) 

or Lock-Bit Configuration 
tPLRH RP# Low to Reset during Block Erase, Program, 2,3 12 PS 
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9.9 AC Chziracteristics-Write OperationsU) 

28F008SA 
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NOTES: 

Parameter 

Block Erase Time 

Block Write Time 

Byte Write Time 

int& 

Notes 28F008SA-85 28F008SA-120 Unit 

Typ"' Max Typ"' Max 

2 1.6 10 1.6 10 sec 

2 0.6 2.1 0.6 2.1 sec 

8 (Note 3) 8 (Note 3) P 

1. 

2. 
3. 
4. 
5. 

6. 

7. 

8. 

Read timing characteristics during erase and byte write operations are the same as during read-only operations. Refer to 
AC Characterlstlcs-Read-on/y Operations, 
Sampled. not 100% tested. 
Refer to Table 3 for valid A,N for byte write or block erasure. 
Reier to Table 3 for valid QN for byte write or block erasure. 
The on-chlp Write State Machlne incorporates all byte write and block erase system functlons and overhead of standard 
Intel lash memty, Including byte program and verify (byte write) and block precondition, precondition verify, erase and 
erase verify (blodc erase). 
Byte write and block erase durations are measured to completion (SR.7 = 1, RY/BY# VO~) .  Vpp should be held at VppH 
until determination of byte writehlock erase success (SR.3/4/5 = 0) 
See High Speed AC InpuVOutput Reference Waveforms and High Speed AC Tesllng Load Clrcults for testing 
characteristics. 
See AC inpuVOuiput Reference Waveforms and AC Testing Load Circuits for testing characteristics. 

9.10 Block Erase and Byte Write Performance 
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9.1 1 AC Characterlstic~;-Write QperationdV- 
Extended Temperature Operation 

-.- 
Versions vcc f 10% 1 28FO-1 

1 OO(a1 

.I 

'AVWH tAS .- -_ 
~DVWH IDS 

Write Cycle Time 

WE# Pulse Width 

Vpp Setup Po WE# Going High 

Address Setup to WE# Going High 

Data Setup to WE# Going High 

Data Hold from WE# High 

Addrcm Hold from WE# High 

GE# Hold from 

WE# Pulse Width High 

- 

--__.I 

llll-...---l---..- 

I 

--"- 

I tWHRL I I WE# High to RY/BY# Going Low I I I 100 I ns 1 
C I 

1. 

2. 
3.. 
4. 
5. 

6. 

7. 

8. 

Duration of Byte Write Qper 

Duration of Block Erase 

Write Recovery before Read 

Vpp Hold from Valid SR 

-__ __-lsl- 

-II - 

Read tlmlng characterlstlcs during erase and byte write operatlons are the same as during read-only operations. Refer to 
AC Charaeraristics-ffead-C)n/y Opwations. 
Sampled, not 100% tested. 
Refer to Table 3 for valid 
Refer to Table 3 for valid 
The on-chlp WSM incorporates all byte wrlte and block erase system functlons and overhead of standard Intel flash 
memory, including byte program and verily (byte write) and block precondition, precondillon venty, erase and erase verify . 
(block erase). 
Byte write and block erase duratlons are measured to completlon (SR.7 = 1, RY/BY# = VOH). Vpp should be held at VPPH 
until detetmlnatlon of byte writeiblock erase success (SR.3/4/5 = 0) 
See Hlgh Sped  AC InpuVOutpul Fteference Wavefomis and High Speed AC Testlng Load Clrcults far testing 
characterlstlcs. 
See AC InpuUOutput Referenco Waveforms and AC Testlng Load Clrcuits for testing characteristics. 

for byte write or block erasure. 
!or byte write or block erasure. 
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Parameter 

Block Erase Time 

Block Write Time 

Byte Write Time 

int& 

Notes 28FOOBSA-100 Unit 

Typ"' Max 

2 1.6 10 sec 

2 0.6 2.1 sec 

8 (Note 3) PS 

9.1 2 Block Erase and Byte Write Performance- 
Extended Temperature Operation 
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21012011 

.- 
Figure 15. AC VVrtveform for Write Operationa 
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NorES: 
1 Chip-Enable Contiolled Writes. Write operations aie driven by the valid combination of CE# and WE# In systems where 

CEt defines the wnta pulsewidth (within a longor WE# timing waveform), all setup, hold and inactive WE# tlmes should be 
measured relative to the CE# waveform. 

Refer to Table 3 for valid AIN for byte wdte or block erasure. 
Refer to Tabla 3 for valid QN lor byto write or block erasure, 
Byte wtlte and block erase durations are measured to completion (SR.7 = 1, RY/BY# = VOH). V,, should be held at V,,, 
until determination of byte writeblock erase success (SR.3/4/5 c 0) 
See High Speed AC InpuVOLitpiit Roferenco Waveforms and High Speed AC Testing Load Circuits for testing 
charactenstlcs 
See AC Input/C)utput Reisrerice Waveforms and AG Testing Load Circuits for testlng characteristics. 

2 Sampled, not 100% tested. 
3 
4 
5 

6, 

7 
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. 

’ 

int& 

SYl 

~ A V A V  

~PHEL 

~ W L E L  

~ELEH 

~VPEH 

~AVEH 

~OVEH 

~EHDX 

k H A X  

~EHWH 

~ H E L  

~EHRL 

tEHQVi 

‘EHQVZ 

~EHGL 

t a w  
NOTES: 

9.14 Alternative CE#-Controlled Writes- Extended Temperature Operatton 

Versions 

ibol Parameter 

twc Write Cycle Time 

tpS 

tws 

RP# High Recovery to CE# Going Low 

WE# Setup to CE# Qoing Low 

~~ ~- 

V,ctlO% 28F008SA-1 O O V )  

Nates Min Max 

100 

2 1 

0 

tVPS 

tAS 

toS 

tnu 

tcp I CE#PulseWidth I I 50 I 
._ 

Vpp Setup to GE# Going High 2 100 

Address Setup to CE# Going High ‘ 3 40 

Data Setup to CE# Going High 4 40 

Data Hold from CE# Hish 5 

~~ ~ 

tEPH CE# Pulse Width High 

CE# High to RY/BY# Going LOW 

Duration of Bvte Write ODeration 

tAH I Address Hold from CE# High I 1 5 1  

- 7 
25 

100 

5 6 

tWH I WE# Hold from GE# High I l o 1  

I Duration of Block Erase Operation I 5 I 0.3 I 
I Write Recovery before Read I l o 1  

tVpH I Vpp Hold from Valid SRD, RY/BY# High I 2, 5 I 0 I 

Unit 

ns 

PS 

ns 
ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 1 

ns 

w 
sec 

PS 

ns 

1. 

2. 
3. 
4. 
5. 

6. 

7. 

ChipEnable Controlled Writes: Write operatlons are driven by the valld cnmblnatbn of CE# and WE#. In systems where 
CE# deflnes the write pulsewidth (withln a longer WE# timlng waveform), all setup, hold and inactlve WE# Umes should be 
measured relative to the CE# waveform. 
Sampled, not 100% tested. 
Refer to Table 3 for valid for byte write or biocr erasure. 
Refer to Table 3 for valld qN for byte wdte or btodr erasure. 
Byte wrlte and block erase durations are measured to completion (SR.7 = I ,  RY/BY# = Van). Vpp should be held at V,,, 
until determination of byte writerblock erase success (SRd/4/5 = 0) 
See High Speed AC InpuVOutput Reference Waveforms and High Speed AC Testing Load Circuits for testing 
charactedstlcs. 
See AC Input/Output Reference Waveforms and AC Testing Load Clrcuiis lor testing characteiistics. 
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2964?015 

___s__-l-__l.p_-L_ 
Figure 16. Alterrlate AC Waveform for Write Operations 
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28F008SA 

E 2 8 F 0 0 8 S A - 8 5  

10.0 ORDERING INFORMATION 

Product Line Oesignatorfor all InteP Flash products 
I 

~~ 

290597 

290598 

5 Volt Flashfile TM Memoty; 28f004S5,28F006S~ 26FO16S5 datasheet 

3 Volt FlashFile TM Memoty; 28F004S3,28F008S3 28FQ16S3 datasheet 

Operating Temperature 
T = Extended Temp 
Blank = Commercial Temp 

Package 
E = Standard 40-Lead TSOP 

TB E &-Lead PSOP (Ed. Temp.) 
~ PA = 44=-Lead PSOP 

T 

VALID COMBINATIONS 
E28F008SA-85 PA28FmSA-85 TE28F008SA-lo0 TB28F008SA-100 
E28F008SA-120 PA28F008SA-120 TF28FOOSA-100 

I 1  .O ADDITIONAL INFORMATION 

[ OrderNumber Documentrroal 1 

297183 

Note 3 

I Note3 

~ ~~ ~~~ ~~ 

28F#$SA 8-Mbit (7-Mbit x 6) Flash Memoty SmartOie rM Product Specifcation 
~~ 

A P-62526FGV8SC CompatibIli& with 28FOO8SA 

28FoL78 SALSA-L Specif/caHan Update 

AP-359 28fO58SA Hardware Interfacing 

A P-364 28FOO8SA Automation and A&odthms 
~~ 

NOTES: 
1. Please call the Intel Literature Center at (800) 548-4725 to request Intel documentatton. lntemational customers should 

contact lhelr local Intel ordlstributlon sales office. 
2. Visit Intel’s WorM Wide Web home page at hnpt/www.lntel.com for technical documentation and toals. 
3. These documents can be located at the Intel World Wide Web support site. h t t p ~ ~ . l n t e l . c o m u p p o ~ f ~ s ~ m e m o r y  
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2.5.2 Part Number Codes for the 28FOOSSA 

The following is the vendor's product number codes for the Intel 28F008SA 1-Mhyte 
flash memory, which was downloaded from the Intel Internet site at: 
http://ay,ps.intel.coi-n/procli*ct--selector/chart 1 .asp. 



Iritel Product Selector - Part Number Searches http:i/apps .intel.cnm/product_select6r, chart 1 .asp 

Flash Memory Naming Canventions 

Package I3 wig n ator 

Commercial 'Temperature: 

G = VBGA 
PA =: PSOP 
E f: TSOP 
F =: TSOP, reverse pinout 
DA.: SSOP 
DD = Dual Die 
P 3 Pleslic DIP 
N = PLCC 

Extended Temperature: 
GT= uBGA 
T B =  PSOP 
TE = TSOP 
TF = TSOP, reverse pinout 
DT= SSOP 
TP := Plastic Dip 
N = PLCC 

Product Line Designator- 
fix all Intel flash products 

~ e r i  s ity/a g anization J 
003 = xBonly 
XRU =: x 8 k I  6 Selectable 

Temperature Ranges 
Comrnercial (O'C to + 70'C) 

ExtEtnded (-40'C to *85'C) 
Automotive (-40°C to +I 25°C) 

Expanded (-2O'C to +70"C) 

Architecture 

I 
Access Speed (ns 
L = Low Voltage 110 (: 
T = Top Boot Positiot 
B = BottomBoot Posi 

L 

-Voltage Options (' 
3 = 3v13,12v 
5 = 5V15,1?V 
C = 2.7,.3 or 5VEl.S c 
E = 2.7, SV15,12V 
v = 3, 5v15,12v 
.Exception 
28F640J5128F320JS 

J = Intel StrataFlashrM memory, 2 bitsper-cell 28F320128F.] 60 
B =: Boot Block High Integration x 8 M 6  

S = Symmetrical Block FlashFilerM Memory 
Lowest Costx8lxl6 Selectable 

3 = 2.7, 3.3'42.7,3.3 
C = Compact 48-Lead TSOP Boot Block 5 = SVISV 



Intel Product Selector - Part Number Searches 

Memory Cards 
Package Designator 
PC = PC Card Standard, 68-pin compatible 

Type 1 = 3.3 mmthlckness 
MC = Miniature Card Standard 

$.$ to tap #* page9 c ............. ........., ... .......... ... ..Q 

* Lead  IFifbimntion 0 2000 Intel Corporation 

http://apps.intel.com/product_selector~c~i~~l .asp 

Tempemturn Ranges: 
Commercial Extended 
Value Series 100, Series 2 (O'C to +70'C) 
Miniature Card (0.12 to +60'C) 

Series 2 (-4 
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3.1 High-Level Description of Video Card Operation 

'The video card is used to drive a video display when the door of the AMS are open and 
the system is making a measurement of an unclassified object, The open-mode display is 
desigiied to aid both system dcvelopmeiit and airtheiitication of the complete system. The 
display is used as the console output device. 



3.1.1 Brief Overview Narrative of the Video Card 

I'he Ampro SVG-II card is a compact, high-resohtion graphics display controller, 
offering software selectable multimode operiltion. It is compatible with most popular VGA 
video slandards (SVGA, VGA, EGA, CGA & MDR). It is a PC 104 card, which requires only 
t 5  VDC with less than 2 watts of power consumption. 



for the Video Card 

'The video card wust work with the Atnpro 3SXi processor card to provide video output. 
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3.2 Ampso, MiniModule SVG-11- Video Display Card 

The following sections provide information regarding the Ampro MiniModule SVG-I1 
card, which is used as the system video card. 



ecifications for the Ampro WIiniModule SVG-11 
Card 

The specifications for the SGV-I1 video card are: 

Video 1tA M 

Display address 
ROM-RIOS address 
I/O port addresses 
Interrupt 
Video I3mdwidth 
Horizontal Scan Rate 
Vertical Scan Rate 
Voltage 
Power 
Operating Humidity Range 
Operating Temperature 
Storagc: Temperature 

1 Mbyte of onboard RAM for MM2-SVG-Q-72 C used 
5 12 lcbytes of onboard RAM for MM2-SVG-Q-71 
A0000 to BFFFF hex 
COO00 to C7FFF hex 
384 to 3DA hex & 46E8 hex 
lRQ2 mapped to IRQ9 on AT bus 
25 to 78.7 MIlz 
31.5 to 48.3 ltHz 
56 to 75 kHz (87 I-Iz interlaced) 
ts VDC 
1.9 watts maximum 
5 -9 5 % (now condensing) 
0 to .f-40°c 
-55 to +8S"C 



3.2.2 Photographs of the Annpro MinModule SVG-II: Card 

This section coiitains: 

Labeled top-view photograph of the Ampro MiniModule SVG-I1 Card 
Labeled bottom-view photograph of the Ainpro MiiiiModule SVC-I1 Card. 



Te 

AMP SVG-TI - Video Card - Top-View Photograph 
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SVG-11- Video Card - ottom-View Photograph 



3.2.3 X-Ray of the Ampro MiniModule SVG-II Card 

This section contains: 

Labeled top-view x-ray of the Ampro MiniModde SVG-I1 Card. 

IJie x-ray can be compared to the top-view photograph in section 3.2.2. Note that the ICs 
are rnoimted on only one side ofthe printed circuit (PC) board. Thus, the large die in the center 
of the CL-GC5429 VGA IC can be seen without interfering images of ICs mounted on the other 
side of the PC board. The traces internal to the IC between the legs and the die can be seen. 
However, PC-feed-through holes can be seen under the VGA IC in the x-ray, which correspond 
to the holes observed in the bottorn-view photograph. The PC traces and the internal IC traces 
can be distinguished most easily For the 32-kbyte CMOS EPROM. Traces from the top and 
bottom sides of the PC board can be distinguished to the.left of the DRAM memory ICs where 
the bottom-side "Cirrus Logic" label and traces can easily be seen to cross perpendicular topside 
traces. 

The resolution of the actual x-ray negatives is considerably better than the scanning 
resolution used for these digital images. For example, the very fine wires internal to the IC 
bctwecn the die and the internal traces can be seen €or inany ICs. 

The x-ray energy can be varied to become more penetrating. Presumably, the crystal in 
the can could be better viewed with more energetic x-rays. Ceramic ICs and plastic ICs warrant 
different x-ray energies for ideal viewing. The brightness, contrast, and gamma were optimized 
to maximize total detail fim this print. 



PRO SVG-TI - Video Card - Top-View X-Ray 
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3.2.4 Jumper Settings for the Ampro MiniModule SVG-I1 
Card 

The SVC-I1 jumpers uvcd select: 
0 No use of an interrupt 
0 Use of a 1 &bit data bus. 

Table J " ~ ~ ~ ~ - ~ ~ ~ - - - - - ~ . - ~ - ~ ~ ~ - ~  of SVG-I1 Jumpers 

w1 IRQ selection 1-NC I=NC I=NC & 2=NC no IRQ used 

p -1 lRQ2 is used by the XT bus 

Default Used Descri tion 

2-NC 2=NC 1=2 IRQ used 

I_ I--_I_ __ ___ 

I_ 

lRQ9 is used by the AT bus 
w2 bus selection 1 =2 1=2 1=2 & 3=NC 16-bit bus used 

& 2=3 8-bit bus used 
16-bit bus used 1=2 & 3=NC 

_- -lll.l-l-- 

w3 16-bW8-bit bus selection 
__ 3==NC J=NC l=NC & 2=3 8-bit bus used 

w4 I- 16-bit/8-bit bus selection 1-2 1=2 1=2 & 3=NC 16-bit bus used 

'Ihe SVG-II manual only refers to IRQ2 usage, but the schematics refer to both IRQ2 and 
IRQ9. The AT bus is used for this application and the card would be using IRQ9. 

The location of the jumpers on the SVG-I1 board is shown in Figure 2-1 on page 2-2 of 
' the teclmical manual. The junipers are well labeled on the board and easily found. 



3.2.5 Parameter Settings Set by Software for the Ampro 
MiniModule SVG-I1 Card 

‘I’he SVC-I1 comes up in standard VCA mode 03 with 25 lines of 80-character text and 
720x400 resolution. 



3.2.6 Schematics for the Ampro MiniModule SVG-I1 Card 

The schematics for the Ampro SVG-I1 card require a nondisclosure agreement with 
Ampro. 



3.2J Parts L st for the A pro MiniModule SVG-I1 Card 

'The following table list the integrated circuits used on the SVG-I1 video card. 

ml___- 

Table of [Cs Used in the SVG-I1 Video Card 
p ~ _ _ _ _ _ ~ _ _  

Part Number A Description 1 L____ Socket LVendor ----.----I---.- . I _  

CL-(3D5429 Memory-Mapped I/O VGA GUI Accelerator 
.. 256kx16 -- 512-kbyte D M M  memory 

256kxlG -- 512-kbyte DRAM memory 
32kx8 - 256 kbit CMOS EPROM 
Fairchild data sheet 

___-_ 

.- 8 -bit Register 
U l l  Unknown L3 3 4-3 A Constant Source and Temperature Sensor 

Linew Technology data sheet 
Clock crystal for CL-GD5429 -- 14.3 18 MHz Unknown E14.3 18 

Note the 512-kbyte version of ,the video board (MM2-SVG-II-Q-71) has socket U5 empty and 
the 1 -Nfbyte version of the video board (MM2-SVG-11-Q-72) has socket U5 filled. 



3.2.8 Voltage and Current Requirements for the Ampro 
MiniModrde SVG-IK Card 

Power is provided to the SVG-IT card via the standard PC104 AT bus extension, The 
followiiig table provides the pins used and power consumption. 

Table E’roviding Power Information for SVC-I1 Card 
Comments 
l-lll”-l___l_-- 

--_1___ _I__--- 

‘Typical: 1.0 watts 200 ma 
Minimum: 0.5 watts 100 ma 
_______II__ 

I- I____ _ 1 1 _ 1 -  
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3,2.9 SuppIementary Narrative Describing Functional 
locks and lmplem tation for the Ampro 

MiniModule SVG- 

The primary component ofthe video card is the ClRRUS CL-GD5429 memory-mapped 
UO VGA GUI accelerator IC. 

The card uses a 27C256 256-kbit CMOS EPROM to convert the 16-bit input bus into an 
%bit bus in some undisclosed fashion using an 8-bit register (74HCT244A) to temporarily hold 
the output of the EPROM for the CIRRUS IC. 

The card uses a 14.3 18-M3z.crystal for the clock internal to the CIRRUS IC. 

Iktails of the ClRaUS video IC's operation can be found in the data sheet in section 
3.3.2 of this document. 



3.2.1 0 Test Paint Information for the Ampro MiniModule 
SVG-11 Card 

The following table contains illustrative examples of test points determined from the 
schematics and the individual IC data shcets. More lest points can be readily added for a more 
thorough ,joint inspection, 

Table of Ilecommended Test Points for the SVG-I1 Card 
Location Test Object 

k~ir  1,nmt Power 
__ ___ 

------I - --- 
Vertical 

52-3 Control line 

} 52-5 I Control line ~ - -  ..I_- 

UI-48 or DRAM 

-- Result 
Ground 
-l-SVDC 45% 
__I__- 

Pulses 

Pulses 

I HSYNC I Pulses consistent with normal 
--.l_ll_ Video horizontal synchronization 

VSYNC Pulses consistent with normal 

RED 
Video vertical synchronization 
700 mv full scale for pixel hard on 

I I inred 
700 rnv full scale for pixel hard on 

for pixel hard on 
---..IIICI 
Pulses is occurring 

The width of‘the video, pulses shotild be consistent with the video mode selected and the 
scan rates used. 



The technicai manual fbr the SVG-II follows. 
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NOTICE 

ISCLAIM ER 
A mpso  computer.^, Incospos~~ted makes no representations or warranties with respect to the 
contents qf this manual or of the associated Ampro sofware products, and speci)callv disclaims 
any implied warrurrries of merchantability or fitness fbr any particular purpose. Ampro shall under 
no circumstances be liable for incidental or consequential durnages os related expenses resulting 
from the use of this product, even if it has been notified of the possibility of such damages. Ampro 
sesenxs the right to revise this publication from time to time without obligation to notifV any 
person of such revisions. If errors are found, please contact Ampro at the address listed on the title 
page qf this document. 

TRADEMARKS 
The A4mpro logo I S  a registered trademark, and Ampro, Little Board, Stackplane, :tliniModtrle, and 
Coreibfodule are trudcmarks of Ampro Computers, Inc. All  other marks are the property of their 
respective companies. 

TECHNICAL SUPPORT 

'Technical Support is available from 8:OO AM to 5 0 0  PM, 
Pacific time, Moutdny through Friday. Please have the product 
you wish to discuss at hand when calling. The telephone 
nomber i s  800-966-5200. 

COPYRIGHT 0 1995 AMPRO COMPUTERS INCORPORATED 
No part of this document may be reprodwed, transmitted, transcribed, stored in a retrieval system, 
or translated info anv language or computer language, in any form or 6-v any means, electronic, 
mechunical* nragrietic, optical, chemical, manual, or otherwise, without the prior written permission 
of -4~rtpro Contputerx Incorporated. 
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PREFACE 

This manual explains how to install a MiniModuleTMISVG-II into a system based on an Ampro CPU 
module. This manual presumes that the reader has some knowledge of PC-based computer systems 
and, in particular, the PC VGA display architecture. This manual explains how to configure and 
install the controller, and how to set the modes for all the various resolutions, for text and graphics. 
It also provides information about the support software and drivers included with the 
MiniModule/SVG-I1 Development Kit. 

Specifically, this manual contains three chapters, organized as follows: 

Chapter 1-Introduction. Provides an introduction to the features and specifications of the 
MiniModule/SVG-11. It provides information on which monitors are supported, and what 
resolutions are supported. 

m Chapter 2-Configuration and Installation. Describes how to set jumpers, connect a monitor, 
and install the module in a system. 

Chapter S o p e r a t i o n .  Shows how to install the support software, change video modes, and 
describes ways to program the controller using third-party software and BIOS calls. Provides a list 
of references to other vendor's software. Describes power management features. Outlines the 
functions of the feature connector. 

iv 
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CHAPTER I 

TRODUCTION 

1.d GENERAL DESCRIPTION 
The Ampro MiniModulelSVG-I1 expansion module is a compact. high-resolution graphics display 
controller. offering software selectable milltimode operation. It is implemented in low power CMOS 
logic. and requires less than 2 watts of power. The module conforms to the PC/104rM Version 2.1 
standard and attaches directly 10 any Ampro product having a PC/104-compatible header for 
MiniModule addition, 

1.2 FEATURES 
Resolution up to I024 ;Y 768 with 256 colors, interlaced or non-interlaced. 

Text Density up to 132 columns x 43 rows 

Hardware and software compatible with the popular VGA video standards 

I 

I 

E Software switching between modes 

I Compatible with arialog fixed frequency and multifrequency monitors 

I Provides a feature connector for external video sources 

I Conforms to the popular PC/lO1 Version 2.1 standard for embedded computers. 

I 5 volt-only operation and low power consumption (<2 watts) 

I Comprehensive power management features-Energy Star compliant 

1.3 SOFTWARE COMPATIBILITY 
TIie MiniModule/SVG-I1 is both register and BIOS-level compatible with all popular PC video 
standards. It supports the four most popular PC-compatible video formats, (VGA, EGA, CGA, and 
MDA), and also provides (:veil higher Super VGA resolutions conforming to the VESA video 
display standard. 

Specifically, the following extended-resolution Super VGA modes are available: 

I 680 x 480 with up to 256 colors 

800 x 600 with up to 256 colors 

I 1024 x 768 with up to 2.56 colors, interlaced or non-interlaced 

II tJp to 132 coIumns x 43 rows text density 

Software support for these Super VGA modes is widely available from a variety of sources. 
including G arid other high-level language graphics libraries. A number of software drivers 
supporting the Super VGA Inodes is provided on the utility diskette that comes with the 
Mini Module/SVG-I1 Developmerit Kit. 

1 ,,4, OUTPUT FLEXIBILITY 
The MiniModuIe/SVG-I1 easily interfaces to standard VGA monitors. It supports various analog 
multifrequency monitors such as Sony Multiscan, NEC MultiSync, Packard Bell UniSync, Amdek 
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Smart Scan, Nanao Flexscan, and Mitsubishi Diamond Scan, and supports fixed frequency analog 
monitors such as the IBM 8SXX family. 

The MiniModule/SVG-11 controller provides two display interface headers. One is for connecting a 
standard analog CRT display. The other is a PC-standard feature connector. Ampro provides a 
transition cable (DB 15) with the MiniModule/SVG-I1 Development Kit to transfer signals to analog 
monitors. 

1.5 POWER MANAGEMENT FEATURE 
The MiniModule/SVG-I1 features comprehensive power management functions that support low- 
power operation. To take advantage of the features built into the MiniModulelSVG-11, the OEM can 
call video-BIOS extensions or set bits in registers in the video controller chip to place the controller 
and the attached display monitor in low-power modes. To take full advantage of the power saving 
features, the monitor must, of course, comply with the DPMS (Display Power Management 
Signaling) standard. 

1.6 OPERATING MODES AND RAM REQUIREMENTS 
The MiniModule/SVG-11 controller supports many operating modes, offering a wide variety of 
resolution choices. The standard module comes with 512K bytes of video memory (DRAM), 
supporting all standard VGA compatible modes and a useful set of Super VGA modes. The module 
is also offered with 1 megabyte of video memory, useful when additional color support in high 
resolution modes are required. 

Table 1-1 lists the characteristics of each text mode supported by the MiniModule/SVG-TI, and 
Table 1-2 lists the characteristics for each graphics mode. Both tables show the amount of DRAM 
needed to support each mode. For the text modes, the table lists the number of rows and columns of 
text characters that can be displayed, and the cell size of the character. The table also tells you the 
number of colors that can be displayed in that mode. For the graphics modes, the table shows the 
total screen resolution in pixels and the number of colors that can be displayed simultaneously. 
Table 1-3 provides additional data useful in selecting monitors for each of the supported text and 
graphics modes. including horizontal and vertical frequency, buffer starting address, and clock 
rates. . 

As shown in Tables 1-1 and 1-2, with 512 KBytes of DRAM, the MiniModulelSVG-I1 controller 
supports extended text modes and graphics resolutions up to 1024 x 768 with 16 colors. With the 
full 1 megabyte of DRAM, resolutions up to 1024 x 768 with 256 colors are supported. 
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2 1 -  

NOTE: The MiniModute/SVG-ll comes with a minimum of 512K DRAM 

Table 1-1 Display Characteristics of Text Modes 
I---- --- 
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VESA 
MODE MODE 

4 

PC VIDEO COLORS/ 
STANDARD RESOLUTION PALETTE DRAM 

CGA 320 x 200 41256 256K 

5 

6 

D 
E 

F 

10 

11 

13 VCA 320 x 200 2561256 256K 

5816A 102 Super VGA 800 x 600 16/256K 256K 

5c 103 Super VGA 800 x 600 256/256K 51 2K 

5D 104 Super VGA 1024 x 768 161256K 51 2K 

5E 100 Super VGA 640 x 400 2561256 K 51 2K 

5F 101 Super VGA 640 x 480 256/256 K 512K 

60 105 Super VGA 1024 x 768 2561256K 1 M  

.. 

NOTE: The MiniModulelSVG-ll comes with a minimum of 512K DRAM 

Table 1-2 Display Characteristics of Graphics Modes 

CGA 320 x 200 41256 256K 

CGA 640 x 200 21256 256K 

EGA 320 x 200 161256 256K 

EGA 640 x 200 161256 256K 

EGA 640 x 350 Mono 256K 

EGA 640 x 350 161256 256K 

VGA 640 x 480 21256 256K 

12 I 

70 

VGA 640 x 480 161256 256K 

I 11, 12, 5F I 31.5, 37.9 I 60, 72 I 

0, I, 2, 3, 4, 5, 6, 7, 
OD, OE, OF, 10, 13, 

14, 54, 55, 5E 

58, 6A, 5C 

Table 1-3 Mode Timing Chart 

31.5 
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--- 

PPI-- 

----- 

I-- 

NEC 5FG, 6FG 

Table 1-4 Timing Parameters of Common Displays 

* CLMODE Monitor Type is explained in Chapter 3, "Using the Ampro-Supplied Utility, 
CLMODE. E%. " 

I .7 SPECIFICATIONS 
The following sections list the specifications of the MiniModule/SVG-11. 

1.7.1 Memory 
I 6riboardRAM 512K bytes, 1 megabyte 

I Ilisplay address A0000h to BFFFFh 

1 ROM-BIOS address COOOOh to C7FFFh 

1.7.2 110 Address Space 
mi 03B4h to 03DAh.46E8h 

1.7.3 Interrupt Option 
I XRQ2 (normally not used) 
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1.7.4 Video Characteristics 
D Bandwidth 

D Horizontal Scan Rate 

Vertical Scan Rate 

I .7.5 Physical 
Power consumption 

Voltage 

Size 
Operating Environment 

Temperature 

Humidity 

Storage temperature 

Weight 

25 MHz to 78.7 MHz 
3 1.5 KHz to 48.3 KHz 

56 Hz to 75 Hz (87 H t  interlaced) 

1.7 watts, worst case (Windows white screen) 
1.0 watts, typical. 
0.6 watts in Suspend Mode. 
0.5 watts in Off Mode 

+WDC 35% 

3.6 x 3.8 x 0.6 inches (90 x 96 x 15 mm) 

0-70' C 
5-95% (non-condensing) 

- 5 5 O  to + 8 5 O  c 
2.2 oz. (62.4 gms) 
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Figure 1-1 Mechanical Dimensions 
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CHAPTER 2 

Cc) N FIG 1I RATION AN I NSTALLATIO N 

2.1 INTRODUCTION 
This chapter provides information required to configure and install the MiniModule/SVG-I1 display 
controller in a system based on an Ampro CRU. This includes connecting cables and attaching the 
module to the Ampro CPU niodule. Since there are a minimal number of jumper settings and one 
interface cable, configuration is normally quite simple. When you complete these steps. your 
display controller is configured and ready to power up in the default VGA mode (730 X 400 Mode 
3). I f  this is all you need to do, you may skip the rest of the manual. The information is organized 
as IoIlows: 

Setting the jumpers-A discussion of how to set the configuration jumpers. 

W Selecting and cabling a monitor-Information on interfacing Analog and TTL monitors. 

Stacking the display controller with other Ampro modules-Installation information for 
using the MiniModule/SVG-11 in an Ampro CPU based system. 

2.2 JUMPER SELECTIONS 
Thcrc are four junipers on the board, labeled W1, W2, W3, and W4. Table 2-1 summarizes how 
thesc jumpers are used. 

~~~ ~ .~ 

‘Table 2-1 Jumper Summary 
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w3-, w~-i 
w4 -\ 

J3 
Feature Connector 

J2 
Analog Video 

I .- I 

Figure 2-1 Connector and Jumper Locations 

2.2.1 IRQ2 Jumpering (WI)  
If your application‘ needs interrupt IRQ2, short W1 with a jumper. Programs rarely require this 
interrupt enabled, so the default is disabled (no jumper installed), as shown in Figure 2-1. When it 
is not enabled, IRQ2 is available to other system devices. 

2.2.2 16-bitl8-bit Bus Selection (W2-W4) 
Jumpers W2, W3, and W4 are used to select whether the MiniModuIetSVG-I1 will be used on an 8- 
bit bus or a 16-bit bus. W2, W3, and W4 are three-pin jumpers. The diagrams in Figure 2-2 
illustrate how to set the jumpers for each configuration. 

1 

3 

Z d S  
A W N  

16-bit Bus Setting 8-bit Bus Setting 

Figure 2-2 16-biU8-bit - LIS Selection Jumpering 
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2.3 ANALOG MONITOR INTERFACING (52) 
The n/IiniModufe/SVG-11 supports analog monitors for display. Table 1-3 and Table 1-1 in Chapter 
1 provide cross references between video display modes and the timing specifications of popular 
monii.ors. Use these charts to select an appropriate monitor for your applicaiion. (Use of EL panels 
is discussed in Chapler 3 ,  Using the Feature Connector.) 

CAUTION 

Because the MiniModulelSVG-I1 powers up in VGA mode, use 
ONLY a monitor that supports .VGA mode as a minimum. 
Jluring Operation, never switch to a mode that the monitor 
cannot support or the monitor may be damaged. 

--l-.SII"-.-____l 

Analog monitors use the IO-wire analog CRT transition cable, terminated in a female DBlS 
connector. This cable is included in the MiniModulelSVG-I1 Development Kit. If you are using this 
type of monitor, plug the cable's header connector into 52, and connect the monitor's cable to the 
DI3 15 connector. Table 2-2 shows the analog interface connector signal pinout and monitor cable 
wiring. 

Table 2-2 Analog CRT Connector Signals (52) 

2.4 FEATURE CONNECTOR (J3) 
The MiniModule/SVG-I1 provides a fcature connector which presents all the standard IBM signals 
in the VESA standard pinout. You may use these signals with custom interfaces or with certain 
third-party products that use these signals. Chapter 3 describes more about the feature connector 
and about using i t  with third-party products (such as flat panel displays). 
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Table 2-3 Feature Connector Pinout (33) 
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I 

2.5 MODULE INSTALLATION 
The MiniModule/SVG-11 can be used in a variety of system configurations. 

E 

E 

H 

B 

The module is supplied with connectors compliant with the PC/104 specification. It is designed to 
plug i o  either a male or female header on any PC/lO&compIiant device. 

I1 can be a part of a CoreModuleWMiniModule stack. 

It can plug onto an Rmpro CoreModiile or Little BoardTM CPU. 

It can plug onto an hmpro accessory board. 

It can plug onto a custom carrier board. 

To insrall the display controller: 

i Either plug the pins of the module's bus header connector into the matching sockets of the bu; 
header connector of the adjacent module or board, or plug the adjacent module's pins into the 
fernale bus header on the NliniModule/SVG-11. Be sure to mate the module's bus header 
correctly when you install it, or damage may occur when the unit is powered up. 

Use the spacers and associated hardware provided with the module to secure it to the parent 
board. 

Connect a monitor to the module, using an appropriate cable as discussed in the previous 
section. 

Once all attachments are secure, turn on the system power. The module will come up in 
si andard VGA mode 03. 

i 

I 

Refer to Chapter 3. Section 3-2 for information about initialization issues. These include the video 
type: parameter that must be set on the CPU board, shadowing the video-BIOS for increased 
pedorrnance, and using the CLMCIDE utility to change the video mode and set the monitor timing. 

2-5 



MiniModule/SVG-I1 Technical Manual 

2 -6 



CHAPTER 3 

OPERATION 

3.1 INTRODUCTION 
This chapter disciisses normal operation of the MiniModule/SVG-11, then describes using the 
display controller in resolution modes other than standard VCA. It also describes the various ways 
you can program the controller, It 
concludes with a dcscription of some of the uses for the feature connector. 

It explains how to use the power management features. 

3.2 INlTlALlZ 
The MiniIv~odule/SVC-II provides all standard VGA functions. Your software should work properly 
with 3111 standard modes. The module also has enhancements to operate in "Super" VGA modes in 
the same manner as normal ones. All standard video-BIOS functions apply. 

There is a "video typc" parameter that must be set on the CPU. If it is not set to EGNVGA, an 
error message will be displayed during the CPU's power-on self test (POST). If this is the case. 
invoke the CPU's SETUP function. (Consult the CIPU's technical manual for details about the 
SETUP function.) Use SETUP to set the video type to "EGNVGA." Use this setting even if you 
intend to use the display module in CGA or monochrome modes. 

On most Ampro GPU modules, you can choose to use DRAM to "shadow" the video-BIOS. 
Shadowing the video-IB1OS means that the contents of the video-BIOS PROM are copied into faster 
DRAM rnemory and executed from there, increasing the display speed. This increase of speed will 
be noticed in applications where lhe video-BIOS is used frequently. Consult your CPU technical 
maiiual to see if video-BlOS shadowing is available, and how to enable it in SETUP. 

Upon power-up, the module will attempt to come up in standard VGA mode 03. You can change 
the display mode from the DO§ command line using the CLMODE utility. provided on the utility 
diskette that comes with the Min.iModule/SVG-I1 Development Kit. Its use is described in the 
following section. 

3.3 SUFVWA E GONTKOL OF THE DISPLAY 
The: MiniModuWSVG-H allows yoti to switch modes with your software application. This feature 
permits great flexibility, particularly in embedded applications. 

The resolution you ultimately see on the screen is a function of the mode you select and the amount 
of RAM iristalled on the MiniModule/SVG-11. 

There are a number ways to obtain various test and graphics modes and to operate or program the 
graphics capabilities of lhe MiniModule/SVG-11: 

I Using the Ampro-supplied utility CLMODE.EXE. 

W tJsing supplied drivers for 3rd party software. 

U:;ing a graphics library or product. 

IJsing Video-BIOS functions. 

I Programming the Cirrus CL-CiD542s graphics chip directly. 
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3.3.1 Using the Ampro-Supplied Utility, CLMODE.EXE 
The CLMODEEXE utility allows the user to define the type of monitor attached to the 
MiniModulelSVG-I1 and to set video modes. CLMODE is a DOS command line-oriented utility. It 
is invoked from the DOS command line with the following command: 

CLMODE 

The main window presents a number of control "buttons". Each button represents a different option 
or menu. The underlined letter of a button name specifies the key combination for that item. To 
select a button item, hold down the ALT key and press the underlined letter key. Options require 
just the underlined letter. You may also use a mouse to select a control button. (If you will be using 
a mouse, be'sure to install the mouse driver.) 

The information in the main window displays the VGA controIler chip type, the video-BIOS version 
number, and the amount of video memory present. 

Choosing a Monitor Type 
For the highest quality visual display for a given monitor, select the proper monitor type for the 
resolution you want. The monitor type also determines which video modes will be available to your 
system. It will also determine the vertical refresh rate timing sent to the display. Generally, the 
higher the refresh rate, the less flicker will be seen. 

To choose a monitor type, select the Monitor Type button. The Monitor Type setup window will be 
displayed. The highlight will show the current monitor type. Use the cursor keys or the mouse to 
choose the type of monitor that you want. 

Creating Custom Monitor Timings 
Selecting Advanced from the Monitor Type setup window will enable you to enter custom monitor 
timings. Select the Set Advanced button. This brings up a dialog box with drop down menus for 
each available resolution. Select the desired refresh rate for each resolution you want to support. 
You may want to consult your monitor's technical manual to ascertain correct rates. When you have 
completed setting the refresh rates, select the OK button. To cancel the changes, select the Cancel 
button. 

To test the new video timings, select the Verify button. The program wilI let you view each new 
video timing so that you can verify that they are compatible with your monitor. After each test 
screen is displayed, press Enter or click the left mouse button to see the next resolution. Press ESC 
or the right mouse button to exit to the monitor type setup menu. If a timing setting you made does 
not work, uy a slower setting and then try verifying your choices again. 

Once your are satisfied, save the changes. To save new monitor timing values, press the Save 
button. You will be asked if you wish to save the monitor type selection in your AUTOEXECBAT 
file. If you wish to have your system come up with the new settings, answer "yes". 

Displaying the Available Video Modes 
Select the Video Mode button. The Video Mode Preview window displays all the modes supported 
according to the monitor type selected and the amount of video memory present on the 
MiniModule/SVG-11. This list of video modes will tell you which are available in your current 
configuration for use with your application. 

3 -2 



Operation 

To see what different video modes look like on the monitor, select the Preview button. After each 
test screen is displa-ted, press IEmter or the: left mouse button to see the next video mode. Press ESC 
ar the right mouse button to cancel previewing the video modes. 

On-line Help 
To view help, press the Help button. CL,MODE provides help for the following items: 

Monitor type-Esplains the different capabilities of each monitor type. 

Video modes-Defines the information given in the Video Mode window. 

Mouse-Explains how to use the mouse to make selections. 

Keyboard-Explains how to use the keyboard to make selections. 

About CLMC)DE--DispIays thc Cirrus Logic copyright message and the CLMODE version 
number. 

D 

Exiting CLMODE 
To exit CLMODE, press ALT and P4 simultaneously, or select the system button on the main 
window using the left mouse button. (The system button is the in the top left corner of the main 
window, shown as a dot.) You may also select the Exit button. 

When you exit CLMODE, the current vidco mode, monitor type- and VGA refresh rate will be 
displayed. 

Using CLMODE's Command Line Options 
CLMODE can be commanded to select a mode number or resolution from the command line. This 
is especially useful when using CLMODE in an embedded system. You can invoke CLMODE with 
command line options from your AUTOEXECBAT file. 

The command line options for CLMODE are: 

CLMODE [ [ m o d e n u r n ]  [ +  I * I - 1  [m(type) I t6=x I t8=x I t . l=x I t 2 = x ]  [SI 

where: 
modenurn Video mode nuniber 
i= Selects 400 lines (default) 
* Selects 350 lines 

Selects 200 line 
Monitor type (Monitor types are given in Table 1-4.) 
t6 indicates 610 x 480 resolutian 
s=O means 60 Hz. x-1 means 72 Hz. 
t8  indicates 800 x 600 resolution 
s=O means 56 Hz, x=:l means 60 Hz, X-2 means 72 Hz 
t l  indicates 1024 s 768 resolution 
s=O means 87 Hz, interlaced, x=l. means 60 Hz, 
x=2 means 70 Hz. x=-3 means 72 Hz. 
Settings: eatering S as a command line option will display the current CLMODE 
settings. 

tYPe 
t6=x 

ts=s 

t l=s  

s 

3-3 



MiniModule/SVG-I1 Technical Manual 

Entering an invalid parameter will display help text. 

Examples: 

W To select mode 3 for a Super VGA monitor (montype 2), type the following command at the 
DOS prompt: 

CLMODE 3+ m2 

D To select custom monitor timings with 640 x 480 at 60 Hz and 800 x 600 at 72 Hz, enter: 

CLMODE t6=0 t8=2 

3.3.2 Using Supplied Drivers for 3rd Party Software 
Video drivers are available for a number of popular applications, including AutoCad, VentiL 
Publisher, Lotus 123, and MS Word for DOS. Embedded systems rarely use these 3rd party 
applications, so the drivers will not be covered in detail here, and are not included on the Utility 
Diskette that is supplied with the MiniModule/SVG-II Development Kit. The files that are 
included on the diskette change from time to time, so a detailed list is not given here. In general, 
however, the drivers for Microsoft Windows 3.1 are supplied. The OS/2 Warp operating system 
includes drivers for the CL-GD542X. Contact Ampro Technical Support for information about 3rd 
party drivers for the MiniModule/SVG-11. 

Run 1NSTALL.EXE from the Utility Diskette to install the Windows drivers and the S e W S  utility. 
You can also install drivers individually using the Windows Setup program, Once installed, use the 
SetRES utility to select the Windows driver for the resolution you want. It is easier to use than the 
standard Windows Setup program. 

3.3.3 Using a Graphics Library or Product 
Another way to change resolution modes is to use third-party products for VGA and Super VGA. 
Third party software often includes source code OEMs can modify and use in their own applications. 
These programs often perform many complex functions besides simple mode changes. 

The following graphic libraries may be used with the MiniModufe/SVG-11 when using resolutions 
up to 1024 X 768 with 16 colors. They are compatible with Borland's Turbo C and Turbo Pascal, 
and with Microsoft's Microsojl C and Microsoji Pascal. These four popular languages also have 
substantial graphic support software included in their packages. 

Essential Graphics, Version 4.0, South Mountain Software. 20 1-762-6965 

GX Graphics, PCX Programmer's Toolkit, PCX Eflect, GENUS Microprogramming. 
7 13-870-0737 

HALO Professional, Media Cybernetics. 800-992-4256 

!We tQ WINDO JViPL US, Me tagrap hics. 40 8 -3 3 8 - 1 5 50 

You may find these two software product catalog/buyer's guides especially helpful in locating 
additional graphic libraries and products. 
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The Connectrun, published quarterly by Programmer's Connection Inc., 
7219 Whipple Ave., NW. North Canton, Ohio 14720-7113. 800-336-1 166. 

The Programmer's ,7/70p. published quarterly by SDC Communications, 
90 Industrial Park. Hingham, M A  02043. 800-447-804 1. 

3.3.4 11 si n g Vi t i  eo- E31025 F u nct i ons 
To program the graphics controller, you may use the built-in high level functions in the video BIOS. 
Using this programming interface, you can control resolution modes, and a number of other 
functions and characteristics. All calls are made through software interrupt 10h (INT 10H). When 
you makc the call. the contents of the AH register in the graphics controller chip determine the 
primary function; the contents af the AL, register determine the secondary function. 

Table 3-1 is an overview of 1.he interrupt 10 functions €or register AH. 
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c ~ 

00 

01 

Mode Set 

Set cursor type 

I Content I Function I 

~ ~ 

02 Set cursor position 

03 Read cursor position 

04 Read light pen position (not supported) 

05 

06 

07 
08 

09 

OA 

OB 

oc 
OD 

OE 
OF 

Select active display page 

Scroll active page up 

Scroll active page down 

Read character at current cursor position 

Write characters at cuirent cursor position 

Write characters only at current cursor position 

Set color palette 

Write dot 

Read dot 

Write teletypewriter to active page 

Return current video state 
__ ~ ~ ~~ 

' 10 Set palette registers 

11 Character generator routine 
7 

12 Alternate select 

13 Write string 

1A 

18 

I C  

Display combination code 

Return functionality/state information 

Savehestore 
- ~- 

14-19 

Table 3-1 Video-BIOS Function Calls to INT 10, Register AH 

~ 

Reserved 1 

3.4 PROGRAMMING THE CIRRUS CL-GD542X GRAPHICS CHIP 
DIRECTLY 
Some applications may require the fine control gained by direct chip programming. This section 
contains a memory map of the MiniModule/SVG-I1 and the I/O addresses you will need to do this 
type of programming. You will need to consult the Cirrus Logic CL-GD542.u Technical Reference 
Manual (available from Cirrus Logic) as well as one or more of the sources of information that are 
given in the next section. 
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. ~~~- 

Gerieral Registers t Reserved fiegisters 
*--ll"-.pl-. 

3.4.1 Memory Map 
Table 3-2 provides a typical system memoq map for an embedded PC system that uses a VGA video 
controller. 

3BA or 3DA, 3CA, 3C2,3CC 

3C6 to 3C9 

Function 

rO ROM-BIOS ----- 
D Sockets and expansion boards 

-..----.-_.- 
DRAM for programs 

Table 3-2 Typical System Memory Map 

3.42  I/O Part Map 
Table 3-3  lists the I/O port addresses used on the MiniModuielSVG-I1 display controller. These are 
the: same I/O addresses used by all PC-compatible standard VGR adapters. The table lists the 
addresses of the six sets of register types. If you need detailed information about emulation modes 
dependency. DAC converters, VGA chip registers, accessing registers for programming. or other 
topics, consult the Cirrus Logic CL-GDS42x Technical Reference Manual. 

~ - . ~~ 

Sgquencer Registers 

CR'TC Registers 

G ril p hics Registers 

Attribute Registers 

VGA Masttx Control 

* See nota 

----1_1_ 

---__ 
-- 

--- 
Table 3-3 IIQ Port Addresses 
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Name 
On 

NOTE 

Definition HSYNC VSYNC Note 

Full operation Active Active 

Peripheral adapters that use address 2E8h will be in conflict 
with the address of the MiniModule/SVG-I1 display controller. 
This includes a popular address for COM4 serial ports, as well 
as a commoniy used address for Arcnet LAN adapters. This is 
because the IBM VGA standard uses a 16-bit field for this 
particular UO address, whereas most V O  devices only decode 
10 bits. When the 16-bit address (46E8h) i s  truncated to 10 
bits, it is decoded as 2E8h. 

Stand by 

Suspend 

Off 

3.5 USING THE PO'WER MANAGEMENT FEATURES 
The MiniModule/SVG-11's graphics controller chip, the Cirrus Logic CL-CD542x provides features 
that implement a comprehensive set of power management controls that can be used to sharply 
reduce power consumption of the board and monitor during periods of inactivity. These features can 
be used to meet the U.S. EPA's Eoergy Star power management standards. 

Minimal power reduction Inactive Active 

Significant power Active Inactive 

Maximum power inactive Inactive 

reduction 

reduction 

This section describes methods that can be used with the MiniModuie/SVG-I1 to reduce power 
consumption. Some of the methods involve programming registers in the CL-GD542x controller 
chip. Note that if your application program does reprogram controller chip registers, the following 
considerations apply: 

It must first save the register contents so that it can subsequently restore them. 

It may be necessary to unlock the extended registers. 

The greatest power savings can be obtained by placing the attached display monitor into a low- 
power mode. A monitor compliant with the Display Power Management Signaling (DPMS) 
standard is required to take advantage of this type of power reduction. The VESA (Video 
Electronics Standards Association) DPMS standard defines four levels of display power. as shown in 
the following table: 

3.5.1 Video-BIOS Functions for Power Management 
Power management modes are set by calls to video-BIOS extensions. The MiniModule/SVG-I1 
video-BIOS is compliant with the VESA Display Power Management BIOS Extensions. VBEPM. 
These video-BIOS calls are described in this section. 
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There are 3 video-BIOS calls that can be used to control the power-saving modes: 

Report VBEffM Capabilities 

B Set Display Power State 

Get Display Power State 

Report VBElPM Capabilities 
Input: AH = 4Fh VESA extension 

AL = 10h VBEPM services 

BL = OOh 

ES.DI 

Report V€iE/PM Capabilities 

NULL pointer, must be 0000:0000h. (Reserved for future use.) 

Output: AX Status 

BH Power saving state signals supported by the controller (Note 1) 

1 = supported, 0 =I not supported 

Bit 0 Stand by (not supported) 

Bit I Suspend 

Bit 2 Off 

Bit 3 Reduced on (intended for flat panel displays) 

Note I :  The attached monitor may not support all the power states that can be signaled by the 
coni roller. It is the responsibility of the power-management program to determine which power- 
saving states are available. The MiniModule/SVG-I1 supports Suspend and Off. 

Set Display Power State 

Input: AH = 4Fh VESA extension 

AL = 10h VBEPM services 

BL = Olh Set display power state 

BH = Requested power state: 

OOh On 

Olh Stand by (not Supported) 

02h Suspend 

04h Off 

08h 

Status: If the requested state is not available, this function will return 
AX =: 14h to indicate that the call failed. 

Reduced on (intended for flat panel displays) 

0ufpw.t: AX 

BH Unchanged 
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Get Display Power State 

Input: AH = 4Fh VESA extension 

AL = 10h VBE/PM services 

BL = 02h Get display power state 

Status: If this function is not supported by the controller hardware, 
AL = 01 is returned. 

Returns the current power state: 

OOh On 

0 1 h 

02h Suspend 

04h Off 
08h 

output: A x  

BH 

Stand by (not supported) 

Reduced on (intended for flat panel displays) 

3.5.2 Power Management Hardware Bits 
This section documents hardware bits in the video controller chip that can be set directly from . 
application programs to control the power consumption of the MiniModulelSVG-11. Implementation 
details for using these internal hardware register bits are beyond the scope of this manual. Details 
about how to use these features can be found in the Cirrus Logic CL-GD542x Technical Reference 
Manual. 

DAC Power-Down 
The DAC can be put into a power-down state by programming the Hidden DAC register to C7h. 

Video CIocWDisplay Memory Refresh 
The video clock can be reduced to as low as 3.46 MHz and the DRAM refresh can be reduced to 5 
cycles every 4.6 US without losing the contents of display memory. This reduces the power in the 
display memory array and also reduces the power in the controller chip. 

Memory Clock 
The memory clock, MCLK, can be reduced to as low as 7.14 M H t .  This further reduces the power 
of the module. 

3.6 USING THE FEATURE CONNECTOR 
The MiniModuleISVG-II provides the standard IBM VGA feature connector signals at J3. You can 
use 53 to route an external TTL video source to an analog monitor connected at J2, or to drive 
certain flat panels. For more information on using the Feature Connector and its use for external 
video input, see the Cirrus Logic CL-GD542s Technical Reference Manual. 

Table 2-3 gives the pinout for the feature connector. The signals are in the same order as a standard 
VESA feature connector found on some desktop PC expansion cards. Ampro does not offer a cable 
to support the feature connector. 

To control the monitor with an esternal video source via the feature connector, you may need to 
block certain signals. Except for EVIDEO. EDCLK, and ESYNC, the signals are bi-directional. 
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EVIDEO, EDCLK, and ESY-NC are input-only. When pulled low, these three signals tri-state (that 
is, set to a high impedance state) video data, pixel clock, and sync and blank signals generated on 
the MiniModule/S'VCi-11, allr.wing them to be driven by signals connected to the feature connector, 
This allows corresponding signals from the external source to drive an analog monitor connected at 
J2. 

Various vendors' products use the feature connector signals as inputs or outputs. In particular, 
Planar Systems, Inc., of Beaverton, Oregon, makes electroluminescent (EL) flat panel displays that 
are compatible with the MiniModule/SVG-XI feature connector. Such panels have VGA resolution 
of 640 X 500 or higher, up to 16 shades. A panel such as this can replace a monitor, or run in 
parallel with a monitor. 

For further information, coniact Planar Systems, Inc., 1400 Compton Dr., Beaverton, OR 97006. 
Phone (503) 690- 1100; FAX (503) 645-7074 
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Feilture connector, 2-3, 3 - 10 
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Graphic libraries, 3-4. 
Graphics modes, 1-4 

Horizontal Scan Rate, 1-6 

I/O port map. 3-7 
IRQ2 jumper, 2-2 

J2, connector, 2-3 
Jumper locations, 2-2 
Jumper selections, 2-1 
Jumper summary, 2-1 

POST error message, 3-1 
Power consumption, 1-6 

. .  

Shadow, BIOS, 3-1 
Size, 1-6 
Specifications, 1-5 
SuperVGA modes, '1 - 1 

Text modes, 1-3 
Timing parameters of common displays, 1-5 

Vertical Scan Rate, 1-6 
Video BIOS functions, 3-5 
Video chip programming, 3-6 
Video drivers, 3-4 
Video type in CPU setup, 3-1 
Video-BIOS functions (list). 3-6 
Video-BIOS shadowing, 3-1 
Voltage, 1-6 

W1, IRQ jumper, 2-2 
W2, W3, W4 jumpers. 2-2 
Weight, 1-6 

Map. I/O ports, 3-7 
Map, memory, 3-7 
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3.3 Cirrus -GD54%9 - Memory-Mapped l[/O 
VGA GUI Aceelera 

The CL-GD5429 IC is the primary component an the Ampro MiniModule SVG-I1 card, 
It determities most of the video functions and outputs. The specifications and data sheet for this 
IC are included for extra clarity and to supplement the SVG-I1 technical manual. 



ecificatioms for the CL-GD5429 

The following CL-GD5429 specifkations were printed off the CIRRUS Internet site ai: 

http://wcvw.cirrus.corn/products/oven/-iews/gd5429. html 
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Pin- and software-compatible with CL-GD5420, CL-GD5422, 
CL-GD5424, CL.-GD5426, and CL-GD5428 
Windows@ acceleration features 

0 Improved Bit6LT engine with memory-mapped I/O for GUI 
acceleration 

0 64 x 64 hardware cursor 
0 8- or 1 fj-bit/pixel color expansion 

VESA@ VL-eJusTM 32-bit '486 and 16-bit '386 interface 
Integrated ISA bus interface 
Resolutions up to 1280 x I 024 

0 1280 x 1024 x 256 colors interlaced 
0 1024 x 768 x 32K and 64K colors 
0 800 x 600 x J2K and 64K colors 
0 640 x 480 x 16.8 million colors 

Integrated 24-bit true-color RAMDAC 
Integrated clock synthesizer, dot clock programmable up to 86 MHz 
Supports 2 Mbytes of display memory (16- or 32-bit bus) 
x4-, x8-, x l  6-wide DRAMs with multiple CAS* or WE* 
\/ideo overlay with color key 
VGA solution with one or more DRAMs 
'I 00% hardware- and BIOS-compatible with lBM@ VGA display standards 
t-ow-power CMOS technology in a 160-pin MQFP package 

The CL.-GD!3429 supports all the CL-GD5428 features, has an improved BitBLT 
engine with memory-mapped register access, 60-MHz MCLK for high-speed 
DRAM, supports the VAFC (VESA advanced feature connector) for video 
overlay, and is fully 'Green PC' compliant. 



3.3.2 Data Sheet for the CLGD5429 

The following CI,-.GD5429 data sheet was printed off the CIRRUS Internet site at: 

http://2 16.35.18.143:8O/servle~SiteDriver/Content/656/gd542xtrm.pdf. 

This data sheet is provided for clarity. l'his data sheet valuable provides details of the 
video card operation not available in the SVG-II manual. 



CL- GD542X 
Preliminary Datn Book 

........................................ ....................................... ........................................ ....................................... 

FENTURES 
I J2-bit GUI acseleration (CL-GD5426/'28r29) 
- EIiIf3L.T (Bit block transfer) engine 
- Chlor expansion lor 8- or 16-bit pixels 

W 16/32-bit CPU interface 
- VEiSA"VL-BusR' (U~I to 50 MHz) 
- ISA bus (12.5 MHz) 
-- Zero-wait-state write cycles 

$i Rcstvlutians up t o  1280 x 1024 
- 1024 x768 x 256 colors, non-interlaced 
- ROO x 600 x 64K colors, non-interlaced 
-- E40 x 480 x 1 BM coIor6i, non.-interlaced 
- 1280 x 1024 x 256 colors, into[lacscl 
-- 1024 x 768 x 641s colors, interlaced 

PB Programmable dual-clock synthesizer 
-- F'ixel clock programinable tip to 86 MHz 
-- Memory clock progranimahle i i p  to 60 MHz 

Integrated 24-bit true-color RAMDAC 

'Green PC' power-saving features 
VESAO DPMS (Display Power Management Signal) 

-- Internal DAC with progranimtible power-down mode 
- Static monitor sync signals 

- 3 - 3 2  RGB DAC modes for video playback 

- Support of VAFC (VESAB advanced feature connector) 

Ei 100% hardware- and BIOS-compatible with IBM" 

(cont) 

El Support for multimedia applications 

(C 1_-GD5425/'28/'29) 

baseline lor video overlay (Cl..-GD5425/'29) 

VGA display standard!; 

............................................................ ............................................................ ............................................................ ............................................................ 

True Color VGA Family 
CL-GD5429 - Memory-Mapped I/O VGA GUI 

Accelerator with Local Bus 
CL-GD5428 - Enhanced VGA GUI Accelerator 

with Local BUS 
CL-GD5426 - VGA GUI Accelerator with 

Local Bus 
CL-GD5425 - True Color VGA Controller with 

TV Output 
CL-GD5424 - True Color VGA with Local Bus 
CL-GD5422 - True Color VGA 
CL-GD5420 - Super VGA 

OVERVIEW 
The CL-GD542X family of true-color VGA controllers 
offers an extensive range of industry-leading features ancl 
functionality lor lBM%ornpatible personal cotnputers 

Ideally suited to highly integrated systems, CL-GD542X 
devices require no external support other than display 
memory and a crystal frequency reference. CL.-GD542X 
devices are 100% hardware- and BIOS-compatible with 
IBM VGA standards, and connect directly to an ISA or 
local bus, allowing a minimum adapter solution. 

Operating at dot clock rates programmable up to 86 MHL, 
CL-GD542X devices support standard and VESAB high- 
resolution and extended modes. The internal palette DAC 
may be configured as an industry-standard RAnilDAC to 
provide a palette of 256K colors, or true-color displays of 
32K, 64K, and 16.8 million colors. 

(CGijt.) 

System Black Diagram Optional 
Add-on Memory Add-on Memory 

SVGA Monitor 

1 

J 

160-Pin PQFP 

NTSC or PALTV Monitor 
L 

CL-GD5425 Optional TV Configuration 1 
Clock input 

: or PALTV Monitor 
.J 



* r n n ~  r n - z -  VGA Graphics Controllers 

Software Drivers 

Microsoft@ Windowse 95 
CL-GD5425 

-- 

Microsoft@ Intel@ DCI 
CL-GR5425 

Microsoft@ Windows@ v3.X 
CL -GL?5425 

Microsoft@) Windows NTm v l  .X 

0 V€R VI€ W (con t .> 

Resolution Supporteda No. of Colors 
640 x 480, aoo x 600,1024 x 768 

640 X 480,800 X 600 

640 x 480,800 x 600, io2 4 x 768 
640 x 480,gOO x 600 

640 x 480,800 x 600,1024 x 768,1280 x 1024 
640 x 480,800 x 600,1024 x 768,1280 x 1024 

640 x 480,800 x 600,1024 x 768 

640 X 480,800 X 600,1024 X 768 

256 
32,768 

640 x 480 16.8 million 
256 

65,536 
640 x480 16.8 million 

16 
256 

65,536 
640 X 480 16.8 million 

16 and 256 . 

The internal dual-frequency synthesizer requires a single 
crystal or reference for all supported screen resolutions, 
as well as all standard display memory speeds and for- 
mats. The CL-GD542X devices implement all control and 
data registers according to current VGA standards. They 
also implement all standard data path and manipulation 
functions, providing complete hardware compatibility. 

In addition, the CL-GD542X devices support extended 
registers and capabilities to provide functional and perfor- 
mance enhancements beyond standard VGA. 

CL-GD542X devices support ISA or 32-bit VESA VL-Bus 
interfaces in all operations, including I/O and memory 

Soffware Support 

800 x 600,1024, x 768 
640 x 480,800 x 600,1024, x 768 

' 

OS/2@ v2.0, v2.1 

operations in planar modes. The write cycles to memory 
are optimized with zero-wait-state capability. Sixteen- 
/thirty-two-bit local bus interfacing can be achieved for 
'386SX' '386DX, and '486 microprocessors as well as 
VESA VL-Bus. The CL-GD5426128129 also offer BitBLT 
operation for GUI acceleration. 

16 
256 b 

The CL-GD542X family also includes many power-saving 
('Green PC) features, including an internal DAC with pro- 
grammable power-down mode, sync signals that can be 
individually disabled (static levels), and internal clocks 
programmable to low frequencies for nearly static opera- 
tion. 

AutoCAP v l  1, v12, 
Autoshade" v2.0, 
w/ Renderman, 
3D Studiom VI ,v2 

GEMm v3.X 
Ventura Publisher@ v2, v3. 

640 x 480,800 x 600,1024 x 768,1280 x 1024 
640 x 480,800 x 600,1024 x 768,1280 x io24 

640 x 480,800 x 600, I 024 x 768 

16 
256 

65,536 
640 x 480 16.8 million 

800 X 600,1024 X 768 
800 x 600,1024 x 768 

16 
16 

t 32 x 25, 132 x 43 (text) 
800 x 600,1024 x 768 

132 x 25, 132 x 43 (text) 
800 x 600,1024 x 768 

LOIUS@ 1-2-3@ v3.X 

Microsoft@Word v5.X 

16 
16 
16 
16 

800 x 600, I 024 x 768 Wordstap v5.5v7.0 16 

t 

3 
- - 

132 x >a, 132 x 4.3 (icxi) 1U 

16 

i--- -4 I WordPertect@ v5.1 
800 x 600,1024 x 768 



C L-G D5425 High I i g ht s 
True Color VGA Controller with TV Output 

FEATURES 0 VER VIEW 
U True color VGA controller,with T\l output Tho CL-GD5425 integrates a Super VGA controller, dual- 

frequency synthesizer! true-color Palette DAC, a n d  TV 
processing support into a single device. 

A member of the industry-standard C L - ~ ~ ~ ~ ~ ~  family of 
true colorVGA controllers, the CL-GD5425 is fully backed 
by software and design support. 

The CL-GD5425 provides NTSCiPAL timing for standard 
VGA display modes, as well as the following extended 
resolutions: 

Extended Resolutions for TV Output 

- Scaling fits full VGA display intoTV viewing area while 

- Flicker-filter reduces interlaced artifacts associated with 
maintaiiiirlg proper aspect ratio 

computer-generated graphic images 
%I Glueless interfacs,to popular TV encoders 

I Multirnedia support 
-- Video overlay of 16-bit FIGB, 16-bit YCrCb 
- 8-tiit feature connector 
- 1 &bit VAFC fVESA@ advanced feature connector) 
- GENLOCK support 
GI aptiics acceleration features: 
- Color cxpansron reduces host bus iraffic 
--- 64 x 64 hardwaro cursor 
- Display tnemoiy linear addro:,sing 

El Flexible 16-bit host interfact? 
- VE.SA” V L - O U S ~ ’  (UP 1 0  50 MHz) 
-- ISA  US 

H Flexible 32-bit display memory interface 

- 511-Kbyto or 1 -Mbyte memory capacity 
Integrated 24-bit UAC 
- VGA resolutiori up to 1024 x 1‘60,256 colors 
- bll SC resolution up to 640 x 480, 64K colors, scaled 

- PAL resolution up to 640 x 480, 64K colors with flicker 

- SiupportS 256K X4, X 8 ,  X i 6  DRAM:+ 

with flicker filter 

filter 
i .  

1 512Kbyte 1 1- 640x:O I 64K 

The CL-Gb5425 provides integrated scaling, flicker 
reduction, and a glueless encoder interface that delivers 
high-qualityTV display at the lowest possible cost without 
the need for additional frame or line stores. 

The pro g ram m a b I e f i ic ke r- red u c t i o n fun c t io n re cl uc es 
i rI t e r laced art i f  acts i n h e rent in co m p u t e r-g e n e rat cd 
itnages displayed on interlaced TV monitors. The degree 
of filtering is selectable by the end-user. 

The CL-GD5425 is 100% hardware- and BIOS-cornpati- 
ble with VGA standards, and connects directly to the 
UESAB VL-BusTM or ISA bus. A single DRAM, two fre- 
quency references, and an economical analog encoder 
are added to make a complete set-top graphics system. 

-. .___ - 



CL -GD542X ADVANTAGES 
Unique Fea fures 
cosr Effectiveness - 

Glueless interface to as few as one DRAM, built-in 
true-color palette DAC and dual-frequency 
synthesizer 

I Interface to x4, x8, x16 DRAMs 

High PeHormance - 
m 

a 

16-bit VESAm VL-BusTM and local bus interface 

Hardware BitBLT for Windows@ 

32-bit-wide DRAM interface 

Maximizes fast-page mode access to display- 
memory DRAMs 
Host access to DRAMs through advanced write 
buffers 

75-, 16-, or 24-bit true-color palelte DAC 

(CL-GD5425/’26/’28/’29) 

. 

Mu/tmed/a - 
3-3-2 RGB DAC modes for video playback 

I NTSC or PAL output (CL-GD5425) 
Overlay and ‘color key’, and GENLOCK support 

(CLGD5425/’28/’29) 

Cornparibliity - 
I Compatible with VGA and VESAQP standards 

I Drivers supplied at various resolutions for Windowse 
3.1, Windows@ 9 P ,  and other key appkations 

I Connects directly to multifrequency analog monitors 

€?/os SUPPORT 
1 Fully l5M@ VGA-compatible BIOS 
I Relocatable, 32 Kbytes with VESA@VL-BusTM local 

81 VBE (VESAfp BIOS exte‘nsions) support in ROM 
Support for DPMS (display power management 

bus support 

signaling) in ROM 

Benefits 

0 Minimizes chip count and board space; enables a 
cost-effective solution. 

13 Allows design flexibility for use of appropriate type 
and amount of memory. 

fl Increases system throughput. 

0 Accelerates GUI applications such as Microsoft@ 
Windows” and similar applications. 

13 Eliminates display-memory bottleneck. 

0 Improves CPU performance by accessing maximum 
bandwidth available from DRAM display memory. 

fl Provides faster host access for writes to display 
memory. 

17 Provides high- and true-color display for photo- 
realistic images; 32K, 64K, or 16.8 million colors 
displayed simultaneously on screen for lifelike 
images. 

0 Enables high-resolution playback for live video 

0 Allows TV viewing of PC games and applications. 
0 Allows 16-bit per pixel interfacing through the 

VESA@ connector for multimedia applications. 

applications. 

fl Ensures compatibility with installed base of systems 

0 Provides a ‘ready-to-go’ solution that minimizes the 

0 Drives all PC-industry-standard, high-resolution 

and software. 

need for additional driver development. 

monitors to ensure compatibility. 

UTIL/T/ES 

El Windows” and DOS utillties 

1 Video mode configuration utility - CLMODE 
il Set resolution in Windows@ utillty - WINMODE 

Is Configurable system integration for OEMs - 

Graphics and video diagnostics test 

OEMSI 
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CL-GD542X Family Features ---" 
Features 

80386 or 00486 CPU 
interface 

Zero-wait-state operation 
Maxiinum display memory 
Display marnory interface 

Hardware cursor (in pixels) 

Maximum dot clock frequ 

__ ___ 
~ ____ 

_l_.___l___I_._ 

Buil I-i r;p<FcforVrSx@- 
foatu re con nscto r 
Built-in E A  (up to 12.5 M 
bus support 

._ . I _. .I__I- 

~ _ _ _  
5-  oi' 16-bit host bus I/ 
memory interface 

100% hardware- and BIOS 
compatible with IBMB VGA 
display standards 

132-column text mode 
support 
46E8 o r  3C3 sleep 
mechanism 
Video overlay and 
'color liey' support 

(for vicfeo overlay) 

-----,---- s. 

__-- 

_.I__ V ESA@?-FKFCTKEbG 

___ 
LoLv-po!ver cblos, 

-. . . . 

~ ~ 

1280 X '1024 (interlaced) 
. ~ . ~  ~ ~ - .  - ___ 
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CL-GD542X 

Units of measure 

degree Celsius 

VGA Graphics Controllers 

Symboi 

“C 

CONVENTIONS 

megabyte (1,048,576 bytes) 

megah6rtz (1,000 kilohertz) 

This section lists conventions used in this data book. ‘CL-GD542X’ represents CL-GD5420, CL-GD5422, 
CL-GD5424, CL-GD5425, CL-GD5426, CL-GD5428, and CL-GD5429, the six members of the True Color 
VGA controller family. 

Abbreviations 

Mbyte 

MHz 

microfarad 

microsecond (1,000 nanoseconds) 

milliampere 

millisecond (1,000 microseconds) 

nanosecond 

picovolt 

hertz (cycle per second) 

kilobyte (1,024 bytes) 

kilohertz 

PF 
PS 

rnA 

ms 

ns 

’ PV 

kilohm I k f l  I 

f 

AC 

BIOS 

BitBLT 

alternating current 

basic inputloutput system 

bit boundary block transfer 

1 Acronym I 

GLUT 

GluiUS 

C RT 

.. F- 

~~ 

Definition 

column address strobe 

color lookup table 

cors.tplr?mentary rnctal mi& sstriicoi idilctur 

cathode ray tube 

._ .. .. I-_ --___ ___.-_ 

I CAD I computer-aided design I 

I I DAC I digital-to-analog converter 

I direct current I Dc 

May 1995 
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AC Definition (conf.) 
-- __ -- -I 

DPMS display power management signaling 

R/W 

sc 
__ ___ - 
_____.__I_ 

~- -I--.-- 
~ 

DRAM 1 dynamic random-access memory 

read/vmte 

serial clock 
__. - - - -- 

- ____ 

__ 
EPROM electrically yrogrammable read-only memory 

FIFO 

i-ll-z 

HSY NCNSY NC 

ISA 

L S H  
__ 

I first in/fi rs t OLI t 
___I__ I . 

horizontallvertical synchronization 

industry standard architecture> 

least-significant bit 

._--____...______._____I_ 

.__-I_._.. ._ _______ ____ 

lookup table 

memory data 

most-significant hit 

-- __ 
- .~-. -~ ___---___- 

LUT 
MD 

MSO 
-. -~ 

1 periptierat cornporient interconnect 

1 plastic quad-flat pack 

I ROPs I raster operations 

I TTL 1 transistor-transistar logic 

---i VATC VESAs advance feature connector 

VES4@ Video Electronics Standards Association 
__ _- I-____ - - ..--.I-_I - - 

’~ __ VGA ____-  __ ______ --I- ___ _-__ __-_____-~--I__ __- -- ~ _ _ - - _ _ . _  - 

video graphics array 
_ _ _ _ _ _ _ _ ~  __- 

VRAM ‘ video random-access memory 

Nunwric Naming 

Hexndecirnal numbers are represented with all letters in uppercase and a lowercase ‘h’ is appended to 
them (for example, ‘14h’, ‘:3A7h’, and ‘C00Oh’ are hexadecimal numbers). Numbers not indicated by an 
‘h’ are rlecirnal. 

3-9 May 39!35 --- CONVENTIONS PRELIMINARY DATA BOOK v7.0 



1. PIN INFORMATION 

The CL-GD542X family of VGA controllers is available in a 160-pin quad flat pack device configuration, 
shown below. 

1.1 Pin Diagram (ISA Bus) 

NOTE: WE1 *, WEO', MD[l5:0], and OVRW are reserved on CL-GD5420. 

M a y  1995 
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1.2 Pin Diagram (MicroChannel@ Bus) 

3-1 1 
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1.3 Pin Diagram (Local Bus) 

I 

VDDB 
MD12 
M o l l  
MDlO 

MD9 
MD? 

WE1 
VSslO 

MD7 
MD6 
MDS 
MD4 
MD3 
UD2 
MO1 
MDO 

VSSl 1 
WEO' 
C A S  
VDD7 

OE' 
RAS- 
MA9 

VSsl2 
MA0 
MA7 
MA6 
MA5 
MA4 
MA3 
MA2 
MA1 
MA0 

AVDDQ 
b4FILTER 

AVSS4 
MCLK 
XTAL 
osc 

V S 1 3  
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1.4 Pin Summary 

'The following abbreviations are used for pin types in the following tables: (I) indicates input; (0) indicates 
o~ tp t i t ;  (I/O) indicates input or output depending on how the device is configured and programmed 

Table '1 -1. Host Interface -- IS.NMicroChannel@ 
I-- 

.- 

_I-.- -. __I ._I- 

- 

.. _. 
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Table 1-1. Host Interface - ISA/MicroChanneP (con!.) 

a indicates the presence of a 250 kn, +_ 50 YO pull-up resistor. 
b Data pads nominally rated at -3 mA  lo^ will sink -15 mA at VOH = 2.0 V. 

Table 1-2. Host Interface - Local Bus (CL-G054241’25/’261‘28/’29 only) 

May 1995 
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Tabfe 3-2. Host Interface -.- Local B u s  (@L-GD5424/’25/’26/’28/’29 only) fconr.) 

6 I 110 

4 i  Tt-- 

:? 2 

/I7 K- __ 
23 /-o--- 
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Table 1-3. Synthesizer Interface 

a 0 indicates the presence of a 250 kQ, t 50% pull-up resistor. 

3-1 6 1Mny 19% 
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C L-GlX42X 

Table '1-5. Display Memory Interface 

__ 

147 0 -12 

148 

149 

150 

_I-..̂ -. -.. __ ___-- 

__ 

12 50 MA6 

12 50 MA5 

12 50 MA4 

12 50 MA3 

__I 

-- 

12 50 MD28 

MD27 

MD26 

MD25 

MD2.1 

r> ! n 7' 3 

MD22 

MP21 

. .--..- 

___ ___ 

__ - . . . . 
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Table 1-5. Display Memory Interface (cont.) 

, 131 1/0 S -1 2 12 50 M D P  

132 I/O S -1 2 12 50 MD4C 

133 1/0 -1 2 12 50 MD3C 

134 I/O I -1 2 12 50 MD20 

135 I/O S -1 2 12 50 MDIe 

136 I/O r .  -1 2 12 50 MDOc 

a indicates the presence of a 250 kn, f 50 % pull-up resi’stor. 
b CAS‘ IS redefined as WE’ for multipie-CAS* 256K x 16 DRAMs for the CLrGD5422P24/’25/’26P28/’29. 
C OE* is redefined as RASI* for 2-Mbyte display memory configurations for the CL-GD5426/’28/’29 only. 

e WEI*, WEO, MD[15:0] are reserved on the CL-GD5420. 
WE*[3:0] are redefined as CAS*[3:O] for multiple-CAS 256K x 16 DRAMs for the GL-GD5422[24/’25/’26/’28/’29. 
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Table 1-6.  Miscellaneous Pins 

indicates the presence of a 250 kL2, f 50 Yo pull-up resistor. 
EECS is redefined as DEL# when the CL-GD5424/’25P26/’20/’29 (only) is configured for ’486, VESA VL-Bus, or 
local bus operation. 
EEDl is redefined as OEHfi when the GL.-GD5r124/’251’26/’28/’29 (only) is configured for ’406, VESA VL-Bus, or local 
bus operation. 
OVRW is reserved o n  the CL-GD5420. 
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58 Power I VDD3 Digital 
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26 

1 

160 

144 

1 37 

128 

120 

101 

91 

80 

61 

53 

40 

12 

7 

66 

64 

154 

156 

85 

72 

90 

-I- 

__ ___ 

Power VDD2 Digital 

Power VDDi Digital 

Ground vss13 Digital 

Ground vss12 Digital 

Ground VSSl1 Dig ita1 

Ground VSSlO Digital 

Ground vss9 Digital 

Ground VSS8 Digital 

Ground v s s 7  Digital 

Ground VSS6 Digital 

Ground vss5 Digital 

Ground v s s 4  Digital 

Ground v s s 3  Digital 

Ground v s s 2  Digital 

Ground VSSl Digital 

Power AVDDI VCLK 

Ground AVSSl VCLK 

Power AVDD4 MCLK 

Ground AVSS4 MCLK 

Power AVDD3 DAC 

Power AVDD2 DAC 

Ground AVSSB DAC 

___ 

~ 

AVSS2 DAC- 
. _ _  
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The following abbreviations are used for pin types in the following section:;: (I) indicates input; (0) indi- 
cates output; (I/O) indicates a bidirectional signal; (TS) indicates three-state; (OC) indicates open 
c o I I ec t o r . 

2.1 Host Interface -- ISA Bus Mode 

Name Type Description 

LA[23:17] I 
--I__u___ 

ADDRESS [23:17]: 'These inputs, in conjunction with SA[l6:0], are used to select 
the resource to be accessed during memory operations. These address bits are 
latched with the falling edge of BALE, 

ADDRESS [16:0]: 'These inputs, in conjunction with LA[23:17], are used to select 
the resource to be accessed during any memory or I/O operation. These address 
bits must remain valid throughout the cycle. 

SYSTEM DATA [15:8]: These bidirectional pins are used to transfer data during 16- 
bit marnory or 1/0 operations. These pins can be directly connected to the corre- 
sponding ISA bus pins. These pads have pull-up resistors to guarantee a valid iriput 
I eve I w t i  e n ti o t connected . 

____ ___- 
SA[lS.O] I 

- -__.___-I __ -- - "--_--_I_-_. ---_____- _ _ _ ~ _ _ _ _ _ _  

s B[ 1 5 181 TS 

~~~ -~~ 

S D [ 7 : 01 TS SYSTEM DATA [7:01: 'These bidirectional pins are used to transfer data during any 
memory or 1/10 operation. These pins can be directly connected to the corresponding 
ISA bus pins. 

SBHE" I SYSTEM BYTE HIGH ENABLE: This input is used in conjunction with A[0] to deter- 
mine tht? width and alignment O F  a data transfer. SWE* and A[O] are decoded as 
shown in Table 2-1 : 

Table 2-'1. SBHE/AO Decoding 

. I 0 1 1 I Upper-byteiransfer I 
I I 1 I 0 I Lower-byteTransfer 

Lower-byte Transfer (on odd address) 
__I_ 

- . - I-_- _______I_ -- ____ 

BALE I B U S  ADDRESS LATCH ENABLE: This active-high input is used to latch LA[23.17] 
on the high-to-low transition. 
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2.1 Host Interface - ISA Bus Mode (COM) 

Name Type Description 

IOR* I I/O READ: This active-low input is used to indicate that an 110 read is occurring, If 
the address on SA[15:0] is within the range of the CL-GD542XI it will respond by 
placing the contents of the appropriate register on the System Data bus. 

1/0 WRITE: This active-low input is used to indicate that an I/O write is occurring. If 
the address on SA[15:0] is within the range of the CL-GD542X, it will respond by 
transferring the contents of the System Data bus into the appropriate register. The 
transfer will occur on the trailing (rising) edge of this signal. A list of I/O addresses 
that the CL-GD542X will respond appears in Section 5 on page 47, When a 16-bit 
I/O write is done, the address specified is typically the Index register for one of the 
VGA groups. The index should appear on SD[7:0] and the data should appear on 
SD[15:8]. 

MEMORY READ: This active-low input is used to indicate that a memory read is 
occurring. If linear addressing is being used, this pin must be connected to 1SA sig- 
nal MEMR*. i f  linear addressing is not being used, this pin must be connected to ISA 
signal SMEMR', The CL-GD542X decodes Af23:15] to determine if a display mem- 
ory read is occurring. If so, data is placed on the System Data pins according to the 
read mode and the contents of display memory. The CL-GD542X decodes A[23:15] 
to determine if a BIOS read is occurring. If so, the CL-GD542X makes EROM* active 
for the duration of MEMR*. 

MEMORY WRITE: This active-low input is used to indicate that a memory write is 
occurring. If linear addressing is being used, this pin must be connected to ISA sig- 
nal MEMW*. If linear addressing is not being used, this pin must be connected to 
ISA signal SMEMW". The CL-GD542X decodes A[23:15] to determine i f  a display 
memory write is occurring. If so, data is written into display memory according to the 
write mode and the data on SD[15;0]. The data are latched in the CL-GD542X on 
the rising edge of this signal, and are actually transferred to display memory later. 

RESET: This active-high signal is used to initialize the CL-GD542X to a known state. 
The trailing (falling) edge of this input loads the Configuration register CF[14:0] with 
the data on MD[30:16], determined by internal pull-up resistors and (optional) exter- 
nalpull-down resistors. 

REFRESH*: This .active-low signal indicates that a DRAM refresh is occurring.'The 
CL-GD542X ignores memory read operations occurring when REFRESH* is active 
since it controls the refresh of display memory. 

low* I 

MEMR* 1 

MEMW* I 

RESET I 

-- 
REFRESH* I 

May 1995 
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2.1 

Name Type Descriptlon 

IOCtiRDY TS 

Host interface - ISA Bus Mode (cont.) 

-- - 
110 CHANNEL READY: When driven low, this output indicates that additional wait 
states are l o  be inserted into the current display memory read or write cycle. This 
output is never driven low during ID  cycles or BIOS reads. During a display memory 
read cycle, this signal is always driven !ow as soon as MEMR' goes active. When 
the data are ready to be placed on the System Data bus, this signal is driven high. 
It remains high until MEMR' goes inactive; it then goes high impedance, During a 
display rnernory write cycle, this signal is driven high as soon as MEMW' goes active 
i l  there is space in the Write Buffer. If there is no space in the Write Buffer, this signal 
is driven low as soon as MEMW' goes active and remains low until there is space. 
Once there is space in the Write Buffer, this signal is driven high. It will remain high 
until MEMWA goes inactive; it then goes high-impedance. 

IOCSt6" OC 110 CHIP SELECT 16": 1 his open-collector output is driven low to indicate that the 
CL43DEi42X can execute an 1/0 operation at the address currently on the bus in 1 G -  
bit mode.This signal is generated from a decode of A [ i  5:0] and AEN. Table 2-2 inch- 
cates the range of addresses that the CL-GD542X wit1 generate IOCSI 6*: 

Table 2-2. IOCS16* Addresses 

Address 

Graphics controller 

CRT controller 

Input Status register 1 _____ 
___--I__ - __I_ -I _I_ - 

_- - I - --- - -- - _ -  -_ -_____ ~~ 

MCS16* OC MEMORY CHIP SELECT 16*: This open-collector output is driven low to indicate 
that the CL-CD542X can execute a memory operation at the address currently on 
the bus in 1 &bit made. Table 2.3 summarizes the conditions where MCSI 6' is made 
act I ve I 
Table 2-3. .MSCI 6* Addresses 

_____ I - - _ _ _ _  1- -- -__/_-____ 

NOTE: The :?A bits are.gerw'ated late enough to typically make them unusable for gcrit'r- 
ating MCS16'. The CL-GD542X uses a fast path from Sat16 151 to MCSX* 

- _ _ -  - - - I - - _. _. - -- 
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CL-GD542X 

Cycle Type 

Display memory write 

BIOS Read 

....................................... ...................................... 

Qualifier 

Write buffer not full 

CF[1] = 0 (not on CL-GD5429) 

2.1 Host Interface - ISA Bus Mode (cant.) 

Name Type Descrlptlon 

ows* OC ZERO WAIT STATE*: This open-collector output is driven low to indicate that the cur- 
rent cycle can be completed without any additional wait states. The circumstances 
under which OWS' will be made active are summarized in Table 2-4. 
Table 2-4. Zero Wait State" Cycles 

May 7995 
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2.2 \-lost lnterface I- MicroChanneP Bus Mode 

Namt: Type Description 
1 1 1  p _ Y  

A[23:0] I 

D[15:0] TS 

ADDRESS [23:0]: These inputs are used to select the resource to be accessed 
during a memory or I/O operation.These address bits are latched with the falling 
edge of -CMD. A r m 1  71 have internal pull-ups, whereas A[16:0] do not. 

DATA [I 5:OI: These bidirectional pins are used to transfer data during memory 
or I/O operation. These pins can be directly connected to the corresponding 
MicroCharinel bus pins. ' 

-SBtiE: I -SYSTEM BYTE HIGH ENABLE: This input is used in conjunction with A[O] to 
determine the width and alignment of a data transfer. This signal is latched with 
--CMC) low. This pad has a pull-up resistor. -SBHE and A[O] are decoded as 
showti in Table 2-5. 
'fiiblt! 2-5. -SE3HE3/80 Decoding 

- S131iE 

0 1 Upper-byte Transfer 

tower-byte Transfer 

Lower-byte Transfer (on oddaddress) 

--- __- 

___- -- ~ 

~ 

MADE24 I MEMORY ADDRESS ENABLE 24: This active-high input is latched the falling 
edge of -CMD. It indicates that the address is in the lower 16 Mbytes of address 
spacc. MADE24 must be high for the CL-GD542X to participate in a memory 
cycle. 

.- 

--CAWB SETUP: When this active-low input is active, the CL-GD542X is placed 
in Seiup mode. In Setup mode, the CL-GD542X will respond only to POSlO2 
accesses. It will riot respond to any other I/O accesses or to display memory 
accesses. It will respond to BIOS reads. This signal is latched with the falling 
edge of -C;MD. 

- -. __- ___ 
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2.2 Host Interface - Microchannel@ Bus Mode (conr.) 

Name Type Description 

M/40 * -SO -S I  Cycle 

0 

0 

0 

1 ~ 0 1 1 1 1 I Reserved I 

0 0 Reserved 

0 1 I10 write 

1 0 110 read 

I--- I I I I 
I 

1 

0 0 Reserved 

0 1 Memory write 

1 

1 

-CMD I -COMMAND: The falling edge of this input is used to latch the address bus, 
MADE24, -SBHE, -REFRESH, M/-IO, -CD-SETUP, -SO, and -Si, It is also used 
to  time the actual data transfer. During I/O or memory-read cycles, the 
CL-GD542X drives valid data onto the bus prior to the trailing edge of this signal. 
During write cycles, the CL-GD542X expects valid data while this input is active 
and latches the data at the trailing edge. 

1 0 Memoryroad 

1 1 Reserved 
.- 

M/-IO . I MEMORY/-IO: This signal, in conjunction with -SO and -Si , is decoded to deter- 
mine the cycle type. See the description of -Si. 

-STATUS 0: This signal, in conjunction with -SI and M/-IO, is decoded to deter- 
mine the cycle type. See the description of -Si. 

RESET: This active-high signal is used to initialize the CL-GD542X to a known 
state. The trailing (falling) edge of this input loads the Configuration register 

. CF[14:0] with the data on MD[30:i 61, determined by internal pull-up resistors and 
(optional) external pull-down resistors. 

-so I 

RESET I 
* 

. I  

~~ ~ ~ 

-REFRESH 1 -REFRESH: This active-low signal indicates that a DRAM refresh is occurring, 
This signal is latched with -CMD low. The CL-GD542X ignores memory-read 
operations occurring when -REFRESH is active since it controls the refresh of 
display memory. 

M a y  1995 
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2.2 Host Interface - MicvoChanneP Bus Mode (cant.) 

Name Type Description 

CD-.C2-fRDY 0 CARD CHANNEL READY: This output is driven low to request that additional 
wait states be inserted into the current display memory read or write cycle. This 
output is never driver? low during I/O cycles or BIOS reads. During a display mem- 
ory read cycle, this signal is always driven low as soon as -SI goes low. When 
the data are ready to be placed on the System Data bus, this signal is driven high. 
During a display memory write cycle, this signal is driven high as soon as -SO 
goes low if there is space in the Write Buffer. If there is no space in the Write 
8uffer, this signal is driven low as soon as -SO goes low, and remains luw until 
there is space. Once there is space in the Write Buffer, this signal is driven high. 

-CD_-SFDBK OC -CARD SELECTED FEEDBACK: This open-collector output is driven low to indi- 
cate that the CL-GD542X can respond to the addresses currently on the bus.  This 
signal is generated from a decode of -REFRESH, MADE24, A[23:0], and Ml-IO. 
This signal is rnade active for the Address Range C000:0-C7FF:F only if 
CF[6] := 0 (indicating a 16-bit BIOS). If CF[6] = 1 , this signal will not be made active 
for Address Range COOO:O--C7FF:F. Also, this signal will not be made active for 
Addresses 102 or 103 if M/-10 is low, indicating I/O. 

-CD_DS16 OC -@ARID SIZE 16: This open-collector output is driven low to indicate that the 
CL-GIX42X can execute a memory or I/O operation at the address currently on 
the bus in 16-bit mode. This output is generated from a decode of A[23:0], 
MADE24, -REFFIESH, and M/-IO. Table 2-7 summarizes the  conditions under 
which -CB.-DS16 is made active. 

Table 2-7. -CD_DS16 Addresses 

.______-______________ 

I RQ OC -INTERRUPT REQUEST: This open-collector output indicates the CL-GD542X 
has reachod the end of an actlve field. Specifically, the transition occurs at the 
beginning of the bottom border. This pin is typically connected to IRQ9 via a 
jumper block. See register CR11 for a description of the controls for this pin. This 
pin is never driven high. 

_ - ~  - - __ ___ ___ 

c 
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13 

23 

24 

27 

2.3 Host Interface - Local Bus (CL-GD54241’25/’26/’28/’29 only) 

A number of bus interface pins are redefined according to the local bus type connecting to the 
CL-GD5424/’25/’26/’28/’29, The host interface pins are listed in Table 2-8 by CL-GD5424/’25/’26/’28/’29 
pin number. 

Table 2-8. Redefined Host Interface Pins 

(unused) UADDR# UADDR# UADDR# 1. 
(unused) BS16# BS16# LES16# 

BHE# BE1 X BE1 # BEl# 

BLEt BE21 BE2# EE2# 

I Pin I ’386SX 1 ’386DX I ’486 I VESAQVL-BusW-1 

28 

46 

A I  BE3# EE3# BE3t 

CPU-RESET GN D RDY RTN# CPU-RESET 

48 

50 

51 

I 47 I READY# I READY# I BRDY# I BRDY# I 
(unused) BEOX BEO# EEO# 

CLK2X CLK2X CLKl X LCLK 

, GROUND GROUND GROUND GROUND 

74 

I 73 I (unused) I (unused) I OEH# I OEH# I 
(unused) (unused) OEL# I OEL# 

M a y  2995 
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2.3 ).tost Interface - Local Bus (CL-GD542~~25/'26/'281'29 only) (conr.) 

Name Type Description 

A [2 3 21 I 
- __. 

ADDRESS [23:2]: These inputs are used to select the resource to be accessed dur- 
ing memory or I/O operations. A[23;17] have internal pull-up resistors; A[16:2] do 
not. A[3:2] aro burst address bits for the '486. 

_ _ ~  __I--- __-- 
D[15:0] TS 

6 E [3: 01 K I 

ADS# I 

__ __. 

C P U -  I 
RESET 

DATA [15:0]: These bidirectional pins are used to transfer data during any memory 
or 110 operation. These pins are directly connected to D[15:0] of the '386SX or 
'386DX bus. These pins are connected via four bidirectional data transceivers to the 
32 data pins of the '488 or VESA VL-Bus. The transceivers are controlled with OEH#, 
C)EL#, and W/R#. These pads have pull-up resistors. 

BYTE ENABLE [3:0]#: These active-low inputs are directly connected to the 
'386DXP486 or VESA VL-Bus byte enable outputs. In Ihe case of the '386SX, BEO# 
is unused and can he left unconnected, BE1H, 2, arid 3 are redefined as BHEH, 
E!LE#, and A I ,  respectively. They must be directly connected to the corresponding 
'386 outputs. 

ADDRESS STROBE: 'This active-low input indicates that a new cycle has begun. It 
riiust he directly connected to the ADS# pin on the CPU. For VESA VL-Bus, this pin 
is connected to LAD§#. 

CPU RESET: When this active-high input is active, the CL-GD542X is forced into an 
initial condition. It is used to synchronize the CL-GD542X to CLKIX or CLKZX. This 
pin must be connected to the RESET pin of the CPU in a '386 system; it musf be 
connected to ground in a '486 system; it rnustbe connected to RDYRTN# in a VESA 
vL-43~~  system. 

W/RH I WRlTE/READ: This input indicates whether a write or read operation is to occur. It 
must he directly connected to the W/R# pin on the CPU. If W/R# is high, a write will 
occur. If it is low, a read will occur. 

CLOCK 2X: This is the timing reference for the CL-GD542X when connected to a 
'386SX or '386DX local bus. This is redefined as CLKIX for the '486 local bus. In 
either case, it must be directly connected to the corresponding CPU pin. For VESA 
Vt-Bus, this pin is connected to LCLK. 

MEMORY/IO#: This input indicates whether a memory or I/O operation is to occur 
It must be directly connected to the M/IO# pin on the CPU. If  M/IO# is hrgh, a mem- 
ory operation will occur, If it is low, an 1/0 operation will occur. 

-_ 11-_1_ 

CLK:?>( I 

-. __ - __ 
M/lO## I 

UAUDRH I UPPER ADDRESS: This active-low input is a decode of the upper-CPU Addross bits 
,4[32:24], This input is unused in the case of a '386SX local bus and can be left 
uncorrnrxtcci. Refer to appendixes in the CL-GD542.X Technical Reference A./Janual 
:,if. rl?i-+i<in r)t\ t } in  ~ j n r , p r 7 i L l ~ ~ ~ !  n f  ' ' 1 4 ~  ctc;nq,l 

- _____ __ ~ __ ~ - -_ 



L r r w w  tr r nrir VGA Graphics Controllers 

2.3 Host Interface - Local Bus (CL-GD54241’25/’26/’28/’29 only) (CON.) 

Name Type Description 
-~ - 

RESET I RESET This active-high input initializes the CL-GD542X to a known state. The trail- 
ing (falling) edge of this input loads the Configuration register CF[14:O] with the data 
on MD[30:16], determined by internal pull-up resistors and (optional) external pull- 
down resistors. 

RDY #: This active-low signal is used as an output to terminate a CL-GD542X bus 
cycle. 

LOCAL BUS ACKNOWLEDGE #: This open-collector output is driven low to indi- 
cate that the CL-GD542X will respond to the current cycle. This signal is generated 
from a decode of Af23:2], UADOR#, an’d M/IO#. This output will be active before the 
middle of the first T2 after an active ADS#. For VESA VL-Bus, this pin is connected 
to LDEV#. 

RDY# 

LBA# 

TS 

TS 
__-- 

BS16# OC BUS SIZE 16 #:This active-low output is driven by the CL-GD542X to indicate that 
the current cycle addresses a 16-bit resource, The ’386DW486 will convert the cycle 
to an appropriate number of 16-bit transfers. This pin is not used for a ’386SX local 
bus and can be left unconnected. For VESA VL-Bus, this pin is connected to 
LBSI 6#. 

INTERRUPT REQUEST: This active-high output indicates the CL-GD542X has 
reached the end of an active field. Specifically, the transition occurs at the beginning 
of the bottom border. See register CR11 for a description of the controls for this pin. 

I NTR TS 

OEH# 0 OUTPUT ENABLE HIGH#: This active-low output controls the output enables for 
the data transceivers that connect the CL-GD542X SO[15:0] pins to the ’486 or 
VESA VL-Bus D[31 :I 61 pins. 

OUTPUT ENABLE LOW#: This active-low output controls the output enables far the 
data transceivers that connect the CL-GD542X SD[I 5:0} pins to the ‘486 or VESA 
VL-Bus D[15:0] pins. 

OEL# 0 

Alny 2995 
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2.4 Dual-Frequency Synthesizer Interface 

Namc? Type Description 

osc I OSCILLATOR INPUT: This TTL input pin supplies the reference frequency for the 
dual-frequency synthesizer, It requires an input frequency of 14.31 81 8 k 0.01 % MHz 
with a duty cycle of 50 k 10%. This input can be supplied from the appropriate pin 
on the ISA or Microchannel bus, from an oscillator, or with a series-resonant crystal 
connected between this pin and the XTAL. pin. 

NOTE: When the CL-GD5425 (only) is configured for PAL/NTSC operation (pull-down 
installed on MC)16), this pin should be driven with 17.734475 MHz.This is the refer- 
ence frequency for PAL. 

XTAL. I10 CRYSTAL: This output pin allows the use of a crystal to supply the reference fre- 
quency for the synthesizer. A series-resonant crystal can be connected between this 
pin and lhe OSC pin. If this pin is not used for a crystal connection, it musf be left 
unconnected (except for CL-05425) .  

When the CL-GD5425 (only) is configured for PALINTSC operation (pull-down 
installed on MD16), this is an input pin and should be driven with 14.31818 MHz, 
This is the reierence frequency for NTSC, the MCLK synthesizer, and VGA modes. 

MFILTEH 0 MEMOIS'II CIDCK FILTER: This pin must be connected to a n: RC filter returned to 
AVSS4. The values of the two capacitors and the resistor are shown in Appendix 
5'1 7 in the CL-GD542X Technical Reference Manual. The fitter components, espe- 
cially the input capacitor and the resistor, must be placed as closely as possible to 
this pin. 

V F I CTE R 

MCLK 

VIDEO Y>LBCK FIl-TER: This pin must be connected to a n; RC filter returned to 
AVSSI  or AVDDl, depending on processing. The values of the two capacitors and 
the resistor are shown in Appendix €31 7 in the GL-G55#2X Technical Reference 
Mmia/ .  The filter components, especially the input capacitor and the resistor, must 
be placed as clossly as possible to lhis pin. 

MEMORY CROCK: This pin is normally an output and can be used to monitor the 
internal MCLK. Typically, it would not be connected. If CF[4] is a zero, MCLK will be 
an input and the iriternal MCLK oscillatoi will be disabled. This configuration is 
intended for testing only. . 

NOTE: I- or the CL-GD5125 and CL-GD5429 only, this pin can be configured to output the 
iriternal VCLKVCO I f  a pull-down is installed on MU31 (and no pull-down on MD20), 
the internal VCLK VCO (prior to the post-scalar) will be driven onto this pin. 

- -  .___ - - __ 
__-I- -- _--I-LII----- - ___--_____-- 
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2.5 Video Interface 

Name Type Description 
~~ ~ 

VSYNC I/O VERTICAL SYNC: This output supplies the vertical synchronization pulse to the 
monitor. The polarity of this output is programmable. This pin is put into high imped- 
ance when ESYNC* is low. This pin can be directly connected to the corresponding 
pin on the feature connector. 

NOTE: When the CL-GD5425 (only) is configured for VSYNC GENLOCK, by programming 

HORIZONTAL SYNC: This output supplies the horizontal synchronization pulse to 
the monitor. The polarity of this output is programmable. This pin is put into high 
impedance when ESYNC' is low. This pin can be directly connected to the corre- 
sponding pin on the feature connector. 

NOTE: When the CL-GD5425 (only) is configured for HSYNC GENLOCK, by programming 

BLANK': This is a bidirectional pin. If ESYNC* is high, BLANK* is an output. As an 
output, it supplies a blanking signal to the feature connector. If €SYNC* is low, 
BLANK* is an input. As an active-low input, it forces the RED, GREEN, and BLUE 
outputs to zero current. This pin can be directly connected to the corresponding pin 
on the feature connector. 

NOTE: When the CL-GD5425 (only) is configured for TV mode by programming CR30[3] to 

PIXEL BUS [7:0]: These are bidirectional pins. If EVIDEO* is high, these pins are 
outputs and reflect the address into the palette DAC. If EVIDEO* is low, these pins 
are inputs and can be used to drive pixel values into the palette DAC. These pins can 
be directly connected to the corresponding pins on the feature connector. 

CRlC[7] to ' I ' ,  VSYNC becomes an input. 

HSYNC l/O 

CRIC[G] to ' l ' ,  HSYNC becomes an input. 

BLANK* I/O 

'l', this pin becomes the Color Carrier Reference (Nx fsc). 

P[7:0] I/O 

DCLK 1/0 VIDEO DOT CLOCK: This is a bidirectional pin. If EDCLK' is high, this is an output 
and can be used to externally latch the data on the Pixel Bus. If EDCLK* is low, this 
is an input and can be used to clock data on the Pixel bus into the CL-GD542X. This 
pin can be directly connected to the corresponding pin on the feature connector. 

I/O ENABLE SYNC AND BLANK: This input is used to control the buffers on HSYNC, 
VSYNC, and BLANK'. If ESYNC* is'high, the controlled pins are outputs, If ESYNC* 
is low, BLANK* is an input. HSYNC and VSYNC are not driven by the CL-GD542X 
and must be driven externally to valid input levels.This pin can be directly connected 
to the corresponding pin on the feature connector. 
NOTE: For the CL-GD.5425, the ESYNC" pin will be an output and will reflect SR8[2] when- 

ever Overlay mode is selected by programming CRlA[3:2] to any value other than 
'0,O'or whenever TV mode is selected by programming CR30(3] toil'. 

ENABLEVIDEO: This input controls the buffers on P[7:0]. If EVIDEO' is high, P[7:0] 
are outputs; if EVIDEO* is low, P[7:0] are inputs. This pin can be directiy connected 
to the corresponding pin on the feature connector. This pin is not limited to static 
operation, it can switch at the DCLK rate. 

ESYNC* 

_______ _ _  - - - - .- - -. ___ I.___ _ _  - 

EVIDEOk I/O 
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2.5 Video Interface (cont.) 

Name: Type Description 

ED C L I.(* I ENABLE DOT CLOCK: This input is used to control the buffer on DCLK. If EDCLK* 
is high, DCLK is an output; i f  EDCLK‘ is low, DCLK is an input. This pin can be 
directly connected to the corresponding pin on the feature connector. 

RED 8 RED VIIlEOi: This analog output supplies current corresponding to the red value of 
the pixel beirig displayed. Each of the three DACs corisists of 255 summed current 
sources. For each pixel, either the 6-bit value from the LUT or a 5-, 6-, or 8-bit true- 
color value is applied to each DAC input to determine the number of current sources 
to be summed. Full-scale current on the RED, GREEN, and BLUE outputs is related 
to IREF as follows: 

If = (63/3O) x IIZRF 

l o  mainlain IBM VGA compatibility, each DAG output is typically terminated to mon- 
itor ground with a 75$2 2-percent rcsistor. This resistor, in parallel with the 75-€,i 
resistor in the monitor, will yield r? 37.542 itnpedance to ground. For a full-scale volt- 
age of 700 mV, full-scale current output should be 18.7 mA. 

GREEN 0 GREEN VIDEO: This analog output supplies current corresponding to the green 
value of the pixel being displayed. See the description of RED for information regarcl- 
ing the termination of this pin. 

BLUE VIDEO: This analog output supplies current corresponding to the blue value 
of the pixel being displayed. See the description of RED for information regarding the 
terrnination of this pin. 

CfAC CURRENT REFERENCE: The current drawn frorn AVpD through this pin deter- 
mines the full-scale output of each DAC. Connect this pin to a constant current 
source. A recommended circuit is provided in appendixes of the Ci-GD542X Tech- 
riical Refererice Manual. 

____..____I__ ~.___.- __- 
BLUE 0 

_I___ ”_  I_______..---_I- .I___. ~ _ _  

I IREF: 

.._ ---__- _____.___.__l_,_._l_.I --I_-- __- 
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LOGIC 

2.6 Display Memory Interface 

Name Type Description 

CL-GD542X 
VGA Graphics Controllers 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ’,. , . .  .................... . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....................... 

RAS’ 0 ROW ADDRESS STROBE *:This active-low output is used to latch the row address 
from MA[S:O] into the DRAMs.This pin must be connected to the RAS* pins of all the 
DRAMs in the display memory array. These pads, and those for the other DRAM 
controls, are matched for one-to-four loads. If eight DRAMs are used, damping resis- 
tors may be required to control edge rates and undershoot on these, and other, con- 
trol pins. 

COLUMN ADDRESS STROBE *: This active-low output is used to latch the Column 
Address from MA[9:0] into the DRAMs.This pin must be connected to the CAS* pins 
of all the DRAMs in the display memory array. 

NOTE: If CF[12] = 0 (dual-CAS DRAMs), this pin becomes WE*. 

CAS* 0 

0 E* 0 OUTPUT ENABLE *:This active-low output is used to control the output enables of 
the DRAMs. For 256K x 4 DRAMs and 256K x 16 DRAMs with Dual-write Enables, 
this pin must be connected t.0 the OE* pins of all the DRAMs in the display memory 
array. For 256K x 16 DRAMs with dual-CAS*, this pin is a no-connect. For the 
CL-GD5426/’28/’29 with 2 Mbytes of display memory, this pin becomes RASl*. See 
the DRAM configuration tables in Section 4 on page 41. 

NOTE: For the CL-GD5425 (only), this pin is ODD/EVEN when the chip is configured forTV- 
out and indicates which field is being displayed. 

- 

W E[3: 01’ 0 WRITE ENABLE [3:0]*: These active-low outputs are used to control the write 
enable inputs of the DRAMs. These pins musf be connected to the WE* pins of the 
DRAMs as indicated in the DRAM configuration tables in Section 4 on page 41. 
NOTE: If CF[12] = 0 (dual-CAS* DRAMs) these pins become CAS[3:0]*. These pins can be 

connected to the CAS* pins of the DRAMs. WE[I:OJ* are reserved on the 
CL-GD5420 (Revision ‘A’). 

~ ~ 9 1  0 MEMORY ADDRESS [9]: This pin controls one address input of the DRAMs. See 
the DRAM configuration tables in Section 4 on page 41. 

When the CL-GD5425 (only) is configured for TV mode, by programming CR30[3] 
to ‘l’, this pin becomes CSYNC out. GSYNC includes all horizontal and vertical tim- 
ing and serration pulses. 

MA[ 8 : 01 0 MEMORY ADDRESS [8:0]: These pins control the address inputs of the DRAMs. 
These pins must be connected to the address pins of the DRAMs. See the DRAM 
configuration tables in Section 4 on page 41. 

~ ~~~~ ~ ~~~ ~~~~~~~~~~~ 

MD[31:0]- TS MEMORY DATA [31:0]: These pins are used to transfer data between the 
CL-GD542X and the display memory. These pins must be connected to the data 
p i x  c1f the DSP,P?ls. SEC t h ~  D%4M c.infigr!re+icn tc?..h!gs in Ssctinn 1 w-I p q ”  4 7 .  
These pins are forced into high impedance when RESET is active. This allows the 
configuration pull-down resistors to oyerride the weak pull-ups and be loaded into 
the Configuration register CF. MD[I 5:0] are reserved on the CL-GD5420 (Revision 

.._ ._._ 
‘N) . 

. ..” ...___.___._I_ 
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2.7 ~~iscellancous Pins 

Name Type Description 

EECS O 
I- -- 

EEPROM CHIP SELECT: This pin is used to control the Chip Select of the optional 
configuration EEPROM, and should be directly connected to that pin (ISA and Micro- 
channel only). 

NOTE: This  p in  is redef ined as OEL’ for the ’486 or VESA VL-Bus  
(CL-GD5424/’26/’28/’29 only). 

~ ~~ 

EEDI I EEPROM DATA IN: This pin is used to read the data from the optional configuratian 
EEPRORA, arid should be directly connected to the Data Out pin (ISA and Micro- 
channel only). 

NOTE: This pin is redefined as OEH* for the ’486 or VESA VL-Bus (CL-GD5424/’26/’28/’29 
only). 

EROM* 0 ENABLE. ROM BUFFERS*: This active-low output is used to control the Output 
Enable pins of up to two %bit bus dtivers,Theso buffers are used to connect the data 
pins of the BIOS EPROMs to the System Data bus. This output is forced high when 
RESET is acttve.Tliis output goes active only for memory read cycles to the address 
range COOO:O-C7FF:F. It is gated with MEMR* in ISA mode, and with -CMD in 
NlicroChannel mode. It is un-latched address decode in Local Bus modes. 

OVRW 0 OVERLAY WINDOW: This output signal is active-high. It is intended to be used in 
applications involving video overlays. For additional connectivity information, see 
Appendix 814 in the CL-GD542X technical reference manual, OVRW is reserved on 
the CL-GD5420. 

TESY l.il\TCI.l LOAD ENABLE*: This pin is intended for factory testing and must be 
pulled-up for normal operation. It can be used in board-level testing to disable most 
of the Ci.-GD542X output pins. For additional information, see Appendix E31 4 in the 
77ue Color VGA Fami& - CL-GD542X Technical Reference Manual. 

- _ _ _ _ _  __ __ --___ --.I_-_ __ 

‘l-WR’ I 

-- 
Î_ - __ ~ .--I__xI_______ I_-- - --__- _II I_-__--- 
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CL- GD542X 

2.8 Power Pins 

Name Type Description 
-~ 

VDD[7: 1 J Power PLUS FIVE (LOGIC): These seven pins are used to supply +5 volts to the core 
logic of the CL-GD542X. Each pin must be connected to the VCC rail as 
described in Appendixes 81-83 of the Rue Color VGA Fami4 - CL-GD542X 
Technical Reference Manual. Each pin musf be bypassed with a 0.l-pF capaci- 
tor with proper high-frequency characteristics, placed as closely to the pin as 
possibfe..If a multi-layer board is used, each VDD pin must be connected to the 
power plane as outlined in Appendixes B1-B3 in the True Color VGA Family - 
CL-GD542X Technical Reference Manual. 

GROUND (LOGIC): These 13 pins are used to supply ground reference to the 
core logic of the CL-GD542X. Each pin must be directly connected to the GND 
rail, If a multi-layer board is used, each VSS pin mustbe connected to the ground 
plane. 

VSS[13:1] Ground 

- ~~ 

AVDD[l] Power PLUS FIVE (VCLK): This pin is used to supply i-5 volts to the video clock syn- 
thesizer of the CL-GD542X. This pin must be connected to the VCC rail via a 33- 
hd resistor, and bypassed to AVSS4 with a IO-pF capacitor. 

Ground GROUND (VCLK): This pin is used to supply ground reference to the video clock 
synthesizer of the CL-GD542X. This pin mustbe connected to the GND rail. 

PLUS FIVE (MCLK): This pin is used to supply +5 volts to the memory clock syn- 
thesizer of the CL-GD542Xa This pin must be connected to the VCC rail through 
a 33-SL resistor and bypassed to AVSS4 with a 1 0-pF capacitor. 

Ground GROUND (MCLK): This pin is used to supply ground reference to the video clock 
synthesizer of the CL-GD542X. This pin must be connected to the GND rail. 

PLUS FIVE (DAC):These two pins are used to supply +5 volts to the palette DAC 
of the CL-GD542X. Each pin must be directly connected to the VCC rail. Each 
pin must be bypassed, as closely to the pin as possible, with a 0.1 -pF capacitor 

' with proper high-frequency characteristics. If a multi-layer board is used, each 
VDD pin musf be connected to the power plane. 

Ground GROUND (DAC): These two pins are used to supply the ground reference to the 
palette DAC ofthe CL-GD542X. Each pin must be connected to the GND rail. 
For various adapter board and motherboard solutions, see the appendixes in the 
Tue Color VGA Fami& - CL-GD542X Technical Reference Manual. 

AVSS[l] 

AVDD[4] Power 

AVSS[4] 

AVDD[3:2] Power 

AVSS[3:2] 

- ._ -- 
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DESCRIPTHON 

3.1 General 

The CL-GD542X faniily of VGA coritrollers offers a 
complete VGA-standards-corrrpatible solution. All 
of the hardware necessary for CPU updates to 
memory, screen refresh, and DRAM refresh is in- 
cluded in the CL-GD542X. A complete VQA moth- 
erboard solution can be implemtAed with one 

p 256K x 16 DRAM with any CL43D642X chip. 

The chip block diagram in Figure 3-1 shows the 
CL-GD542X connection to thc host, display mern- 
ory, and monitor. Each memhor of the CL-GD542X 
family of VGA controllers is pin-to-pin compatible 
on the system bus. 

3.2 Functional Blacks 

The following functional blocks have been integrat- 
ed info the CL-GD542X. 

CPU lutterface 

The CL-GD542X connects directly to the ISA bus, 
E-ISA bus, MicroChannel bus, or ‘386 and ’486 
bus (Ct-GD542Lt112iil’281’29 only), No glue logic is 
t equired. The CL.-GD542X internally decodes a 
16- or 24-bit address, and responds to the applica- 
ble control lines. It execules both I/O accesses and 
memory accesses as either an 8- or 1649it device. 

CPU Write Buffer 

‘The CPU Write Buffer contains EL queue of CPU 
write ac:cesses to display memory that have not 
been executed because of rnernory arbitration. 
Maintaining a queue allows the CL-GD542X to re- 
lease the CPU as soon as it has tecorded the ad- 
dress and data, and to execute the operation when 
display memory is available, increasing CPU per- 
f o r ma nc e ,  

. 

G~-EJ,O~I~CS eomul/er 
The Graphics Controller is located between the 
CPU interface and tho Memory Sequeticcr. It per- 
forms text manipulation, data rotation, color map- 
ping, and other miscellaneous operations. 

BitBLT 

This is a unique GUI acceleration feature in the 
CL-GD5426/’28/’29. The BitBLT function moves 
data with RQPs (raster operations). This operation 
occurs in Packed-pixel modes with 8-, 16-, or 24- 
bit-per-pixel transfers. Color expansion can be 
used to translate monochrome images to 8- or 16- 
bit color. The source or destination of a BitBLT op- 
eration can be system memory. 

Memory Arbitrator 

The Memory Arbitrator allocates bandwidih to the 
four functions that compete for the limited band- 
width of display memory. These are CPU access, 
screen refresh, DRAM refresh, and BitBLT opera- 
tions. DRAM refresh is handled invisibly by allocat- 
ing aselectable number of CAS*-before-RAS” re- 
fresh cycles at the beginning of each scanline. 
Screen refresh and CPU/BitBLT accesses are al- 
located cycles according to the FIFO-control pa- 
rameters, with priority given to screen refreshes. 

Memory Sequencer 

Tthe Memory Sequencer generates timing for dis- 
play memory. This includes RAS*, CAS* and mul- 
tiplexed-address timing, as well as WE* and OE* 
timing, The Sequencer generates CAS”-before- 
RAS* refresh cycles, Random Read and Random 
Early Write cycles, and Fast-page mode Read and 
Early Write cycles. The Memory Sequencer gener- 
ates multiple-CAS* or multiple-WE* signals ac- 
cording to the memory type used. 

CRT Controller 
The CRT controller generates the HSYNC and 
VSYNC Signals required for the monitor, as well as 
the BLANK* signals required by the palette DAC. 

Video FIFO 

The Video FIFO allows the Memory Sequencer to 
execute the display memory accesses needed for 
screen refresh at maximum memory speed rather 
than at the screen refresh rate. This makes it pos- 
sihle to cnll~ct ?he  accef;ses for scrocn refresh 
near the beginning of the scanline, and to execcrts 
them in Fast-page mode rather than Random 
Read mode. 
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Attribute Controller 

The Attribute Controller formats the display for the 
screen. Display color selection, text blinking and 
underlining are performed by the Attribute Control- 
ler. Alternate font selection also occurs in the At- 
tribute Con troller. 

Palette DAC 

The palette DAC block contains the color palette 
and three 8-bit digital-to-analog converters. The 
color palette, with 256 18-bit entries, converts a 
color code that specifies the color of a pixel into 
three 6-bit values, one each for red, green, and 
blue. The CL-GD5425 (only) supports YCrCb and 
Accu Pa k-to- RG B conversion, 

DISPLAY MEMORY 
256K-1 MBYTE (CL-GD5420) 

51 2K-1 MBYTE (CL-GD5422/‘24/‘25) 
512K-2 MBYTE (CL-G05426/‘28/’29) 

r ” ” - - - “ ’ - ” ”  
I I 
I I 

CHIP I 
BOUNDARY -1 

I 

SYNTHESIZER 

I I 

14.31818 MHz 

Figure 3-1. Ct-GD542X Chip Block Diagram 

ONLY) 
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Alternatively, the CL.-GD542X (excluding the 
CL-GD5420) can be configured for 1 5 ,  16-, or 24- 
bit pixels. This allows 32K, 65K, or 16 million simul- 
taneous colors to be displayed on the screen. The 
bits are allocated as 8 - 8 4  for the 16 milliori colors, 
5-6-5 f o r  the 64K Color mode, or five to each (red, 
green, and blue) DAC for the 32K Color rnocle. 

Duai--Frequency Synthesizer 

7- h e d u a I - f r e q u e n cy s y n t h es i z e r g en e r at es the 
Memory Sequencer Clock and the Video Display 
Clock from a single reference frequency. The fre- 
quency of each clock is programmable. The refer- 
ence frequency can be generated with an internal 
crystal-controlled oscillator. Alternatively, it can be 
supplied from an external TTL source. 

CPU Access to Registers 

The host can be any processor controlling an ISA, 
E-ISA, Microchannel, or '386 and '486 local bus. It 
accesses CL-GD542X registers by setting up 16- 
or 24-bit addresses and making controls such as 
IORD* or IOWR* active. The CL-GD542X can 
respond either as an 8- or 16-bit peripheral, 
depending on how the chip has been designed into 
the system. 

DRAM and screen refresh occur concurrently with, 
and independently of, register access (unless the 
host is changing display parameters or has sup- 
pressed refresh). Registers are described in detail 
in the i'rue Color VGA Fami& - CL-GD542X Tecli- 
nical Reference Manual. 

tor, the overlay feature could be ustzd in multimedia 
applications. T his allows lor internal DAC utilization 
in 1 6-bit-per-pixel mode. The CL-CiD542V29 sup- 
ports the  VAFC (VESA Advanced Feature Connec- 
tor) Baseline for Video Overlay, 

TV Encoder (CL-CD5425 only) 

The CL-GI35425 provides integrated scaling, 
flicker reduction, and a glueless encoder interface 
that delivers high-quality TV display at the lowest 
possible cost without the need for additional frarne 
or lino stores. 

. *  
T h e p r!j g rarrirn ab le f l  ic ker- r6d uct i on f u nc t i o n 
red iic es inter laced artifacts in h e r t! n t in computer - 
generaled images displayed on interlaced T'V 
monitors. The degree oi filtering is selectable by 
the end-user. 

3.3 Fu n c t i on il I 0 p e ra t i 0 ri 

, , , ir: (:, i, i-i-, .j t' [J (3 ,- ... - ! . - - -  

CL-GD542X are discussed below. 

, .  . ,  
r.i , l , i , c.l ri d I c ci 12 y t t i  ;;. 

Display Memory Refresh 

The CL-GD542X automatically generates a select- 
able number of CAS*-before-RAS* refresh cycles 
during each horizontal timing period. 

Screen Refresh 

The CRT monitor requires a near-constant rewrit- 
ing since its only mernory is the phosphor persis- 
tence. This persistence is typically only a few 
milliseconds. The CL-GD542X fetches information 
from the display memory for each scanline as 
quickly as possible, using Fast-page mode cycles 
to fill the Video FIFO. This allows t he  maximum 
possible time for the host to access the display 
memory. 
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3.4 Performance 

The CL-GD542X is designed with the following 
performance-enhancing features: 

Accelerated Microsoft Windows with BitBLT 
(CL-GD5426/’28/’29 only) 
1 &bit CPU interface to I/O registers for faster 
host access 
16-bit CPU interface to display memory for 
faster host access in all modes, including Pla- 
nar mode 
32-bit display memory data bus for faster ac- 
cess to display memory 

DRAM Fast-page mode operations for faster 
access to display memory 
Zero-wait-state performance and a CPU write 
buffer allows faster CPU access for writes to 
display memory 
Video FIFO to minimize memory contention 
32 x 32 and 64 x 64.hardware cursor to im- 
prove Microsoft Windows performance 
Increased throughput with ’386 and ’486 local 
bus interface (CL-GD5424/’25/’26/’28/’29) 

(CL-GD5422/‘24/’25/’26/’281’29) 

3.5 Compatibility 

The CL-GD542X includes all registers and data 
paths required for VGA controllers, 

The CL-GD542X supports extensions to VGA, in- 
cluding 1024 x 768 x 256 interlaced and non-inter- 
laced, and 1280 x 1024 x 256 interlaced modes. 
Additionally, various 132-column text modes are 
supported. 

3.6 Board Testability 

The CL-GD542X chip is testable, even when in- 
stalled on a PC board. By using pin scan testing, 
any IC signal pins not connected to the board or 
shorted to a neighboring pin or trace, will be de- 
tected. The Signature Generator allows the entire 
system, including the display memory, to be tested 
at speed. For further information on pin scan test- 
ing and the Signal Generator, refer to Appendixes 
61 1 and 613 in the True Color VGA Family - 
CL-GD542.Y Technical Reference Manua f. 
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4. CL-G5542X CONFIGURATION TABLES 

4.1 Video Modes 
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Mode 
No. 

CL- GD542X 

VESAB No.of Char.x Char. Screen Display 
No. Colors Row Cell Format Mode 

. . . . . . . . . . . .*. . . . . . . . . . . . . . . . . . . . . . .__.. ......................................... '.'.) 

41.5 

41.5 

41.5 

36 

40 

50 

49.5 

Table 4-2. Cirrus Logic Extended Video Modes 

31.5 70 

31.5 70 

31.5 70 

35.2 56 

37.8 60 

48.1 72 

46.9 75 

54 

55 

58,6A 

14 I - I 16/256K I 132x25  1 8 x 1 6  I 1056x400 I Text 

1 OA 16/256K 132x43  8 x 8  1056x350 Text 

109 16/256K 132x25  8 x 1 4  1056x350 Text 

102 16J256K 100 X 37 8 X 16 800 X 600 Graphics 

58,6A 

58,6A 

58,6A I 102 I 16/256K I 100x37  I 8 x 1 6  I 800X600 I Graphics 

102 16/256K 100 x 37 8 x 16 800 x 600 Graphics 

102 16J256K 100 X 37 8 X 16 800 x 600 Graphics 

5c 

5c 

5c 

103 256/256K 100 X 37 8 X 16 800 X 600 Graphics 

103 256/256K 100 X 37 8 X 16 800 X 600 Graphics 

103 256/256K 100 x 37 8 x 16 800 x 600 Graphics 
---- 

5C I 103 1 256/256K I 100x37  I 8 x 1 6  I 800x600  1 Graphics 

5 D t  

5D 

104 16/256K 128x48  8 x  16 1024x768 Graphics 

104 16/256K ,128 x 48 8 X 16 1024 X 768 Graphics 

5 0  1 104 I 16/256K 1 128x48  1 8 x 1 6  1 1024x768 1 Graphics 

5D 

5D 

5E 

104 16/256K 128 x 48 8 x 16 1024 x 768 Graphics 

1 04 16/256K 128 X 48 8 X 16 I024 X 768 Graphics 

100 256/256K 8 0 x 2 5  8 x 1 6  640x400  Graphics 

5F I 101 I 256/256K I 8 0 x 3 0  I 8 x 1 6  I 640x480  I Graphics 25 

31.5 

44.9 

65 

75 

77 

78.7 

25 

31.5 

36 
__- 

31.5 60 

37.9 72 

35.5 87t 

48.3 60 

56 70 . 
58 72 

60 75 

31.5 60 . 
37.9 72 - __ __ 
35.2 I 56 

5F 

6Ot 

101 256/256K 80 X 30 8 X 16 640 x 480 Graphics 

105 256/256K 128x48  8 X  16 1024x768 Graphics 

60 

60 

60 

~ Freq. Freq. Freq. 

105 256/256K 128 x 48 8 x 16 1024 x 768 Graphics 

165 256f256K 128 x 4 8  8 x 16 1024 x 768 Graphics 

105 256l256K 128 x 48 8 x 16 1024 X 768 Graphics 

60 

64 

64 

--_ 

* 
48.1 

105 2561256K 128 X 48 8 X 16 1024 X 768 Graphics 

111 64K - - 640 X 480 Graphics 

111 64K - - 640 x 480 Graphics 
- ~ ____ ._ - _ ~  

49.5 I 46.9 1 75 

65 1 114 I 64K i - 

75 I 56 I 70 

- I 800x600 1 GldptIICS 

31.5 70 

65 

65 
- 

114 64K - - 800 X 600 Graphics 

114 64K - - 800 X 600 Graphics __-_ -___- ---- 

40 1 37.8 I 60 
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Tablo 4-2. Cirrus logic Exterrcled Video Modes [cont.) 

Mode VESAB No. of 
No. NO, Colors 

_. 

.- - 640 x 480 Graphics 31.5 37.9 

I - 800 x 600 Graphics 35.2 56 

---- 
~ 4 0 x 4 8 0  1 GrapGcs I r 2  1 y C 5 - r  -__ . 

__  

40 37.8 60 

50 48.1 72 

35.5 87 I 

75 48 87t 

75 4a 87 1 

___-__ 
-_ . 

-I_ __ _ _  

1-- 

I )  Some modes are not supported by all CL-GD542X controllers. Refer to the  CL-GD542X data book and software 
release kit for the  list of video inodes supported by the CLFGD542X BIOS. 

2) Not all rnonitors support all m o d i s  The fastest vertical refresh rate for the monitor type selected will be used 
autamatically. 

3) 4 indicates 32K Direct-Color/256-color Mixed made. 
4) '1' itldicates Interlaced rnodc?. 
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Mode No. Colors Screen Format Char. x Row Char. Cell Display Mode I Note 

02/03 

04/05 

06 

OD 

1,6/256K 640 x 200 80 x 25 8 x 8  Text - 

4/256K 320 x 200 40 x 25 8 x 8  Graphics Double scanned 

2/256K ' 640 x 200 80 X 25 8 x 8  Graphics Double scanned 

16/256K 320 x 200 40 X 25 8 x 8  Graphics Double scanned 

OE 

10 

11/12 

16/256K 640 x 200 80 X 25 8 x 8  Graphics Double scanned 

16/256K 640 X 350 80 X 25 8 x 1 4  Graphics 7:8 expansion 

16/256K 640 x 480 80 x 30 8 x 1 6  . Graphics 6:5 scale 

Table 4-4. PALTV Video Modes (CL-GD5425 only) 

13 

5E 

5F 

25 6/25 6 K 320 x 200 40 x 25 8 x 8  Graphics Double scanned 

256l256K 640 x 400 ao x 25 8 x  16 Graphics - 
2561256K 640 x 480 80 x 30 8 x 1 6  Graphics 6:5 scale 

02/03 

04/05 

640 x 480 

7A 64K 640 X 400 
--- 

06 

OD 

- - Graphics 6:5 scale 

- - Graphics 

OE 

Mode No. Colors Screen Format Char. x Row Char. Cell 

00/01 16I256K 320 x 200 40 x 25 8 x 8  

. 10 

11/12 

Display Mode Note 

Text 5:6 expansion 

13 

5E 

5F 

4/256K 

2/256K 

16/256K 

634 

Double Scanned 

Double Scanned 

Double scanned 

Graphics 5:6 expansion 

Graphics 5:6 expansion 

Graphics 5:6 expansion 

320 x 200 40 x 25 8 x 8  

640 x 200 80 X 25 8 x 8  

320 x 200 40 x 25 8 x 8  

16/256K I 640x200 I 8 0 x 2 5  I 8 x 8  I Text I 5:6expansion 1 

16l256K 

2561256K 

256l256K 

256l256K 

64K 
_-.__I 

- 640 x 480 80 x 30 8 x 1 6  Graphics 

320 x 200 40 X 25 8 x 8  Graphics 5:6 expansion 

640 x 400 80 x 25 8 x 1 6  Graphics 5:6 Expansion 

640 x 480 80 X 30 8 x 1 6  Graphics - 
640 Y 480 I I G ran hics _ _  

Double scanned 
5:6 expansion 16/256K I 640x200 I 80x25  1 8 x 8  1 Graphics 1 

.- 
7A 640 x 400 - I Graphics 

16;256K 1 

5:6 expansion 

640 X 350 . 80 X 25 8 x 1 4  Graphics 1 5:7 expansion 
490 scanlines 1 
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CL- GD542X - 
‘VGA Graphics Cotz k rol lers 3 
-_----. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --.-. - r ClRRUs LOGIC . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.2 Configuration Register, CFl 

When RESET (system power-on reset) goes active, the CL-GD542X samples the levels on several of the 
Display Memory Data MD[x] pins. These levels are latched into a write-only configuration register (CFI). 
‘The data bits in this register are not accessible to the host CPLJ. The levels on the Memory Data bus are, 
by default, a logic ‘1’ during power-on reset due to internal 250-kQ pull-up resistors. A logic ‘0’ is achieved 
by installing an extornal 6.8-kQ pull-down resistor on the memory data line corresponding to the appro- 
priate bit in the Configuration register. The following table identifies the Configuration register bits and the 
particular VGA function enabled by the latched level on the Memory Data bus during power-on reset. 

Table 4-5. Configuration Fkgister Bits 

01 0 
01 1 
100 
101 
110 

14; 7 , 5  

Description -- 
Source VGLK on MCLK pin (CL-GD54251’29) 
Source MCLK on MCLK pin (CL-GU54251’29) 

Reserved 
‘3DfiDX local bus (C,l.-GD5424/’25/’2G/’28/’29) 
‘38BSX local bus (CL-GD5424/’25/’26/’28/’29) 

MicroChanneP bus 

ISA bus 

Asyminotric DRAM (Not CL-GD5425) 
Syrnmetric DRAM 

CAS[3 O ] ‘ ,  single-WE‘ (Reserved in CL-GD5420/’25) 
WE[3 OJ*, single-CAS’ 

l-i___l____ ____I______ 

‘456SWDX local bus (CL-GD.5424/’2.51’26/’28) 
VtSAB VL-BUS“ > 33 MHz (CL-GRS4251’29) 

VkSAB VL BUS” (GL-GD54241251’261‘281’29) 

____ _-_ ____ __ - 

IREF AdjilSt (CL-GD5425) 

7-MCLK [?AS* CYCIC 
6-MCLK BAS’ cycle 

50.11363-MHz MCLK (Reserved in CL-GD5425) 
-- 

44 74431 -MHz MCLK 
41 16477-MH~ MCLK 
37 58523-MHz MCLK 

G4K ROM BIOS @ C0000-CFFFF 
32K RON1 BIOS 0 COOOO-C7FFF 

1G-bit BIOS ROM (ISA bus only) 

8-hlt DlOS AOM 

__I__ __ 

- -_ 
(MCXI 6’ generated for 64K or 32K) 

(CL-GD5424 does not generate MCSIG’) r. 
--”; --__________I 

External MCLK (pin 157 is an input) (Test) 
Internal MCLK (pin 157 is an output) 

Fort 4C3h is Video System Sleep register 
Port 46E8h is Video System Sleep register 

A e:ierved 

Zero wait enabled (except CL-GD5425/’29) 
Zero wait disabled (except CL-GD!5425/’29) 
Disable NTSC Black-Level offset (CL-GD5425) 
Ei-:!)lp F!-r‘f R l ~ ~ l : . l  ,WPI nifqct (C! -C;D:.4?.;) 

X’LIL, 0:;C configurtxJ for two ‘rcf (CL-GD5425) 
X IAL, OSC configured for one ref (CL-GD5425) 
_....___.____I.____ -~ __ - ._.x_I____.._ -- 

Memory Data Bit. Pin Number 

97 MD31 

MU30, 23,2t 98. 108, I10 
~__--I_ 

MD29 

MD26,25 103, 104 

MD22 

MD20 

MD19 

MD18 

109 

11 1 

112 

113 

MD17 114 I 
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4.3 Host Interface Signals 
With the pin connections listed below, the CL-GD542X will interface directly to an ISA, Microchannel, or 
local bus. 

CL-GD542X Pin 

[45..42], [39..29] 

28 

27 

[21..15] 

[ l  1 ..D], [6..3] 

Table 4-6. Bus Connections 

VESAB 
'486 VL- bus^ 

ISA Bus MlcroChannePBus '386SX '386DX 

SA[16:2] A[16:2] A[16:2] A[16:2] A[16:2] A[16:2] 

SA1 AI  A1 BE3# BE3# BE3# 

SA0 A0 BLE# BE2# BE2# BE2# 

LA[23:1 I ]  A[23:17] A[23:17] A[23:17] A[23:17] A[23:17] 

SD[ 15:Dj D[15:8] D[15:8] D[15:8] D[15:8]t D[15:8]t 

SD[7:0] D[7:0] [63..62], [60..59), 
[ 57. .54 J 

I 

D[7:0] 0[7:0] D[7:0]t D[f:O]t 
-I. I I 1 

24 

25 

SBHE" -SBHE BHE# BEl# BEl# BEl# 

BAL& MADE24 ADS# ADS# ADS# ADS# 

CPU- 
Reset 46 -CD-SETUP 

I I I I -1 

W/R# 7 49 I IOR' I -s 1 I W/R# I WlR# I WlR# I 
cpu- Ground RDYRTN# Reset 

50 

14 

low' -CMD CLK2X CLK2X CLKlX CLKl X 

MEMR' MI-IO MlIO# MlIO# M/IO# M/IO# 

13 

41 

48 

MEMW" -so (unused) UADDR# UADDR# UADDR# 

RESET CHRESET RESET RESET RESET RESET 

REFRESH -REFRESH (unused) BEO# BEO# BEO# 

23 

51 

52 

47 

NOTES: 
1 )  For ISA-bus applications, note that SA[19..17] are not found on the CL-GD542X; this means that an adapter 

hoard wi!l only function in a 16-hit slot. 

2) The OSC and EROM* pins are common in all configurations. 

3) The OSC pin is an input for 14.31818 MHz. 

4) t Data lines D[15:0] connect to external, data-steering transceiver. 

MCS16" -CD_DS16 (unused) BS16# BS16# b516# 

OWS' (unused) GROUND GROUND GRoUN GROUND 

IRQ -IRQ tNTR INTR INTR INTR 

IOC HR DY CD-C H RDY READY# READY# RDY# RDY# 
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159 

lOCSl6* -CD-SFDBK ' LEA# LBA# LBA# LBA# 

osc . osc osc osc osc osc 
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2 EROM' EROM' EROM' EROM* EROM' EROM" 



VGA Graphics Coril.ro1ler.s 
. . . . . . . . . . . . . . .  , . . . . . . . . . . , .  ' 

5. VGA REGISTER PORI  MAP 

Table 5 . 1 .  VGA Register Port Map _- 
ss Control (3C3 sleep) 

itroller Index (WW -- monochrome) 

:ontroller Data (RNV -- monochrome) 

Feature Control (w), Input Status register 1 (R - monochrome) 
_-I__-___I- I 

ttribute Controller Index/Data (Writs) 

[tribute Controller Index/Datta (Read) 

iscellaneous Output (W), Input Status register 0 (R) 
.__ --- - ____- 

-_______ -__ - .__I__ __ _I_I__ 

- 
St%quencer Index ( R I W )  

Sequencer LMa (RIW) 

Video DAG Pixel Mask (RNV), Hidden DAG register (R/W) 

__l_l__ 

. _- 

ixel Address Read mode (W), DAC State (R) 

ixel Mask Write mode (W) 

ature Control Readback (R) 

scellaneous Output Readback (R) 
___I - _I__ 

Graphics Controller Index ( R N )  

RT Controllor Index (RNV - color) 

f3T Controller DataJR/W -- color) ' 

eature Control (W), Input Status register 1 (R - color) 

~ - - _ _ _ _ - - - _ _  

_____--- 
' 

.-l_l"- -_xx I 
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6. CL-GD542X REGISTERS 

Table 6-1. External/General Registers 

Abbreviation 

102 Access 

POS 102 

VSSM 

VSSM 

MlSC 

MISC 

FC 

FC 

FEAT 

STAT 

3C6 

3c7 

_I- 

- 

Register Name Index Port 

94 POS 94: 102 Access Control - 

POS102 - 1 02 

Motherboard Sleep Address (CL-GD5424~25fz6~28~29 oniy) - 3c3 

Adapter Sleep - 46E8 

Miscellaneous Output - 3C2 (Write) 

Miscellaneous Output - 3CC (Read) 

37A (Write)a Feature Control - 

Feature Control - 3CA (Read). 

Input Status Register 0 - 3C2 

Input Status Register I - 37A 

Pixel Mask - 3C6 

Pixel Address Read Mode - 3C7 (Write) 

- .- I- - 

3c7 I  state I - I 3C7 (Read) 

3C8 

3c9 

- ~- 

Pixel Address Write Mode - 3C8 

3c9 Pixel Data - 

a '7' in the above register addresses is '6' in Monochrome mode and ' 0  in Color mode. 

1 

Table 6-2. VGA Sequencer Registers 

z f 

SRX Sequencer Index - 3c4  . 

SRO Reset 0 3c5 

I Abbrevlatlon f 

SR1 

SR2 

Reglste! Name 1 Index I Port I 

Clocking Mode 1 3c5 

Plane Mask 2 3c5 

I I 3c5 I I SR3 I Character Map Select 
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CL- GL3542X 
VGA Gmphics C071 tmllrrs - -lll---_l_.".-..__l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....................... , .... .... .............................. , .. , ../........~... ... 

Table 6-3. CRP Controller Registers 

LOGIC 

Abbreviation 

CRX CRTC Index 

Horizontal Total 

tlorizontal Display Eirid 

Horizontal Blanking Start 

Horizontal Blanking EEnd 

I_--___ -~ 

CHO 

CR 1 

CR2 

Horizontal Sync Stari 1 4 1  375 

CR5 

CR6 

C R 7  Overflow I 7 I 3?5 

CRH Screen A Preset Row Scan 

Character Cell I-leighl 

Text Cursor Start 3?5 
_ _  _____________I__I 

CRB 

C Fi C) Screen Start Address Low I 0 I 3?5 

Text Cursor Location High I E I 375 

Text Cursor [Location Low 

Vertical Sync Start 
____. __-__ ~ __ 

__ _-___ __I-______I_ __ 
Vertical Sync End 375 

CR12 

CR'I 3 

CR'I 4 linrlerlino Row Scanline I 14 I 375 

Vertical Blanking Start ' '1 15 I 3?5 

Vertical Blankitig End 1 16 I 375 

CR'I 7 Mode Control I 17 I 3?5 

t h e  Compare I 18 I 375 

Graphics Data Latches Reaclback 1 22 I 375 

CR26 
.. ~ . . . .... .. 

-3 "7' in the above register addresses is 't3'7n Monochrome mode and 'D' in Color tnode 
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CL-GD542X 
VGA Grnphics Coi~trolIers LOGIC ....... ..... ....... ......... ....... . ......_.... ..................... ......... . ..... ._-.......... ............................ ... ....................... 

Abbreviation 

GRX 

Table 6-4. VGA Graphics Controller Registers 

Register Name Index Port 
3 

Graphics Controller Index - 3C E 

GRO I SeVReset 0 3CF 

1 GR1 I SeVReset Enable I I 3cF I 
~ ~ _ _ _ _ _  

GR3 

[ GR2 1 Color Compare 

3CF 1 Data Rotate ' 3 

Read Map Select 4 3CF I e ,  

GR5 

GR6 

Mode 5 3CF 

Miscellaneous 6 3CF 

GR7 

GR8 

fab le  6-5. VGA Attribute Controller Registers 

Color Don't Care 7 

Bit Mask 8 3CF 

Abbreviation I- ~~ 

Register Name 

Attribute Controller index 

Attribute Controller Palette I ARO-ARF 

Index Port 

- 3C0/3C1 

0: F 3COt3C1 

I AR12 

Attribute Controller Mode 

Overscan (Border) Color . 
Color Plane Enable 

[-E---- 

10 3COl3C1 

1 1  3C0/3C1 

12 3Cof 3 c  1 

Pixel Panning I 13 I 3C0/3C1 I 

I Color Select 14 3C0/3C1 
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CL- GD542X 

~ -11_1- 

VGA Grnphirs Coiitrnllers 
PI-- - ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................................................................................................... 

Extended Sequencer Mode 
__--I__I ---- 

EEFIROM Control 

Scratch-Pad 0 

Scratch-Pad 1 

VCLKO Numerator 

VCLKI Numerator 

- _I_-I_ 

---_l_l ____ - - ~  
------11~. ______ 

__ ---_-I.__- -----I_- __ 

7 3c5 

8 3cs 

9 3c5 

A 3 c 5  

13 3cs 

C 3c5 

--__ 

--___ 

Tabla 6-6. Extension Registers 
uy- 

Enable Writing Pixel L 

Unlock ALL Extinsions I 6 [ 3C5 

SR7 

SR8 

S R9 

SRA 

VGLK2 Numerator I D I 3C5 

VCI K3 Numerator 

DRAM Control 
_____I._ ___ ___--- _I 

SRF: 

S R t O  

SF31 I 
-- 

Graphics Cursor Y Position 

Graphics Cursor X Position 
_I_. - “l_l_-”~_I_--__. 

SA12 Graphics Cursor Attributes 1 12 1 3c5 

SR13 

S R 1 4  
-ll__l__ 

Graphics Cursor Pattern Address Offset I 13 I 3C5 
- 

Scratch-Pad 2 (CL-G05425/’26/’28/29 only) I 1 4  I 3C5 

S U I 5  

SH16 Pe rforrnaiice Tuning [C~-Go5424/~5/’26/28~29 on&) I 16 I 3C5 

Configuration Readback and Extended Control (.xGept Cl-GD5420) 1 17 1 3C5 S R 1 7  

SR18 Signature Generator Control (except CL-GD5420) 1 18 1 3 c 5  

SR19 Signature Generator Result L.aw Byte (exctpt CL-GD5420) I 19 I 3 c 5  

SR1 A Signature Generator Result High Byte (except CL-GD5420) 

VCLKO Denominator and Post-Scalar Valie . 
VCLKl Denominator and Post-Scalar Value 

’’ 

-_ _-_ 
_I __lll I-_-- __----I 

S R 1  B 

GR9 
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Abbrevlation 

GRB 

GRC 

GRD 

GRE 

Register Name Index Port 

Graphics Controller Mode Extensions B 3CF 

Color Key (CL-GD5424/25/26/28/29 on&) C 3CF 

Color Key Mask (CL-GD5424/25/26/28/29 on&) D 3CF 

Miscellaneous Control (CL-GD5425/28/29 on&) E 3CF 

I I I 
~~~ I 

GR10 

GR1 I 

16-bit Pixel BG Color High Byte (except CL-GD5420) 10 3CF 

16-bit Pixel FG Color High Byte (except CL-GD5420) 11 3C F 

GR18 

CR19 

~~~ 

Extended DRAM Controls (CL-G55429 only) 18 3CF 

Interlace End 19 375a 

C R l A  

CRIB 

CRlC 
-. 

a I?' in the above register addresses is 'B' in Monochrome mode and 'D in  Color mode. 

~. ~~~ 

Miscellaneous Control 1A 375 

Extended Display Controls If3 375 

Sync Adjust and GENLOCK (CL-GD54.25 only) IC 375 

CR1 D 

CR25 

CR27 

CR30 

I GR22 I BLT Height Low 

Overlay Mode Controls (CL-GD5425129 only) I D  375 

Part Status 25 375 

ID 27 3?5 

TV-Out Mode Control (CL-GD5425 onv) 30 375 

Abbreviation Reglster Name 

1 GR29 1 BLT Destination Start Mid 

.22 

23 

24 

25 

BLT Destination Start High 

3CF 

3CF 

3CF 

3CF 

Index *I 
' 

GR23 BLT Height High 

GR24 . BLT Destination Pitch Low 

GR25 BLT Destination Pitch High 

26 I 3CF 1 
GR27 

GR20 

29 3CF 

BLT Source Pitch High 

BLT Destination Start Low 

2A 
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.VGA Graphics Controllus --- - - - ~ - - ~ -  .............................. ............................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 6-7. CL-GD54261'281'29 BitBLT Registers (cont.) 
-pIIy- 

BLT Source Start Low 

3CF 

GX2E 811- Source Start High G-1 3CF 

Source Start Mid 
II_I_I__ 

GR2F I BLT Write Mask Destination (CL-GDM29 only) 1 2F 1 3GF 

Color Select Low (except CL-GD5429) 

Color Select High (except CL-1205429) 3CF 

3c F 
____ -__l-__---l__l 

Transparent Color Mask Law (except CL-GD5429) 

GR34 

GR35 

GH38 

-- __ __-- 

_-- 

1 Transparent Color Mask High (except CL-GO5429) I 39 I 3CF 
__. - -__ 

GRBO 
___-- ___- -_---_---"---_I- - --I___ 

___----_I ___ 
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CL- GD542X 
VGA Graphics Controllers / 

7.  ELECTRICAL SPECIFICATIONS 

7.1 Absolute Maximum Ratings 

Ambient temperature under bias ................................................................. Oo to 70" C 
Storage temperature .................................................................................................................... 65' to 1 50° C 
Voltage on any pin ....................................................................................... VSS -0.5 V to VCC + 0.5 V 

Operating power dissipation ........................................................................ 1 -5 Watts 

Power supply voltage ................................................................................... 7 Volts 

Injection current (latch-up testing) ................................................. .. ............. 100 mA 

NOTE: Stresses above those listed may cause permanent damage to system components.These are stress ratings 
only. Functional operation at these or any conditions above those indicated in the operational ratings of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect system reliability. 
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7.2 IX Specifications (Digital) 

(VcC =3 5V i- 5%, TA = 0” to 70° C,  unless otherwise specified) 

Symbol Parameter MIN MAX Units Test Conditions Note 

V c c  Pow e r S up p I y Vo It ag e 4.75 5.25 Volts Normal Operation 
--11~___ 

VI L Input l.0W Voltage Q 0.8 Volts 
-~ 

VIH Input High Voltage 2.0 vcc+0.5 Volts 

Vot Outpiit Low Voltage 0.5 Volts Io, = 4 mA 1 

__--___._I_-_---- --I1__l 

‘lL Input Low Current -1 0 1i.A VBD= 5.25, VIL = 0 

llHP Input High Currcnt (pull-up) -1 0 10 PA VIL = VDD 
~~ ~ ~ - -__ 

‘ILP Input Low Current (pull-up) -45 -1 2 PA VD, = 5.25, VIL = 0 

cIN Input Capacitance 10 PF 4 

Output Capacitance 10 PF 4 
~ -___- ------.---I.~ 

COUT 
___-- 
NOTES: 
1) lCtL is specified for a standard buffer. See the pin summary for further information. 
2) IoH is specified for a standard buffer. See the pin summary for further information. 
3) i:; measured with VCLK and MCLK as indicated in the table below: 
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7.3 DC Specifications (Palette DAC) 

(Vcc = 5V k 5%, TA = Oo to 70' C, unless otherwise specified) 

Symbol Parameter MIN MAX Units Test Conditions Note 

AVDD DAC Supply Voltage 4.75 5.25 Volts Normal Operation 
- 

 REF DAC Reference Current -3 -1 0 mA 1 

NOTE: See the Detailed Pin Description for information regarding nominal  IRE^ 

7.4 DC Specifications (Frequency Synthesizer) 

(Vcc = 5 V & 5%, TA= Oo to 70' C, unless otherwise specified) 

Symbol Parameter MIN MAX Units Test Conditions Note 
~- 

Synthesizer Supply Voltage 4.75 5.25 Volts 
__I 

AVDD 
--- 

M a y  1995 
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CL-CI-SD542X - VGA G ~ o p h  ics Coir t m 11 crs 
I_-- --~11"--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. , . . . . . , . . . . . . . . . . . . . . . . . . I  I . I . . . . . . . . . . . . . , . ~ . . . . ' , . . . . . . . , . . . . I . . *  

7.5 IIAC Characteristics 

(VcC = 5 V f !X& TA = 0' to 70' C ,  unless otherwise specified) 

Symbol Parameter MIN MAX Units Test Conditions Note 

R Resolut ion 8 Max Bits 
~ _ _ _ _ _  

IO Output Current 30 Max mA vo < 1v 
~ ___ _s_I 

TR Analog Output F\ise/l"-all Time 8 Max ns 21 31 4 

TS Analog Outpu t  Settling Time 'i5 Max ns 2, 3, 5 

TSK Analog Output Skew tbd Max n s  2, 3, 6 

__ II_______-_____ -_I_ ____ 

DT DAC-to-DAC Correlation 2.5 Max % 6, 7 

GI Glitch Impulse Typical pV-sec. 2, 3, 6 

IL Integral Linearity 1.5 Max LSB 

DL Differential Lineaity 1.5 Max LSB 

NOTEiS: 
1) TU is measured from the 50% point of VCLK to the 50% point of full-scale transition. 
2) Load is 50 SZ and 30 pF per analog output. 
3) I,,, = -6.67 mA. 

4) TR is measured from 10% to 90% full-scale. 
5) TS is measured from 50% oi full-scale transition to the output remaining within 2% of final value. 
6) Outputs loaded identically. 

7) About the mid-point of the distribution of the three DACs measured at full-scale output. 

___I- 

_-__-___--__-_-.-----_____~----_I 

_l_l_l ___"_lll --____ -- 

.__ ._I ~ __-- ._I___ 

. ,  
9 
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7.6 List of Waveforms 

TabIelFigure Title Page 
7-1 
7-2 
7-3 
7-4 
7-5 
7-6 
7-7 
7-8 
7-9 
7-1 0 
7-1 1 
7-1 2 
7-1 3 
7-1 4 
7-1 5 
7-1 6 
7-17 
7-1 8 
7-1 9 
7-20 
7-21 
7-22 
7-23 
7-24 

. 7-25 
7-26 
7-27 
7-28 
7-29 
7-30 
7-31 

, 7-32 
7-33 
7-34 
7-35 
7-36 
7-37 
7-38 
7-39 
7-40 
7-4 1 
7-42 
7-43 
7-44 
7-45 

~ 

I/O Write Timing (ISA Bus) .............................................................................. 

Memory Read Timing (ISA Bus) .............................................. 

BALE Timing (ISA Bus) ............. 
IOCHRDY for Memory Access Timing (ISA Bus) 

Refresh Timing (ISA Bus) ................................... 

AEN Timing (ISA Bus) ..... 
Write Timing (MicroChanneP Bus) .................................................................... : ...... 68 
Read Timing (MicroChanneP Bus) , .............. .......... ...... 69 

59 
I/O Read Timing (ISA Bus), ............................................................. 
Memory Write Timing (ISA Bus) ............................................................................... 61 

.......................... 62 
MCSl6" Timing (ISA Bus) ...................... ~ .................................................................. 63 
IOCS16" Timing (EA Bus) ........................................................................................ 63 

................................................................ 64 

OWS* Timing (ISA Bus) ............................................................................................. 65 
......................................... 66 

................................ 66 

................................ 67 

..................................................... 65. 

EROM* Timing (ISA Bus). 

-CD_DS16 Timing (Microchannel* ................................................................. 70 
-CMD Timing MicroChanneP Bus) .......................................................................... 71 
CD-CHRDY Timing (Microchannel* Bus). ............................... ...... 72 

-EROM Timing (MicroChanneP Bus) ....................................................................... 74 
-CD-SFDBK Timing (MicroChanneP Bus) .............................................................. 74 
-CDSETUP Timing (MicroChanneP Bus) .............................................................. 75 
CLKl X, CLK2X Timing (Local Bus) ........................................................................... 76 
RESET Timing (Local 8us) ....................................................................................... 77 
ADS#, LBA#, BS16# Timing (Local Bus) ................................................................... 78 
RDY# Delay (Local Bus) ................ ....................................................................... 79 

Buffer Control .Timing - Read Cycle (Local Bus) ............................................. 
Buffer Control Timing -Write Cycle (Local Bus) ...................................................... 82 
Display Memory Bus - Common Parameters ............................................................ 83 
Display Memory Bus - Read Cycles ......................................................................... 85 

.................................... 87 

-Refresh Timing (MicroCha,nneP Bus) ..................................................................... 73 

Read Data Timing (Local Bus) ........................................................................ 

Display Memory Bus: Write Cycles ................................. 
CAS*-before-RAS' Refresh Timing: Display Memory Bus ........................................ 88 
P-Bus as Inputs, &Bit Mode (DCLK input as reference) .......................................... 88 

P-Bus as Outputs, 16-Bit Mode, (DCLK output as reference) ................. 

P-Bus as Inputs, 16-3it Mode (DCLK output as reference) ..................... 

Reset Timing .... ...... 

Feature Bus Timing, &Bit Mode, Outputs (DCLK output as reference) .. 

P-Bus as Inputs, 16-Bit Mode, C 
P-Bus as Inputs, 16-Bit Mode, Clock Mode 2 (DCLK input as reference) 

DCLK as Input ........................... 

Horizontal Perio L-G 
NTSC Vertical Retrace (CL-GD5425 only) ................................................................ 97 
NTSC Vertical Blanking Detail (CL-GD5425 only) ..................................................... 98 

............................. 99 

........................... 100 
Horizontal Period (PAL) (CL-GD5425 only) 
PAL Vertical Retrace (CL-GD5425 only) 
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Table 7-1. 110 Writetiming (EA Bus)a --- I-- 
I $ 

Symbol I Parameter I MIN I MAX I Units 1 

t2 I IOW* pulse width 1 4 0 1 - I n s l  

Data setup to low" inactive 

Data hold from IOW* inactive 

I I - I ns I t ,  1 Address, SBtiE* hold from IOW' inactive 

ADDRESS ,-- 
SBHE" ,I 

DATA 

. L  

Figure 7-1. 110 Wiite riming (ISA BUS) 
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=3cI - - CIRRUS 

t 

Symbol Parameter MIN MAX Units 

ns - 11 Address, SBHE' setup to IOR* active 5 

t2 

t3 

ns IOR* active to low-impedance delay 

Data delay from IOR' active (IOA" access time) - 60 ns 

- 0 

t4 

t5 

t6 

I I 0 j 2 0 1 n s j  
t7 I IOR* ina9tive to high-impedance delay 

a AEN must be inactive. 

nS IOW pulse width 70 - 
Data hold from IOR' inactive 0 20 ns * 

nS - Address, SBHE* hold from IOR* inactive 0 

, 

IOR' 

ADDRESS 
SBHE' 

DATA 

Figure 7-2.. 110 Read Timing (ISA Bus) 
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Table 7-3. Memory Write "Timing (1% Bus) 

o SMEMW'actrve setup 

SMEMW* pulse width 

Data valid from SMEMW* active +--:* 
_I___.____.-- :: +- ~ I-.-_-_._ 

Data hold froin SMEMW" inactive 

Address, SBHE' iiold from SMEMW* inactive 

SMEMW' inactive to next SMEMW' 

__ __._I __ __ 

.... . __ __._I_ I_ 

- 
___ _-__ __ - -__ ___- -___---__I.______ 

t6 __ -. _ _  .___.___-_._I__ __ _- 
a m = MCLK period. 

t, --.* 

Figure 7-3. Memory WriteTidng (ISA Bus) 
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I Symbol I 
tt 

t2 

t3 

t4 

t5 

t6 

t7 

Parameter 

ns - Address, SBHE* to SMEMR* active 

ns SMEMR' active to low-impedance delay 

Data delay from IOCHRDY active - 15 RS 

5 

0 - 

SMEMR* pulse width . - a ns 

Data hold from SMEMR* inactive 0 20 ns 

ns Address, SBHE' hold from SMEMR' inactive 

SMEMR' inactive to high-impedance delay - 20 ns 

- 0 

7 SMEMR' 

IOCHRDY 

ADDRESS 
SBHE* 

DATA 

t6 + I--- 
--+e I /  " I C - t 3  

- .  

Figure 7-4. Memory Read Timing (ISA Bus) 

Miry 1995 
PRELIMINARY DATA BOOK vl.0 3-62 EL ECTRlcAL SPECIFICATIONS 



LOGIC 

Tabltr '7-5. MCS16*Timing (ISA Bus) 

ctive delay from LA[%3. _- 
' active delay from SA[l6.15J valid 

* inactive delay from adtfress invalid 

t, ----*I 

Figure 7-5. MCSlti'*Timing (ISA Bus) 

Table 7-6. fOCSIG*Timin$g (ISA Bus) 

Parameter 

IOCS16' active dclay from address 

Figure 7-6. lOCSl6* Timing (ISA Bus)  
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. .  

I t l  I LA[23:17] setup to BALE negative transition 1 2 0 1 - l n s I  

I 2o I - I ns I I t2 I SBHE* setup to BALE negative transition 

Symbol Parameter MIN MAX Units Symbol Parameter MIN MAX Units 

t l  

t2 

t3 

t4 

t5 
: 

LA[23:17] 

BALE 

ns 

ns 

ns 

ns 

LA[23:17] setup to BALE negative transition 20 - 
SBHE* setup to BALE negative transition 20 - 

LA[23:17] hold from BALE negative transition 20 - 
SBHE’ hold from BALE negative transition 20 - 
BALE pulse width 20 - 

ns I 

SBHE* 

t3 

t4 

Figure 7-7. BALETiming (ISA Bus) 

~~ 

ns 

ns 

LA[23:17] hold from BALE negative transition 20 - 
SBHE’ hold from BALE negative transition 20 - 
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I_ VGA Gn7phics Corztmllt.rs - 
4 -I__IIII--L----I.----.~- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I .............................. ............................................. 

Table 7-8. IOCHRDY for M~?mery Access Timing (ISA Bus) 

or SMEMW" active to IO 

a Video modo dependelit. 

Figlire '7-8. IOCHRDY for Memory Access Timing ( E A  Bus) 

Table '7-9, 6WS" Timirig (1% Bus) 

a active delay frnm SMEMRh (BIOS ACCESS) 

S* active delay frnm SMEMW" (display memory write) 

S" high-impedance delay from SMEMA* 

OWS' high-impedance delay fior-n SMEMW' 

.. 

~.___--.__.__ _.I_-__. II ...I-- . "11- 

SMEMR* OR SMEMW* 

OWS' 

f-igure 7-9. OW!? Timing (ISA Bus) 
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Symbol 

t i  

t2 

Parameter MIN MAX Units 

ns 

ns 

REFRESH* active setup to SMEMW active 20 - 
REFRESH' active hold from SMEMR' active 0 - 

REFRESH* 

SMEMW \, 

---w- t2 

Figure 7-10. Refresh Timing (ISA Bus) 

/' 

f-- 

Table 7-1 1, EROM' Timing (ISA Bus) 

---+e t l  -el--- 

Symbol Parameter MEN 

tl EROM' active delay from SMEMR* active - 
t2 EROM* inactive delay from Snn'€MR* inactive - 

Figure 7-1 1. EROM* Timing (ISA Bus) 

MAX Units 

30 ns 

20 nS 

M a y  2995 
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Table '7-12, AEN Timing ( E A  

AEN Piold from IOFY 01 IOW* inactive 

a AEN high, as shown below, will ciiuse the CL-GD542X to ignore the I10 cycle. 

'I 

Figure 7-1 2. AEN Timing (!SA Bus) 
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Symbol 

tt 

t2 a 

t2 b 

Parameter MIN MAX Units 

ns Data to -CMD active setup -1 5 - 
-CMD active pulse width (default cycle) 90 - 
-CMD active pulse width (synchronous extended cycle) 190 - 

11s 

ns 

t 2 C  

t3 

t4 

I I 

a a -CMD active pulse width (asynchronous extended cycle) 

Data hold from -CMD inactive . o  - 
CD-CHRDY active to -CMD inactive delay 

ns 

ns 

ns - 0 

-CMD 

Figure 7-13. Write Timing (MicmChanneP Bus) 
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'fatale X.-l4. Head 'Timing ( ~ i c r ~ ~ h a n n ~ l ~  Bus) 

active to DATA valid delay (default cycle) (110 read) __ _..__ 

D N A  hold from -CMD inactive 

DATA t i  i y h-im pedance f foci -C M D inactive 

Figure 7-14. Read Timing (MictoChannel'B Bus) 



Table 7-15. -CD_DS16 Timing (MicroChanneP Bus) 

. . .  Symbol Parameter MIN MAX Units 

t l  -CD-DSIG active from address, M/-IO, MADE24 valid 0 50 ns 

ADDRESS 
MHO 

MADE24 

- CD-DS16 

Figure 7-15. -CD-DSIG Timing (MicroChanneP Bus) 

May 1995 
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--- ADDRESS 

MADE24 
M/-1 0 

Figure 7-16. --CMD Timing (MicroChanneP Bus) 



CL-GD542X 
VGA Grrzphics Controllers LOGIC ......,. ......, . ...... ....... ....... ............. .... ..... ........... . ..... ................. ....... ..... ..... . ....,. ..,... ......,.. . ............. ..,. 

Symbol 

t i  

t2 

13 

Table 7-17. CD-CHRDY Timing (MicroChanneP Bus) 
~ ~ ~ r ~ - 

Parameter MIN MAX Units 

50 ns CD-CHRDY inactive (low) from Address valid 

CO-CHRDY inactive (low) from Status active - 25 ns 

CD-CHRDY inactive (low) pulse width - 3.5 rns 

- 

ADDRESS 

REFRESH 
MADE24 

M/-IO 

-so, -sl 

CD-CHRDY 

Figure 7-17. CD-CHRDY Timing (MicroChannele Bus) 
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Figure 7-1 8. --Refresh Timing (MicroChannel@ Bus) 
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Table 7-1 9. -EROM Timing (MicroChannela Bus) 

Symbol 

t t  

Parameter MIN MAX Units 

-CMD active to -EROM active - 30 ns 

t2 

Figure 7-19. .-EROM Timing (MicroChannel@ Bus) 

-CMD inactive to -EROM inactive 

I Symbol I Parameter 

I ' t l  I Address, M/-IO, MADE24 valid to -CD-SFDBK active delay I - P 5 I n s I  
MIN [ MAX 1 Units 1 

t2 

ADDRESS 

MADE24 
M/-IO V A L I ~  

-CD-SFDBK 

Address, MI-IO, MADE24 invalid to -CD-SFDBK inactive delay 

Figure 7-20. -CD-SFDBKTiming (MicroChannelm Bus) 
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Table 7-21. -CB-SE?lIP Timing (MicroChanneP Bus) 

-CU-SE TUP delay to C:D-CHRDY inactive 

-CMD active to -CD-SETUP inactive hold , 

Figure 7-21. -CD_ SETUP Timing (MicroChanneP Bus) 
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Table 7-22. CLKl X, CLKZX Timing (Local Bus) 

Parameter 

Rise time (CLKIX) '486 ( V ~ L  - VIH)  

Fall time (CLKIX) '486 (VIH - Vl,i 

High period (CLKI X) '486 (VIH - VIH)  

Low period (CLKIX) '486 (VIL  - VILi  

Symbol 4-T MIN MAX Units 

4 tlS 

4 11s 

- 
- 

40 GO - 1  1, 

40 h0 Li 1.. 

I- 

Period (CLKIX) '486 . 
Period (CLKIX) '486 (CL-GD5429) 

I t3 

~- 

ns 

ns 

25 - 

20 - 

Fall time (CLK2X) '386 (VIH - V,LI  

High period (CLK2X) '386 ( V ~ H  - VIH] 

Low period (CLK2X) '386 (VIL - V ~ L I  

4 IIS - 

40 GO t: 

40 h 0 :>, [I. 

Rise time (CLK2X) '386 (VIL - VIH)  I - 1 4  1 1 1 s  

Period (CLK2X) '386 I 12.5 1 - I ns I 

.. 

Figure 7-22. CLKl X, CLK2X Timing (Local Bus) 
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Table 7-23. RESE'TPirning (Local t3us)a 

__- 
CPU RESET setup time to CLI(%X 

=' Applies to '386 only For '486, pin 46 must be tied to ground For VESAVL-Bus, pin 46 must be tied to RDYRTN#. 

- 
IRIlERNAL CLK'IX - 

Figure 7-23. RESEP'rirning (Local Bus)  
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Table 7-24. ADS#, LBA#, BSIG#Timing (Local Bus) 

Symbol 

tl 

MIN MAX MIN MAX Units 
'24/'26/'28 '24f 26/'28 '29 '29 

Parameter 

ns Address, Status, ADS# setup to CLKIX 8 - 4 - 

15 ns 12 

tg 8S16# active delay CLKl X - 15 - 3 ns 

t4 LBA# inactive delay from Address, Status - I8 - 18 ns 

LBA#/LDEV# active delay from Address, Status - 1.5 - 

BEr3:017 A[23:2], 7 
I UAD DR#, 

' MnO# 

ADS# ,- 

h-Z 
RDY# 

Figure 7-24. ADS#, LBA#, BS16#Timing (Local Bus) 
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Table 7-25. RDY# Delay (Lccal IBus) 

active delay from CLKIX 

RDYU inactive delay frotn CLKlX 

RDY# high before High2 

CLKl X 

RDY# 

Figure 7-25. RBY# Delay (Local Bus) 
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tl 

t2 

t3 

Table 7-26. Read DataTiming (Local Bus) 

ns 

ns 

- 0 - Read data setup to RDY# active 

'Read data hold from RDY# inactive 12 - 12 - 

RDYRTN# setup to CLKlX 8 

0 

flS - 5 - 

1 Symbol I Parameter MIN MAX MIN MAX 1 '24/'26/'28 I '24/'26/'28 I '5429 I '5429 1 Un'ts 1 

CLKl X 

D[15:0] 

RDYRTN# 

Figure 7-26. Read Data Timing (Local Bus) 
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’ Figure 7-27. Buffer Control Timing - Read Cycle (Local Bus) 



Symbol 

t i  

C L K l X  ,I 

Parameter MIN MAX Units 

OEL#, OEH# delay 0 14 ns 

ADS# 

High-2 
BS16# 

--+p OEL#, OEH# 

High-Z RDY# 

NOTE: Only one of OEL# and OEH# is active for write cycles. 

Figure 7-28. Buffer Control Timing -Write Cycle (Local Bus) 
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Table 7-29. Dispfay Memory Bus - Common Parameters 

tni\H: row address hold from RAS' active 

tAsc: address setup to CAS' activo 

tCAH: column acldress hold from CAS' active 

{cD: HAS* active to CAS* active delay (extended RAS) 

__ . 

tHP: HAS" precl-large (RAS' pulse width high - standard RAS) 

tllp: RAS* prschargo (RAS" pulse wititti high -- oxtended RAS) 

C A ~ :  CAS' pulse width low 

13c: Ratidom cycle (standard RAS) 

cidom cycle (extended RAS) 

~ ~________ _ _ _ ~  _~.__ l___l___ 



CAS' i 

Figure 7-29. Display Memory Bus - Common Parameters 
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cx-G.tI542X 
VGA C; mpfi ics Cot z tso 1 le rs  ------ -I__.i--..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .................................... ..... ' .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 7-30. Display Memory Bus - Rcad Cyclesa 

1 1 , I Flead data hold from CAS* high 1 i o n s  1 - 
__ -._--__-..c--. . ___ 

FtAS,* active to first CAS' vising edge delay (extended AAS) 

......... .... ___ ~ 

Im- i .3ns 
............ __- -..___._.____-- 

CAS* period 
. ...... ._I.II ....... 

-- ~_._____________.__ 
t, 

i s  Cl 

t i ;  0 
__ .~ __ ~ .__-...__.II." 

a Only parameters t, and ti! are defined f o r  the device. The remaining parameters in this table are calculated from 
parmeters in the "able 7-29.Thoy are provided :so that system designers can determine DRAM requirements. 
Pariimwter t3 corresponds to DRAM parameter tr,AC (access time from RAS"). 

C Pacifneter t,, corresponds to DRAM parameter tAA (access time from column address). 
(1 Par;imeter Is corresponds to DRAM parameter tCAc (access time from CAS'). 
r: Parimeter t, corresponds to DRAM parameter tCAfJ (access time from CAS* prscharge). 
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CAS* 

MD 

Figure 7-30. Display Memory Bus  - Read Cycles 
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Table 7s.3'1. Display Memory Bus  -Write Cycles 

CAS" 

PA 

WE* -- 

Figure 7-31. Display Memory B u s  -Write Cycles 
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- CL-GD542X 
VGA Graphics Controllers -ClRRUS LOGIC .... .......... ..... ... ..... . ................. ..... ..... ....... ......... . ......_. ......... ......... ......... . ........................... - ......,...... 

b 

Symbol Parameter MIN MAX 

t i  tCSR: CAS* active setup to RAS' active1 lmb  - 
tRp,S: RAS' iOW puke width 4m - t2 

tRp: RAS' high pulse width 3m - t3 

Table 7-32. CAS*-before-RAS* Refresh Timing (Display Memory Bus)a 

ns 

ns 

P[7:0], BLANK* setup to DCLK -1 - t l  

t2 P[7:0], BLANK* hold from DCLK 7 - 
i 

RAS' 

CAS* 

Figure 7-32. CAS*-before-RAS* Refresh Timing (Display Memory Bus) 

Table 7-33. P-Bus as Inputs, 8-Bit Mode (DCLK input as reference) 

Parameter I MIN MAX 1 Units 

NOTE: CL-G D542X RAMDAC driven externally 

DCLK 
(Input) 

P[7:0] 
BLANK* 

I 

LE-' I+- . '1 

Figure 7-33. P-Bus as Inputs, 8-bit Mode (External DCLK) 
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VGA Gmphics Con tmllt:rs --_-- ~ ~ - - - ~ ~ - - - E  ~ . . . . . . . , . .  . . . . . . . . . . . .  ..................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 7-34. Feature 1311s Timing, &Bit Mode, Outputs (DCLK output as  reference) 

DCLK to HSYNC, VSYNC delay 

DCLK to P[7:0] clelay 

DCLK 

BLANKk 

HSYNC, 
VSYNC 

OVRW 

. 

Figure 7-34. Fealure Bus Timing, 8-Bit Mode, Outputs (Internal DCLK) 

3-85] 
EL.ECTfflCAL SPECIF/CATlONS hft1y 3995 -I3-- 

Pf?ELlMI"RY DATA BO#K v7.0 



CL-GD542X 
VGA Graphics Controllers CIRRUS LOGIC ............... .... .......... .... ........................... ..... . ..... ............... ..... ..-.... ..... . ....... ... ....... . ......... .......,. ..,..... . 

Symbol 

t i  

t Z  

Parameter MIN MAX Units 

DCLK (rising edge) to P[7:0] delay -2 0 ns 

DCLK (falling edge) to P[7:0] delay -1 I ns 

’ I- I- 12 
t l  -69- 

P[7:0] 

Figure 7-‘35. P-Bus as Outputs, 16-bit Mode (Internal DCLK) CL-GD54251’28/’29 only 
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Table 7-36. P-Bus as Inputs, 16-Bil. Mode, Clock Mode 1 (DCLK input as reference)a 
- 4 - p -  I I I I 

Parameter MIN MIN MIN 1 ’24/’26 1 ’28 1 ’25/’29 1 Units I --- 
P[7:0] hold trorii DCILK (rising edge -- external DCLK) 

P[7:0] setup to DC1.K (falling edge -- external DC1.K) 

P[7:0] hold from DC1.K (rising edge -- external CICLK) 

Clock mode 1 selected in tiidclen IDAC register (L)5 programmed to ‘0’). 

Figure 7-36. P-RLIS as Inputs, 16-Bit Mode, Clock Mode 1 (External DCLK) 
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Table 7-37. P-Bus as Inputs, 16-Bit Mode, Clock Mode 2 a  (DCLK input as reference) 

tl 

t2 

1 I I I 

P[7:0], BLANK"b setup to DCLK -1 -2 -2 ns 

P[7:0], BLANK' hold from DCLK 5 6 4 ns 

Symbol 

1 

Parameter MIN MIN 1 '2?& 1 '28 I '251'29 1 Un'ts 1 

DCLK 
(INPUT) 

P[7:0] 
BLANK" 

... 

Figure 7-37. P-Bus as Inputs, 1 &Bit Mode, Clock Mode 2 (External DCLK) 
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fable 7-38. P-Bus as Inputs, 16-Bit Mode (DCLK output as reference)a 
IYI-LI- --I 

Units MlN MIN 
‘24126 ‘28 ‘251’29 

Parameter 

t,+ 1 P[7;0] hold from DCLK (rising edge - internal 
__-_____. __ __-_ ”_ 

a Clock mode 1 selected in Hidden DAC register (D!j = ‘0’). 

Figure 7-38. P-Bus as Inputs, 16-Bit Mode (External DCLK) 
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VGA Graphics Controllers LOGIC .. ....... ............................. ..... ............-.. ..... ................................ ..... ....... ........... .,.........,... ....... . ...._ 

Symbol Parameter: CL-GD5420/'22/'24/'26/'28 MIN MAX 
~~ 

t l  

t2 

t3 

- ~- 

3 Rise time - 
3 Fall time - 

High period 40 60 

Parameter: CL-GD5425/'29 

~~ 

t4 

tS 

Units 

ns 

ns 

- 
Yo of t5  

Low period 40 60 

Period 17 - 
Yo oft, 

ns 

t3 

t ,  I Rise time I - I 3 l n s  
~~ ~ 

High period: Clock mode 1 45 55 Yo of t5 

t2 I Falltime 

Period (DCLK) 

I - I I ns 

ns 12.5 - 

t3 I High period: Clock mode 2 I 30 I 70 1 %of tS 

t4 I Low period: clock mode I I 45 I 55 1 %oft5 

I 30 1 .  70 I %oft ,  
~~ 

t, I Low period: Clock mode 2 

1-15 

Figure 7-39. DCLK As Input 
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Table 7-40. RESEIT’iniing 

Parameter 

__.~___ 

MD[31:16] setup ta f’1E.SET falling edge 

MD[31:16] hold froin RESETfalling edge 

RESET low to first /OW” 

. 

.-__ 
-.I_-------- -_ 

Figure 7-40. RESET Timing 
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Table 7-41. Horizontal Period (NTSC - CL-GD5425 only) 

Symbol 

t i  

~ ~~~ 

Parameter Nominal Units 

Horizontal period 63.56 wec. 

t2 1 HSYNC pulse width (low) 1 4.65 

. . 
psec. 

CSYNC 1 

Figure 7-41. Horizontal Period (NTSC - CL-GD5425 only) 
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Table '7-42. NfSC Vertical Retrace (CL-GD5425 only) 

tical blanking period 
__ 

L A s r  SCAN LIN ti 
(Bottom Overscan) 

6 POST- 

PULSES 
1 EQUALIZING I 

FIRST SCAMLINE 
(Top Overscan) 

FIELD 1 

6 VERTICAL 
SYNC PULSES 

-&6 

0 z 

l .A5T SCANLINE 
(Elattom Overscan) 

(112 Scanline) 
6 POST- 
EQUALIZING 1 1 PULSES 

FtRST SCANLtNE 
(Top Overscan) 

6 VERTICAL 
EQUALIZING SYNC PULSES 

C) 
2: 

FIELD 2 

Figure 7-42. N'TSC Vertical Retrace (CL-GI35425 only) 
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CL- GD542X 

Symbol 

VGA Grop h ics Controllers 
....................................... .................................. 
. . . . . . . I . . . . . . . . *  ........ 1 . .  . I . . . . . . .  ‘I....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Parameter Nominal Unlts 

13 

14 

I tl I Equalizing pulse width (low) I 2.32 I wec. I 
~~ ~ 

Equalization to serration 1 H-period 

First serration i I2 H-period 

I t2 I Serrations pulse width (high) I 4.65 I wet. I 

CSYNC 

Figure 7-43. NTSC Vertical Blanking Detail (CL-GD5425 only) 
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CL- CL3542X 

~ . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  l . . l . . . . . . . . , . . . , , . . . . . I . I I . . . . . . , . . , . . . . . . .  

- . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

Figure 7-44. Horizontal Period (PAL - Cl-GD5425 only) 
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Symbol 

t i  

LAST SCANLINE 
(Bottom Overscan) 

(112 Scanline) 

Parameter Nominal Units 

Vertical blanking period 25 H-period 

FIRST SCANLINE 
(Top Overscan) 

I 5 EQUALIZING 
PULSES I 5 EQUALIZING 5 BROAD \ IPULSES I P,ULSES * 

0 z 
0 
>. (TJ 

I I I I l n w n  I I I I u 
6 2 3 1 6 2 4 1 6 2 5 1  1 1 2  1 3  1 4  1 5  1 6  1 7  I . . . .  1 2 3  I 

END OF ODD FIELDS -)Cl+g- BEGINNING OF EVEN FIELDS 

I . tl *I 

LAST SCANLtNE 
(Bottom Overscan) 

5 BROAD 5 EQUALIZING I PULSES 1 PULSES I 5 EQUALIZING 
PULSES 

FIRST SCANLINE 
(Top Overscan) 

I 310 I 311 1 312 I 3\3  I 314 I 315 I 316 I 317 I 318 I 319 1 .... I 335 1 
END OF EVEN FIELDS -P k-- BEGINNING OF ODD FIELDS 

Figure 7-45. PAL Vertical Retrace (CL-GD5425 only) 
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8. PACKAGE DIMENSIONS 

CL-G D542X 
160-Pin PQFP 

I 

30.95 (1.2f9) 
31 -45 (1.238) 

0.65 
(0.0258) 
BSC 

- 
L 
t 

PI 

v ~ ~ ~ ~ n u u ~ n n n n n n n n ~ n ~ n u H u u n n ~ n n n u ~  
I 

b------- 25.35 (0.996) REF -1 

4.07 
(0.160) 
MAX 

0.25 
(0.010) 

MIN 

I 

r2 3TE s : 
1) Dimensions are in millimeters (inches), and controlling dimension is millimeter. 

2) Drawing above does not reflect exact package pin count. 

3) Before beginning any new design with this device, please contact Cirrus Logic for the latest package informa- 
tion.. 
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9. 8 R I3 E R IN G IN F 8  R N1 AT1 0 N EX AM P LE S 

CL - GD542X" - 80 QC - A 

J I' Package Type: 

1 Revision 

Temperature Range: 
C = Commercial 

Cirrus Logic In 
Graphics, Display 

Q = Plastic Quad Flat Pack Data Rate: 
80 MHz Maximum Video Clock 

1 Contact Cirrus Logic Inc. for up-to-datc information on revisions. 
* 'ZX' represents CL-GU54201'33/'24/'26/'28/'29, respectively. 

Revision t L L  Temperature Range: 
C = Commercial 

I; rap trics, Display 

Part Number A PackagePype: 
Q = Plastic Quad Flat Pack 1 V  Output Device 

- .  

1 Contact Cirrus Logic Inc. for lip-to-date information on revisions. 
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recammended operating conditions -- 
-I ___l--_ - - ~ ~ . ~  ___ 

---pll.p.ll 
Supply voltage, Vcc 
Clack high-level input voltage at XTALI, V i m ~ -  
Clock low-level input voltage at X'TAI-1, V I L o  

High-level input voliage, VIH 

Low-level input voltage, VIL 

Clock frequency, f&& 

Operating free-air temperature, TA 

--- 
I --- I-- - ------_-. 

I &- -I- "----*- 

- ---___ ------ ---- 
------- ----I- ----- 

-..------ 
TL16C554 -----T TL.16G.5541 

-__ I- 

--. -I- _."----.. -. ____I~I_ 

2lectrical characteristics over recommended ranges of operating free-air temperature and supply 
iloltage (unless otherwise noted) 

PARAMETER i - r s r  CONDITIONS I MIN TYF't MAX I UNIT 

VnH:l High-level output voltage I IC)H = - 1  rnA I 2.4 
V n i  :I: Low-level output voltacle I In1 = 1.6 rnA I 0 4 1  v 

vcc :n 5 25 v, GND :: 0, All other terminals floating 510 k4A 

GNU = 0,  
120 . PA 

Vo = 0 to 5.25 V, 
Chip srlecled in write tnodc or chip dcst-lected 

T&= 25'C, 
RX, USA, DCD, CTS, and RI at 2 V, 
All other inputs at 0.8 \I, XTALI at 4 M H z ,  
No load on outputs, Baud rate = 50 kilobits per second 

~ -~ 

50 rnA 

llkg Inpiit leakage current 

loz current 

_I -Î-- 

- 

'cc Supply current 

I Cl input capacitance TA = 25°C; 
c, Outiwt casacitance 

-l-_l_ 

20 30 I pF 
6 10 I pF 

I 10 20 I pF 
~~ ~~~ 

All typical values are at Vcc = 5 V, TA := 25°C. 
Ihesi. parameter's apply for all outputs except X IAL2. 

:lock timing requirements over recoinrnended ranges of operating free-air temperature and supply 
roltage (see Figure 1) 
I --_- 
m l I I ~ - - - ~ - - ~ ~ . . ~ - - ~ - - - - - . .  

t,l 

tkv2 
t,,g Pulse duration, RESET 

Pulse duration, clock high (external dock) 

Pulse duration, dock low (external clock) 
II--LI-II~I-- -I -c- 

___I__ --_- IPI-I-._.ll------ 
. .  



TL16C554, TLI 6C554l 
ASYNCHRONOUS COMMUNICATIONS ELEMENT 
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read cycte timing requirements over recommended ranges of operating free-air temperature an 
supply voltage (see Figure 4) 

tw4 ' Pulse duration, low 

tsul 
tsu2 Setup time, A2-A0 valid before low (see Note 2) 

thl 
thq Hold time &valid after hioh fsee Note 2) 

Setup time, =valid before 5 low'(see Note 2) 

Hold time, A2-A0 valid after E high (see Note 2) 

MIN MAX UNIT 

75 ns 
10 ns 
15 ns 

0 tlS 

0 ns 

Id1 Delay time, lsu2 t tw4 t td2 (see Note 3) 1 140 ns 
Delav time. hiah tom or low I 50 ns 

.. . 

MIN MAX 

tw5 Pulse duration, i?%& 50 

lsu3 10 

lSu4 15 

tsu5 Setup time, D7-DO valid before tow? 10 

Setup time, csx valid before E l  (see Note 2) 
Setup time, A2-A0 valid before iowl (see Note 2) 

UNIT 
ns  
ns 

ns 
ns 

th3 Hold time, A2-A0 valid after (see Note 2) 

th4 Hold time, valid after E T  (see Note 2) 

th5 Hold time, D7-DO valid after k%?! 
td3 Delay time, ts,4 + tw5 + td4 

' td4 Delay time, \ow7 to or 

' NOTE 4 VOL and VOH (and the external loading) determine the charge and discharge time. 

5 ns 

5 ns 

25 ns 
120 ns 
55 ns 

. .  

PARAMETER 

ten 
tdis Disable time, to 07-00 released 

Enable time, mh to D7-DO valid 

TEXAS 
INSTRUMENTS 

MIN MAX UNIT 
30 ns 

0 20 ns 

Posr OFFICE BOX 655303 DALLAS, TEXAS 75265 7 
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transmitter switching characteristics twer recommended ranges of operating free-air temperature 1 and supply voltage (see Fisgures 6,7, and 8 )  

MIN MAX 

, 
PARAME'I'EH -- _____ _ - - - - . - - .~ - "  1-11 .- I_- -_l___l 

--"- 

__ ----- - ._-__-_-__II__ 

td5 

tdf3 

td7 

td8 

tpdi 

tpd2 

tpd3 

Delay time, lNTx L to TXxh at start 

Delay time, 1xx.1 at start to I N T X ~  

Delay tirne, ioW hklh or low (WR rwq to I N T ' X ~  

Delay tirne, TXxd at start to TXRDYL 

Propagation delay time, EK (WR THR).~ to INTX.~ 

Propagation delay time, i6E (tw IIR)? to INTX.~ 

Propagation delay time, Efi (WFI THA)T to Y X m ?  

--. 

---.- --.--------I__ -_."___ l _ l _ ~  -___ 
--1_1_ -I----. ---__l-.lllll---l~l- I___- 

.- 

.- II___~--l_l__I_L--__.- 

NOTI- 5. If the transmitter interrupt delay is active, tl-iitj delay is lenytheried by one character time minus the last stop bit time. 

UNIT 

RCLK 
cycle 

_-_- 
I 40 1 n s  1 GL = 100 pF, I See Note7 1 tpd4 Propagation delay time, Head RBWLSFI to INTxJILSH intsrrupt.L 

rnodem control switching chamcteristics over recommended ranges of operating free-air 
temperature and supply voltage, CL e:: 100 pF (see Figure 14) 

r 
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ASYNCHRONOUS ~OMMUNICATIONS ELEMENT 

1 Serial __ 
Buffers - Channel t 

> -  Serial - 
Channel2 . 

Buffers - 'TL16C554 
Quadruple - *  

Data 

- 
%Pin 

- - 
9-Pin 

- 
Address 

f .  

Conttot 
ACE 

Serial 
Channel 3 

Buffers 
9-Pin 

- 
- 

2.54 v 

Serial 
Channel 4 

Buffers 

1 680sL 
F Device Under Test 

__ 
- 9-Pin 

I - - 
NOTE A This includes scope and jig capacitance. 

I 

Figure 2. Output Load Circuit 

6 - 

Bus 

Bus 

Bus 

Connector 

Connector 

Connector 

Connector 

Figure 3. Basic Test Configuratbn 
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PARAMETER MEASUREMENT INFORMATION 

t,?, :.A h- tdis 

D7-DO ------------- Valid Data 
-I_ 

Figure 4. Read Cycle Timirig Waveforms 

-. 
IOR . 

t,,i5 -&----*j*---&- th5 
I I 

07 -no 

Figure 5, Write Cycle Timing Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

Start Data (5-8) 

b-!$-- td6 
Parity 

TXx 

--d td5 
I 
I 

50% 

I I 
. I  tpdi I 

I 

I 
. I  

50% 

. tpd2 - 
IOR 

(RD HR) 50% 

Figure 6. Transmitter Timing Waveforms 

- f (  
low I 

(WR THR) 

I 
I 

TXx Data Stop 

I 
I I  I $d3 r- +! I td8 +- 

- 
50% TXRDY 

FIFO Empty 

Figure 7. Transmitter Ready Mode 0 Timing Waveforms 

. - low 
(WR THR) 

I I Start 

f x x  Data - Start P?iJ- 50% 

. I  I 

L_ 

TXRDY FIFO Full \% 50% 

Figure 8. Transmitter Ready Mode 1 Timing Waveforms 
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Figure 9. Receiver Timing Waveforms 

(FIFO at or 
above trigger 
level) 

r.-.n, . - INTx (trigger 
interrupt) 

(FCRG, 7 c 0, 0)  ---- P-Y(.--IU-llsl 

fd‘3-34  k-- 
-b (FIFO below 

trigger level) 

I 
I -- --- --- 

I 
I 
I 

IOR 
(RD R B R )  

LSR 
Interrupt 

--* ----_I__- 

Figure 10. Receiver FIFO First Byte (Sets RDR) Waveforms 

f .  
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PARAMETER MEASUREMENT INFORMATION 

RXx 

Sample 
Clock n n n  n n n 
1 NTx 

(time-out or 
trigger level) 

Interrupt 

INTx 
Interrupt 

(FIFO at or above 
trigger level): 
(FIFO below 
trigger level) 

50% Top Byte of.FIF0 
7 --c-c 

\ ------ -------- 
td9 

I 
I 

I - I 

1 1 
I I 

IOR 
(RD LSR) 

I I 
- 
IOR 

(RD RBR) 
Previous BYTE 

Read From FIFO 
NOTE A: This is the reading of the last byte in the FIFO. 

Figure 11. Receiver FIFO After First Byte (After RDR Set) Waveforms 

-,I IOR 
(RD RBI?) 

RXx 

Sample 
Clock n n 

I '  
id9 -k-d 

(seeNoteB) I 

I (see Note A) 
I 
I 
I 
I 
I 
I 
I 
I 
1 - - 50% I 

RXRDY * I t i  
I 1  

NOTES: A. This is the reading of the last cyte in the FIFO. 
B. I f  FCRO = 1, then bg I 3 RCLK cycles. For a time-out interrupt, td9 = 6 RCLK cycles. 

Figure 12. Receiver Ready Mode 0 Timing Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

--4+ I_ 

IBR 
(14D RBR) 

I (see Note A) 
I 
I 
I 
I 
I 

(first byte that reaches 
tho  triggcr level) 

Sample 
clock I____ 

I 

_I__ RXRDY - - - -x-a-+c~,  50% - 

NOTES, A This is the reading of tho last byte in the FIFO, 
B If FCFIO = 1, td9 = 3 RGLK cycles For a trigger charigc level intcrwpt, ttj9 = 8 ICLK.  

Figure 13. I'leceiver Ready Mode .I Tinting Waveforms 

Figure '14. Modem Control Timing Waveforms 

s 
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ASYNCHRONOUS COMMUNICATIONS ELEMENT 

STATUS MNEMONIC 
Line status register CSR 

Modem status register MSR 

SLLSl65D - JANUARY 1994 - REVISED JULY 1998 

PRINCIPLES OF OPERATION 

Three types of information are stored in the internal registers used in the ACE: control, status, and data. Mnemonic 
abbreviations for the registers are shown in Table 1. Table 2 defines the address location of each register and whether 
it is read only, write only, or read writable. 

- 

DATA MNEMONIC 
Receiver buffer register RBR 
Transmitter holding register THR 

Table 1. Internal Register Mnemonic Abbrevlations 

DLABS A25 A I§  A05 READ MODE WRITE MODE 
0 0 0 0 Receiver buffer register Transmitter holding register 
0 0 0 1  Interrupt enable register 
X 0 1 0 interrupt identification register FIFO control register 

Line control register X 0 1 1  
X 1 0 0  Modem control register 
X 1 0 , 1 Line status register 
X 1 1 0 Modem status register 
X 1 1 1 Scratchpad regisler Scratchpad reglster 
1 0 0 0  LSB divisor latch 

r l  0 0 1  MSB divisor latch 

I CONTROL MNEMONIC 

Line control reaister LCR 

. .  

- 
FIFO control register FCR 

Modem control register MCR 
Divisor latch LSB DLL 

Divisor latch MSB DLM 
Interrupt enable register IER 

Table 2. Register Selection* 

. .  

Individual bits within the registers with the bit number in parenthesis are referred to by the register mnemonic. For 
example, LCR7 refers to line control register bit7. The transmitter buffer register and receiver buffer register are data 
registers that hold from five to eight bits of data. If less than eight data bits are transmitted, data is right justified to 
the LSB. Bit 0 of a data word is always the first serial data bit received and transmitted. The ACE data registers are 
double buffered (TL16450 mode) or FIFO buffered (FIFO mode) so that read and write operations can be performed 
when the'ACE is pxforming the parallel-to-serial or serial-to-parallel conversion. 

% TEXAS 
INSTRUMENTS 
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PRINCIPLES OF OPERATION 

accessible registers 

The system programmer, using the CPU, has access to and control over any of the ACE registers that are 
summarized in Table 1. These regi%ters control ACE operations, receive data, and transmit data. Descriptions 
of these registers follow Table 3. 

Table 3. Summary of Accessible Registers 
IyIcIIIIII~III 

REGISTER ADDRESS 
BIT 2 

Data Bit 2 

Data Bit 2 

-- 

-_ 

BIT 3 
Data Elit 7 

Data Ellt 7 

(MSP) __-- 
Data Bit 3 

Data Blt 3 
-- 

Data Blt I Data Blt 0 

Bit 1 Bit 0 

Bit 9 Bit 8 

Enable Enable 
transmitter received 

holding data 
register ayailailablo 
empty interrupt 

interrupt 

(ETBEI) (ERBI) 

Blt 4 

Bit 7 

Bit 15 

0 

_Ijl 

~- 

Bit 3 

Bit 11 

(EDSSI) 
Enable 
modern 
status 

interrupt 

-- Bit 2 

Bit 10 
(ERLSI) 
Enable 
receiver 

line status 
interrupt 

-- Bit 12 
_I- 

Reserved 

0 

DMA 
mode 
select 

Interrupt 
ID Bit (3)* 

(PEN) 
Parity 

enable 

-- 

0 UT2 
Enable 

external 
interrupt 

(Fti) 
Framing 

error 

(INTI -- 

Transmit 
FIFO reset 

interrupt ID 
Bit (2) 

Number of 
stop bits 

-- 
( S W  

Receiver FIFO Enable 
FIFO reset Trigger 

FlFOS 0 

Divisor 
latch 

access bit 

Interrupt ID I o I f  interrupt 
Bit (1) pending 

( E W  
Even 
parity 
select 

(WLSEI) (WLSBO) 
Word length Word length 
select bit 1 select bit 0 

Reserved (RTS) (DTR) Data 
Request to terminal 

send ready 

Error in 
receiver 
F I F d  

__- 
(DCU) 
Data 

carrier 
detect 

(W 
Break 

interrupt 

(PE) 
Parity error 

(OR 
Overrun 

error 

(ADSR) 
Delta data 
set ready 

(DR) 
Data ready 

- 
-(ACTS) 

Delfa 
clear to send 

Bit 0 

(TElvfT) (1"tIRE) 
Transmitter Transmitter 

registers holding . 
empty register 

(TERI) 
Trailing 

edge ring 
indicator 

Bit 2 

(A DCD) 
Delta data 

carrier 
detect 

Bit 3 
I ready I indicator 

Bit 1 

f DLAB L- I 
k rhcsc bits are always 0 when FIFO3 are disabled. 

. 
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BIT 
7 6 

0 0  
0 1  

1 0  

1 1  

SLLS165D- JANUARY 1994- REVISED JULY 1998 

PRINCIPLES OF OPERATION 

RECEIVER FIFO 
TRIGGER LEVEL (BYTES) 

01 
04 

08 
14 

FIFO control register (FCR) 
The FCR is a write-only register at the same location as the IIR. It enables the FIFOs, sets the trigger level of 
the receiver FIFO, and selects the type of DMA signalling. 

m 

0 

0 

0 

a 

Bit 0: FCRO enables the transmit and receiver FIFOs. All bytes in both FlFOs can be cleared by clearing 
FCRO. Data is cleared automatically from the FlFOs when changing from the FIFO mode to the TL16C450 
mode (see FCR bit 0) and vice versa. Programming of other FCR bits is enabled by setting FCRO. 

Bit 1: When set, FCR1 clears all bytes in the receiver FIFO and resets its counter. This does not clear the 
shift register. 

Bit 2: When set, FCR2 clears all bytes in the transmit FIFO and resets the counter. This does not clear the. 
shift register. 

Bit 3: When set, FCR3 changes RXRDY and TXRDY from mode 0 to mode 1 if FCRO is set. 

Bits 4 and 5: FCR4 and FCR5 are reserved for future use. 

Bits 6 and 7: FCR6 and FCR7 set the trigger level for the receiver FIFO interrupt (see Table 4). 

Table 4. Receiver FIFO Trigger Level 

TEXAS 
INSTRUMENTS 
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PRINCIPLES OF OPERATION 

FIFO interrupt mode operation (continued) 

1. 

2. 

3. 

4. 

When the following conditions exist, a FIFO character time-out interrupt occurs: 

i t .  Miriirnim of one character in FIFO 

b. LiEit received serial character is longer than four continuous previous character times ago. (If two stop 
hits are programmed, the secorid one is included in the time delay.) 

c. The last CPU of t h e  FIFO read is more than four continuous character times earlier. At 300 baud and 
1%-bit characters, the FIFO tirne-out interrupt causes a latency of 160 ms maximum from received 
character to interrupt issued. 

By using the XTALl input for a clock signal, the character times can be calculated. The delay is proportion'al 
to the baud rate. 

The time-out timer is reset after the CPU reads the receiver FIFO or after a new character is received. This 
occurs when there has been no time-out interrupt. 

A time-out interrupt is cleared arid tho timer is reset when the CPU reads acharacter from the receiver FIFO. 

Transmit interrupts occurs as follows when the transmitter and transmit FIFO interrupts are enabled 

1. When t he  transmitter FIFO is empty, the transmitter holding register interrupt (IlFI = 02) occurs. The interrupt 
is cleiired when the transmitter holding register is written to or the IIR is read. One to sixteen characters can 
be written to the transmit FIFO when servicing this interrupt. 

2. The transmitter FIFO empty indicators are delayed one character time minus the last stop bit time whenever 
the following occurs: 

THRE: := 1 ,  and there has not been a tninimum of two bytes at the same time in transmit FIFO since the last 
THREf 1. The first: transmitter interrupt after changing FCRO is immediate, however, assuming it is 
enabled. 

Receiver FIFO trigger level and character time-out interrupts have the same priority as the receive data 
available interrupt. The transmitter t ioldjrig register empty interrupt has the same priority as the transmitter FIFO 
empty interrupt. 

(FCRO = I, IER = 1). 

F'ilFO pelled inode operation 

Clearing IERO, IEFtl , lf312, IER3, or all to zero with FCRO = 1 puts the ACE into the FIFO polled mode. receiver 
and transmitter are contrplled sepwately. Either or both can be in the polled mode. 

In the FIFO polled m&e, there i's n'o time-out cotiditiorlindicated ortrigger level reached. However, the Receiver 
and transmit FI6Os stiil have the capability of holding characters. The LSR must be read to determine the ACE 
slat us. 

interrupt enable register (IER) 

The I€R independently tsnables the four serial channel interrupt sources that activate the interrupt (INTA, B, C, 
D) output. ,411 interrupts are disabled by clearing IERO - lER3 of the IER. Interrupts are enabled by setting the 
appropriate bits of the IER Disabfitiy thc interrupt system inhibits the IIR and the active (high) interrupt output 
All otl i C i  i t :  t!icit zclrrii:t\ rii*u;nc1, in, Iuc!ing :hq ;:lting of tt,c LCR ~ 1 ~ 1  rb:SK Tix 
conteiits of the l i i i  are showii 1 1 1  lablo 3 Ltt\d c1usc11bt:d 112 tilt) fdiowlny biilleted Ilst. 

' t i>  ic~i,vtictis cipzr 
* 
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INTER R U PT 
' IDENTIFICATION 

SLLSIISD-JANUARY 1994- REVISED JULY 1998 

PRINCIPLES OF OPERATION 

interrupt enable register (IER) (continued) 

the FIFO mode. 
a Bit 0: When IERO is set, IERO enables the received data available interrupt and the timeout interrupts in 

0 Bit I :  When lERl is set, the transmitter holding register empty interrupt is enabled. 

0 Bit 2: When IER2 is set, the receiver line status interrupt is enabled. 

0 Bit 3: When IER3 is set, the modem status interrupt is enabled. 

a Bits 4 - 7: 1ER4 - IER7. These four bits of the IER are cleared. 

INTERRUPT SET AND RESET FUNCTIONS 

interrupt identification register (IIR) 

REGISTER 
PRIORITY 

LEVEL 
- 

First 

Second 

Second 

Third 

I 

Fourth 

INTERRUPT TYPE 

None 

Receiver line status 

Received data available 

Character time-out 
indicator 

# 

THRE 

Modem status 

INTERRUPT SOURCE 

None 

OE, PE, FE, or BI 
Receiver data available or 
trigger level reached 

No characters have been 
removed from or input to the 
receiver FIFO during the last 
four character thes, and there 
is at least one character in it  . 
during this time. r 1 CTS, DSR, T, or DCb 

INTERRUPT 
RESET CONTROL - 

LSR read 
RBR read until FIFO 
drops below the trigger 
level 

RBR read 

a .  

IIR read if'THSE is the , 

interrupt source or THR 
write 
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interrupt identification register ( I J F 1 )  (continued) 

e Bit 0: IIRO indicates whether an interrupt is pending. When IlRO is cleared, an interrupt is pending. 

(* Bits 1 and 2: liR1 arid llR2 identify the highest priority interrupt pending as indicated in Table 5. 

* Hit 3: llR3 is always clcsatecl when in the TL16C450 mode. This bit is set along with bit 2 when in the FIFO 
mode, and a trigger change level inlerrupt is pending. 

8 Bits 4 and 5: llR4 and llR5 are always cleared. 

* Bits Fi and 7: llR6 and 11R7 aro set when FCRO = 1. 

line control register (LCFI) 

The formal of the data character is controlled by the LCR. The LCR may be read. Its contents are described 
in the following bulleted list and shown in Figure -15. 

Bits 0 imd 1 : LCRO and LAX1 are word length select bits. These bits program the number of bits in each 
serial character ancl are shown in Figure 15. 

Bit 2: L(;R2 is tho stop bit select bit. This bit specifies the number of stop bits in each transmitted character. 
The receiver always checks fo r  m e  stop t i t .  

Bit 3:  L.CR3 is the parity enable bit, When I-CR3 is set, a parity bit between the last data word bit and stop 
bit is generated and chocked. 

Bit 4: ILCR4 is the even parity select bit. When this bit is set and parity is enabled (LCR3 is set), even parity 
is selected. When this bit is cleared and parity is enabled, odd parity is selected. 

Bit 5 ICR5 is the stick parity bit. When parity is onabled (LCR3 is set) and this bit is set, the transmission 
and reception of a parity bit is placed in the apposite state from the value of LCR4. This forces parity to a 
known state and allows the receiver to chock the parity bit in a known state. 

Bit 6, LCRG is a break control bit. When this hit is set, the  serial outputs TXx are forced to the spacing state 
(low). The break control bit acts cinly on the serial output and does not affect the transmitter logic. If the 
follo\nliny soqiiencc is used, riw invalid characters are transmitted because of the break. 

Step 1. Load a zero byte in response to the transmitter holding register empty (THRE) status indicator. 

Stop 2. Set the break in response to the next THRE status indicator. 

Step 3. Wait for the transmitter lo be idle when transmitter empty status signal is set (TEMT = 1); then 
clear the break when tQe normal transmissictn has to be restored. 

Bit 7: LCR7 is tho divis.or latch access bit (DLAB) bit. This bit must be set to access the divisor latches DLL 
and DL'M of the baud rate generator during a read or write operation. LCR7 must be cleared to access the 
receiver buffer register, the transmitter holding register, or the interrupt enable register. 
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line control register (LCR) (continued) 

LCR L 
LINE CONTROL REGISTER 

i 

Word Length 
Select 

stop Bit 
Seiect 

Parity Enable 

Even-Parity 
Select 

L r 

L 

0 0 = 5 Data Bits 
0 1 = 6 Data Bits 
1 0 = 7 Data Bits 
1 1 = 8 Data bits 

0 = 1 Stop Bit 
1 = 1.5 Stop Bits if 5 Data Bits Selected 

0 = Parity Disabled 
1 = Parity Enabled 

0 = Odd Parity 
1 = Even Parity . 

2 Stop Bits i f 4  7,8 Data Bits Selected 

L Stick Parity 0 = Stick Parity Disabled 
1 = Stick Parity Enabled 

L 
Break Control 0 = Break Disabled 

1 = Break Enabled 

L Divisor Latch 0 = Access Receiver Buffer 
1 = Access Divisor Latches Access Blt 

Figure 15. Line Control Register Contents 

line status register (LSR) 

The LSR is a single register that provides status indicators. The LSR shown in Table 6 is described in the 
following bulleted list: 

Bit 0: LSRO is the data ready (DR) bit. Data ready is set when an incoming character is received and 
transferred Into the receiver buffer register or the FIFO. LSRO is cleared by a CPU read of the data in the 
receiver buffer register or the FIFO. 
Bit I : LSRl is the overrun error (OE) bit. An overrun error indicates that data in the receiver buffer register 
is not read by the CPU before the next character is transferred into the receiver buffer register overwriting 
the previous character. The OE indicator is cleared whenever the CPU reads the contents of the LSR. An 
overrun error occurs in the FIFQ mode after the FIFO is full and the next character is completely received. 
The oyGrun error is detected by,theCPU on'fhe first LSR read after it happens. The character in the shift 
register lq not transferred'tcj thg FIFO, bu't it is overwritten. 

Bit 2: LSR2 is the parity error (PE) bit. A parity error indicates that the received data character'does not 
have the correct parity as selected by LCR3 and LCR4. The PE bit is set upon detection of a parity error 
and is cleared when the CPU reads the contents of the LSR. In the FIFO mode, the parity error is associated 
with a particular character in the FIFO. LSR2 reflects the error when the character is at the top of the FIFO. 

Bit 3: LSR3 is the framing error (FE) bit. A framing error indicates that the received character does not have 
a valid stop bit. LSR3 is set when the stop bit following the last data bit or parity bit is detected as a zero 
bit (spacing level). Sho FE indicator IS cleared when the CPU reads ttie contents of the LSH. In thr: F1i-U 
mode, the framing erroris associated with a partkuar charaGter in the FIFO. LSRY reflects the error when 
the character is at the top of the FIFO. I 

INSTRUMENTS 
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line status register (LSR) (continued) 
0 Bit 4: L.SR4 is the break interrupt (Ell) bit. Break interrupt is set when the received data input is held in the 

spacing (low) state for longer than a. full word transmission time (start bit -t data bits -t parity + stop bits). 
The BI indicator is cleared when the CPU roads the contents of the LSR. In the FIFO mode, this is associated 
with a particular character in the FIFO. LSR2 reflects the BI when the break character is at the top of the 
FIFO. lhe  error is detected by the CPU when its associated character is at the top of the FIFO during the 
first LSR read. Only one zero character is loaded into the FIFO when BI occurs. 

L S R i  - LSR4 are the eiror conditions that produce a receiver b e  status interrupt (priority 1 interrupt in the 
interrupt iclantification register) when any of the conditions are detected. This interrupt is enabled by setting 1ER2 
in the interrupt enable register. 

Bit 5: LSR5 is the transmitter holding register empty (THRE) bit. THRE indicates that the ACE is ready to 
accept a. new character far transmission. The Tt-IRE bit is set when a character is transferred from the 
transrnitter holding register (Tt IR) into the transmitter shift register (TSR). LSR5 is cleared by the loading 
of the THR by the CPU. LSR5 is not cleared by a CPU read of the LSR. In the FIFO mode, when the transmit 
FIFO is empty, this bit is set. It is clnared when one byte is written to the transmit FIFO. When the THRE 
interrupt is enabled by IERI, TMRE causes a priority 3 interrupt in the ilR. If THRE is the interrupt source 
indicated in IlR, INTHPT is cleared by a read of the IIR. 

Bit 6: L S R 6  is the transmitter register empty (TEMT) bit. TEMT is set when the THR and the TSR are both 
empty. L.SR6 is cleixed when a cliaractet is loaded into THR and remains low until the' character is 
transfet rod out of TXx. TE'MT is not cleared by a CPU read of the LSR. in the FIFO mode, when both the 
transmitter FIFO and shift register are empty, this bit is set. 

E3it 7: 1SR7 is the receiver FIFO orror bit. 7'he LS87 bit is cleared in the Tt16C450 mode (see FCA bit 0). 
In the FIFO mode, it is set when at least one of the following data errors is in the FIFO: parity error, framing 
error, or isreak interrupt indicator. It is cleared when the CPU reads the LSR if there are no subsequent errors 
in the FIFXI. 

NOTE 
The LSl3 may  be written However, this function is intended only for factory test. I t  should be considered as read 
only by applications software. 

Table 6. Line Status Register Blts 

LSFl BITS I 1 I 0 l 
LSFtO data ready (DR) 

LSRl overrun error (OE) 

LSU2 parity error (?E) * 

Lsfjpframin'g error (E) 
LSR4 break interrupt (€31) 

LSRS transmitter holding rogister empty (THRE) 

LSR6 transmitter register rrnpty (TEMT) 

LSR7 receive! FIFO error 

-- --------I-- 

LIIpI-IIIII-I----.-I 

- .-L 

lllll"--. __.- I--- 

- _l__ll- I___-- 

I -__--- ~ -I-- _I_----- 
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PRINCIPLES OF OPERATION - i 

MCR MCR MCR MCR 
7 6 5 4 3 2 1 0  

modem control register (MCR) 

The MCR controls the - interface with the modem or data set as desdribed in Figure 16. MCR can be written and 
read. The FITS and DTR outputs are directly controlled by their control bits in this register. A high Input asserts 
a low signal (active) at the output terminals. MCR bits 0, 1, 2, 3, and 4 are shown as follows: 

0 Bit 0: When MCRO is set, the DTR output is forced low. When MCRO is cleared, the DTR output is forced 
high. The DTR output of the serial channel may be input into an inverting line driver in order to obtain the 
proper polarity input at the modem or data set. 

0 Bitl: When - MCRl is set, the Rfs output is forced low. When MCRl is cleared, the output is forced 
high. The RTS output of the serial channel may be input into an inverting line driver to obtain the proper 
polarity input at the modem or data set. 

0 Bit 2: MCR2 has no affect on operation. 

0 Bit 3: When MCR3 is set, the external serial channel interrupt is enabled. 

0 Bit 4: MCR4 provides a local loopback feature for diagnostic testing of the channel. When MCR4 is set, 
- serial output TXx is set to the marking (high) state and SIN is disconnected. The output of the TSR is looped 

back into the RSR input. The four modem control inputs (CTS, DSR, DCD, and m) are disconnected. The 
modem control outputs (DTR and RTS) are internally connected to the four modem control inputs. The 
modem control output terminals are forced to their inactive (high) state on the TLI 6C554. In the diagnostic 
mode, data transmitted is immediately received. This allows the processor to verify the transmit and receive 
data paths of the selected serial channel. Interrupt control is fully operational; however, interrupts are 
generated by controlling the lower four MCR bits internally. interrupts are not generated by activity on the 
external terminals represented by those four bits. 

- 

- 

--- 
- - 

I 
0 Bit 5 - Bit 7: MCR5, MCRG, and MCR7 are permanently cleared. 

L ’  0 = LoopDisabied 
1 = LOOR Enabled Loop I 

I . . . _  
L F Bits Are Set to Logic 0 

Figure 16. Modern Control Register Contents 

9 T E ~ S  INSTRUMENTS 
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modem status register (MSR) 

The MSH provides the CPU with status of the modern input lines forthe modem or peripheral devices. The MSR 
allows the (X'U to read t h e  serial channel modem signal inputs by accessing the data bus interface ofthe ACE. 
It also reads the current status of four bits of the MSR that indicate whether the modem inputs have changed 
since the last reading of the MSR. The delta status bits are set when a control input from the modem changes 
states and are cleared when the CPU reads the MSR. 

The m o d m  input lines are CTS, DSH, ilnd DCCI. MSR4 - MSR7 are status indicators of these lines. A status 
bit = I indicates the input is low. Whcn the status bit iscleared, the input is high. When the modem status interrupt 
in tho IER is enabled (llR3 is set), an interrupt is generated whenever MSRO-MSR3 is set. The MSR is a priority 
4 interrupt. The contents of the MSR are described in Table 7. 

a Bit 0: MSRO is the clelta clear-to-send (ACTS) bit. DCTS indicates that the CTS input to the serial channel 
has changed state since it was last read by the CPU. 

Bit I : MSR I is the delta data set ready (ADSR) bit. ADSR indicates that the DSR input to the serial channel 
has changed states since the last time it was read by the CPU. 

Bit 2: MSR2 is the trailing edge of ring indicator (TERI) bit. TERI indicates that the Rlx input to the serial 
channel has changed states from low to Ihigh since the last time it was read by the CPU. High-to-low 
transitions on RI do not activate TERI. 

Bit 3: MSR3 is the delta data carrier detect (ADCD) bit. ADCD indicates that the DCD input to the serial 
channel has changed states since the last time it was read by the CPU. 

Bit 4: MSR4 is the clear-to-send (CTS) bit. CTS is the complement of the CTS input from the modem 
indicating to the serial channel that the modern is ready to receive data from SOlJT. When the serial channel 
is in the loop rnode (MCfl4 = t ) ,  MSR4 reflects the value of RTS in the MCR. 

@ Bit 5: MSR5 is the data set ready DSR bit. DSR is the complement of the DSR input from the modem to 
the stxiEd channel that indicates that the modem is ready to provide received data from the serial channel 
receiver circuitry. When the channel is in the loop mode (MCR4 is set), MSRS reflects the value of DTR in 
the MCR. 

Bit 6: MSR6 is the ring indicator (RI) bit. 81 is the complement of the inputs. When the channel is in the 
loop mode (MCR4 is set), MSF'IG reflects the value of OUT1 in the MCR. 

13it 7: MSR7 is the data carrier detect (DCD) hit. Data carrier detect indicates the status of the data carrier 
detect @ED) input. When the chnnrrel is in the loop mode (MCR4 is set), MSR7 reflects thevalue of OUT2 
in the bKJ3. 

-- c1 

-- 

-- 
0 

L_ 

0 

-- 
0 

I- 

#B 

Q 

* 
. Reading tho MSR clears the del& moch'm status indicators but has no affect on tho other status bits. For L S R  . 

. and MSR,  the setting af status bits is inhibited during status register read operations. If a status condttion is 
generated during a read operation, the status bit is not sot until the trailing edge of the read. When a status 
bit is set (luring a read operation and tho same status condition occurs, that status bit is cleared at the trailing 
edge of the read instead __- of being set again. In the loopback mode when modem status interrupts are enabled, 
CTS, DSH, Fil, and DCD inpiits are ignored; however, a modem status interrupt can still be generated by writing 
to MCR3 - IV1CRO. Applications software should not write to the MSR. 

c_ _-- -- 

JNSTR~JM ENTS 
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MSR BIT 

MSRO 

MSRI 
MSRP 
MSR3 
MSR4 
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PRINCIPLES OF OPERATION - 

MNEMONIC 

ACTS 

ADSR 
TERl 

A DCD 

CIS 

modem status register (MSR) (continued) 

Table 7. Modem Status Register Bfts 

DESCRIPTION 

Delta clear to send 

Delta data set ready 

Trailing edge of ring indicator 

Delta data carrier detect 

Clear to send 

I MSR5 I DSR I Data set ready 
I MSR6 I RI I Ring indicator 

I I I Data carrier detect MSR7 DCD 

programming 

The serial channel of the ACE is programmed by the control registers LCR, IER, DLL, DLM, MCR, and FCR. 
These control words define the character length, number of stop bits, parity, baud rate, and modem interface. 

While the control registers can be written in any order, the IER should be written last because it controls the 
interrupt enables, Once the serial channel is programmed and operational, these registers can be updated any 
time the ACE serial channel is not transmitting or receiving data. 

programmable baud rate generator L - 
The ACE serial channel contains a programmable baud rate generator (BRG) that divides the clock (dc to 
8 MHz) by any divisor from t to (216-1). Two 8-bit divisor latch registers store the divisor in a 16-bit binary 
format. These divisor latch registers must be loaded during initialization. Upon loading either of the divisor 
latches, a 16-bit baud counter is immediately loaded. This prevents long counts on initial load. The ERG can 
use any of three different popular frequencies to provide standard baud rates. These frequencies are 1.8432 
MHz, 3,072 MHz, and8 MHz. With these frequencies, standard bit rates from 50 kbps to 51 2 kbps are available. 
Tables 8,9,10, and 11 illustrate the divisors needed to obtain standard rates using these three frequencies. The 
output frequency of the baud rate generator is 16x the data rate [divisor # = clock + (baud rate x is)] referred 
to in this document as RCLK. 
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PRINCIPLES OF OPERATION 

programmable baud rate generator (ccmtinued) 

‘Table 8. Baud Rates Using an 1,8432-MHt Crystal 

BAUD RATE 
DESIRED 

50 
75 

110 

134.5 

150 

300 

600 

1200 

1800 

2000 

2400 

3600 

4800 

7200 

9600 

19200 

38400 

56000 
-_____I__ 

~ - - - ~ ~ -  
DIVISOR {N) USED TO 

GENERATE 16x CLOCK 

2304 

1536 

1047 

057 

768 

384 
192 

96 

64 

58 

48 

32 

24 

16 

1% 

‘ 6  

3 

__ I__ 

PERCENT ERROR DIFFERENCE 
BETWEEN DESIRED AND ACTUAL 

~ 
-- - 

0.026 

0.058 

- 
- 

0.690 
- 

- 2.860 

Table 9:Baud Rates Using an 3.072-MHz Crystal 

BAUD RATE 
DESIRED 

50 

75 

110 

134.5 

150 

. 300 

$00 
1200 

1800 

2000 

2300 

3600 

4800 

770C1 

q ‘1 ri 7 

19200 

38400 ____ - 

___ 

.-1 ---. 

- 
3840 
2560 

174s 
1428 

1280 , 
640 

32g 

‘1 60 

I07 
96 

80 

53 
40 
77 

20 

10 
5 

(1 .? 

- 
0.026 

0.834 

I 

0.312 
- 
- 

0.628 
- 

1 ?30 
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PRINCIPLES OF OPERATION 

programmable baud rate generator (continued) 

BAUD RATE 
DESIRED 

50 

75 

110 

134.5 

150 

300 
600 

1200 

1800 

2000 
2400 
3600 

4800 

7200 
9600 

19200 

38400 
56000 

128000 

256000 

51 2000 

Table 10. Baud Rates Using an 8-MHz Clock 

DlVlSOR (N) USED TO 
GENERATE 16x CLOCK 

10000 
6667 

4545 

371 7 

333 

1667 

883 

417 

277 

250 
208 
139 

104 
69 

52 
26 

13 

9 

4 

2 
1 

PERCENT ERROR DIFFERENCE 
BETWEEN DESIRED AND ACTUAL 

- 
0.005 

0.010 

0.013 
'0.010 

0.020 
0.040 

0.080 

0.080 
- 

0.160 
0.080 

0.160 

0.644 
0.160 

0.160 

0.160 
0.790 

2.344 

2.344 

2.400 

INSTRUMENTS 
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PRINCIPLES OF OPERATION 

pmg ram m a fa1 e bat1 d rate generator (con t i n u ed) 

Table 11. U i N d  Rates Using an 16-MHz Clock 
I_L__ 

BAUD RATE' 
DESIRED --"-- 

50 

75 

110 

134.5 
150 
300 
E00 
1200 
1800 
2000 
2400 

3600 
4800 

7200 
9600 

19200 

35400 
5.6000 
128000 
256000 
51 2000 
1000000 
_c__- 

-----_ 
DIVISOR (N) USE 

GENERATE: i 6 x  cLac 
20000 

13334 
9090 
'7434 
6666 
3334 -0.02 
1666 0.04 
834 -0.08 
554 0.28 

500 0.00 

416 0 16 

278 -0.08 
205 
138 0.64 
104 0.16 
52 
26 
i a  -0.79 

8 

4 -2.34 
2 

1 ll..-l 

receiver 

Serial asynchronous data is input into the RXx terminal. The ACE continually searches for a high-to-low 
transition from the idle state. When the transition is detected, a counter is reset and counts the 16x clock to 
7 1l2, which is the center of the start bit. The start bit is valid when the RXx is still low. Verifying the start bits 
prevents the receiver from assembling a false data character due to a low going noise spike on the RXx input. 

The LCR deternunes fHe nynber af data bitsin a character (LCRO, LCRI). When parity is enabled, LCR3 and 
the polarity of parity LCf-34 are needed. Status for t h e  receiver is provided in the LSR. When a full chaiacter is 
redeived including parityand stop bits, tho data received indicator in LSRO is set.The CPU reads the RBR, which 
clears LSRO. If the character is not read prior lo a new character transfer from the RSR to the RBR, the overrun 
error status indicator is set in LSR1. If there is a parity error, the parity error is set in LSR2. If a stop bit is not 
detected, ii framing error indicator is set in LSR3. 

In the FIFO mode operation, the data character and the associated error bits are stored in the receiver FIFO. 
If the data into RXx is a symmetrical square wave, ltie center of the data cells occurs within +3.125% of the actual 
corltc:, ; , ~ : N ; L I I ~ I ~  31: prrn: tT1?igjifi c f  A6 2759; 'Ill:? stti1.1 ti it can bcgin as much 3 c ,  on(' 1 6 ~  clock ryrlr? p r ~ o r  t n  
11 c I n y c l ~  !ti: i: t Lc1. 

-*. ' 
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I 
REGISTERISIGNAL RESET CONTROL 

Interrupt enable register ' Reset 

Interrupt identification register Reset 

reset 
After power up, the ACE RESET input should be held high for one microsecond to reset the ACE circuits to an 
idle mode until initialization. A high on RESET causes the following: 

1. It initializes the transmitter and receiver internal clock counters. 

2. It clears the LSR, except for transmitter register empty (TEMT) and transmit holding register empty (THRE), 
which are set. The MCR is also cleared. Ail of the discrete lines, memory elements, and miscellaneous logic 
associated with these register bits are also cleared or turned off. The LCR, divisor latches, RBR, and 
transmitter buffer register are not affected. 

RXRDY operation 

RESET STATE 
All bits cleared (0-3 forced and 4-7 permanent) 
Bit 0 is set, bits 1,2, 3, 6, and 7 are cleared, 
Bits 4-5 are permanently cleared 

In mode 0, RXRDY is asserted (low) when the receive FIFO is not empty; it is released (high) when the FIFO 
is empty. In this way, the receiver FIFO is read when RXRDY is asseried (low). 

In mode 1, RXRDY is asserted (low) when the receive FIFO has filled to the trigger level or a character time-out 
has occurred (four character times with no transmission of characters); it is released (high) when the FIFO is 
empty. In this mode, multiple received characters are read by the DMA device, reducing the number of times 
it is interrupted. 

RXRDY and TXRDY outputs from each of the four internal ACES of the TL16C554 are ANDed together 
internally. This combined signal is brought out externally to RXRDY and TXRDY. 

Following the removal of the reset condition (RESET low), the ACE remains in the idle mode until programmed. 
A hardware reset of the ACE sets the THRE and TEMTstatus bits in the LSR. When Interrupts are subsequently' 
enabled, an interrupt occurs due to7HRE.  A summary of the effect of a reset on the ACE is given in Table 12. 

Table 12. RESET Affects on Registers and Signals 

Line control register 
Modem control register 
FIFO control register 
Line status register 
Modem status register 
TXX. * 

lnterrupt (RCVR ERRS) * 
Interrupt (receiver data ready) 
Interrupt (THRE) 
InterruDt (modern status chanaes) 

Reset All bits cleared 
Reset 
Reset All bits cleared 
Reset 

All bits cleared (5-7 permanent) 

All bits cleared, except bits 5 and 6 are set 
' Reset . Bits 0-3 cleared, bits 4-7 input signals 
.. Reset I High 

Read RBWReset Low 
Read I tWr i te  THWReset Low 

Read MSRIReset Low 

Re'ad.LSW.Reset Low 

r - - -  ~ 

RTS 

DTR 
- Reset I High 

Reset I High 

?b TEXAS 
INSTRUMENTS 
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PRINCIPLES OF OPERATION 

scratchpad register 

The scratch register is an 84% read/writc registor that has no affect on either channel in the  ACE. It is intended 
to be used by the programmer- to hold data temporarily. 

?TRW operation 
--- 

In mode 0, TXRDY is assel-tecl (low) when the transmit FIFO is empty; it is released (high) when the FIFO 
contains iIt least one byte. In this way, the FIFO is written with 16 bytes when TXRDY is asserted (low). 
In mode 1, TXRDY is asserted (low) when the ‘transmit FIFO is not full; in this mode, the transmit FIFO is written 
with another byte when 

____-. 

is asserted (low). 

Driver I 

Oscillator Cluck 
to Baud 
Generator Logic 

I 

Oscillator Clock 
to Baud 

XTAL2 Generator Logic 
-7’ 

-iYricAt.. CRYSTAL OSCILLATOR NETWORK. 
I 7 L 

Figure 17. Typical Clock Circuits 
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MECHANICAL DATA - 

FN (S-PQCC-J**) PLASTIC J-LEADED CHIP CARRIER 

NO. OF 
PINS 

+b 

20 PIN SHOWN 

Seating Plane 
0.004 (o,io) 

DIE Dl/El D2JE2 

MIN MAX MIN MAX MIN MAX 

- 

18 

14 

9 13 

0.032 (0,81) 
. 0.026 (0,66) 

n 

P 0.180 (4,57) MAX 
0.120 (3,05) 
0.090 (2,29) 1 I 7 0.020 (0,51)MIN 

D2/E2 
I 

-4- D21E2 
-1. L 0.021 (0,53) 

0.01 3 (0,33) 

I .68 I 0.985 (25.02) I 0.995(25,27r I 0.950 (24.13) I 0.958 (24.33) I 0.441 (11.20) I 0.469 111.91) 1 
.. . 

404000516 03/95 

NOTES: A. All linear dimensions are In inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Fallswithin JEDEC MS-018 

I 
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-----I---.-- 
r-------- 

MECHANICAL DATA 

I 

4040135 18 11/96 
- ----..--- __ ---- ____- 

NOTES: A. All linear dimensions are in millimeisrs. 
B. This drawing is subject to chango without notice. 
G. Fall:; within JEDEC MS-026 
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4.4 Xilinx, XC5204 -- Field Programmable Gate Array 

'Ibe XC5204 is the primary component for the logic of the Diamond Systems Emerald- 
MM-DIO card and determines tlie Digital I/O operations. The specifications and data sheet for 
this IC is included for extra clarity. 

'I'he following data sht:et was printed €rum the Xilinx Internet site at: 

The logic programmed into the XC.5204 FPGA is determined by the cell structure of the 
IC explained on pages '7-85 throug,h 7-86 of the data sheet. The signal routing within the FPGA 
is determined by the contents of the 128-kbit serial PROM, 17128EPI. Every time the FPGA is 
powered up, the programming data is transferred from the PROM to the FPGA, 



~~~~~~ series 
Field Programmable Gate Arrays 

_.I___-_ ------____--I.--s- _- - ...I_ L- . _ _ ~ ~ _ _ _ _ _ _  

November 5, -1 998 (Version 5.2) Product Specification 

Features 
Low cost, register/latch rich, SRAM based 
reprogranimable architecture 
- 0.5pm three-layer metal CMOS process technology 
- 256 to 1936 logic celis (3,000 to 23,000 "gates") 
- Price competitive with Gate Arrays 

- Systeiu performance beyond 50 M t l t  
- 6 levels of interconnect hierarchy 
I VersaWing"* 110 Interface for pin-locking 
- Dedicated carry logic for high-speed arithmetic 

functions 
. Cascade chain for wide input functions 
. Built-in IEIEE 1149.1 J TAG boundary scan test 

circuifry on all 110 pins 
- Internal 3-state bussing capability 
- Four dedicated low-skew clock or signal distribution 

nets 

Innovative VorsaRing'" I/O interfcice provides a high 
logic cell to i/O ratio, with up to 244 I/O signals 

I Prograrnrnabie oiitput slew-rate control maxirnizes 
performance and reduces noise 
Zero I;lip-Flop hold t h e  lor input registers simplifies 
:;ystein timing 

- Independent Output Enables for exteri tal bussing 

System L eve1 Features 

Versatile I/O and Packaging 

Footprint compatibility in common packages within 
the XC5200 Series and with the XC4000 Series 

- Over 150 device/pacltage combinations, including 
advanced BGA, TQ, and VQ packaging available 

- Automatic place and route software 
I Wide selection of PC and Workstation platforms 
_. Over 100 3rd-party Alliance interfaces 
. Supported by shrink-wrap Foundation software 

* I Fully Supported by Xilinx Development System 

Description 
Tho XC5200 Field-Programmable Gate Array Family is 
engineered to deliver low cost. Building on experiences 
gained with three previous successful SRAM FPGA fami- 
lies, the XC5200 family brings a robust feature set to pro- 
grammable logic design. The Versa6lockTM logic module, 
the VersaRing I/O interface, and a rich hierarchy of inter- 
connect resources combine to enhance design flexibility 
and reduce time-to-market. Complete support for the 
XC5200 family is delivered through the familiar Xilinx soft- 
ware environment. The XC5200 famlly is fully supported on 
popular workstation and PC platforms. Popular design 
entry methods are fully supported, inciuding ABEL, sche- 
matic capture, VHDL, and Veriiog HDL synthesis. Design- 
ers utilizing logic synthesis can use their existing tools to 
design with the XC5200 devices. 

Table 1 : XCEiZOO Field-Programmable Gate Array Family Members 

Ilevice XC5202 XC5204 XC5206 XC5210 

784 1,296 

Max Logic Gates 3,0013 6,000 10,000 16,000 

Logic Cells 

Typical Gale Flange 6,000 - 10,000 10,000 - 16,000 

XC5215 

1,936 

23,000 
~ 

15,000 - 23,000 

! I/OS I 84 I 124 I 148 I 196 I 244 

* 

---*- h__ In-- 
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‘anlily ~~~~~~~~~ to 
~ ~ 4 ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ’ ~ ~  and XC3008 
Series 
For readers already familiar with the XC4000/Spartan and 
XC3000 FPGA FamiJies, this section dcscribes significant 
differences between them and the XC5200 family. Uriless 
otherwise indicated, comparisons refer to both 
XC4000/Spartan and XC3000 devices. 

Configurattle Logic Blot:k (CLB) Resources 
Each XC5200 CLB contains four independenl 4-input func- 
tion generators and four registers, which are configuted as 
four independent Logic CellsTM (LCs). The registers in each 
XC5200 LC are optionally crtnfigurable as edge-triggered 
5-type flip-flops or as transparent fevel-sensitive latches. 

The XC;5200 C1.B includes dedicated carry logic that pro- 
vides fast arithmetic carry capability. The dedicated carry 
logic may also be used to cascade functlon generators for 
implementing wide arithmetic functions. 

XC4DOO fami&; XC5200 devices have no wide edge 
decoders. Wiclo decoders ate implemented using cascade 
logic. Although sacrificing s p e e d  for some designs, lack of 
wide edge decoders reduces the die atea arid hence cost 
of the XC5200. 

XC4000/Sp;mn&n h?mily: XC5200 dedicated carry logic 
differs from that of the XC400WSpartari family in that the 
sum is generated in an additional function generator in the 
adjacent colurnn. This design reduces XC5280 die size and 
hence cost for many applications. Note, however, that a 
loadable upidown counter requires the same number of 
ftinction generatars in both families. XC3000 has no dedi- 
cated carry. 
XC4000/Spnr!an f8rni&; XC5200 lookup tables are opti- 
niized for cost and hence cannot implernent RAM. 

InpuVOutput Block (IOU) Resources 
The XC5200 family maintains footprint compatibility with 
the  XC4000 family, but not with the XC3000 family. 

l o  minimize cost and maximize the number of 110 per Logic 
Cell, the XC5200 I/O does not include flip-flops or latches. 

For high performance paths, the XC5200 family provides 
direct connections from each 1013 to the registers in the 
adjacent CL E? in order to emulate IO8 registers. 

E.ach XC5200 I/O Pin provides a programmable delay ele- 
ment to control input set-up time This element can be used 
to avoid potential hold-tirnt: problems. Each XC~J;~OO l/U 
Pin is capable of 8-n1A source and sink currents. 

IEEE 1149 1 type boundary scan is supported in each 
XC5200 1/0 

4 
CLB function t generators 

Table 2: Xilinx Fietd-Programmable Gate Array 
Fantilies 

r- Parameter I XC5200 I Spartan I XC4000 I X C ~ O O O  
3 3 2 

Fast carry logic 

Internal 3-state 

Boundary scan 

Slew-rate control 
I---I_ 

rii inputs -Tm 
CLU outputs 

Yes Yes Yes no 

Yes Y 6% Yes Yes 

Yes Yes Yes no 

yes Yes Yes Yes 

/Cascadechain I yes 

8 8 2 

Routing Resources 
The XC5200 family provides a fiexihle coupling of logic and 
local routing resources called the VersaBlock. The XC5200 
VersaBlock element includes the CLB, a Local Interconnect 
Matrix (LIM), and direct connects to neighboring Versa- 
Blocks. 

The XC5200 provides four global buffers for clocking or 
high-fanout control signals. Each buffer may be sourced by 
means of its dedicated pad or from any internal source. 

Each XC5200 TBUF can drive up to two horizontal and two 
vertical Longlines. There are no internal pull-ups for 
XC5200 Longlines. 

Configuration and Readback 
The XC5200 supports a new configuration mode called 
Express mode. 

XC4000/Spartan family: The XC5200 family provides a 
global reset but not a global set. 

XC5200 devices use a different configuration process than 
that of the XC3000 family, but use the same process as the 
XC4000 and Spartan families. 

KC3U00 family.’ Although their configuration processes dif- 
for, XC5200 dovices t i ny  be useJ in daisy chairis w1:11 
XC3000 devices. 

XC3000 fami&; The XC5200 PROGRAM pin is a sin- 
gle-function input pin that overrides all other inputs. The 
F’ROGRAM pin does  not exist in xC3000. 
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XC3000 famity: XC5200 devices support an additional pro- 
gramming mode: Peripheral Synchronous. 

XC3UUU family: The XC5200 family does not support 
Power-down, but offers a Global 3-state input that does not 
reset any flip-flops. 

XC3UOU lamilv.. The XC5200 family does not provide an 
on-chip crystat oscillator amplifier, but it does provide an 
internal oscillator from which a variety of frequencies up to 
12 MHz are available. 

Architectural Overview 
Figure 1 presents a simplified, conceptual overview of the 
XC5200 architecture. Similar to conventional FPGAs, the 
XC5200 family consists of programmable IOBs, program- 
mable logic blocks, and programmable interconnect. Unlike 
other FPGAs, however, the logic and local routing 
resources of the XC5200 family are combined in flexible 
VersaBlocks (Figwe 2). General-purpose routing connects 
to the VersaBlock through the General Routing Matrix 
(GRM). 

VersaBIock: Abundant Local Routing Plus 
Versatile Logic 
The basic logic element in each VersaBlock structure is the 
Logic Cell, shown in Figure 3. Each LC contains a 4-input 
function generator (F), a storage device (FD), and control 
logic. There are five independent inputs and three outputs 
to each LC. The independence of the inputs and outputs 
allows the software to maximize the resource utilization 
within each LC. Each Logic Cell also contains a direct 
feedthrough path that does not sacrifice the use of either 
the function generator or the register; this feature is a first 
for FPGAs. The storage device is configurable as either a D 
flip-flop or a latch. The control logic consists of carry logic 
for fast implementation of arithmetic functions, which can 
also be configured as a cascade chain allowing decode of 
very wide input functions. 

El 
a 
a 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
u a r o  0 0 0 x4055 

Figure 1: XC5200 Architectural Overview 

Figure 2: VersaBlock 

x 4 m  

Figure 3: XC5200 Logic Cell (Four LCs per CLB) 

~~- ~ ~~ 

November 5, 1998 (Version 5.2) 7-85 



XC5200 Series Field Pmguamrnable Gate Arrays E XILINX" -- 
The XC5200 CLB consists of four LCs, as shown in 
Figtire 4. Each CLB has 20 independent inputs and 12 
independent outputs. The top and bottom pairs of LCs can 
be cOnfigUr€!tj to lmpiemerit 5-input functic)ns. The chal- 
lenge of FFGA implementation software has always been 
to maximize the usage of logic resources. The XC5200 
family addresses this issue by surrounding each CkB with 
two types of ltrcal interconnect -- the Local Interconnect 
Matrix (LIM) and direct connects These two interconnect 
resources, cornbined with the CLB, form the VersaBlock, 
represented in FiSure 2. 

LC2 
7, 

Figure 4: Configurable Logic t3lsck 

The LIM provides 100°/o connectivity of the inputs and out- 
puts of each LC in a giverr CLB. The benefit of the LlM is 
that no general routing resources are required to connect 
feedback paths within a CLB. The LIM connects to the 
GRM via 24 bidirectional nodes. 

The direct connects allow immediate connections to neigh- 
boring CLBs, once again without using any of the general 
interconnect. These two layers of local routing resource 
improve the granularity of the architecture, effectively mak- 
ing the XC5200 family a ''sea of logic cells." Each 
Versa-Block has tour 3-state buffers that share a common 
enable line and directly drive horizontal and vertical Lon- 
glines, creating robust on-chip bussing capability. The 
VersaBlock allows fast, local implementation of logic func- 
tions, effectively implementing user designs in a hierarch'i- 
cal fashion. These resources also minimize local routing 
congestion and improve the efficiency of the general inter- 
connect, which is used for connecting larger groups of 
logic. It is this combination of both fine-grain and 
coarse-grain architecture attributes that maximize logic uti- 
lization in the XC5200 family. This symmetrical structure 
takes full advantage of the third metal layer, freeing the 
placement software to pack user logic optimally with mini- 
mal routing restrictions. 

VersaRing I10 Interface 
The interface between tho IOBs and core logic has been 
redesigned in the XC5200 family. The IOBs are cotnpletely 
decoupled from the core logic. The XC5200 IOBs contain 
dedicated boundary-scan logic for added board-level test- 
ability, but do not include input or output registers. This 
approach allows a maximum number of IOBs to be placed 
around the  device, improving the IlO-to-gate ratio and 
decreasing the cost per 1/8. A "freeway" of interconnect 
cells surrounding the device forms the VersaRing, which 
provides connections froni the lOBs to the internal logic. 
These incremental routing resources provide abundant 
connections from each IOB to the nearest VersaBlock, in 
addition to Longline connections surrounding the device. 
The VersaRing eliminates the historic trade-off between 
high logic utilization and pin placement flexibility. These 
incremental edge resources give users increased flexibility 
in preassigning (i.e., locking) I/O pins before completing 
their logic designs, This ability accelerates time-to-market, 
since PCBs and other system components can be manu- 
factured coilcurrent with the logic design. 

General Routing Matrix 
The GRM is functionally similar to the switch matrices 
found in other architectures, but it is novel in its tight cou- 
pling to the logic resources contained in the VersaBlocks. 
Advanced simulation tools were used during the develop- 
ment of the XC5200 architecture to determine the optimal 
level of routing resources required. The XC5200 family 
contains six levels of interconnect hierarchy - a series of 

- "nu--l--- 
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single-length lines, double-length lines, and Longlines all 
routed through the GRM. The direct connects, LIM, and 
logic-cell feedthrough are contained within each 
Versa-Block. Throughout the XC5200 interconnect, an eff i- 
clent multiplexing scheme, in combination with three layer 
metal (TLM), was used to improve the overall efficiency of 
silicon usage. 

Performance OvervIew 
The XC5200 family has been benchmarked with many 
designs running synchronous clock rates beyond 66 MHz. 
The performance of any deslgn depends on the circuit to be 
implemented, and the delay through the combinatorial and 
sequential logic elements, plus the delay In the intercon- 
nect routing. A rough.estimate of timing can be made by 
assuming 3-6 ns per logic level, which includes direct-con- 
nect routing delays, depending on speed grade. More 
accurate estimations can be made using the information in 
the Switching Characteristic Guideline section. 

x MLINX" XC5200 Series Field Programmable Gate Arrays 

Detailed Functional Description 
Configurable Logic Blocks (CLBs) 
Fig!-ire 4 shows the logic in the XC5200 CLB, which con- 
sists of four Loglc Cells (LC[3:0]). Each Logic Cell consists 
of an independent 4-input Lookup Table (LUT), and a 
D-Type flip-flop or latch with common clock, clock enable, 
and clear, but individually selectable clock polarity. Addi- 
tional logic features provided in the CLB are: 

An independent 5-input LUT by combining two 4-input 
LUTs. 
High-speed carry propagate logic. 
High-speed pattern decoding. 
High-speed direct connection to flip-flop D-inputs. 
Individual selection of either a transparent, 
level-sensitive latch or a D flip-flop. 
Four 3-state buffers with a shared Output Enable. 

Taking Advantage of Reconfiguration 
FPGA devices can be reconfigured to change logic function 
while resident in the system. This capability gives the sys- 
tem designer a new degree of freedom not available with 
any other type of logic. 

Hardware can be changed as easily as software. Design 
updates or modifications are easy, and can be made to 
products already In the field. An FPGA can even be recon- 
figured dynamically to perform different functions at differ- 
ent times. 

Reconflgurable toglc can be used to implement system 
self-diagnostics, create systems capable of belng reconfig- 
ured for different environments or operations, or implement 
multi-purpose hardware for a given application. As an 
added benefit, using reconflgurable FPGA devices simpli- 
fies hardware design and debugging and shortens product 
time-to-market. 

5-Input Functions 
Figure 5 illustrates how the outputs from the LUTs from 
LCO and LC1 can be combined with a 2:l multiplexer 
(FhMUX) to provide a 5-input function. The outputs from 
the LUTs of LC2 and LC3 can be similarly combined, 

It 
12 
13 
14 

IS 

5-input Function W4" 

Figure 5: Two LUTs in Parallel Combined to Create a 
5-input Function 
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Iniliailzation of 
carry chain (One Lcrgic Gall) x5703 

Figure 6:  XC5200 CY-MUX Used for Adrfsr' Carry Propagate 

Carry Function 
The XC:5200 family supports a carry-logic featuru that 
enhances the performance of arithmetic fiinctions such as 
cctunters, adders, ctc. A carry multiplexw (CY-MUX) sym- 
bol is used to indicate the XC5200 carty logic. This symbol 
represents the dedicated 2:1 multiptexc?r in each LC that 
performs the one-bit high-speed carry propa!:iate per logic 
cell (four bits pet' CLB) 

While the carry propagate IS performed inside the L.C, an 
adjacent LC must be used to complete the arithmetic func- 
tkm. Fxprt? h represents an example of an adder function. 
The carty propagate is performed on the CLB shown, 

which also generates the half-sum for the four-bit adder. An 
adjacent CLB is responsible for XORing the half-sum with 
the corresponding carry-out. Thus an adder or counter 
requires two LCs per bit. Notice that the carry chain 
requires an initialization stage, which the XC5200 family 
ac:complishes using the carry initialize (CY-INIT) macro 
and one additional LC. The carry chain can propagate ver- 
tically up a column of CLBs. 

I he XC5200 library contarris a set of Helationally-Placea 
Macros (RPMs) and arithmetic functions designed to take 
advantage of the dedicated carry logic. Using and modify- 
ing these macros makes it much easier to implement cus- 

- 
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tomized RPMs, freeing the designer from the need to 
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become an expert on architectures. 

Flip-Flop 
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Figure 7: XC5200 CY-MUX Used for Decoder Cascade 
Logic 

Cascade Function 
Each CY-MUX can be connected to the CY-MUX in the 
adjacent LC to provide cascadable decode logic. Fi&m 7 
illustrates how the 4-Input function generators can be con- 
figured to take advantage of these four cascaded 
CY-MUXes. Note that AND and OR cascading are specific 
cases of a general decode. In AND cascading all bits are 
decoded equal to logic one, while in OR cascading all bits 
are decoded equal to logic zero. The flexibility of the LUT 
achieves this result. The XC5200 library contains gate 
macros designed to take advantage of this function. 

CLB Flip-Flops and Latches 
The CLB can pass the combinatorial output(s) to the inter- 
connect network, but can also store the combinatorial 

results or other incoming data in flip-flops, and connect 
their outputs to the interconnect network as well. The CLB 
storage elements can also be configured as latches. 

Table 3: CLB Storage Element Functionality 
(active rising edge is shown) 

I Mode I CK I CE I CLR I D I  Q I  

O* D D 
Latch 

Both X 0 O* X Q 
I I I I I I I 
Legend: 

X Don't care 
-/- Rising edge 
0' 
1' 

Input is Low or unconnected (default value) 
input is High or unconnected (default value) 

Data inputs and Outputs 
The source of a storage element data input is programma- 
ble. It is driven by the function F, or by the Direct in (DI) 
block input. The flip-flops or latches drive the Q CLB out- 
puts. 

Four fast feed-through paths from Di to DO are available, 
as shown in Figurs 4. This bypass is sometimes used by 
the automated router to repower internal signals, In addi- 
tion to the storage element (Q) and direct (DO) outputs, 
there is a combinatorial output (X) that is always sourced 
by the Lookup Table. 

The four edge-triggered D-type flip-flops or level-sensitive 
latches have common clock (CK) and clock enable (CE) 
inputs. Any of the clock inputs can also be permanently 
enabled. Storage element functionality is described in 
Table 3. 

Clock input 
The flip-flops can be triggered on either the rising or falling 
clock edge. The clock pin is shared by all four storage ele- 
ments with individual polarity control. Any inverter placed 
on the clock Input is automatically absorbed Into the CLB. 

Clock Enable 
The clock enable signal (CE) is active High. The CE pin is 
shared by the four storage elements. If left unconnected 
for any, the clock cnable for that storage element defaults 
to the active state. CE is not invertible within the CLB. 

C/ear 
An asynchronous storage element input (CLR) can be used 
to reset ail four flip-flops or latches in the CLB. This input 

~ ~~ 
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can also be independently disabled for any flip-flop. CLW is 
active High. I t  is not invertible within the CLB. 

XC5200 Series Field Programmable Gate Arrays XILINX" 
m -_ - 

STARTUP 

x9009 

Figure 8: Schematic Symbols for Global Reset 

GIQbaf Res& 

A separate Global Reset line clears each storage element 
during power-up, reconfiguration, or when a dedicated 
Reset net is dtivcn active. This global net (GR) does not 
compete wiih other routing resources; it uses a dedicated 
distribution network. 

GR can be driven from any user-progiarnmable pin as a 
global reset input. To use this global net, place an input pad 
and input buffer in the schematic or HLX code, driving the 
GR pin of the STARTUP symbol. (See Figu:o 9.) A specific 
pin location can be assigned to this input using a LOC 
attribute or property, just as with any othet user-program- 
mable pad. An inverter can ciptionaily be inserted after ?he 
input buffer to invert the sense of the Global Reset signal, 
Alternatively, GR can be driven from any internal node. 

Using FPGA Flip-Flo s and Latches 
The abundance of flip-flops in the XC5200 Series irivites 
pipeiined designs. This is a powerlui way of increasing per- 
formance by breaking the function into smaller subfune- 
tions and exectiting them in parallel, passing on the ~f3SlJkS 

through pipsiino flip-flops. This method should be seriously 
considered wherever throughput is inore iinportant than 
latency. 

To include a CLB fiip-fiop, place the appropriate library 
symbol. For example, FDCE is a D-type flip-flop with clock 
enable and asynchronous clear. The correspondirrg latch 
symbol is called LDCE. 

In XC520O-Scries devices, the flip-flops can be used as 
registers or shift registers without blocking the function 
generators lrcrrri performing a different, perhaps unrelated 
task. This ability increases the functional capacity of the 
devices. 

1 he CLB setup time is specified betweem the function yen- 
erator lnpt1t:j and the clock input CK. 'flierefore, the spsci- 
i i i d  ~ i . t l  t h p - f i c J p  setup time Iricludes ttie cir:iC-ty through ttie 
f i  inction gerierator. 

~~~~~ I_ 

Another 3-state buffer with similar access is located near 
each I/O block aiong the right and left edges of the array. 

The longlines driven by the 3-state buffers have a weak 
keeper at each end, This circuit prevents undefined float- 
ing levels. However, it is overridden by any driver. To 
ensure the longline goes high when no buffers are on, add 
an additional B U R  to drive the output High during ail of the 
previously undefined states. 

Figure 10 shows how to use the 3-state buffers to irnple- 
ment a multiplexer. The selection is accomplished by the 
buffer 3-state signal. 

TS ---I i l l  

Horizontal 
Longtinas _ _ _ ~  

Figure 9: XC5200 3-State Buffers 
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Figure 10: 3-State Buffers Implement a Multiplexer 

In put/Output Blocks 
User-configurable input/output blocks (IOBs) provide the 
interface between external package pins and the Internal 
logic. Each IOB controls one package pin and can be con- 
figured for input, output, or bidirectional signals. 

The 1/0 block, shown in Figwe 11, consists of an input 
buffer and an output buffer. The output driver is an 8-mA 
full-rail CMOS buffer with 3-state control. Two slew-rate 
control modes are supported to minimize bus transients. 
Both the output buffer and the 3-state control are invertible. 
The input buffer has globally selected CMOS or TTL input 
thresholds. The input buffer is invertible and also provides a 
programmable delay line to assure reliable chip-to-chip 
set-up and hold times. Minimum ESD protection is 3 KV 

. using the Human Body Model. 

Y ICMOS outputs 

"32 inn,* Delay 

. v  

T 

Slew Rate 
Control X800f 

Figure 11: XC52DO I/O Block 

IOB Input Signals 
The XC5200 inputs can be globally configured for either 
TTL ( I  .2V) or CMOS thresholds, using an option in the bit- 
stream generation software. There Is a slight hysteresis of 
about 300mV. 

The inputs of XC5200-Series 5-Volt devices can be driven 
by the outputs of any 3.3-Volt device, if the 5-Volt inputs are 
in TTL mode. 

Supported sources for XC5200-Series device inputs are 
shown in T&ie 5. 

Table 5: Supported Sources for XC52OO-Series Device 
Inputs 

I I XC5200lnputMode 1 
Source 

TTL CMOS 

November 5, 1998 (Version 5.2) 7-91 



XC5200 Wries Field li3rogrammatsle Gate Arrays XILINX" 
p - r a e  --uaBrrslSs 

non-zero hold, attach a NQDELAY attribute or property to 
the flip-flop or input buffer. 

lUB Output Signals 

Clutput signals can be optionally inverted within the 106, 
and pass directly to the piad. As with the inputs, a CLB 
flip-flop or latch can be used to store the output signal. 

An active-High 3-state signal can be used to place the out- 
put buffer in a high-impedance state, irriplenienting 3-state 
outputs or IMit ectional 110. Under configuration control, 
the output (CIIJT) and output 3-state (T) signals can be 
inverted. 7 he polarity of these signals is independently 
configured lot each IOB. 
The XC.5200 devices providr! a guaranteed output sink cur- 
rent of 8 mA. 

Supported destinations for XC5200-S~ries device outputs 
are shown in ?8ble %(For a detailed discussion of how to 
interface between 5 V and 3.3 V devices, see the 3V Prod- 
ucts section of The Progrart?mable Lo<g/c Dafa Book.) 

An output can be configured as open-drain (open-collector) 
by placing an OBUFT symbol in a schematic or HDL code, 
then tying the 3-state pin (T) to the output signal, and the 
input pin (I) to Ground. (See Fi.yice I :'.I 
Table 6: Supported Destinations for XC5PBO-SerieS 
Outputs 

- ______ --.- 1--------- XC520d Output Mode 

&:s Destination 
-_l__-- --__I- 

3 XC5200 device, Vcp3.3  V, 
CMOS-threshold inputs 

soma' Any typical device, VCC =: 3.3 V, 1 
CMOS-threshold inputs I 

I .i Any device, VCC =: 5 VI 
TTL-threshold inputs 

3 Any device, Vcc =: 5 V, 
CMOS-threshold inputs 

1. Only rf destination device has 5-V tolerdint inputs 

Figure 12: Open-Drain Output 

Output Slew Rate 

The slew rate of each output buffer is, by default, reduced, 
to minimize power bus tran:;ients when switching non-criti- 
cal signals. For critical signals, attach a FAST attribute or 
property to rhe output buffer or flip-flop. 

For XC5200 devices, maximum total capacitive load for 
simultaneous fast mode switching in the same direction is 
200 pF for all package pins between each PowedGround 
pin pair. For some XC5200 devices, additional internal 
PowerlGround pin pairs are connected to special Power 
and Ground planes within the packages, to reduce ground 
bounce. 

For siew-rate limited outputs this total is two times larger for 
each device type: 400 pF for XC5200 devices. This maxi- 
mum capacitive load should not be exceeded, as it can 
result In ground bounce of greater than 1.5 V amplitude and 
niore than 5 ns duration. This level of ground bounce may 
cause undesired transient behavior on an output, or in the 
internal logic. This restriction is common to all high-speed 
digital ICs, and is not particular to Xilinx or the XC5200 
Series. 

XCS2OO-Series devices have a feature called "Soft 
Start-up," designed to reduce ground bounce when all out- 
puts are turned on simultaneously at the end of configura- 
tion. When the configuration process is finished and the 
device starts up, the first activation of the outputs is auto- 
matically slew-rate limited. Immediately following the initial 
activation of the 1/0, the slew rate of the individual outputs 
is determined by the individual configuration option for 
each IOB. 

Global Three-State 

A separate Global 3-State line (not shown in F ipra I f )  
forces all FPGA outputs to the high-impedance state, 
unless bounday scan is enabled and is executing an 
EXTEST instruction. This global net (GTS) does not com- 
pete with other routing resources; it uses a dedicated distri- 
bution network. 

CiTS can be driven from any user-programmable pin as a 
global 3-state input. To use this global net, place an input 
pad and input buffer in the schematic or HDL code, driving 
the GTS pin of the STARTUP symbol. A specific pin loca- 
tion can be assigned to this input using a LOC attribute or 
property, just as with any other user-programmable pad. An 
inverter can optionally be inserted after the input buffer to 
invert the sense of the Global 3-State signal. Using GTS is 
similar to Global Reset. See Fig;irc? 8 ot? page $2 for 
details. Alternatively, GTS can be driven from any internal 
node. 

Other tOB Opt/ons 

There are a number of other programmable options in the 
XC5200-Series IOB. 

Pull-up and Pull-down Resistors 

Programmable 108 pull-up and pull-down resistors are 
irseful for tying unused pins to Vcc or Ground to minimize 
power consumption and reduce noise sensitivity. The con- 
figurable pull-up resistor is a p-channel transistor that p~i l ls  

P - U Y -  
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to Vcc. The configurable pull-down resistor is an n-channel 
transistor that pulls to Ground. 

The value of these resistors is 20 kG? - 100 kR. This high 
value makes them unsuitable as wired-AND pull-up resls- 
tors. 

The pull-up resistors for most user-programmable IOBs are 
active during the configuration process. See Tdbls 13 on 
page 124 for a list of pins wlth pull-ups active before and 
during configuration. 

After configuration, voltage levels of unused pads, bonded 
or unbonded, must be valid logic levels, to reduce noise 
sensitivity and avoid excess current. Therefore, by default, 
unused pads are configured with the internal pull-up resis- 
tor active. Alternatively, they can be individually configured 
with the pull-down resistor, or as a driven output, or to be 
driven by an external source. To activate the internal 
pull-up, attach the PULLUP library component to the net 
attached to the pad. To activate the internal pull-down, 
attach the PULLDOWN library component to the net 
attached to the pad. 

JTAG Support 
Embedded logic attached to the IOBs contains test struc- 
tures compatible with IEEE Standard 1149.1 for boundary 
scan testing, simplifying board-level testing. More Informa- 
tion is provided in ‘‘Bomdary Sccin“ oli psys 98. 

Oscillator 
XC5200 devices include an internal oscillator. This oscilla- 
tor is used to clock the power-on tima-out, clear configura- 
tion memory, and source CCLK in Master configuration 
modes. The oscillator runs at a nominal 12 MHz frequency 
that varies with process, Vcc, and temperature. The output 
CCLK frequency is selectable as 1 MHz (default), 6 MHz, 
or 12 MHz. 
The XC5200 oscillator divides the internal 12-MHz clock or 
a user clock. The user then has the choice of dividing by 4, 
16, 64, or 256 for the “OSCI” output and dividing by 2, 8, 
32, 128, 1024, 4096, 16384, or 65536 for the “OSC2“ out- 
put, The division is specified via a “DIVIDEn-BY=x” 
attribute on the symbol, where n=l for OSCI, or n=2 for 
OSC2. These frequencies can vary by as much as -50% of 

The OSC5 macro is used where an internal oscillator is 
required. The CK-DIV macro is applicable when a user 
clock input is specified (see Figure 13). 

+ 50%. 
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n 

n 

5200-14 

Figure 13: XC5200 Oscillator Macros 

VersaBlock Routing 
The General Routing Matrix (GRM) connects to the 
Versa-Block via 24 bidirectional ports (MO-M23j. Excluding 
direct connections, global nets, and 3-statable Longlines, 
all VersaBlock inputs and outputs connect to the GRM via 
these 24 ports. Four 3-statable unidirectional signals 
(TQO-TQ3) drive out of the VersaBlock directly onto the 
horizontal and verticai Longlines. Two horizontal global 
nets and two vertical global nets connect directly to every 
CLB clock pin: they can connect to other CLB inputs via the 
GRM. Each CLB also has four Unidirectional direct con- 
nects to each of its four neighboring CLBs. These direct 
connects can also feed directly back to the CLB (see 
Figure 74). 

In addition, each CLB has 16 direct inputs, four direct con- 
nections from each of the neighboring CLBs. These direct 
connections provide high-speed local routing that 
bypasses the GRM. 

Local Interconnect Matrix 
The Local Interconnect Matrix (LIM) is built from input and 
output multiplexers. The 13 CLB outputs (12 LC outputs 
plus a V,JGND signal) connect to the eight VersaBlock 
outputs via the output multiplexers, which consist of eight 
fully populated 13-to-1 multiplexers. Of the eight 
VersaBlock outputs, four signals drive each neighboring 
CLB directly, and provide a direct feedback path to the input 
multiplexers. The four remaining multiplexer outputs can 
drive the GRM through four TBUFs (TQO-TQS). All eight 
multiplexer outputs can connect to the GRM through the 
bidirectional MO-M23 signals. All eight signals also connect 
to the input multiplexers and are potential inputs to that 
CLB. 
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To GIHM 
MO423 

Direct North 

---4 
7' 

To 
Longlines 
and GRM 
TQO-TQ3 

Longlines 
and GRM 

Direct to 
East 

4 
Direct South 

Figure 14: VersaBleck Details 

CLB inputs have several possible sources: the 24 signals 
from the GRM, 16 direct connections froni neighboring 
VersaBlocks, four signals from global, low-skew buffers, 
arid the four signals from the CLE output multiplexers. 
Unlike the output multiplexers, the input multiplexers are 
not fully populated; i.e., only a subset of the available sig- 
nals can be connected to a given CLB input. The flexibility 
of LUT input swapping and I-UT mapping compensates for 
this limitation. For exampte, ii a 2-input NAND gate is 
required, it can be mapped info any of the four LUTs, and 
use any two of the four inputs to the L.UT 

Direct Go, n nects 
The unidirectional direct-connect segmttnts are connected 
to the logic iiipuVoutput pins through the CLB input and out- 
put multiploxer arrays, and thus bypass the generai touting 
rriatrix altog1:tlier. These lines increase the routing channel 
utilization, while simultaneously reducing the delay 
iricurred in speed-critical connections. 

The direct connects also provide a high-speed path from 
the edge CLBs to the VersaRing inputloutput buffers, and 
thus reduce pin-to-pin set-up time, clock-to-out, and combi- 
national propagation delay. Direct connects from the input 
buffers to the CLB DI pin (direct flip-flop input) are only 
available on the \eft and right edges of the device. CLB 
look-up table inputs and combinatoriaI/registered outputs 
have direct connects to input/output buffers on all four 
sides. 

The direct connects are ideal for developing customized 
RPM cells. Using direct connects improves the macro per- 
formance, and leaves the other routing channels intact for 
improved routing. Direct connects can also route through a 
CLW using one of the four cell-feedthrough paths. 

General ~~~~~~~ Matrix 
The General Routing Matrix, shown in F : g ~ i i ~ !  15, provides 
flexible bidirectional connections to the Local Interconnect 

P m -  -w-nw-as- 
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Matrix through a hierarchy of different-length metal seg- 
ments in both the horizontal and vertical directions. A pro- 

SIX Levels of Routlng Hlerarchy 

1 c.ll, Single-length tines 

2 Ixz>(: Double-length Lines 

3 7 Direct Connects 

4 +WWMY.W& Langiines and Global Unes 

5 LIM Local Interconnect Matrix 

Logic Cell Feedthrough 

Logic Cell) 
. 6  Path (Contained wlthln each 

Direct Connects X4963 

Figure 15: XC5200 Interconnect Structure 
grammable interconnect point (PIP) establishes an electri- 
cal connection between two wire segments. The PIP, con- 
sisting of a pass transistor switch controlled by a memory 
element, provides bidirectional (in some cases, unidirec- 
tional) connection between two adjoining wires. A collec- 
tion of PlPs inside the General Routing Matrix and in the 
Local Interconnect Matrix provides connectivity between 

associated routing segments combine to provide a. power- 
ful Interconnect hierarchy: . Forty bidirectional seg,nents per cL6 

provide ten routing channels to each of the four 
neighboring CLBs in four directions. 

provide four routing channels to each of four other 

Eight horizontal and eight vertical bidirectional Longline 

bidirectional do”ble-iength segments per CLB 

various types of metal segments. A hierarchy of PlPs and (non-neighboring) CLBs in four directions. - 
~ 
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segments span the width and height of the chip, 
respectively. 

Two low-skew horizontal and vertical urridirectional glo- 
bal-line segments span each row and c:oIumri of ttie chip, 
respectively. 

Single- and Double-Length Lines 
The single- and double-length bidirectional line segments 
make up the bulk of the routing channels. The dou- 
ble-length lines hop across every other CL13 to reduce the 
propagation dolays in speed-critical nets. Regenerating the 
signal strength is recommended after traversing three or 
four such segments. Xilinx place-andmute software auto- 
matically connects buffers in the path of the signal as nec- 
essary. Single- and doubfe-length lines cannot drive onto 
Longlines arid global lines; Longlines ai id global lines CBn, 
however, drive orit0 single- and douhle-length lines. As a 
general rule, Longline and glohal-line connections to the 
general rouiing matrix are unidirectional, with the signal 
direction froin these liries toward the rotitin{] matrix. 

L,o n g I i n e:% 
Longlines are used for high-fan-out signals, 3-state busses, 
law-skew nets, and faraway destinations. Row and column 
splitter PlPs in the middle of the array effectively double the 
total number of Longlines by elecirically dividing them into 
two separated half-lines. Longtines arc driven by the 
3-state buffers in each CLB, and are driven by similar buff- 
ers at the periphery of the array from the VersaRing I/O 
Interface. 

Bus-oriented designs are easily implemented by using Lon- 
glines in conjunction with the 3-state buffers in the CbB and 
in the VersaRing. Additionally, weak keeper cells at the 
periphery retain the last valid logic level on the Longlines 
when all buffers are in 3-state mode. 

Longlines connect to the single-lenyth or double-length 
lines, or to the logic inside the CLB, through the General 
Flouting Matrix. The only manner in which B Longline can 
be driven is through the four 3-state buffers; therefore, a 
L.ongline-to-Longline or slngle-line-to-Longllne connection 
through PlPs in the General Routing Matrix is not possible. 
Again, as a general rule, lortg- and gfobal-line connectlons 
to the General Routing Matrix are uriidirectional, with the 
signal direction from these lines toward the routing matrix. 

The XC5200 family has no ~wll.ups on \he ends of the Lon- 
glines sourced by TBUFs, unlike the XC4000 Series. Con- 
sequently, wired functions (Le., WAND and WORANO) and 
wide rriuitipid,wy furictiuris rtquirli iy piill L I ~  for uridefrt-ied 
states (i.e., bus applications) must be irnplernented in a dif- 
ferent way. In the case of the wired functions, the same 
functionality can be achieved by taking advantage of the 

carryfcascade logic described above, implementing a wide 
logic function in place of the wired function. In the case of 
3-state bus applications, the user must Insure that all states 
of the multiplexing function are defined. This process is as 
simple as adding an additional TBUF to drive the bus High 
when the previously undefined states are activated. 

Global Lines 
Global buffers in Xilinx FPGAs are special buffers that drive 
a dedicated routing network called Global Lines, as shown 
In Figure 16. This network is intended for high-fanout 
clocks or other control signals, to maximize speed and min- 
imize skewing whlle distributing the signal to many loads. 

The XC5200 family has a total of four global buffers (BUFG 
symbol in the library), each with its own dedicated routing 
channel. Two are distributed vertically and two horizontally 
throughout the FPGA. 

The global lines provide direct input only to the CLB clock 
pins. The global lines also connect to the General Routing 
Matrix to provide access from these lines to the function 
generators and other control signals. 

Four clock input pads at the corners of the chip, as shown 
in F:~IJFE!  16, provide a high-speed, low-skew clock network 
to each of the four global-line buffers. In addition to the ded- 
lcated pad, the global lines can be sourced by internal 
logic. PIPS from several routing channels within the Ver- 
saRing can also be configured to drive the global-line buff- 
ers. 

Details of alt the programmable interconnect for a CLB is 
shown in Figure 17. 

GCKI 

GCK2 

Figure 16: Global Lines 

--*n- W Y P  
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Figure 17; Detail of Programmable Interconnect Associated with XC5200 Series CLB 

I 
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Versa R i n g I m p ut/O ut p ut I rite rX ace 
The VersaRing, shown in Fig:.irc! 18, is positioned between 
the core logic and the pad ring; it has all the routing 
resources of a VersaBlock without the GLB logic. The Ver- 
saRing decouples the core logic from khs I/O pads. Each 
VersaRing Cell provides up to four pad-cell connections on 
one side, and connects directly to the CLEI ports on the 
other side. 

VersaRing 

Figure 18: \k?rsaRing 110 Interface 

oundi3l.y Scan 
The “bed of natls” has been the traditional nwthod of testing 
electronic assemblies. This approach has become less 
appropriate, due to closer pin spacing and more sophisti- 
cated assernbly methods like surface-mount technology 
and multi-layer boards. The IEEE boundary scan standard 
1149 1 was developed to facilitate boatd-level testing of 
electronic nssornblies. Design and test angineers can 
imbed a slai~darcr tdst logic structure in their device to 
achieve high fault coverage for I/O and internal logic. This 
structure is easily implemented with a four-pin interface on 
any boundary scan-compatible IC. IEEE 1149.1-compatible 
devices may be serial daisy-chained together, connected in 
parallel, or a combination of the two. 

XC5200 devices support all the mandatory boundary-scan 
instructions specified in tho IEEE standard 1149.1. A Test 
Access Port (TAP) and registers are provided that imple- 
ment the EXTEST, SAMPLE/PRELOAD, and BYPASS 
instructions. The TAP can also support two USERCODE 
instructions. When the boundary scan configuration option 
is selected, three normal user I/O pins become dedicated 
inputs for these functions. Another user output pin 
becomes the dedicated boundary scan output, 

Boundary-scan operation is independent of individual IOB 
configuration and package type. All IOBs are treated as 
independently controlled bidirectional pins, including any 
unbonded IOBs. Retaining the bidirectional test capability 
after configuration provides flexibility for interconnect test- 
ing. 

Also, internal signals can be captured during EXTEST by 
connecting them to unbonded IOBs, or to the unused out- 
puts in IOBs used as unidirectional input pins. This tech- 
nique partially compensates for the lack of INTEST 
support. 

The user can serially load commands and data into these 
devices to control the driving of their outputs and to exam- 
ine their inputs. This method is an improvement over 
bed-of-nails testing. It avoids the need to over-drive device 
outputs, and it reduces the user interface to four pins. An 
optional fifth pin, a reset for the control logic, is described in 
the standard but is not implemented in Xilinx devices. 

The dedicated on-chip logic implementing the IEEE 1149.1 
functions includes a 16-state machine, an instruction regis- 
ter and a number of data registers. The functional details 
can be found in the IEEE 1749.1 specification and are also 
discussed in the Xilinx application note XAPP 017: ‘Bound- 
ary Scan in XC4000 and XC5200 Series devices” 
Figure 14 on page 99 is a diagram of the XC5200-Series 
boundary scan logic. It Includes three bits of Data Register 
per IOB, the IEEE 1149.1 Test Access Port controller, and 
the Instruction Register with decodes. 

The public boundary-scan instructions are always available 
prior to configuration. After configuration, the public instruc- 
tions and any USERCODE instructions are only available if 
specified in the design. While SAMPLE and BYPASS are 
available during configuration, it is recommended that 
boundary-scan operations not be performed during this 
transitory period. 

In addition to the test instructions outlined above, the 
boundary-scan circuitry can be used to configure the FPGA 
device, and to read back the configuration data. 

All of the XC4000 boundary-scan rnodes are supported in 
the XC5200 family. Three additional outputs for the User- 
Register are provided (Reset, Update, and Shift), repre- 
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senting the decoding of the corresponding state of the 
boundary-scan internal state machine. 

DATAIN 

Figure 19: XCMOO-Series Boundary Scan Logic 
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Bit 0 (TDO) 
Bit 1 

XC5200-Series devices can also be configured through the 
boundary scan logic. See XAPF' 017 for more information. 

5ata Regisleva 
The primary data register is the boundary scan register. 
For each IOf3 pin in the FPGA, bonded or not, it inclucles 
three bits for In, Out and 3-State Control. Nan-IOB pins 
- ha-apprapriate partial bit population for In or Out only. 
PROGRAM, CCLK and DC3NtS are not included in the 
boundary scan register. Each EXTESY CAPTUf7E-13R 
state captures all In, Out, and 3-State pins, 

The data register also includes the followiiig non-pin bits: 
TDO.T, and TDO.0, which are always bits 0 and 1 of the 
data register, respectively, and I3SCANT.UPDI which is 
always the Itist bit of the data register. These three bound- 
ary scan bits are special-purpose Xilinx test signals. 

The other !;tandard data register is the single flip-flop 
BYPASS register. It synchronizes di3til being passed 
through the FIYjA to the next downstroarn boundary scan 
device. 

The FPQA provide$ two additional data registers that can 
be specified using the BSCAN macro. The FPGA provides 
two user pins (BSCAN.SEL1 and f3SCAN.SEL2) which are 
the decodes of two user instructions, USER1 and LISERB. 
For these instructions, two corresponding pins 
(BSGAN.TDQ1 and BSCAN.TDOP) allow user scan data to 
be shifted out on TDO. The data register clock 
(RSCAN.DRCK) is available for control of test logic which 
the user may wish to implement with CLBs. The NAND of 
TGK arid RUN-TEST-IDLE is also provided (8SCAN.IDLE). 

Instruction Set 
The XC5200-Series boundary scan instruction set also 
includes insiructjons to configure the device and read back 
the configuraiion data. The instructictn set is coded as 
shown in .i$1:&3 7. 

Table 7: Bouiidary Scan Instructions 

Tap-edge t/O pads (right to left) 
... 

Bit Sequence 
Tho bit sequence within each IOB is: 3-State, Out, In. The 
data-register cells for the TAP pins TMS, TCK, and TDI 
have an OR-gate that permanently disables the output 
buffer if bounfiary-scan operation is selected. Conse- 
quently, it is impossible for the outputs in IOBs used by TAP 
inputs to conflict with TAP operation. TAP data is taken 
directly from the pin, and cannot be overwritten by injected 
boundary-scan data. 

The primary global clock inputs (PGCKI-PGCK4) are 
taken directly from the pins, and cannot be ovetwritten with 
boundary-scan data. However, if necessary, it is possible to 
drive the clock input from boundary scan. The external 
clock source is 3-stated, and the clock net is driven with 
boundary scan data through the output driver in the 
clock-pad 109. If the clock-pad lQBs are used for non-clock 
signals, the data may be overwritten normally. 

Pull-up and pull-down resistors remain active during 
boundary scan. Before and during configuration, all pins 
are pulled up. After configuration, the choice of internal 
pull-up or pull-down resistor must be taken into account 
when designing test vectors to detect open-circuit PC 
traces . 
From a cavity-up view of the chip (as shown in XDE or 
Epic), starting in the upper right chip corner, the boundary 
scan data-register bits are ordered as shown in 'Jhbip. 8. 
The device-specific pinout tables for the XC5200 Series 
Include the boundary scan locations for each IO6 pin. 

Table 8: Boundary Scan Bit Sequence 

Position I 110 Pad Location 1 

. * I  I Left-edge I/O pads {top to bottom) t- ... I Bottorn-edge I/O pads (left to right) 

I-- Bit N ITDII BSCANT.UPD 
... ' I d g s  110 pads (bottom to top) 

BSDL (Boundary Scan Description Language) files for 
XC52OO-Series devices are available on the Xilinx web site 
in the File Download area. 

Including Boundary Scan 
If boundary scan is only to be used during configuration, no 
special elements need be included in the schematic or HDL 
code. In this case, the special boundary scan pins TDI, 
TMS, TCK and TDO can be used for user functions after 
configuration. 

To indicate that boundary scan remain enabled after config- 
uration, include the BSCAN library symbol and connect pad 
symbols to the TDI, TMS, TCK and I D 0  pins, as shown in 
Fi3ui.e 20. 

-- YtLl---w.=s+*- 
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To User Optional 
I LoglC 

BSCAN 
RESET - 

UPDATE - 
S H l R  

L d TDI TDO 

TMS DRCK 
_. 

Even If the boundary scan symbol Is used in a schematic, 
the input pins TMS, TCK, and TDI can still be used as 
inputs to be routed to internal logic. Care must be taken not 
to force the chip into an undesired boundary scan state by 
inadvertently applying boundary scan input patterns to 
these pins. The simplest way to prevent this is to keep 
TMS High, and then apply whatever signal is desired to TDI 
and TCK. 

Avoiding Inadvertent Boundary Scan 
If TMS or TCK Is used as user I/O, care must be taken to 
ensure that at least one of these pins Is held constant dur- 
ing configuration. In some applications, a situation may 
occur where TMS or TCK is driven during configuration. 
This may cause the device to go into boundary scan mode 
and disrupt the configuration process. 

To prevent actbation of boundary scan during configura- 
tion, do either of the following: 

7'MS: Tie High to put the Test Access Port controller 
in a benign RESET state 
TCK: Tie High or Low-do not toggle this clock input. 

For more information regarding boundary scan, refer to the 
Xilinx Application Note XAPP 017, "Bounday Scan in 
XC4000 and XC5200 Devices.'' 

Power Distribution 
Power for the FPGA is distributed through a grid to achieve 
high noise immunity and isolation between logic and I/O. 
Inside the FPGA, a dedicated Vcc and Ground ring sur- 
rounding the logic array provides power to the I/O drivers, 
as shown in Figure 21 I An independent matrix of Vcc and 
Ground lines supplies the Interior logic of the device. 

This power distribution grid provides a stable ~ ~ p p l y  and 
ground for all internal logic, providing the external package 
power pins are all connected and appropriately decoupled. 

1 

Typically, a 0.1 pF capacitor connected near the Vcc and 
Ground pins of the package will provide adequate decou- 
pling. 

Output buffers capable of drivinglsinking the specified 8 mA 
loads under specified worst-case conditions may be capa- 
ble of drivingkinking up to 10 times as much current under 
best case conditions. 

Noise can be reduced by minimizing external load capaci- 
tance and reducing simultaneous output transitions in the 
same direction. It may also be beneficial to locate heavily 
loaded output buffers near the Ground pads. The I/O Block 
output buffers have a slew-rate limited mode (default) 
which should be used where output rise and fall times are 
not speed-critical. 

GND - 

vcc 

U 
GND 

Figure 21 : XCBPOO-Series Power Distribution 

X5422 

Pin Descriptions 
There are three types of pins in the XC5200-Series 
devices: 

4 Permanently dedicated pins 
4 User 110 pins that can have special functions 
4 Unrestricted user-programmable 110 pins. 

Before and during configuration, all outputs not used for the 
configuration process are 3-stated and pulled high with a 
20 ki2 - 100 ks2 pull-up resistor, 

After configuration, if  an IOB is unused it is configured as 
an input with a 20 k!2 - 100 161 pull-up resistor. 

Device pins for XC5200-Series devices are described in 
T2bie 9. Pin functions during configuration for each of the 
seven configuration modes are summarized in "Fiii S,i IC- 
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tion.'; [Suii f ig  ~ ; ~ ~ ~ ~ i f i ~ j ~ ~ r i ~ ~ i { : ~ ~ ~ ~ '  <.TI pa<ie 124, in the "Configura- 
tian Timing" section. 

Table 9: Pin Descriptions 

I 
I_-__ ' 

I 

0 

-__-__ 

lave 

During 
Pin Description 

~ _ _ S  

crmanently Dedicated Pins 
-----..---- -__I 

Five or more (depending on package) connections to the nominal +5 V supply voltage 
All must be connected, and each must be decoupled with a 0.01 - 0.1 KF capacitor to 
Ground. 
Four or rnore (depending on package type) connections to Ground. All must be con- 
nectsd. 
During configuration, Configuration Clock (CCLK) is an output in Master modes or Asyn 
chrorious Peripheral mode, but is an input in Slave mode, Synchronous Peripheral 
mode, and Express mode. After configuration, CCLK has a weak pull-up resistor and 
can he selected as the Readback Clock. There is no CCLK High time restriction on 
XC52OO-Ssries devices, except during Readback. See 'Viciatizg t ~ e  b;l:laximuin Kiyh 
and Lcw 7 ime Specification for the Fieadback Claci2 on page ? I3 for an explanation o 
this Exception. 
DONE is a bidirectional signal with an optional internal pull-up resistor. As an output, i 
indicates the completion of the configuration process. As an input, a Low level on 
DONE can be configured to delay the global logic initialization and the enatiling of out 
puts. 
The exact timing, the clock source for the Low-to-High transition, and the optional 
pull-up resistor are solected as options in the program that creates the configuration bii 
stream.. The resistor is included by default. 
PROGRAM is an active Low input that forces the FPGA to clear its configuration men- 
ory. I t  is used to initiate a configuration cycle. When PROGRAM goes High, the FPGP 
executes I.__ ;%complete clear cycle, before it goes into a WAIT state and releases m. 
The F'ROGRAM pin has an optional weak pull-up after configuration. 

.I-___ 

l_l Il_l_-__s_~ 

---------__-_I 

- --_I 

-- 

-_I_____~__- 

Special Functions 

vcc 

GND 
- 

CCLK 

_______ 

DONE 

I 

---- 
t 

l o r 0  

---- 

I 10 

I 

hat Can - 

another hyte of data into the FPGA. The same status is also available on 87 in Asyn 

prior to INlT going High. 
I 

by a vising edge on RCLK, a redundant output signal. RCLK is useful for clocked 
PROMS. It is rarely used during configuration. After configuration, RCLK is a user-prc 
gratnmabla I/O pin. 

are sampled before the start of configuration to determine 
used. After configuration, MO, M1, and M2 become us- 

I 

a 

figunttion tnode, Slave Serial, the mode pins can thus be left unconnected. A pull-dowr 
resistor value of 3.3 kR is recommended for other modes. 
i f  boundary scan is used, this pin is the Test Data Output. If boundary scan is not used 
this pin is a &state output, after configuration IS completed. 

use this pin, place the library component TDO instead of the usual pad symbol. An ou 
This pin can be CISOI' output only when called out by special schematic definitions. Tc 

put buffer must still be used. 

___I -- 1-1 .___I_ ~ - _ _ -  1 
0 

--- 7 - m - m  
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After 
Config. 

or I 
(JTAG1 

I/O 

I/O 

'Io 

I Or 

I'O 

''' 

I/O 

I/O 

Table 9: Pin Descriptions (Continued) 

Pin Description 
If boundary scan is used, these plns are Test Data In, Test Clock, and Test Mode Select 
inputs respectively. They come directly from the pads, bypassing the IOBs. These pins 
can also be used as inputs to the CLB logic after configuration is completed. 
If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib- 
ited once configuration is completed, and these pins become user-programmable I/O. 
In this case, they must be called out by special schematic definitions. To use these pins, 
place the library components TDi, TCK, and TMS instead of the usual pad symbols. In- 
put or output buffers must still be used. 
High During Configuration (HDC) is driven High until the 110 go active. It is available as 
a control output indicating that configuration is not yet completed. After configuIation, 
HDC is a user-programmable I/O pin. 
Low During Configuration (LDC) is driven Low until the I/O go active. It is available as a 
- control output indicating that configuration is not yet completed. After configuration, 
LDC is a user-programmable I/O pin. 
Before and during configuration, INIT is a bidirectional signal. A 1 kQ - 10 kR external 
pull-up resistor is recommended. 
As an active-Low open-drain output, is held Low during the power stabilization and 
internal clearing of the configuration memory. As an active-Low input, it can be used 
to hold the FPGA in the internal WAIT state before the start of conQu-ration. Master 
mode devices stay in a WAIT state an additional 50 to 250 ps after INlT has gone High. 
During configuration, a Low on this output indicates that a configuration data error has 
occurred. After the I/O go active, 
Four Global Inputs each drive a dedicated internal global net with short delay and min- 
imal skew. These internal global nets can also be driven from internal logic. If not used 
to drive a global net, any of these pins Is a user-pFogrammabie I/O pin. 
The GCKl-GCK4 pins provide the shortest path to the four Global Buffers. Any input 
pad symbol connected directly to the input of a BUFG symbol is automatically placed on 
one of these pins. 
T h e s e x r  inputs are used in Asynchronous Peripheral mode. The chip is selected 
when CSO is Low and CS1 is High. While the chip is selected, a Low on Write Strobe 
(WS) loads the data present on the DO - D7 inputs into the internal data buffer. A Low 
on Read Strobe (s) changes D7 into a status output - High if Ready, Low if Busy - 
and drives DO - D6 High. 
_. In Expressmode, CSl is used as a serial-enable signal for daisy-chaining, 
WS and RS should be mutually exclusive, but if both are Low simultaneously, the Write 
Strobe overrides. After configuration, these are user-programmable I/O pins. 
During Master Parallel configuration, these 18 output pins address the configuration 
EPROM. After configuration, they are user-programmable I/O pins. 
During Master Parallel, Peripheral, and Express configuration, these eight input pins re. 
ceive configuration data. After configuration, they are user-programmable 110 pins. 
During Slave Serial or Master Serial configuration, DIN is the serial configuration data 
input receiving data on the rising edge of CCLK. During Parallel configuration, DIN is 
the DO input. After configuration, DIN is a user-programmable I/O pin. 
Dyritig configuration in any mode but Express mode, DOUT is the serial contiguratioi 
data output that can drive the DIN of daisy-chained slave FPGAs. DOUT data changes 
on the falling edge of CCLK. 
In Express mode, DOUT is the status output that can drive the CS1 of daisy-chained 
FPGAs, to enable and disable downstream devices. 
After configuratian, DOUT is a user-programmable I/O pin. 

is a user-programmable 1/0 pin. 

During 

TDI, TCK, 
TMS 

- 
INlT I/O 

GCKl -  
GCK4 

AO-A17 1 0 

Weak 
Pull-up 

DO - 07 ,, 
DOUT 0 

I 
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__ --- - _ ~  --.l-l._l_-- 

Pin Description 
I .-.-- 

to be input and/or output after configuration is completed. 
these pins have an internal high-value pull-up resis- 

the logic level as High. -_ I_ - -_I___ 

Mode 
Master Serial 
Slave Serial 
Master 
Parallel Up 

Configuration is the process of loading design-specific pro- 
gramming data into one or more F'PGA:; to define the func- 
tional operation of the internal blocks and their 
interconnections. This is somewhat like loading the com- 
mand registers of a pregrammabla? peripheral chip. 
XC5200-Series devices use several hundred bits of config- 
uration data per CLB and its associated interconnects. 
Each configuration bit defines the state of a static memory 
cell that controls either a function look-up table bit, a multi- 
plexer input, o r  an interconneci pass transistor. The devel- 
opment sy:,tern translates the design into il netlist fila. It 
automatically partitions, places and routes the logic and 
generates the configuration data in PROM format. 

M2. M1 MO 
0 0 0 
1 1 1  
1 0 0  

- 

Special Purpose Pins 
Three configuration mode pins (M2, MI ,  MO) are sarnpled 
prior to configuration to determine the configuration mode. 
After configuration, these pins can be used as auxiliary 1/8 
connections. The development system does not usc? these 
resources unless they are explicitly specified in the design 
entry. This is done by placing a special pad symbol called 
MU2,  M D I ,  or MDO instead of the input or output pad sym- 
bol. 

In XC5200-Series devices, the mode pins have weak 
pull-up resistors during configuration. With all threo mode 
pins High, Slave Serial mode is selected, which is the most 
popular configuration mode. Therefore, for the most com- 
mon configcrral:ion mode, tho mode pins can be left uncon- 
nected. (Note, however, that the internal pull-up resistor 
value can be as high as 100 kR.) After configuration, these 
pins can intiividuaiiy have weak pull-up or pull-down resis- 
tors, as specified in the design. A piill-down resistor value 
of X3kG is recommended. 

These pins are located In the lower left chip corner arid are 
near the reacfback nets. This location allows convenient 
routing i f  compatibility with the XC2000 arid XC3000 family 
conventions of blO/RT MI/HD is desired. 

Ce nf i g uration Modes 
XC5200 devices have seven configuraticiri modes. These 
modes are selected by a 3-bit input code applied to the M2, 

MI ,  and MO inputs. There are three self-loading Master 
modes, two Peripheral modes, and a Serial Slave mode, 

Table 10: Configuration Modes 

CCLK I Data 

increment 
from 00000 

~~e~~~~ 
decrement Parallel Down 
from 3FFFF 

pm-~p- -p -pmK 
Asynchronous 
I Express I 0 I 1 I 0 I input I Bvte-Wide 
IReserved I O I O I 1 I - I -  

Note :*Peripheral Synchronous can be considered byte-wide 
Slave Parallel 

which is used primarily for daisy-chained devices. The sev- 
enth mode, called Express mode, is an additional slave 
mode that allows high-speed parallel configuration. The 
coding for mode selection is shown in T&c 19. 

Note that the smallest package, VQ64, only supports the 
Master Serial, Slave Serial, and Express m0des.A detailed 
description of each configuration mode, with timing infor- 
mation, is included later in this data sheet. During coniigu- 
ration, some of the I/O pins are used temporarily for the 
configuration process. All pins used during configuration 
are shown in %kilo 13 urt pugo 124. 

Master Modes 
The three Master modes use an internal oscillator to gener- 
ate a Configuration Clock (CCLK) for driving potential slave 
devices. They also generate address and timing for exter- 
rizl PF?OMin(s) containing the canfigurahon data. 

Master Parallel (Up or Dawn) modes generate the CCLK 
signal and PROM addresses and receive byte parallel 
data. The data is internally serialized into the FPGA 
data-frame format. The up and down selection generates 
starting addresses at either zero or 3FFFF, for compatibility 
with different microprocessor addressing conventions. The 

---- -----a- 
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Master Serial mode generates CCLK and receives the con- 
figuration data in serial form from a Xilinx serial-configura- 
tion PROM. 

CCLK speed is selectable as 1 MHz (default), 6 MHt, or 12 
MHz. Configuration always starts at the default slow fre- 
quency, then can switch to the higher frequency during the 
first frame. Frequency tolerance is -50% to +50%. 

Peripheral Modes 
The two Per'yheral modes accept byte-wide data from a 
bus. A RDY/BUSY status is available as a handshake slg- 
nal. In Asynchronous Peripheral mode, the internal oscilla- 
tor generates a CCLK burst signal that serializes the 
byte-wide data, CCLK can also drive slave devices. In the 
synchronous mode, an externally supplied clock input to 
CCLK serializes the data. 

Slwe Serial Mode 
In Slave Serial mode, the FPGA receives serial configura- 
tion data on the rising edge of CCLK and, after loading its 
configuration, passes additional data out, resynchronized 
on the next falling edge of CCLK. 

Multiple slave devices with identical configurations can be. 
wired with parallel DIN inputs. In this way, multiple devices 
can be configured simultaneously. 

Serial Daisy Chain 

Multiple devices with different configurations can be con- 
nected together in a "daisy chain," and a single combined 
bitstream used to configure the chain of slave devices. 

To configure a daisy chain of devices, wire the CCLK pins 
of all devices in parallel, as shown in Figtire 25 OR page 
114. Connect the DOUT of each device to the DIN of the 
next. The lead or master FPGA and following slaves each 
passes resynchronized configuration data coming from a 
single source. The header data, including the length count, 
is passed through and is captured by each FPGA when it 
recognizes the 001 0 preamble. Following the length-count 
data, each FPGA outputs a High on DOUT until it has 
received its required number of data frames. 

After an FPGA has received its configuration data, it 
passes on any additional frame start bits and configuration 
data on DOUT, When the total number of configuration 
clocks applied after memory initialization equals the value 
of the 24-bit length count, the FPGAs begin the start-up 
sequence and become operational together. FPGA I/O are 
normally released two CCLK cycles after the last configura- 
tion bit is received Fiy:re :Y clri p a p  fI79 shows the 
start-up timing for an XC5200-Series device. 

The daisy-chained bitstream is not simply a concatenation 
of the individual bitstreams. The PROM file formatter must 
be used to combine the bitstreams for a daisy-chained con- 
figuration. 

Multi-Family Daisy Chain 

All Xilinx FPGAs of the XC2000, XC3000, XC4000, and 
XC5200 Series use a compatible bitstream format and can, 
therefore, be connected in a daisy chain in an arbitrary 
sequence. There is, however, one limitation. If the chain 
contains XC5200-Series devices, the master normally can- 
not be an XC2000 or XC3000 device. 

The reason for this rule is shown in Figure 25 on page 109. 
Since all devices in the chain store the same length count 
value and generate or receive one common sequence of 
CCLK pulses, they all recognize length-count match on the 
same CCLK edge, as indicated on the left edge of 
Figirrs 25. The master device then generates additional 
CCLK pulses until it reaches its finish point F. The different 
families generate or require different numbers of additional 
CCLK pulses until they reach F. Not reaching F means that 
the device does not really finish its configuration, although 
DONE may have gone High, the outputs became active, 
and the internal reset was released. For the 
XC5200-Series device, not reaching F means that read- 
back cannot be initiated and most boundary scan instruc- 
tions cannot be used. 

The user has some control over the relative timing of these 
events and can, therefore, make sure that they occur at the 
proper time and the finish point F is reached. Timing is con- 
trolled using options in the bitstream generation software. 

XC5200 devices always have the same number of CCLKs 
in the power up delay, independent of the configuration 
mode, unlike the XC30001xC4000 Series devices. To guar- 
antee all devices in a daisy chain have finished the 
power-up delay, tie the INlT pins together, as shown in 
Figure 27. 

XC3000 Master with an XCSPOO-Series Slave 
Some designers want to use an XC3000 lead device in 
peripheral mode and have the I/O pins of the 
XC52OO-Series devices all available for user I/O. Figure 22 
provides a solution for that case. 

This solution requires one CLB, one 108 and pln, and an 
internal oscillator with a frequency of up to 5 MHz as a 
clock source. The XC3000 master device must be config- 
ured with late Internal Reset, which is the default option. 

One CLB and one 108 in the lead XC3000-family device 
are used to generate the additional CCLK pulse required by 
the XC5200-Series devices. When the lead device 
removes the internal RESET signal, the 2-bit shift register 
responds to its clock input and generates an active Low 
output signal for the duration of the subsequetit ,clock 
period. An external connection between this output and 
CCLK thus creates the extra CCLK pulse. 
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Figure.22: CCLK Generation for XC3000 Master 
Driving an XC52OO-Series Slavs 

Express Nlode 
Express mode ic: similar to Slave Serial mode, except the 
data is presented in parallel format, and is clocked into the 
target device a byte at a time rather than a bit at a time. The 
data is loaded in parallel into eight different columns: it is 
not internally serialized. Eight bits of configuration data are 
loaded with every CCL.K cycle, therefore this configur8tion 
mode runs at eight times the data rate of the other six 
modes. In this mode the XC!S200 family is capable of sup- 
porting a CCLK frequency of 10 MWz, which is equivalent to 
an 80 MHz serial rate, because sight bits of configuration 
data are being loaded per CCLK cycle. An XC5210 in the 
Express mode, for instance, can be configured in about 2 
ms. The Express mode does not support CRI: error check- 
ing, but does support cotistant-field error checking. A 
length count is riot used in Express mode. 
In the  Express c:onfiguration mode, an external signal 
drives the CCLK input(s). The first byte of parallel configu- 
ration data nicrst be available at the D inputs of the FPGA 
devices a short set-up time before the second rising CCLK 
edge. Subsequent data bytes are clocked in on each con- 
secutive rising CCLK edge. See Figure 38 on page '223. 

Bitstream generation currently generates a bitstream siiff i- 
cient to program in all configuration modes except Express. 
Extra CCLK cycles are necessary to complete the canfigu- 
ration, since in this mode data is read at a rate of eight bits 
per CCLK cycle insteed of m e  bit per cycle. Normally the 
entire start-up sequence requites a number of bits that is 
equal to the number of CCL1.C cycles needed. An additional 
five CCLKs {equivalent to 40 extra bits) will guarantee com- 
pletion of ccmfiguration, regardless of the start-up options 
chosen. 

Multiple slave devices with identical configurations can be 
wired with parallel 00-07 inputs. In this way, multiple 
devices can be configured simultaneou:;ly. 

Pseudo Daisy Chain 

Multiple devices with different configurations can be con- 
nected together in a pseudo daisy chain, provided that all of 
the devices are in Express mode, A single combined bit- 
stream is used to configure the chain of Express mode 
devices, but the input data bus must drive DO-D7 of each 
device. Tie High the CS1 pin of the first device to be config- 
ured, or leave it floating in the XC5200 since it has an inter- 
nal pull-up. Connect the DOUT pin of each FPGA to the 
CSl pin of the next device in the chain. The DO-D7 inputs 
are wired to each device in parallel. The DONE pins are 
wired together, with one or more internal DONE pull-ups 
activated. Alternatively, a 4.7 kR external resistor can be 
used, if desired. (See Figitre 37 r ~ n  page 322.) CCLK pins 
are tied together. 

The requirement that all DONE pins in a daisy chain be 
wired together applies only to Express mode, and only if all 
deviccs.in the chain are to become active simultaneously. 
All devices in Express mode are synchronized to the DONE 
pin. User I/O for each device become active after the 
DONE pin for that device goes High. (The exact timing is 
determined by options to the bitstream generation soft- 
ware.) Since the DONE pin is open-drain and does not 
drive a High value, tying the DONE pins of all devices 
together prevents all devices in the chain from going High 
until the last device in the chain has completed its configu- 
ration cycle. 

The status pin DOUT' is pulled LOW two internal-oscillator 
cycles (nominally 1 MHz) after is recognized as High, 
and remains Low until the device's configuration memory is 
full. Then DOUT is pulled High to signal the next device in 
the chain to accept the configuration data on the D7-DO 
bus. All devices receive and recognize the six bytes of pre- 
amble and length count, irrespective of the level on CS1; 
but subsequent frame data is accepted only when CS1 is 
High and the device's configuration memory is not already 
full. 

Setting CCLK Frequency 
For Master modes, CCLK can be generated in one of three 
frequencies. In the default slow mode, the frequency is 
nominally 1 MHz. In fast CCLK mode, the frequency is 
noniinally 12 MHz. In medium CCLK mode, the frequency 
is nominally 6 MHz. The frequency range is -50% to +!io%. 
Tho frequency is selected by an option when running the 
bitstream generation software. If an XC5200-Series Master 
is driving an XC3000- or XC2000-family slave, slow CCLK 
mode must be used. Slow mode is the default. 

Table 11: XC5200 Bitstream Format 

Occurrences 
Once per  bit- 

COU NT(23:O) 
11111111 

- -3- 
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Table 11 : XC5200 Bitstream Format 

Data Stream Format 
The data stream (“bitstream”) format is identical for all con- 
figuration modes, with the exception of Express mode. In 
Express mode, the device becomes active when DONE 
goes High, therefore no length count is required. Addition- 
ally, CRC error checking is not supported in Express mode. 

The data stream formats are shown in Tabic 11. Express 
mode data is shown with DO at the left and D7 at the right. 
For all other modes, bit-serial data is read from left to right, 
and byte-parallel data is effectively assembled from this 
serial bitstream, with the first bit in each byte assignsd to 
DO. 

The configuration data stream begins with a string of eight 
ones, a preamble code, followed by a 24-bit length count 
and a separator field of ones (or 24 fill bits, in Express 
mode). This header is followed by the actual configuration 
data in frames. The length and number of frames depends 
on the device type (see Table I:?), Each frame begins with 
a start field and ends with an error check. In all modes 
except Express mode, a postamble code is required to sig- 
nal the end of data for a single device. In all cases, addi- 
tional start-up bytes of data are required to provide four 
clocks for the startup sequence at the end of configuration. 
Long daisy chains require additional startup bytes to shift 
the last data through the chain. All startup bytes are 
don‘t-cares; these bytes are not included in bitstreams cre- 
ated by the Xilinx software. . 
In Express mode, only non-CRC error checking is sup- 
ported. In all other modes, a selection of CRC or non-CRC 
error checking is allowed by the bitstream generation soft- 
ware. The non-CRC error checking tests for a designated 
end-of-frame field for each frame. For CRC error checking, 
the software calculates a running CRC and inserts a unique 
four-bit partial check at the end of each frame. The l l-bit  
CRC check of the last frame of an FPGA includes the last 
seven data bits. 

Detection of an error results in theuspension of data load- 
ing and the pulling down of the INlT pin. In Master modes, 

CCLK and address signals continue to operate externally. 
The user must detect and initialize a new configuration 
by pulsing the PROGRAM pin Low or cycling Vcc. 

Table 12: lntetnal Configuration Data Structure 

PROM Xilinx 
VersaB loc k Serial PROM I Device Array I I Needed 1 

Bits per Frame 5 (34 x number of Rows) + 28 for the top t 28 for 
the bottom + 4 splitter bits + 8 start bits + 4 error check bits + 4 fill 
bits * + 24 extended write bits 
= (34 x number of Rows) + 100 
* In the XC5202 (8 x a), there are 8 fill bits per frame, not 4 
Number of Frames = (12 x number of Columns) + 7 for the left 
edge + 8 for the right edge + 1 splitter bit 
= (12 x number of Columns) + 16 
Program Data = (Bits per Frame x Number of Frames) + 48 
header bits + 8 postamble bits + 240 fill bits + 8 start-up bits 
= (Bits per Frame x Number of Frames) + 304 
PROM Size = Program Data 

Cyclic Redundancy Check (CRC) for 
Configuration and Read back 
The Cyclic Redundancy Check is a method of error detec- 
tion in data transmission applications. Generally, the trans- 
mitting system performs a calculation on the serial 
bitstream. The result of this calculation is tagged onto the 
data stream as additional check bits. The receiving system 
performs an identical calculation on the bitstream and com- 
pares the result with the received checksum. 

Each data frame of the configuration bitstream has four 
error bits at the end, as shown in Tabfs 11, If a frame data 
error is detected during the loading of the FPGA, the con- 
figuration process with a potentlallycorrupted bitstream is 
terminated. The FPGA pulls the INlT pin Low and goes into 
a Wait state. 

During Readback, 11 bits of the 16-bit checksum are added 
to the end of the Readback data stream. The checksum is 
computed using the CRC-16 CCITT polynomial, as shown 
in Figure 23. The checksum consists of the 11 most signifi- 
cant bits of the 16-bit code. A change in the checksum indi- 
cates a change in the Readback bitstream. A comparison 
to a previous checksum is meaningful only if the readback 
data is independent of the current device state. CLB out- 
puts should not be included (Read Capture option not 
used). Statistically, one error out of 2048 might go undetec- 
ted. 
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Figure 23: Circuit for Generating CFtC-16 

Configuration Sequence 
There are four major steps in the XC5200-Series power-up 
configuration sequence. 

Power-On Time-Out 
Initialization - C onf ig u ra t i on 
Start-up 

The full procass is itlustrated in Figtin3 24. 

Power-On P'ime-Out 
An internal power-on reset circuit is triggered when power 
is applied. When V,, reaches the voltage at which portions 
of the FPGA begin to operate ( h . ,  performs a 
write-and-read lest of a sample pair of configuration mem- 
ory bits), the programmable I/C, buffers are %stated with 
active high-impedance pull-up resistors. A time-out delay 
- nominally 4 ms - is initiated to allow the power-supply 
voltage to stabilize. For correct operation the power supply 
must reach V,,(min) by the ~ ! n d  of the hie-out,  and must 
not dip below it thereafter. 

There is no distinction between master and slave modes 
with regard to the time-out delay. Instoad, the line is 
used to ensure that all daisy-chained devices have com- 
pleted initialization. Since XC2000 devices do not have this 
signal, extra care must be taken to guarantee proper oper- 
ation when ciaisy-chaining them with X115200 devices. For 
proper operatiori with XC3000 devices, the' RESET signal, 
which is used in XC3000 to delay configuration, should be 
connect e d to IN-fi. 
If t i e  time-out &lay is iEifficient, configuration should be 
delayed by holding the INIT pin Low until the power supply 
has reached operating levels. 

oqly cy; ;mt/cr-trp It is not qg l i ed  
when reconfiguring an FPGA by pulsing the P R O G R A i  
pin Law. During all three phases Power-on, Initialization, 
_- and Configutation - DONE is held Low; HDC, LDC, and 
INlT are active; DOUT is driven; and all I/O buffers are dis- 
abled. 

--- 

_I- 

lnitiaiiza tion 
This phase clears the configuration memory and estab- 
lishes the configuration mode. 

The configuration memory is cleared at the rate of one 
frame per internal clock cycle (nominally 1 MHz). An 
open-drain bidirectional signal, WT, is released when t he  
configuration memory is completely cleared. The device 
then tests for the absence of an external active-low level on 
INIT. The mode lines are sampled two internal clock cycles 
later (nominally 2 ps). 
The master device waits an additional 32 ps to 256 [LS 
(norninally 64-1 28 ps) to provide adequate time for all of the 
slave devices to recognize the release of =as well. Then 

- 

the  master device enters the Configuration phase. 

, Yes 

Boundary Scan 
Instntc.ttons 
Avallable: 

EXTEST' 
SAMPLWPRELOAO' 

BYPASS 
CONFIGURE' 

and S!op 

SAMPLUPRELOAD 
BYPASS 

i 

t D 

e 
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z 

X B O I 7  

1 
j 

EYXEST 
SAMPLE PRELOAD 

BYPASS 
11spg 1 ,. If Roun~larvSr.?n 
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CONFIQURE 
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Figure 24: Configuratiori Sequence 
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Figure 25: Start-up Timing 
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Co nf i g u rati an 
The length counter begins counting immediately upon entry 
into the corifiguration state. In slave-modo operation it is 
important to wait at leastwo cycles of the internal 1-MHz 
clock oscillator after INIT is recognized before toggling 
GCLK and feeclirrg the serial bitstream. Cotifiguration will 
not begin until the internal configuration logic reset is 
released, which happens two cycles after fiE goes High. 
A master dovice's configuration is delayed from 32 to 256 
[is to ensure proper operation with any slave devices driven 
by the master device. 

The 0010 preamble code, included for all tnodes except 
EIxpress mode, indicates that the following 24 bits repre- 
sent the length count. The length count is the total number 
of configurarion clocks needed to load the complete config- 
uration data. (Four additional configuration clocks are 
required to complete the configuration process, as dis- 
cussed below.) After the preamble and the length count 
have been passed through to all devices in the daisy chain, 
DOUT is held High to prevent frame start bits from.reaching 
any daisy-chained devices. In Expres!; mode, the length 
count bits ark ignored, and DQU'F is held Low, to disable 
the next device in the pseudo daisy chain. 

A specific configuration bit, early in the first frame of a mas- 
ter device, controls the configuration-clock rate and can 
increase it by a factor of eight. Therefore, if a fast configu- 
ration clock is :;elected by the bitstream, tho slower clock 
rate is used until this configirratisn bit is detected, 

Each frame has a start field followed by the frame-configu- 
ratiori data bit:; and a frame error field., If a frame data error 
is detected, the FPGA halts loading, and signals the error 
by pulling the open-drain "Tf pin Low. After all configura- 
tionframes have been loaded into an FPGA, DOUT again 
follows the input data so that the remaining data is passed 
on to the next device. In Express mode, when the first 
device is fully programmed, BOUT' goes High to enable the 
next device in the chain. 

Ueiayhg Configuration After Pswer-l& 
To delay master mode configuration after power-up, pull 
the bidirectional INlT pin Low, using an open-collector 
(open-drain) driver. (See Figiti.e .!.?.) 

Using an opeti-collector or open-drain driver to hold ET 
Low before the beginning of master mode configuration 
causes the FPGA ta wait after csrrgeting tho cbnfiguration 
rnernary clear operation. When INlT is no longer held L.OW 
externally, tho device determines its configuration mode by 
capturing its t-imde pins, and is ready to stwt the confiyura- 
tion process, A master device waits up to an additional 250 
ps to make w r e  that any slaves in the optional daisy chain 
have seen ttiat ir\lrr is High. 

- 

Start-up 

Start-up is the transition from the configuration process to 
the intended user operation. This transition involves a 
change from one clock source to another, and a change 
from interfacing parallel or serial configuration data where 
most outputs are 3-stated, to normal operation with I/O pins 
active in the user-system. Start-up must make sure that 
the user-logic 'wakes up' gracefully, that the outputs 
become active without causing contention with the configu- 
ration signals, and that the internal flip-flops are released 
from the global Reset at the right time. 

Figuie 25 describes start-up timing for the three Xilinx fam- 
ilies in detail. Express mode configuration always uses 
either CCLK-SYNC or UCLK-SYNC timing, the other con- 
figuration modes can use any of the four timing sequences. 

To access the internal start-up signals, place the STARTUP 
library symbol. 

Start-up Timing 

Different FPGA families have different start-up sequences. 

The XC2000 family goes through a fixed sequence. DONE 
gaes High and the internal global Reset is de-activated one 
CCLK period after the I/O become active. 

The XC3000A family offers some flexibility. DONE can be 
programmed to go High one CCLK period before or after 
the I/O become active. Independent of DONE, the internal 
global Reset is de-activated one CCLK period before or 
after the I/O become active, 

The XC4OOOiXC5200 Series offers additional flexibility. 
The three events - DONE: going High, the internal Reset 
being de-activated, and the user 1/0 going active - can all 
occur in any arbitrary sequence. Each of them can occur 
ono CCLK period before or after, or simuttaneous with, any 
of the others. This relative timing is selected by means of 
software options in the bitstream generation software. 

The default option, and the most practical one, is for DONE 
to go High first, disconnecting the configuration data source 
and avoiding any contention when the I/Os become active 
one clock later. Reset is then released another clock period 
later to make sure that user-operation starts from stable 
internal conditions. This is the most common sequence, 
shown with heavy lines in Ficwe 25, but the designer can 
modify it to meet particular requirements. 

Normally, the start-up sequence is controlled by the internal 
device oscillator output (CCLK), which is asynchronous to 
the system clock. 

XC4000/XC5200 Series offers another start-up clocking 
option, UCLK-NOSYNC. The three events described 
above need not be triggered by CCLK. They can, as a con- 
figuration option, be triggered by a user clock. This means 
that the device can wake up in synchronism with the user 
system. 

---=- ---- 
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When the UCLK-SYNC option is enabled, the user can 
externally hold the open-drain DONE output Low, and thus 
stall all further progress In the start-up sequence until 
DONE is released and has gone High. This option can be 
used to force synchronlzation of several FPGAs to a com- 
mon user clock, or to guarantee that all devices are suc- 
cessfully configured before any I/Os go active. 

If either of these two options is selected, and no user clock 
is specified in the design-or attached to the device, the chip 
could reach a point where the configuration of the device is 
complete and the Done pin is asserted, but the outputs do 
not become active. The solution is either to recreate the 
bitstream specifying the start-up clock as CCLK, or to sup- 
ply the appropriate user clock. 

Start-up Sequence 

The Start-up sequence begins when the configuration 
memory is full, a c t h e  total number of configuration clocks 
received since INlT went High equals the loaded value of 
the length count. 

The next rising clock edge sets a flip-flop QO, shown in 
Figure 26. QO is the leading bit of a 5-bit shift register. The 
outputs of this register can be programmed to control three 
events. 

The release of the open-drain DONE output 
The change of configuration-related pins to the user 
function, activating all JOBS. 
The termination of the global Set/Reset initialization of 
all CLB and IOB storage elements. 

The DONE pin can also be wire-ANDed with DONE pins of 
other FPGAs or with other external signals, and can then 
be used as input to bit Q3 of the start-up register. This is 
called “Start-up Timing Synchronous to Done In” and is 
selected by either CCLK-SYNC or UCLK-SYNC. 

When DONE is not used as an input, the operation is called 
‘Istart-up Timing Not Synchronous to DONE In,” and is 
selected by either CCLK-NOSYNC or UCLK-NOSYNC. 

As a configuration option, the start-up control register 
beyond QO can be clocked either by subsequent CCLK 
pulses or from an on-chip user net called STARTUP.CLK. 
These signals can be accessed by placing the STARTUP 
library symbol. 

Start-up from CCLK 

If CCLK is used to drive the start-up, QO through Q3 pro- 
vide the timing. Heavy lines in Figure 25 show the default 
timing, which is compatible with XC2000 and XC3000 
devices using early DONE and late Reset. The thin lines 
indicate all other possible timing options. 

Start-up from a User Clock (STARTUP-CLK) 

When, instead of CCLK, a user-supplied start-up clock is 
selected, Q1 is used to bridge the unknown phase relation- 

ship between CCLK and .the user clock. This arbitration 
causes an unavoidable one-cycle uncertainty in the timing 
of the rest of the start-up sequence. 

DONE Goes High to Signal End of Configuration 

In all configuration modes except Express mode, 
XC5200-Series devices read the expected length count 
from the bitstream and store it in an internal register, The 
length count varies according to the number of devices and 
the composition of the daisy chain. Each device also 
counts the number of CCLKs during configuration. 

Two conditions have to be met in order for the DONE pin to 
go high: 

the chip’s intertial memory must be full, and 
the configuration length count must be met, exact& 

This is important because the counter that determines 
when the length count is met begins with the very first 
CCLK, not the first one after the preamble. 

Therefore, if a stray bit is inserted before the preamble, or 
the data source is not ready at the time of the first CCLK, 
the internal counter that holds the number of CCLKs will be 
one ahead of the actual number of data bits read. At the 
end of configuration, the configuration memory will be full, 
but the number of bits in the internal counter will not match 
the expected length count. 

As a consequence, a Master mode device will continue to 
send out CCLKs until the internal counter turns over to 
zero, and then reaches the correct length count a second 
time. This will take several seconds [224 * CCLK period] 
-which is sometimes interpreted as the device not config- 
uring at all. 

If it is not possible to have the data ready at the time of the 
first CCLK, the problemcan be avoided by increasing the 
number in the length count by the appropriate value. 

In Express mode, there is no length count. The DONE pin 
for each device goes High when the device has received its 
quota of configuration data. Wiring the DONE pins of sev- 
eral devices together delays start-up of all devices until all 
are fully configured. 

Note that DONE is an open-drain output and does not go 
High unless an internal pull-up is activated or an external 
pull-up is attached. The internal pull-up is activated as the 
default by the bitstream generation software. 

Release of User 4’0 After DONE Goes Hjgh 

By default, the user 110 are released one CCLK cycle after 
t he  DONE pin goes. High. If CCLK is not clocked after 
DONE goes High, the outputs remain in their initial state - 
3-stated, with a 20 kQ - 100 kR pull-up. The delay from 

- 
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DONE High lo active user 110 is controlled by an option to 
the bitstream generation software. 

Figure 26: Start-up Logic 

Release of Ghbd Re5eiF After &?t?S Hig/J 
By default, Global Reset (GR) is released two CCLK cycles 
after the DONE pin goes High. I f  CCLK is not clocked twice 
after DONE yaes High, all flip-flops are hold in their initial 
reset state. The delay from DONE High to GI3 inactive is 
controlled by an option to the bitstrearn generation soft- 
ware. 

Configuration Corsyrlete After DONE t?oes High 
Three full. C(XK cycles are required after the DONE pin 
goes High, as sliown in Figw.;? 25 (:in px.?: 3Q5. If CCLK is 
not clocked ihree t irnes after DONE goes High, readback 
cannot be initiated and most boundary scan instructions 
cannot be used. 

Configuration Through the Boundary Scan 
Pins 
XC.5200-Series devices can be configured through the 
boundary scan pins. 

For detailed information, refer to the Xilinx application note 
XAPP017, “B~undafy Scan in XC4000 and XC.5200 
Devices.” 

Readback 
The user can read back the content of configuration mem- 
ory and the level of certain internal nodes without interfer- 
ing with the normal operation of the device. 

Readback not only reports the downloaded configuration 
bits, but can also include the present state of the device, 
represented by the content of all flip-flops and latches in 
CI-Hs. 

- -_ Y I I P - - * Y I I I N P  *w_ 
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Note that in XC5200-Series devices, configuration data is 
notinverted with respect to configuration as it is in XC2000 
and XC3000 families. 

Readback of Express mode bitstreams results in data that 
does not resemble the original bitstream, because the bit- 
stream format differs from other modes. 

XC5200-Series Readback does not use any dedicated 
pins, but uses four internal nets (RDBK.TRIG, 
RDBK.DATA, RDBK.RIP and RDBK.CLK) that can be 
routed to any IOE. To access the internal Readback sig- 
nals, place the READBACK library symbol and attach the 
appropriate pad symbols, as shown in Figure 27. 

AfterReadback has been initiated by a Lowto-High transi- 
tion on RDBK.TRIG, the RD6K.RIP (Read In Progress) 
output goes High on the next rising edge of RDBKCLK. 
Subsequent rising edges of this clock shift out Readback 
data on the RDBK-DATA net. 

Readback data does not include the preamble, but starts 
with five dummy bits (all High) followed by the Start bit 
(Low) of the first frame. The first two data bits of the first 
frame are always High. - 

Each frame ends with four error check bits. They are read 
back as High. The last seven bits of the last frame are also 
read back as High. An additional Start blt (Low) and an 
11 -bit Cyclic Redundancy Check (CRC) signature follow, 
before RDBK.RIP returns Low. 

IF UNCONNECTED, 
DEFAULT IS CClK 

Figure 27: Readback Schematic Example 

Readback Options 
Readback options are: Read Capture, Read Abort, and 
Clock Select. They are set with the bltstream generation 
software. 

Read Capture 
When the Read Capture option is selected, the readback 
data stream includes sampled values of CLB and 108 sig- 
nals. The rising edge of RDBK.TRIG latches the inverted 
values of the CL3 outputs and the IOB output and input sig- 
nals. Note that while the bits describing configuration 
(interconnect and function generators) are nofinverted, the 
CLB and 10B output signals are inverted. 

When the Read Capture option is not selected, the values 
of the capture bits reflect the configuration data originally 
written to those memory iocations. 

The readback signals are located in the lower-left comer of 
the device. 

Read Abort 

When the Read Abort option is selected, a High-to-Low 
transition on RDBK.TRIG terminates the readback opera- 
tion and prepares the logic to accept another trigger. 

After an aborted readback, additional clocks (up to one 
readback clock per configuration frame} may be required to 
re-initialize the control logic, The status of readback is indi- 
cated by the output control net RDBK.RIP. RDEK.RIP is 
High whenever a readback is in progress. 

Clock Select 
CCLK is the default clock. However, the user can insert 
another clock on RDf3K.CLK. Readback control and data 
are clocked on rising edges of RDBK.CLK. If readback 
must be inhibited for security reasons, the readback control 
nets are simply not connected. 

Violating the Maximum Hlgh and LOW Time 
Specification for the Readback Clock 
The readback clock has a maximum High and Low time 
specification. In some cases, this specification cannot be 
met. For example, If a processor is controlling readback, 
an interrupt may force it to stop in the middle of a readback. 
This necessitates stopping the crock, and thus violating the 
specification. 

The specification is mandatory only on clocking data at the 
end of a frame prior to the next start bit. The transfer mech- 
anism will load the data to a shift register during the last six 
clock cycles of the frame, prior to the statt bit of the follow- 
ing frame. This loading process is dynamic, and is the 
source of the maximurn High and Low time requirements. 

Therefore, the specification only applies to the six clock 
cycles prior to and including any start bit, including the 
clocks before the first start bit in the readback data stream. 
At other times, the frame data is already in the register and 
the register is not dynamic. Thus, it can be shifted out just 
like a regular shift register. 

The user must precisely calculate the location' of the read- 
back data relative to the frame. The system must keep 
track of the position within a data frame, and disable inter- 
rupts before frame boundaries. Frame lengths and data for- 
mats are llsted in Tab% I1 and Table 12. 

Readback with the XChecker Cable 
The XChecker Universal Download/Readback Cable and 
Logic Probe uses the readback feature for bitstream verifi- 
cation. It can also display selected internal signals on the 
PC or workstation screen, functioning as a low-cost in-cir- 
cuit emulator. 
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~~~~~~~~~~~~~~ Timing 
The seven configuration inodes are 
this section. 'Timing specifications ai 

Min Max Units 
20 ns 

ns 0 
30 I1 s 

ns 45 
45 ns 

10 

- _. 

__ 

MHn ----I ___- 

There is an internal delay of 0.5 CCLK periods, which 
means that DOUT changes on the falling CCLK edge, and 
the next FPGA in the daisy chain accepts data on the sub- 
sequent rising CCLK edge. 

in detail in 
'e inclirdttd. 

Slave Serial Mode Figure 28 shows a full tnaster/slave system. An 
XC5200-Series device in Slave Serial mode should be con- 
nected as In Slave Serial mode, an external signal drives the CCLK 

input of the FI"GA. The Serial confiouration bitstream must 
in the third device from the ,eft. 

l ~ e  availablt? at the DIN input of the lead FPGA a short 
setup time before each rising CCLK ed!je. 

Slave Serial mode is selected by a <Ill> on the mode pins 
(M2,  M1, MO), Slave Serial is the default mode if the mode 
pins are left unconnected, as they have weak pull-up resis- 
tors during configuration, The lead FfyGA thon presents the preamble data-and all 

data that ovetflows the lead device--on its [)OUT pin. 

NOTE: NOTE:' 
M2. MI ,  Mu cnn bo diortiid 
to Ground If not usnd n5 110 

M2, MI,  MO can be shorted 
to VCC If not ussd as I/O - - - - -- _-_(*__ 

DIN DOUT 

L. CCLK _____ 
X C S ~ O O  

Spartan. 

XC5200 
SLAVE 

----- XC4000E/EX, XC31OOA MASTER 
SERIAL SLAVE 

lNlT 

_I--_-_- 

X9003_01 

Figure 28: MastcrlSIave Seriat Mode Circuit Diagram 

x5379 

p - w  
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The value increases from a nominal 1 MHz, to a nominal 12 
MHz. Be sure that the serial PROM and slaves are fast 

option changes the to a nominal MHz, 

the Fast or Medium ConfigRate options, 

The SPROM CE - input can be driven from either LDC or 
DONE. Using LDC avoids potential contentionsthe DIN 
pin, if this pin is configured as user-l/O, but LDC is then 
restricted to be a permanently High user output after con- 

provided the DONE before 110 enable option is invoked. 

Figure 28 XI page 114 shows a full maStW/SiaVe System. 
The leftmost device is in Master Serial mode, 

Master Serial mode is selected by a On the mode 
Pins ( M ~ I  M ~ I  MO). 

Master Serial Mode 

drives a Xilinx Serial PROM that feeds the FPGA DIN input. 

PROM internal address counter. The next data bit is put on 
the SPROM data output, connected to the FPGA DIN pin. 
The lead FPGA accepts this data on the subsequent rising 
CCLK edge. 

The lead FPGA then presents the preamble data-and 

There is an internal pipeline delay of 1.5 CCLK periods, 
which means that DOUT changes on the falling CCLK 
edge, and the ne* FPGA in the daisy chain accepts data 
on the subsequent rising CCLK edge. 

In the bitstream generation software, the user can specify 
Fast ConfigRate, which, starting several bits into the first 
frame, increases the CCLK frequency by a factor of twelve. 

In Master Serial mode, the CCLK Output Of the lead FPGA enough to support this data rate. The Medium Configftate 

Each rising edge Of the CCLK Output increments the Serial XC2000, xC3OOO/A, and XC31 OOA devices do not 

- 

data that overflows the lead devic-on its DOUT Pin. figuration, Using DONE can also avoid contention on DIN, 

Description 
DIN setup 
DIN hold. 

CCLK 

n - 3  n -2 Serial DOUT 
(OWJt) 

n 

Symbol Min Max Units 
1 TDSCK 20 ns 
2 TCKDS 0 ns 

In the two Master Paraltel modes, the lead FPGA directly 
addresses an industry-standard byte-wide EPROM, and 
accepts eight data bits just before incrementing or decre- 
rnenting the address outputs. 

The eight data bits are seriaiized in the lead FPGA, which 
then presents the preamble data-and all data that over- 
flows the lead device-on its DOUT pin. There is an inter- 
nal delay of 1.5 CCLK periods, after the rising CCLK edge 
that accepts a byte of data (and also changes the EPROM 
address) until the falling CCLK edge that makes the LSB 
(DO) of this byte appear at DOUT. This means that DOUT 
changes on the falling CCLK edge, and the next FPGA in 
the daisy chain accepts data on the subsequent rising 
CCLK edge. 

The PROM address pins can be incremented or decre- 
mented, depending on the mode pin settings. This option 
allows the FPGA to share the PROM with a wide variety of 
microprocessors and microcontrollers. Some processors 
must boot from the bottom of memory (all zeros) while oth- 
ers must boot from the top. The FPGA is flexible and can 
load its configuration bitstream from either end of the mem- 
o ry. 
Master Parallel Up mode is selected by a 400> on the 
mode pins (M2, MI ,  MO). The EPROM addresses start at 
00000 and increment. 

Master Parallel Down mode is selected by a €1 1 O> on the 
mode pins. The EPROM addresses start at 3FFFF and 
decrement . 
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A i 2  A12 
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A i 0  A10 
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-' 
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- 
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4.7K 
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PROQRAM - 

USER CONTROL. OF HIGHER 
ORDER PROM ADDRESS BITS 

Spartan 
ALTERNATIVE CONFIGURATIONS SLAVE 

D6 

0 5  

04  

D3 

D2 

D l  

00 

Figure 31 : Master Parallel Mode Cii'cuit Diagram 
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CCLK 

Address for Byte n Address for Eyte n + 1 
AO-A17 
(output) 

Delay to Address valid 1 TRAC 0 200 ns 
Data setup time 2 TDRC 60 ns 
Data hold time 3 TRCD 0 IIS 

Byte 
DO-D7 

CCLK 
(output) 

DOUT 
(output) 

\ 

D6 D7 

Note: 1. At power-up, Vcc must rise from 2.0 V to VCC rnin in less then 25 rns, otherwise delay configuration by pulling PROGRAM 

2. The first Data byte is loaded and CCLK starts at the end of the first RCLK active cycle (rising edge). 
Low until Vcc is Valid. - 

This timing diagram shows that the EPROM requirements are extremely relaxed. EPROM access time can be longer than 
500 ns. EPROM data output has no hold-time requirements. 

Figure 32: Master Parallel Mode Programming Switching Characteristics . 
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S y n c h ro no 1.1 s Per i p h em i Mo de 
Synchronous Peripheral mode can also be considered 
Slave Parallel mode. An external signal drives the CCLK 
input(s) of the FI'GA(s). The first byte of parallel configura- 
tion data must be  available at the [lata inputs of the lead 
FPGA a shott setup time before the rising CCLK edge. 
Subsequent data bytes are clocked in on every eighth con- 
secutive rising CCLK edge. 

- 
for test purposes. Note that RDY/BUSY is pulled High with 
a high-impedance pullup prior to 

The lead FPGA serializes the data and presents the pre- 
amble data (and all data that overflows the lead device} on 
its DOUT pin. There is an internal delay of I .5 CCLK peri- 
ods, which means that DOUT changes on the falling CCLK 
edge, and the next FPGA in the daisy chain accepts data 
on the subsequent rising CCLK edge, 

going High. 

The same CCLK edge that accepts data, also causes the 
HDY/BUSY output to go High for one CCIX period. The pin 
name is a misnomer. In Synchronous Peripheral mode it is 
really an ACKNOWLEDGE signal. Synchronous operation 
dous not requirf? this response, but it i'S a IneaningfUl Signal 

In order to complete the serial shift operation, 10 additional 
CCLK rising edges are required after the last data byte has 
been loaded, Plus one more CCLK cycle for each 
daisy-chained device. 

Synchronous Peripheral mode is selected by a 1, on 
the mode pins (M2, M I ,  MO). 

NOTE: 
M2 can be shorted to Ground 
if not used as I/O 

CLOCK -- -- 
OPTIONAL 

N/C 
.-----C-\ u 
MO M l  M2 

CCLK 

DIN DOUT 

XC52OOEIEX 
SLAVE 

- 
INlT DONE 

____ 
PROGRAM 
- 

Figure 33: !Synchronous Peripheral NIode Circuit Diagram 

X 9 0 0 5  

-- -I -1- - 
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4 L T C C L  

CCLK 

I I 
I I 
I 4 

DOUT 1 I 
I I 
I I 

BYTE 0 OUT 

R D Y I B ~  

Notes: 1. Peripheral Synchronous mode can be considered Slave Parallel mode. An external CCLK provides timing, clacking in the 
first data byte on the second rislng edge of CCLK after INtT goes high. Subsequent data bytes are clocked in an every 
eighth c o n m i v e  rising edge of CCLK. 

2. The RDY/BUSY line goes High for one CCLK period after data has been clocked In, although synchronous operation does 
not require such a response. 

3. The pin name RDY/BUSY is a misnomer. In synchronous peripheral mode this ts really an ACKNOWLEDGE signal. 
4.Note that data starts to shift out serially on the DOUT pin 0.5 CCLK perlods after it was loaded in parallel. Therefore, 

additional CCLK pulses are clearly required after the last byte has been loaded: 

Figure 34: Synchronous Peripheral Mode Programming Switching Characteristics 
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Asynchronous Peripheral Mode 

Write to FPGA 
Asynchronous Peripheral mode uses I... ihe trailing edge of 
the logic AND condition of G ?  and CSO being Low and E 
and CS1 being High to accept byte-wide, data from a micro- 
processor bus. In the lead F-PGA, this data is loaded into a 
double-buffered UARI-like parallel-to-serial converter and 
is serially shifted into the intarnal logic. 

The lead FP'GA presents the preamble data (and all (lata 
that overflows the lead device) on its DOUT pin. The 
RDY/BUSY output from the lead FPCA acts as a hand- 
shake signal io the microprocessor. RI')Y/ENJSY goes ~ . O W  

when a byte has been received, and goes High again when 
the byte-wide input buffer has transferred its information 
into the shifl register, and the buffer is ready Po receive new 
data. A new write may be started immediately, as soon as 
the RDY/BU!3Y output has gone Low, acknowledging 
receipt of the previous data. Write may not be terrriinated 
until RDY/BUSY is High again for one CCLK period. Note 
that RDY/BUSY is pulled High with a high-impedance 
pull-up prior to ig going High. 

The length of the f3USY signal depends on the ac:tivity in 
the UART. If the shift register was empty iNhen the new 
byte was rcceived, the BUSY signal lasts for only Iwo 
CCLK periods. If the  shift register was still full when the 
new byte was received, the BUSY signal can be as long as 
nine CCLK periods. 

Note that after the last byte has been entered, only seven 
of its bits are shifted out. CCLK remains High with DOUT 
equal to bit 6 (the next-to-last bit) of the last byte entered. 

I- _- 

--- 
- --- 
--I- 

D- 

-- 

- 
The READYfBUSY handshake can be ignored if the delay 
from any one Write to the end of the next Write is guaran- 
teed to be longer than 10 CCLK periods. 

Status Read 
The logic AND condition of the CSO, CS1 and 
puts the device status on the Data bus. 

07 High indicates Ready 
D7 Low indicates Busy 
DO through D6 go unconditionally High 

It'is mandatory that the whole start-up sequence be started 
and completed by one byte-wide input. Otherwise, the pins 
used as Write Strobe or Chip Enable might become active 
outputs and interfere with the final byte transfer. I f  this 
transfer does not occur, the start-up sequence is noi com- 
pleted all the way to the finish (point F in Figurs 25 01-I a?-- c $" 

109). 

In this case, at worst, the internal reset is not released. At 
best, Readback and Boundary Scan are inhibited. The 
length-count value, as generated by the software, ensures 
that these problems never occur. 

Although RDY/BUSY is brought out as a separate signal, 
microprocessors can more easily read this information on 
on0 of the data lines. FOLIES purpose,D7 represerits the 
RDY/EUSY status when RS is Low, WS is High, and the 
two chip select lines are both active. 

Asynchronous Peripheral mode is selected by a c101> on 
the mode pins (M2, M1, MU). 

- 
inputs 

_I 

1 , 
OPTIONAL 
PAISYJZHAINED 

30-7 

- 
:so 

XC5200 
ASVNCHRO- 

PERIPHERAL 
3 1  

A i  

FIOYIBUSY 

rYS 

INiT 

)ONE 

PROGRAM 

- 

- 

tvc 

XC5200/ 
XC4000UEX 

SLAVE 

- 
INIT 

DONE 

- I P R O G E  

X9006 

Figure 35: .Asynchronous Peripheral Made Circuit Diagram 

- -- 
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Description 
Effective Write time 
(CSO, ~ ~ = L O W ;  E, CSl=High 
DIN setup time 
DIN hold time 
RDY/BUSY delay after end of 
Write or Read 
RDY/BUSY active after 
of Read 
RDY/BUSY Low output (Note 4) 

-- 
Write 

RDY 

m/m 

s, cs1 

DO-07 

CCLK 

R D W ~ Y  

OOUT 

Symbol Min Max Units 
1 TCA 100 ns 

2 TDC 60 ns 
3 TCD 0 ns 
4 TWRB 60 ns 

b e g i n G 7 -  60 ns 

6 TBUSY 2 9 CCLK 
periods 

WIk6 la LCA Read Status 

mv cs1 

D7 
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Express Mode 
Express mode is similar to Slave Serial tnode, except that 
data is processed one byte per CCLK cycle instead of one 
bit per CCLK cycle. An external :source is iised to drive 
CCLK, while byte-wide data is loaded directly into the con- 
figuration data shift registers. A CC1.K frequency of 10 
MHz is equivalent to an 80 MHz serial rate, because cight 
bits of confiquration data are loaded per YXLK cycle. 
Express mode does not support CRC error checking, but 
does support coristant-field error checking. 

In Express mode, an external signal drives the CCLK input 
of the FPGA device. The first byte of parallel configtiration 
data must be available at the 0 inputs of the FPGA a short 
setup time before the second rising CC:LI< edge. Subse- 
quent data bytes are clocked in on each consecutive rising 
CCLK edge. 

If the first device is configured in Express mode, additional 
devices may be daisy-chained only if every device in the 
chain is also configured in Express mode. CGLK pins are 
tied togethei and UO-D7 pins are tied together for all 
devices along the chain. A status signal is passed from 
DOUT to CS I of successive clevices aloilg the chain. The 
lead device in the chain has its 6S1 input tied High (or float- 
ing, since there is 
accepted only when 

an internal p~l lup) ,  Frame data is 
CS1 is High and the device's configu- 

-- 

ration memory is not already full. The statuspin DOUT is 
pulled Low two internal-oscillator cycles after INlT is recog- 
nized as High, and remains Low until the device's configu- 
ration memory is full. DOUT is then pulled High to signal 
the riext device in the chain to accept the configuration data 
on the LSO-D7 bus. 

The DONE pins of all devices in the chain should be tied 
together, with one or more active internal pull-ups. If a 
large number of devices arc3 included in the chain, deacti- 
vate some of the internal pull-ups, since the Low-driving 
DONE pin of the last device in the chain must sink the cur- 
rent from all pull-ups in the chain. The DONE pull-up is 
activated by default. It can be deactivated using an option 
in the bitstream generation software. 

XC5200 devices in Express mode are always synriiironized 
to DONE. The device becomes active after DONE goes 
High. DONE is an open-drain output. With the DONE pins 
tied together, therefore, the external DONE signal stays low 
until all devices are configured, then all devices in the daisy 
chain become active simultaneously. if the DONE pin of a 
device is left unconnected, the device becomes active as 
soon as that device has boon configured. 

Express mode is selected by a <O10> on the mode pins 
(M2, M1, MO). 

vcc ---T------ 

Figure 37: Express Mode Citetiit Diagrarii 

w & . m - ~ ~ ' ~ , - l - -  
u__ -- --- 
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CCLK 

00-07 

\ 
FPGA Filled 

+- Internal INlT 

- 
RDYBUSY 

CSI X5087 

Note: If  not driven by the preceding OOUT, CS1 must remain high until the device is fully configured. 

Figure 38: Express Mode Programming Switching Characteristics 
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-Ea -- 

I Table 13. Pin Functions During Configuration 

Notes. 1. A :;haded table cell rcprescmts a 20-kIS lo lOO-ltS? pull-t~p resistor before and during configuration 
2 jlJrrliresents an input (0) represents an oulput. 
3 INIT is an open-draiti output duritig configuration. 

P I P  ---- 
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Description 
Power-On-Reset 

XC5200 Series Field Programmable Gate Arravs 

Symbol Min Max Units 
TPOR 2 15 ' rns 

Configuration Switching Characteristics 

vcc TPOR - 
RE-PROGRAM 

. 

f 2 
PROGRAM 

Program Latency TPl 6 70 ps per CLB column 
CCLK (output) Delay TICCK I 40 375 Its 

t >300ns rx 

period (slow} 
period (fast) 

I - 
INlT 

TCCLK 640 3000 ns 
TCCLK 100 375 ns 

1 

f- 4 0 0 n s  

DONE RESPONSE 

- TlCCK - +TCCLK 

CCLK OUTPUT or INPUT 

MO, M1, M2 \ VALID 
(Required) 

Description SymboI Mln 
Power-On-Reset TPOR 2 
Program Latency TPI 6 
CCLK (input) Delay (required)' TICCK 5 

period (required) TCCLK 100 

Xf.532 

Max Units 
15 ms 
70 ps per CLB column 

PS 
ns 

Master Modes 
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A 1 I L  
XC5200 Program Readback Switching Characteristic Guidelines 
Testing of the switching parameters is modelad after testing methods specified by MIL-M-38510/605. All devices are 100% 
functionally tested. Internal timing parameters are not measured directly. They are derived from benchmark timing patterns 
that are taken at device introduction, prior to any process improvements. 

The following gtlidelines reflect worst-case values over the recommended operating conditions. 

---I I------ - 5 i  

A 

Flnlshed 
Inlernsl N H ~  

rdbk.TRIG 

-5 +- "~-llS- 

rdbk.RIP 
~ " I  

THCRR 

--...- 
--- 

XI790 

rdbkJJATA 

Description 

rdbk.TRIG hold to initiate and abort 
rdbk.DAIA delay 
rdbk.RIP delay 
High time 
Low time 

Note I: Timing parameters apply to Et11 ::peed grades. 

Note 2: rdbk.fR1G 1s High prior to Finished, Finished will trigger the first Readbaok 

_-l-ll_..__.l__ 

------ - 
-ma-- 
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XC5200 Switching Characteristics 
Definition of Terms 
In the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as 
follows: 

Advance: 

Preliminary: Based on preliminary characterization. Further changes are not expected. 
Unmarked: 

XC5200 Operating Conditions 

Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or device 
families. Use as estimates, not for production. 

Speclficatlons not Identified as elther Advance or Preliminary are to be considered Final.' 

1 Symbol Description Min Max Units 
VOH High-level output voltage @ IOH = -8.0 mA, Vcc min 3.86 V 
VOL Low-level output voltage @ loL = 8.0 mA, Vcc max 0.4 V 

I IL Leakage current -1 0 +10 PA 
Cl, Input capacitance (sample tested) 15 PF 

lcco Quiescent FPGA supply current (Note 1) 15 mA 

I,,, Pad pull-up (when selected) Q VI, = OV (sample tested) 0.02 0.30 mA 

XC5200 DC Characteristics Over Operating Conditions 
! 
I 

Symbol 

vcc 
VI, 
VTS 
TSTG 

?SOL 

TJ 

Descrlption Units 
Supply voltage relative to GND -0.5 to +7.0 V 
Input voltage with respect to GND -0.5 to Vcc +0.5 V 
Voltage applied to 3-state output -0.5 to Vcc +0.5 V 
Storage temperature (ambient) -65 to +150 "C 
Maximum soldering temperature (1 0 s 0 11'1 6 in. = 1.5 mm) 
Junction temperature in plastic packages +125 "C 
Junction temperature in ceramic packages +150 "C 

+260 "C 

1. Notwithstanding the definition of the above terms, all specifications are subject to change without notice. 

~ ~. 
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Description 
_I_--- _.--I -._y-I 
Global Signal L)istributiori 

From pad through global buffer, to any clock (CK) 

. ~ l _ _ _ - - ~ - l  

I 

-- -aU.IIYLT-- 
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XC5200 CLB Switching Characteristic Guidelines 
Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/606. All devices are 100% 
functionally tested, Slnce many internal timing parameters cannot be measured directly, they are derived from benchmark 
timing patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more 
detailed, more precise, and more up-to-date timing Information, use the values provided by the timing calculator and used 
in the simulator. 

I SpeedGrade 1 -6 I -5 I -4 I -3 1 
Description 

I I I I t . .  . .  

I Com binatorial Delays 
I 

I I I 1 I I I 

I CE input I TCKEI I 

Clock High Time 
Clock Low Time 

0 0 0 0 
/Clock Widths I I 

6.0 6 .O 6.0 
6.0 6.0 6.0 

- ~~ 

Toggle Frequency (MHz) (Note 3) FTOG 83 83 83 83 
Reset Delays * 

6.0 6.0 6.0 6.0 

Note: 1, The CLB K to Q output delay (TFKO) of any CLB, plus the shortest possible interconnect delay, is always longer than the 
Data In hold-time requirement ( cKDI) of any CLB on the same die. 

2. Timing is based upon the XG5215 device. For other devices, see Timing Calculator. 
3. Maximum flip-flop toggle rate for export control purposes. 
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XC5200 Series Field Programmable Gate Arrays X XILINX" 
X65200 Guaranteed Input and Output Parameters (Pin-to-Pin) 
All values listed below are tested directly, and guaranteed Over the operating conditions. The same parameters can also be 
derived indirectly from the Global Buffer specifications. The delay calculator uses this indirect method, and may 
overestimate because of worst-case assumptions. When there is a discrepancy between these two methods, the values 
listed below should be used, and the derived values should be considered conservative overestimates. 

--I--- -.-.._-_ 
Output Pad (slew-lirnitod) 

et-up Time (no delay) to CLB Flip-Flop 

- . . . - l ~ . l - _ _ l l  
T'iine (with delay) to CLB Flip-flop DI Ir 

_---- -1-1-411111-1 

put Set-up Time (with delay) to CLB Hip-Flop F Input 

properties, or XACT-F'erformance, can be used to assure that direct connects are used. Ips" applies only to Ihe CLB input 
DI that bypasses the took-up tablt:, which only offers direct connects to IOBs on the left and right edges of the die. tpsuL 
applies to the CLB input:; F that feed the look-up table, which offers direct connect to 1OBs on all four edges, as do the CLB 
Q outputs. 

2 Wiwn testing outputs (fast o r  slew-limited), half of the outputs on one side of the device are :;witching. 

--I%- ...D.R.slDauIU.IIIWUU 
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I 

Input 
Propagation Delays from CMOS or TTL Levels 

Fad to I (no delay) TP,  

Pad to I (with delay) TP,, 
Output 
Protlaaation Delavs to CMOS or 7TL Levels 

XC5200 IOB Switching Characteristic Guidelines 
Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% 
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark 
timing patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more 
detailed, more precise, and more up-to-date timing information, use the values provided by the timing calculator and used 
in the simulator. 

i SpeedGrade I -6 I 

1 

5.7 5 .O 4.8 3.3 
11.4 10.2 10.2 9.5 

. I Y  

Output (0) to Pad (fast) 
Outmt (01 to Pad (slew-limited1 

TopF I 4.6 I 4.5 4.5 I 3.5 
Toga I 9.5 I 8.4 ' 8.0 I 5 .O 

tween Q and output (0) 
3-state to Pad active (fast) 
3-state to Pad active (slew-limited) 
Internal GTS to Pad active 

-. - . \ - I  I I From clock (CK) to'output pad (fast), using direct connect between Q 1 ToKPoF i 10.1 9.3 I 8.3 I 7.5 

I 
TTSONF I 5'6 5.2 4.9 4.6 
T T s o N s  I 10.4 9.0 8.3 6.0 
TGTs 1 17.7 15.9 14.7 13.5 

and output (0) I I I 
From clock (CK) to output pad (slew-limited), using direct connect be- T o K p o s  1 14.9 I 13.1 I 11.8 I 10.0 
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ree Ip -- 
XC5200 Boundary Scan (JTAG) Switching Characteristic Guidelines 
The following guidelines reflect worst-case values over the recommended operating conditions. They are expressed in units 
of nanoseconds and apply to all XC5200 devices unless otherwise noted. 
1- I_____-._ ~ -___-_ __ 

Speed Grade! 

setup time 

hold time 

Min 

30.0 

0 

15.0 

0 

--- 

30.0 
30.0 

--- 
Max -- 

30.0 

__I 

10.0 . .  
II 

- 
Min 

30.0 

0 

15.0 

0 

I_- 

- 
Max 

I 30.0 

30.0 1 
30.0 

I 10.0 

Note 1: Input pad setup and hold linies are spccified with respect to the internal clock. 

-4 

30.0 I 
O I  

15.0 

0 

30.0 I 
30.0 

1 10.0 

30*0 i 
0 

15.0 

0 

_I_ ,l.___ 

I 30.0 

30.0 1 
30.0 

1 10.0 

iyI. .IDIu-JLI 
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Device-Specific Pinout Tables 

XC5200 Series Field Programmable Gate Arrays 
4 

Device-specific tables include all packages for each XC52OO-Series device. They follow the pad locations around the die, 
and include boundary scan register locations. 

Pin Locations for XC5202 Devices 
The following table may contain plnout information for unsupported device/package combinations. Please see the 
availability charts elsewhere in the XC5200 Series data sheet for availability information. 
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81. 
82. 

83. 
84. 

i/o 87 84 123 K1 33 
I /o 88 85 124 J1 39 
I/O (A6) 54 83 89 86 125 J2 42 
I10 (A7) 55 a4 90 87 126 J3 45 
GND 56 1 91 88 127 H2 

Notes: Boundary Scan Bit 0 = TD0.T 
Boundary Scan Bit 1 = TDO.0 
Boundary Scan Bit 1056 = BSCAN.UPD 

. 

135 
136 
140 

Pin Locations for XC5204 Devices 

9 41 67 98 117 
10 42 68 99 119 
25 46 77 103 120 

The following table may contain pinout information for unsupported devicelpackage combinations. Please see the 
availability charts elsewhere in the XC5200 Series data sheet for availability information. 
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Additional IVo Connect (N.C.) C:csnrrectialrs for PQ160 Package 

PUltiO 

--I. 

Notes: Boundary Scan Bit 0 = TD0.T 
Boundary Scan Bit 1 = VBO.0 
Boundary Scan Bit 1056 == BSCAN.UI)D 
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Pin Locations for XC5206 Devices 
The following table may contain pinout information for unsupported device/package combinations. Please see the 
availability charts elsewhere in the XC5200 Series data sheet for availability Information. 
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94. 
95. 
96, 

I/O (D7) 56 56 53 75 83 91 T15 1 0 9  ~~ 504 
GCKB (VO) 57 57 54 76 84 92 U16 110 507 
110 77 85 93 T14 111 51 6 

122. 
123. 
124 
125. 

126. 
127. 
128. 
129. 

November 5 ,  1998 (Version 5.2) 7-1 41 

1/0 111 123 u5  145 636 
I/O 112 124 T6 146 639 
I/O(Ol) 69 73 70 101 113 125 v3 147 642 

Y) 

I/O 70 74 71 102 114 126 v2 148 648 
(RCLK-BUSYIRD 

I/O 103 115 127 u 4  149 65 1 
110 104 116 128 T5 150 654 
I10 (DO, DIN) 71 75 72 105 117 129 u3  151 660 
I/O (DOUT) 72 76 73 106 118 130 T4 152 663 



XC5200 Series Field Programmable Gate Arrays XlLlNX" ----" 

Notes: Boundary Scan Bit 0 = TU0.T 
Boundary Scan Bit I = TDQ.0 
t3oundary Scan Bit 1056 L: BSCAN.UPD 

Pin Locations for XCS210 Devices 
The following table may contain pinout information for unsupported devicdpackage combinations. Please see the 
availability charts eisewhere in the XC5200 Series data sheet for availability information. 

-wx- -YLL.)OIUd--- 

7-1 42 November 5, 1998 (Version 5.2) 



48. 

49. 

November 5, 1998 (Version 5.2) 

110 20 16 18 20 24 c 9  H3 28 321 
D9 GND' 29 GND 21 17 19 21 25 

26 D10 VCC' 30 vcc 22 18 20 22 
I/O 23 19 21 23 31 327 27 C10 H4 
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-taw uPl--%Beslp1118sl 

I 68. I 1/0 I .. I 20 I 33 I 37 I 43 

I 
E1 1 K2 41 357 
A12 K3 42 363 
812 JF 43 366 
A13 L l  44 369 
C12 GNIY 45 

- 

46 375 
378 

TF~T~ i 48 i 381 
49 387 qi A1 5 50 ' 390 

E16 P3 64 444 
C l 7  L5 65 447 
017 N4 66 450 

s t 8 I ~ 3  i 67 i 456 
68 459 

~ 1 6 9  462 
1 I 

Cl8 M5 1 70 1 468 1 

480 
F15 74 483 

76 486 
492 

~ __- 
GI7 N6 78 495 
G I 8  PG 79 504 

- VCG' 80 

-- H16 R6 81 507 
H17 M7 82 51 0 

51 6 GI5  N7 84 
-_ 

__-I_ 

--I=-- --- 
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B8 I 210 I 105 196. I 1/0 (A7) I 84 I 126 I 140 I 153 1 181 I K3 1 
I GND 1 1 1  127 I 141 1 154 I 182 I K4 I GND' I 211 1 

Pin 

Additional No Connect (N.C.) Connections for PQ208 and PQ240 Packages 

Notes: ' Pins labeled VCC' are internally bonded to a VCC plane within the 8G225 package. The external pins are: B2, 08, H15, R8, 
81 4, R1, HI, and R15. 
Pins labeled GND* are Internally bonded to a ground plane within the 6G225 package. The external pins are: A1 , 012, G7, 
G9, H6, H8, H10, J8, K8, A8, F8, G8, H2, H7, H9, J7, J9, ME. 

Boundary Scan Bit 0 = TD0.T 
Boundary Scan Bit 1 = TDO.0 
Boundary Scan Bit 1056 = BSGAN.UPD 

Description PQ160 HQPOB HQ240 PG299 8G225 BO352 Boundary Scan Order 

Pin Locations for XC5215 Devices 
The following table may contain pinout information for unsupported devlce/package combinations. Please see 
availability charts elsewhere in the XC5200 Series data sheet for availability information. 

the 

I f I I I 

1. I I/O (A8) I 143 184 I 21 3 K2 E8 1 014 I i 38 
2. . 1 144 185 I 21 4 K3 c14 I 141 I 
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4-m 

L7 I AD14 I 642 1 

I I 

R10 f A E l l  1 696 
PI0 f AD11 I 699 

I 

VCC' VCC' 
N10 AES 702 
K9 AD9 708 

R l l  AC10 71 1 

P i  1 AF7 71 4 
GND' QND' 

AE8 720 
723 

M I 0  AC9 726 I ~ ~ 

N11 AF6 732 
R12 BE7 735 
L10 AD7 738 

IuI.uuIIIIIwII -l- 
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XC5200 Series Field PrograrnmaMe Gate Arrays 
P U  pspll 

221. I 1/13 I - I - I -  I R 4 I -  

BG352 I Boundary ScGrder-1 
I 

M4 I 951 - 
L1 I 954 
J1 960 
K3 963 

- 
I 

VCC* - 
J2 966 
J3 972 

- 

K4 975 
G I  978 

H2 984 

- 

GND' - 

H3 987 
J4 990 
F1 996 ' 
G2 999 

- 
- 
- 

G3 1002 
F2 1008 
E2 101 1 
F3 1014 
G4 1020 
D2 1023 
F4 1032 

I 

+ 

- 
- 

E3 1035 
c 2  1038 
03 f 044 
E4 1047 
c 3  

VGC' 
a4 0 

GND' 
B3 9 
c 4  15 

- 
-- 

- 
- 
- 
- 
- 
- 
- 

05 l a  

A4 39 
c 7  42 

86 45 
A6 51 
D8 54 
07 57 
A7 63 
D9 66 
c9 69 

- 
- 
I 

- 
- 
- 
I 

- 
GND' - 
68 75 
D10 78 

- 

-"i - 
VCC' 

P U * P  . --c-- 
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HQ208 
206 1 02 
207 104 
208 105 

1 107 
3 155 
51 156 
52 1 57 

Additional No Connect (N.C.) Connections for HQ208 and HQ240 Packages 

HQ240 
21 9 
22 

- 37 
83 
98 
143 
158 

- 

53 158 2 04 
1 5 4 1 - 1  I 
Notes: Pins labeled VCC' are internally bonded to a VCC plane within the BG3225 and BO352 packages. The external pins for the . BG225 are: 82, D8, H15, R8,814,Rl, H1, and R15. The external pins for the BG352 are: A10, A17,B2,B25, Df3, DIP, D7, 

G23, H4, K1, K26, N23, P4, U1, U26, W23, Y4, AC14, AC20, AC8, AE2, AE25, AF10, and AF17. 
Pins labeled GND' are Internally bonded to a ground plane within the BG225 and BG352 packages. The external pins for the 
BG225 are: A l ,  D12, G7, G9, H6, H8, H10, J8, K8, A8, FB, G8, H2, H7, H9, J7, J9, Ma. The external pins for the BG352 are: 
A l ,  A2, A5, A8, A14, A19, A22, A25, A26, 81, 826, E l ,  E26, Ht,  H26, N1, P26, Wl ,  W26, AB1, AB26, AE1, AE26, AF1, 
AF13, AF19, AF2, AF22, AF25, AF26, AF5, AF8. 

Boundary Scan Bit 0 = TD0.T 
Boundary Scan Bit 1 = TDO.0 
Boundary Scan Bit 1056 = BSCAN.UPD 
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1 * VQ64 package supports Master Serial, Slave Serial, and Express configuration modes only. 

User f/Q Per Package 

~~~~r~~~ Ilnformatiort 
Example: XC3521(%-6PQ208C 

L- Temperature Range 

Package Type 
- Number of Pins 

Device Type -u- 

Speed Grade ----- 

_I -- 
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Version 
12/97 
7/98 

I -ma 

Revisions 
Description 

Rev 5.0 added -3, -4 specification 
Rev 5.1 added Spartan family to comparison, removed HQ304 
Rev 5.2 All specifications made final. 
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‘t’he lmernld-MM-DIO card is used to provide four extra serial ports to input from the 
four analysis computers. The processor c a d  has only two serial ports and must be supplemented 
to allow serial commuilication with four analysis computers. 

The Emerald-R/tNt-DIO card is used to provide digital I/O bits to input instructions from 
the oprxator switch used to select the mode of the system (Assay, Background, Measurement 
Control, Gamma Calibration). Lt also provided digital I/O bits to output the unclassified results 
of’the measurements to the data barrier. 



Brief Ovlervic,m~ Narr tive for the I/O Card 

'The Emerald-MM-DIO card is a PC104 card that provides four extra serial ports. The 
port address and interrnpt levels can be selected from a wide range of valid choices to avoid any 
coiiflicts with the two serial ports providcd on the 3SXi processor card. 

The Emerald-MM-DTO card also provides 48 bits of digital I/O arranged as six 8-bit 
ports. 'Ihe port address car1 be selected from a wide range of valid choices to avoid any conflicts 
with otlzer I/O operalioiis. Thc: card also has the ability to cause an interrupt whenever an edge 
of the selccted polarity is detected on any of' 24 input bits (unused for this application). 



‘The single I/O board E I ^ L W ~  be able to liandle four separap serial ports each with a 
selectable interrupt line. ’Tlie riearl y unconstrained IRQ selection ability for the Emerald-MM- 
[If0 card is very useful. The same board must handle at least three bytes of digital I/O. 



Eamormd Syste s, Emerald-MM-DIO - Digital I/O 
I c: ar 

The following sections provide infoimation regarding the Emerald-MM-DIO card, which 
is used i1s the system I/O card. 



4.2.1 Specifications for t: e Diamond Systems 
Em erald-MNl- 

'f'l-le following are the vendor specifications for the Emerald-MM-DIO card from the 
vendor's Internet site at: 

h tip : //w ww .diamonid.systcms ,com/emmdio . htm 



o 4 RS-;!32 serial ports 
e Flexible address and interrupt selection 
e Full Interrupt Sharing Capability 

Interrupt status register for Windows N T  
Dual 20-pin I/O 1ii:aders (2 l ~ o r l s  per hcader) for 
serial ports 
48 digifal 1/0 lincs 
Edgr detection capability 

e +5V only power supply 
4 Compatible with the WinSysteins PCbf-COM4 aiid 

o Two boards in one saves space and lowers cost 
I PCM-l.lI048A 

For users who need a higher level of integration than our standard products deliver, we offer this 
two-in-one board with 4 RS-232 serial ports, 48 digital I/O lines, and extended temperature operation. 

Each serial port provides the standard set of PC serial port signals. The ST16C554 quad.UART chip on 
board contains a 16-byte FZFO for each port and supports data rates of up to 1 15kbps. Interrupt sharing 
is fully supported among the four serial ports, and an interrupt status register enables the board to 
operate uiider Windows NT. Eight different address coinbinations are possible, and any of 1 1 different 
iiitei-rupt lc~vcls can be used. 

* 

I o t 5  
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I ‘i’hc 24 digital 1 / 0  lirtes on ports 0 - 2 have edge detection capability. Active lines and edge polarity 
(rising or faliing edges) arc selectable line by line. When a selected line changes in the selected 
direction, a corresponding bit is set in an edge detection register. The 24 bits in these detection registers 
can be read and cleared by softwarc. ‘I’l~cy arc also funneled into an interrupt circuit, so that interrupts 
can be generated on the PC/lO4 bus when R change of state occurs. 

‘Thc interrupt status register jndicates thc status of each port’s interrupt request line. This register is 
required for proper operation under Wiridows NT. The status register will operate regardless of whether 
iiitcrrupt sharing is enabled. If two or more ports are sharing the same interrupt level, the status register 
\vi11 still indicate the correct status of each port’s interrupt request line. 

x 
INT4-IN’rl 

Flit not used; geiierally reads back as a 1 
Status of intei-riipt request for each port: 
0 no interrupt request active 
1 interrupt request active 

I 

Each serial port requires an interrupt line for proper operation. Since there are a limited number o f  
interrupts oti tile PC/104 bus, using multiple serial ports on a single computer can quickly beconie a 
problenn. For this reason Emerald-MM-4310 fully supports interrupt sharing, using tristate bus drivers 
and a status register to indicate the interrupt status of each port. Any number of ports or boards can share 
the same interrupt level. 

Serial Ports 
(Serial ports i and 2 shown; sanie pinout uscd for ports 3 and 4) 
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DCD 1 1712 
RXD 1 1-w~ DSR 1 

RTS 1 

GND [ T l - i T J - '  
D C D ~  p-r-r- 

1E Speciiica tions 

N/C 
D S R ~  

Port2Bit3 ]T]T 

Port 2 Bit 1 1 1 3 1 1 4  
port 2 Bit 2 rii-rT GND 

GND 
GND 

Port 1 Bit 7 17 1 7 :  
Port 1 Bit 6 vfy 
Port 1 Bit 5 1"1/22: 

GND 
GND 
GND 

PortOBitO IFF 
+5V Fv 

GND 
GND 



S cr*i ;t 1 P ut - t  '5 

No. of serial ports 4, RS-232 
I Maximum baud rate 115kbps 

Comrmmications parameters 5 ,  6, '7, or 8 data bits; Even, odd, or no parity 
Short circiiii. protection 
Input impedance 
Input voltage swing 
Output voltage swing 

No. of lines 
Direction' 
Input voltage: 
- Logic 0 
.. Logic 1 
Output voltage: 
Logic 0 
Logic 1 
Output current 

13igital I/O 

Gcnc.1.ai 

I I/O heaclcrs: 
- Serial ports 

~ Digital I/O 

Dimensions 
Power supply 
Current consumption 
Opera t i r ig t emperat iirc 
Operating humidity 

PC/104 bus '. * 

A11 oi.itputs protected against continuous short circuit 
3KOhms rnin 
K3OV niax 
z15V min, 4:7V typical 

4s 
I'rogranimable bit b j  I bit 

0.W min, 0.8V max 
xov min, S.OV max 

2 20-position (2x1 0) heaclers 
3 50-pin (2x25) headers All 110 headers mate with standard ribbon 
cable (IDC) coniicctors 
3 3 5 "  x 3.7'75" LsW (PCY104 standard) 

1. O O r n A  typical, all outputs unloaded 

5% tn 9.5% rtomcondensing 

interrupt levels only) 

-\-5V13C *:5% 

-40 to +85'E': 

" 8 bit and 10-bit bus headers are installed (16-bit header is used for 
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Call I (800) 36-PC104 or (650) 813-I100 for  more tecfttiicnl iizformation on this product, f o r  ii free 
copy of our frill-line catalog, or to place mi order. 

Dowriloitd the Ei~wnld-MM-DIil iV1miinl- Adobe Acrobat formnt 

Made in USA. 

Text contents, graphics, and product photos on this website 0 Copyright 1998-1999 Diamond Systems Corporation. 
All rights reserved. 

PC/104 and the PC/104 logo are trademarks of the PC/104 Consortium, 
All other trademarks and/or photos are the property of their respective owners. 
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4.2.2 Photographs of the ond Systems 
I 

This section contains: 

0 

0 

Labcied top-view photograph of’ the Iliaiiiond Systems Emerald-MM-DIO Card 
Labeled bottom-view photograph of the Diamond Systems Emerald-MM-DIO Card. 
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4.2.3 X-Ray of the Diamond Systems Emerald-MM-DIO 
Card 

This section contains: 

1,abcled top-view x-ray of  the Emeralit-MM-DIO Card. 

The x-ray can be compared to the top-view photograph in section 4.2.2. Note that the ICs 
are moiirited on only one side of thc Emeraltl-MM-C>IO printed circuit (PC) board. Thus, the 
large die in the center of both the UART and the FPGA ICs can be seen without interfering ICs 
from the other side of the PC board. The traces internal to the IC between the legs and the die 
can be seen. Howcver, PC-fced-through holes can be seen in the x-ray under the 1;PGA. These 
holes correspond to those observed in the bottom-view photograph. The PC board traces and the 
internal IC: traces can easily bc disiinguished for the FPGA. Traces from the top and bottom 
sides oC ihe PC board can readily bc distinguished where the bottom-side traces cross topside 
traces. The resolution ofthe actual x-ray iicgatives is considerably better than used for these 
digital images. For example, the very fine wires internal to the FPGA between the die and the 
internal traces nearly can be seen even at this digital-scan resolution. 

The x-my energy can be varied to become more penetrating. Presumably, the crystal in 
the can caiild be better viewed with x-rays that are more energetic. Cerarnic ICs (UART) and 
plastic ICs (FPGA) warrant di fferent x-ray energies for ideal viewing. The brightness, contrast, 
and ga~nnia were optimized to maiximize total detail for this print. 
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Note locations of the jumpers is shown the figure on page 3 of the technical manual. 

The Emerald-h4vI-D [C) card jumpers used select: 
Serial-port (COM) addresses at 100 hex, 108 hex, 110 hex, and 11 8 hex (non-standard) 
Digital I/O (DIO) port addresses 300 hex to 305 hex 
TRQ Ycvels 4, 3, 1 1, and 10 for the COM ports respectively (standard for COMI to CObf4) 
Termiriatiiig resisters ('1 -kohm) used for the COM port IRQ lines 
No IEZQ selected for thc I310 ports. 

Table 1. I3ase-Address Selections for COM and DIO Ports via Jumuer-7 

Serial Ports Br, Interrgts In = O I In = 0 1 
Serial Ports & 1ntr:rrunts Out = 1 Out = 1 

~ . 

__ No jumpers assumed 0 
No jumpers assumed 0 

0 No jumpers assumed 0 
0 No jumpers assumed 0 

0 Out = 1, In = 0 in base address bit 

1 J7-D9 

Table 2. 13ase-Address Values for Serial Ports Based on JumDer-7 S-value from Table 1 
1 S-Value 1 Port1 Base 1 Port2 13ase I Port3 Base I Port4 Base 1 Interrupt I 



Table 3. Iiiterrupt Level Selection For Serial Ports 
------.I------I-_ 

Port2 Rows 2 dk 3 

t::::; 1 DTO Interrupt Level 6 1 0111, 1 Chi DfO Inlerruut L,evel 7 Out 

l’able 4, _I__ IW-Down Resister _--_I €iiabling for Interrupt Lines and Interrupt Sharing for Serial Ports 
LGmtlir. 1 Function T-Gizt I Used I Descrintion 

In = DIO uses IRQ6 (Floppy) 
In -- DIO uses IRQ7 (LPT) 

DIO Interrupt -__ Out In = 1 Kohm resistor enabled 
In 

Table 5.  Interrupt Level Selection __ for DIO Ports 
I m w r  I Function x % u F b ~ s e d -  I Descrintion 1 1 ::I:: I DfO Interrupt Level 2 I 0111 1 Out I In DIO uses IRQ2 (Cascade) 1 ___ 

DIO Intei’ruPt ~ e v t : ~  J out Out In = DIU uses IR03 (COM2S 

I .f{fl: 1 DTO Interrupt Level 4 1 :it 1 In r= DIO uses 1 El D[O InterruDt L,evel 5 

-*----.-~ - I  

lnterrupt Level 
DIO - ____- InterniEL,evt:l -l__l_ 1 I 

Interrunt Levd Out In = DIO uses IRQ12 

In = DIO uses IRQ 10 (COM4) 
In = DIO uses IRQ11 (COM3) 

In = DIO uses IRQ14 (IDE hard disk) 
In = DIO uses IRQ1.5 



4.2.5 Parameter Settings Set by Software for the Diamond 
Systems Emerald-MElVI-DI)IO Card 

'The soitware in DATA ATT.EXB sets the serial port parameters to the values shown in 
[he folllming table. 'I'lie D A T a  - ATl'.EXE application program handles reading information 
from the four measurerrreiit computers via the serial ports and outputting unclassified pasdfail 
indications; to the DIO ports. 

Table of Software Set Parameters for the L)IO Card 
Parameter _-__-l-.l._-_--I___ or Characteristic 
~_._.____I___ I____ __ 

~ Ettg Used r Baud Rate 



4.2.61 Schem iamond Systems 
Emerald-MM- 

’The schematics for the Emerald-MM-DIO card require a noli-disclosure agreement with 
Diamond S y s tcms. 



4.2.7’ Parts List for the Diarnsnd Systems 
Em erald-MNI- 

The following table lists the integrated circuits used on the DIO card. 

‘Table of ICs Used oti the DIO Card 
I_______I_--.__ 

925884 FPGA 



4.2.8 Voltage arid Current Requirements for the Diamond 
Systems Emerald-MNT-DIO Card 

Pin 

BS 
R 7  
-I- 

I39 
B3 I 
B29 

I’C-104 Comments 
Standard 
Ground 
+ 5  VDC T@cal: O S  watts 100 ma (all outputs unloaded) 
-5 VDC blot used 
-12 VDC Not used 

___ ---__ - - ~ - -  ___ 

_-.___II- ---------__I--- 

I -__I-- __- __I 

- ___llll-__l_-- 



4.2.9 Supplementary Narrative Describing Functional 
Block and Implementation for the Diamond Systems 
Emerald-M -DIO Card 

'The 'E16C554 asynchronous cornmunicatioris element contains the logic to handle four 
serial ports. The communication between the CPU and this IC is handled by a Xilinx XC5204 
field programmable gate array (E'IGA) IC via jumper-selected port addresses. The logic 
programmed into the FPGA selects which of the four universal asynchronous 
receivcx/transniitter @ART) sections the S.-bits of port-related data are intended for depending 
on the port address used by the software. The TL16C554's multiplexed %bit data (D7-DO) is 
routed between the aeveral CPU ports and the four UART sections via four chip select lines 
(CSa*, CSb*, CSc* & CSd*) and common read and write strobes (IOR* & IOW*). Traffic 
control for the multiplexed, 8=-tSit, bi-directional data lines (D7-DO) is by two common control 
lines (URDY* =: receiver ready and TXKDY* =transmitter ready). The data lines have access 
to eight registers within each UART section determined by three IC address lines (A2-AO). 
Details ;%re listed on page 16 ofthe TL166554 data sheet provided for clarity in section 4.3.2 of 
this document. 

The 'Kl6C554 communicates directly with four independent RS-232 line driver/ 
receiver ICs (SIPEX SP211CA) via four sets of six control lines (e.g., CTSa* = clear to send, 
DCDa* == data carrier delect, DTBd = data terminal ready, INTa = interrupt output, RIa* = ring 
detect indicator, and RTSa* 2. request to send). It also uses four pairs of serial data lines (e.g., 
m a  = serial input and TXa == serial output). 

'Phe 48-bits of digital 110 are organized into six %bit ports. This data is routed between 
the CR! ports to the individual VC) pins exclusively by the logic programmed into the Xilinx 
XC520-4 FPGA. The 1110 card has the ability to cause an interrupt when a selected-polarity 
transition occurs on m y  of the bit values associated with portso-2. Thus, use of portso-2 for 
input lines is preferred. See the DIO manual pages 9- 12 for potential interrupt features, which 
are disabled by the jumpt:r configuration utilized. 

The logic is progt-ammed into the 160-pin XC5204 FPGA at power up fiom data stored in 
the 8-ph 17128EPI Z28-kbit once programmable read-only memory contained in a socket on the 
DCQ card. The PROM uses il serial configuration. 

'The DIO card contain:$ a 1.8452-M& crystal for the clock internal to the TL16C554. 
The maximum baud rate is 115 kbps and the crystal Erequency is the usual 16 times the baud 
rate. 



4.2.1 0 Test Point Information for the Diamond Systems 
Emerald-M IIM- 

The following table contains illustrative examples of test points determined from the 
scliernatics mid the individual IC data sheets. More test points can be readily added for a more 
thorough joint inspection. 

Table ofllecornmended Test Points for the DIO Card 
Signal Comments 

____ 
Input Power Connector 
Input Power Connector 

~ - - .  
Crystal output 

-l-_lll_l. RXRDY* Receive ready __ -___- 
Transmit ready 
Test each COM port while 
transmitting 
Test each DIO port while 

-__-__ 
several 

several 
I _ ~  



e Diamond Systems 

'T'lre fbllowing tt:clmical ma.riual was printed from the Diamond Systems Internet site at: 

h t tp://www .diamondr;ystems. cotn/files/emiiidio .pdf. 
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2. 110 HEADER PINOUTS 

All I/O headers mate with .I" x .I" pitch dual-row ribbon cable connectors. 

2.1 RS-232 Headers 

53 

DCD 1 
RXD I 
TXD 1 

.DTR 1 
GND 

DCD 2 
RXD 2 
TXD 2 
DTR 2 
GND 

DSR 1 
RTS 1 
CTS 1 
RI 1 
NC 
DSR 2 
RTS 2 
CTS 2 
RI 2 
NC 

DTR3 1-1 R i 3  

D Z i i  E g R 4  
RXD 4 RTS 4 
TXD4 15 16 CTS4 
DTR 4 RI 4 

GND 19 20 NC 

Signal Definitions: 

Sianal Name Definition Direction with respect to board 
DCD Data Carrier Detect Input 
DSR Data Set Ready Input 
RXD Receive Data Input 
RTS Request To Send . ou tpu t  
TXD Transmit Data ou tpu t  
CTS Clear To Send Input 
DTR Data Terminal Ready ou tpu t  
RI Ring Indicator Input 

GND Ground -- 

0 1998 Diamond Systems Corp EMERALD-MM-DIO User Manual V1.0 Page 4 



2.2 Digital !IO Headers 

J5 

Digital IC) Pork 5, 4, 3 

J6 

Digital I/Q Ports 2, 1, 0 

-. ...- 
GND 

Port 5 Bit 3 
Port 5 Bit 2 
Port 5 Bit 1 
Port 5 Bit 0 

. Port413it7 
Part 4 Bit 6 
Part 4 Bit 5 
Port 4 E3it 4 
Port 4 Hit 3 
Port 4 Bit 2 
Port 4 Bit 1 
Port 4 Bit 0 
Port 3 Bit 7 

. .I, L L U I L  ” 
Pnrk7Ritf i  1 5 

GND 

Port 2 Bit 2 GND 
Port 2 Bit 1 GND 
Port2 Bit0 -1 GND 
Port 1 Bit 7 GND 
Part 1 Bit 6 GND 
Port 1 Bit 5 GND 
Port I Bit 4 GND 
Port 1 Bit 3 GND 
Port 1 Bit 2 GND 
Port 1 Bit 1 GND 
Port 1 Bit 0 GND 
Port 0 Bit 7 GND 

~~ 

32 22 

Wl 
Port 3 Hit 4 
Port 3 Bit 3 

G N 

+5V 

PortOBitG m-1 GND 
Port 0 Bit 5 GND 
Port 0 Bit 4 
Port 0 Bit 3 
Port 0 Bit 2 
Port 0 Bit 1 
Port 0 Bit 0 

+5v 

GND 
GND 
GND 
GND 
GND 
GNB 

Signal Definitions: 

Siqnal Name Definition _- Direction with respect to board 
Port n Bit m Digital 110 bit in on port n Bidirectional 

Ports 0 through 2 have interrupt on state 
change capability 

-1 - &v a ‘t5V power froh PCIIO4 bus ...- 
GND ’C;round coiinection on PC/104 bus -- 

Note that pin 1 on J6 is at t he  top of the board (at the opposite end from the PC1104 bus connectors), 
and piti 1 on J5 is at the bottorn of the board (next to the PC/104 bus connectors). 

. -  
(I 
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' 3. BOARD CONFIGURATION 

Refer to the board drawing on page 3 for locations of the configuration items mentioned here. 

3.1 Address Selection 

. EMERALD-MM-DIO occupies 6 distinct blocks in 110 memory: One for the digital 110, four for the 
serial ports, and one for the serial port interrupt status register. 

Digital 110 Base  Address 

The digital I10 base address is set with jumper block J7, located on the right side of the board next to 
I/O header J6. The locations labeled D9 through 04 are used for the digital 110 address. These lines 

. correspond to address lines 9 through 4. The lowest 4 address bits, numbered 3 - 0, are assumed to 
be 0 for the base address. The following table lists some example base address settings; many 
others are possible. Note that when a jumper is installed, the corresponding address line must be 0, 
and when a jumper is removed, the corresponding address tine must be 1. Addresses below 100 Hex 
are reserved for the CPU, so only combinations above 100 Hex are shown here. 

Table 3.1: Jumper Block 57 - Digital 110 Base Address Configuration Examples 

Base 
D9 D8 07 D6 D5 D4 Address 

In Out In In In In 100 

In Out In In Out tn 120 

In Out i n  Out In In 140 

In Out Out In In In 180 

Out In In In In In 200 

Out In In Out In In 240 

Out In Out In In In 280 

Out In Out Out In In 2co 
Out Out In In In In 300 

Out Out In Out In In 340 

but Out Out In In In 380 

Out Out Out Out . In In 3CO 
I 

I 

. .  
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Serial Port and Interrupt Register Address Selection 

'These addresses are also set with jumper block 37, located at the right side of the board by 110 
Iieadsr -16. Eight different 110 :iddress combinations are selectable, using the three locations marked 
52, !31, SO. The address shown helow for each port is the base address of that port, i.e. the lowest 
address of the port's I/O address block. 

Table 3.2: Jumper Block .I7 - Serial Pork and Interrupt Status Register Addresses  

Interrupt 
Ncr. 52 S I  so Port1 Port2 Port3 Port4 Status 

___I___ _ I - l l l l ~ _  "---l 

0 In In I ri 3F8 2F8 3E8 2E8 220 

I In In C) 11 t 3E8  2E8 3A8 2A8 220 

2 In Out I r i  380 388 288 230 224 

3 In out CjLlf. 240 248 260 268 224 

.4 Out In I t 1  100 I08 110 118 240 

5 Out In Out 120 128 130 138 244 

6 ou t  out It1 140 148 150 158 248 

7 Out Out o u t  160 168 170 178 24C 

3 2  Serial Part Interrupt Level Selection 

The serial port interrupt levels are selected with jumper block J8 at the bottom of the board. The 
interrupt level for each port is selected by installing a jurnper across two rows underneath the desired 
level nurnber as folluw!s: 

Port I 
Port :2 
Port 3 
Port .?F 

Note that ports 1 and 2 Share row 2, and pprls 3 and 4 share row 5. As long as ports 1 and 2 do not 
share the same interrupt level, there is no c:onflict, and the same applies for ports 3 and 4. 

If sharing is to be enabled for ports 1 and 2, then install a jumper under the desired interrupt level for 
either port 1 or pod 2, and then install another jumper across the pins marked 1 and. 2 in jumper 
block J9, located to the right of J8. 'These pins are on the -row second from the bottom. 

Siniilarly, if sharing is to be errabled for ports 3 and 4, then install a jumper under the desired 
interrupt level for either port 3 or poi3 4, and then install another jumper across the pins marked 3 
m c 1  4 ir: j.i!mp?r block J!3, localed to thrl riqht of J8, These pins are on the bottom row of J9. 

Rows 1 and 2 
Rows 2 and 3 
Rows 4 and 5 
Rows 5 and 6 . 
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3.3 Digital Interrupt Level Selection 
The digital input interrupt level is selected by.installing a jumper next to the desired level number on 
jumper block JIO. The jumper is installed so that ane of the pins it fits over is in the middle column, 
and the second pin is on one of the outer columns, depending on the level selected. For example, to 
select level 3, install a jumper next to the number 3 so that it fits over the left and middle columns. 
To select level 14, install a jumper next to the number 14 so that it fits over the middle and right 
columns, 

3.4 Interrupt Pulldown Resistor Enabling 

On the PCI104 bus, interrupt lines that are to be shared require a 1K s2 pulldown resistor to pull the 
line low when no device is driving it active to request interrupt service. Jumper block J9 isused to 
enable the pulldown resistors. Install a jumper across both pins next to the device for which you want 
to enable the resistor: 1 - 4.selects the sarne-numbered serial port, and D selects the digital interrupt. 
To disable the pulldown resistor, pull out the jumper or install it over only one pin. 

Note that if you have interrupt sharing enabled, only one jumper should be installed for all ports 
sharing the same level. Otherwise you will have too low an impedance on the line, and the board will 
not be able to drive the signal to a logic 1 level to request interrupt service. 

For example, if you are sharing interrupts on ports 1 and 2, but ports 3 and 4 are using different 
interrupt levels, then install jumpers in J9 next to positions 1, 3, and 4 or positions 2, 3, and 4. Do not 
install a jumper in both the I and 2 positions. 

If the digital 110 is sharing an interrupt level with one of the serial ports, then the same applies: do 
not install a jumper in both the D position and the serial port number position. 

3.5 Default Settings 
The default settings for EMERALD-MM-DIO are as follows: 

1/0 address 

Serial ports 

200 Hex, see Table 3.1 above 

Selection 5 in Table 3.2 above 

I 

Serial port interrupts 

Interrupt pulldown resistors 

All 4 ports sharing level 3 

Enabled on serial interrupts and digital interrupt; 
remaining serial port jumpers are present over only one pin 
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4. DIGITAL, I10 OPEFlA-rlON 

The digital I/O circuitry occupies 16 bytes, with the base address selected with jumper block J7 as 
described on page 6. Not all addresses are used; however all are reserved by the board. 

All internal registers reset to 0 asynchronously upon power up or system reset. 

4.1 Digital 110 Address Map 

__I_____-.-LI Base $. Write Function __..--... -I-- Read Function - 
0 . Port01310 ' Port 0 D10 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Port I UI5 
Port 2 BIO 
Port 3 1310 
Port 4 D l 0  
Port 5 1310 
N /A 
Page I Lock register (3 pages) 
Maps to register 0 of current page 
Maps to register 'I of current page 
Maps to register 2 of current page 
NIA NIA 
NIA NIA 
NIA N/A 
N /A NIA 
NIA NIA 

Port 1 DIO 
Port 2 DIO 
Port 3 DIO 
Port 4 DIO 
Port 5 DIO 
Digital I10 interrupt status register 
NIA 

: . 
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4.2 Page Registers 

The Page/Lock register at address base + 7 contains two bits which select the current page accessed 
by locations 8 - 10. Four pages are addressable with these two bits. Page 0 registers are not used; 
only pages 1 through 3 are defined. Each page contains three registers as described below. These 
registers are used to control the behavior of the edge detection circuitry which exists for the 24 110 
bits in D10 registers 0 through 2. 

Page I registers: 

Offset Write Function Read Function 
0 Pol-0 POILO 
1 Pol11 P o l l  
2 Pol-2 Pol-2 

These three 8 bit readlwite registers are used to indicate the polarity of edges detected by the edge 
detection circuit. A 0 in a bit position enables falling edge detection on the corresponding I/O bit, and 
a 1 enables rising edge detection. Pol-0 corresponds to DIO register 0, Pol-I to DIO register 1, and 
Pol-2 to DIO register 2. 

Page 2 registers: 

Offset Write Function Read Function 
0 Enab-0 Enab-0 
1 Enab-I Enab-I 
2 Enab-2 Enab-2 

These three 8-bit read/write registers are used to individually enable or disable edge detection on 
each bit in the corresponding I/O registers. A 0 in a bit position disables edge detection on the 
corresponding bit, and a I enables edge detection for that bit. Enab-0 corresponds to DIO register 0, 
Enab-I to DIO register 1, and Enab-2 to DIO register 2. 

* Page 3 registers: 

Offset Write Function Read Function 
0 
1 
2 

Clear edge detect bits for DIO 0 
Clear edge detect bits for DIO 1 
Clear edge detect bits for DIO 2 

In t-I D-0 
In t-l D-1 
In t-l D-2 

Reading from these three locations returns the status of the edge detection circuit for each bit. A 1 in 
a bit position indicates-that that bit expefienced,the edge indicated by the corresponding bit in the 
corresponding Pol register AND that bit is enabled with a 1 in the corresponding bit in the 
corresponding Enab register. 

Writing to any of these addresses clears all the edge detect bits for the corresponding group of 8 110 
lines. Register 0 corresponds to DIO register 0, etc. 
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5. I3IGITAL 110 REGISTER DESCRIPTIONS 

These are the on-board registers decoded with DIOSVbf9-41. 

Definitions: 

D[nf['l-O] 

When reading from a port, the value read is the opposite polarity from the state of the pin. 

W e n  a 0 is written to the port, the port's output pin is tristated. W e n  a 1 is written to the port, the 
port's output pin is driven low. 

Digital I10 data;.n is t h e  port riumber 0 I 5, corresponding to addresses base + 0 through 
base + 5. 

Base + 6 Read Interrupt Status Register 

INTI 1 INTO 1 

Def i n it i on s : 
x Not used 
INT2-0 Interrupt pending o n  port 2-0: 

0 =: no interrupt pending, 1 = interrupt pending 

Base + 7 Write Page I Lock Register 

Def i n it i c3ns : 

PI-0 Page nrmber. Defines which page of registers is accessed at base -C 8 through base + 
I O .  

0 0 N o t  used 
0 1 Polarity registers 
I 0 t:riab!c registers 
1 .I lrl terrupt ID registers / Clear Interrupts * 

Controls write access to ports 5-0. A 1 in a bit position prohibits data being written to t he  
associated port. A 0 enables writing data to that port. 

- la1 _ ~ _ _ . " _ _ P - a c l e _ _ ~ " ~ - - ~ - _ _ _ _ _  PO 

1-ocktj-O 
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Page  Registers: 

Bit No. 7 

Name Pol[ n][7] 

PaGe I: 

B a s e  + 8 to  10 ReadNVrite Edge Polarity POL[O-2] 

6 5 4 3 2 1 0 

Pol[n][G] Pol[n][5] Pol[ n][4] Pol[n][3] Pol[ n I[ 21 Pol[n I[ 1 f Pol[n][O] 

Bit No. 

Name 

Definitions : 

Pol[n][m] Polarity for edge detection circuit on port n, bit m. n = 0 to 2, m = 0 to 7. If the bit is a 0, 
negative edges are detected by the edge detection circuit, and if the bit is a 1, positive 
edges are detected. Edges are only detected if the associated Enable bit is a I (see 
page 2 registers below). 

7 6 5 4 3 2 1 0 

Ena b[ n] [ 71 E na b[ n] [ 61 En ab[ n J (  5 J En ab[ n][ 41 Ena b[ n I[ 31 E na b[ n]p] E nab[ n J [ 1 ] Ena b[ n] [O] 

Page  2: 

Base  + 8 to I O  Readwrite Edge Detect Enable ENAB[O-2) 

Bit No. 
Name 

7 6 5 4 3 2 1 0 

X X X X X X X X 

Definitions: 

Enab[n][m] Enables edge detection on port n, bit m. n = 0 to 2, m = 0 to 7. If the bit is a 0, edge 
detection is disabled for that input line, and if the bit is a 1, edge detection is enabled. 
The polarity of the edge that is detected is controlled with the polarity registers in page 0 
(see page 1 registers above). 

Paae  3: 

Base + 8 to I O  Write kdge Detection Clear CLEAR[O-21 

Definitions: 

X Not used 

Writing to the page 3 register at base + 8 clears all edge detect circuits for port, 0, writing to,base + 9 
clears port 1, and writing to base + 10 clears port 2. The value,written does not matter. , , 

Base  + 8 to  10 Read Edge Detection Status INT-ID[O-2] 

Definitions: 

lD[n][7-0] Edge detection status for port n, bit 7-0. A 0 indicates that the, programmed e dge was 
detected since that last clear, and a 0 indicates that no edge was detected. 
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The TLI 6C5.54 is the primary component of the Diamond Systems Emerald-MM-DIO 
card and determines most of the I/O operations, The specifications and data sheet for this IC is 
included f i x  extra clarity. 



4.3.1 Specifications far the TL16C554 

‘Flie following specification sheet was printed from the Texas Instruments Internet site at: 

iittp: //www.l,i .com/scldocs/products/analog/il16~5 5 4. html. 



IPesc pi p t io PI 

The TLl6C.554 and the 'TL16C5541 are enhanced quadruple versions of the TL16C550B 
asynchronous communications element (ACE). Each channel performs serial-to-parallel 
conversion om data characters received froin peripheral devices or modems and 
parallel-to-seriai conversion on data characters transmitted by the CPU. The complete status 
of each channel of the quadruple ACE can be read at any time during functional operation by 
the CPU. l'he information obtained includes the type and condition of the operation 
perforniecl and any error conditions encountered. 

'The TL16C.554 and the TI,ltSC554[ quadruple ACE can be placed in an alternate FIFO 
mode, which activates the internal FIl7Os to allow 16 bytes (plus three bits of error data per 
byte in the receiver FIFO) to be stored in both receive and transmit modes. 'To minimize 
system overtiead and maximize system efficiency, all logic is on the chip. Two terminal 
functions allow signaling of direct rrieinory access (DMA) transfers. Each ACE includes a 
programmable baud rate generator that earl divide the timing reference clock input by a 
divisor between 1 and (2'"-1). 

The TL16C554 and the TI, 16CTS4f are available in a 48-pin plastic-leaded chip-carrier 
(PLCC) FN package and in an 80-pin (TQFP) PN package. 

Features 



e 

e 

e 

4 

e 

e 

e 

e 
0 

0 

e 

e 

0 

0 

Integrated Asynchronous Communications Element 
Consists of Four Improved TL I6CS50 ACES Plus Steering Logic 
In FIFO Mode, Each ACE Transmitter and Receiver Is Buffered With 16-Byte FIFO 
to Retluce the Number oflnternipts to CPU 
In TI,16C450 Mode, Hold and Shift Registers Eliininate Need €or Precise 
Synchronization Between the CPU and Serial Data 
Up lo 16-MNz Clock Rate for up to l-Mbaud Operation 
Programmable Baud Rate Generators Which Allow Division of Any Input Reference 
Clock by 1 to (216 - 1) and Gencrate an Internal 16 x Clock 
Adds or Deletes Standard Asynchronous Communication Bits (Start, Stop, and Parity) 
to or From the Serial Data Strearn 
Independently Controlled Transmit, Receive, Line Status, m d  Data Set Interrupts 
Fully E'rogramrnalsle Serial Interface Clharacteristics: 

c) 5- 6-, 7-, or 843it Characters 
Iven-, Odd-, or No-Parity Bit 

c) 1 -, I. 1 /2-, or 2-Slop Bit Generation 
0 Baud Generation (DCI to 1-Mbit Per Second) . 

False Start Bit Detection 
Complete Status Reporting Capabilities 
Line: Break Generation and Iletection 
Internal Diagnostic Capabilities: 

6 )  l_,oopback Coritrols for Cmntnwications Link Fault [solation 
(1 Break, Paririly, Overrun, Framing Error Simulation 

Fully Prioritized Interrupt System Controls 
Modem Control Functions ( CTS\, R?'S\, DSR\, I>TR\, RI\, and DCD\) 
3-Stale Outputs Provide T'T'I, Drive Capabilities for Bidirectional Data Bus and 

Datasheets 

Full datasheet in Acrobat PDF: >l l<  1 tr.5cf.pdt'(478 KB) 
Full datasheet in Zipped PostScript: ~lllsl 05J.p.1~ (421 KE3) 

Applicatiori Reports 



Table Data Updated 011: 2/23/2000 

3 o f ?  



4.3.2 Data S 'L16C554 

The following data sheet was printed from the Texas Instruments Internet site at: 

llttp://WWW- 
s, ti.com/sc/psheets/vlls 165d/slls 1 G5$.pdf#xml==http://www- 
search.ti,som/st:arc1.197cgi/s97r cgi?action=View&VdkVgwKey=h 
ltp%3A%2FU/U%.I:www%2L)s%~~ti%2Ecom%ZFsc%2Fpsheets%2 
Fslls 165d%2Fslls 1 65d%2Epdf&doctype=xml$Collection-=TechD 
ocs&QueryZip-t116~554&. . 



I L I DL334, I b I O L W Y i  
ASYNCHRONOUS COMMUNICATIONS ELEMENT 

Integrated Asynchronous Communicatilrns 
Elewtent 
Consists of Four Improved TL.16C550 ACES 
P l ~ t s  Steering Logic: 
In FIFO Mode, Each ACE Transmitter and 
Receiver Is Buffered With '16-Byte FIFO to 
Reduce the Number of Intcrrupts to CPU 
In 'rl:l66450 Mode, Hold and Shift 
Registers Elimin8tte Need for Precise 
Synchronization Between the CPU and 
Serial Data 
Up to  16-MHa Clack Rate for up to  I-Mbaud 
Operation 
Prtrgratnmable Baud Rate Generators 
Which Allow Division of Any Input 
Reference Clock by 1 to (216--1) and 
Generate an Internal 16 x Clock 
Adds or Deletes Standard Asynchronous 
Comrnunication t3its (Stari, s top,  and 
Pari1.y) to  or From the Serial Data Stream 
Independently Controlled 'Transmit, 
Receive, Line Status, and Data Set 
Interrupts 

Fully Programmable Serial Interface 
Characteristics: 
- 5-,6-, 7-, or 8-Bit Characters 
- Even-, Odd-, or No-Parity Bit 
- I-, 1 112-, or 2-Stop Bit Generation 
- Baud Generation (DC to 1-Mbit Per 

False Start Bit Detection 
Complete Status Reporting Capabilities 
Line Break Generation and Detection 
Internal Diagnostic Capabilities: 
- Loopback Controls for Communications 

- Break, Parity, Overrun, Framing Error 

Fully Prioritized Interrupt System Controls 
Modem Control Functions (m, m, m, 
DTA, RI, and E D )  
3-State Outputs Provide TTL Drive 
Capabilities for Bidirectional Data Bus  and 
Control B u s  

Second) 

Link Fault Isolation 

Simulation 

__- - 

description 

The 1'1-1 60354 and the TL.16C5541 are enhanced quadruple versions of the TL16C.5508 asynchronous 
communications element (AGE). Each channel performs serial-to-parallel conversion on data characters 
received from peripheral devices c)r modems and parallel-to-serial conversion on data characters transmitted 
by the (XU. The complete status of each channel of the quadruple ACE can be read at anytime duringfunctional 
operation by the (XU. The information obtained includes the type and condition of the operation performed and 
any error conditions encountcmd. 

The TLI 6G554 and the TL16C5541 quadruple ACE can be placed in an alternate FIFO mode, which activates 
the irilnrnal FlFOs to allow I 6  bytes (plus three bits of error data per byte in the receiver FIFO) to be stored in 
both receive and transmit modes. -10 miriimire system overhead and maximize system efficiency, all logic is on 
the chip. Two terminal functiotis allow signaling of direct memory access (DMA) transfers. Each ACE includes 
a programmable baud rats gengralor that can divide the timing reference clock input by a divisor between 1 and 

Tho TL1l6C554ancl the 'TL16C:%4i are available-in 868-pin pIa&tic-leaded chip-carrier (PLCC) FN package and 
in aii 80-pin.fTQFP) PN package. 

(2'"i). - *' * 

Fllease be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and di<clairners thereto appears at the end of this data sheet. - 

PRODUCTION DATl\ infonnalion is cLtireril as 01 publicalion dale. 
Producls conlonit to specilicrtioiis per the lerrns 01 Texas lnsuiltnenls 
standard warranty. Production pracessing does nttl necessarily include 
lesling of all parmeleis.  

Copyright 0 1998, Texas Instruments Incorporated 
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I .111 n 

FN PACKAGE 
(TOP VIEW) 

- 
DSRA 
CTSA 
DTRA 

_q - 
I_ "cc 
RTSA 

I NTA 
CSA 
TXA 
low 
TXB 
CSB 
INTB 

RTSB 
GND 

D I R B  

t__ 

r_l 

L_ 

e- 

__. 

_I 

CTSB 
DSRB 
II 

NC - No internal connection 
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Ttl6C554, TllfiC554l 
ASYNCHRONOUS COMMUNICATIONS ELEMENT 
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SLLS165D- JANUARY 1994 --REVISED JULY 1998 
Iltll*(l =ma 1118- 

functional block diagrarn-1 

aliowcd to float 

D7 =- 150 

bit 3 is cleared, the 3-slate interrupt output of that UADT is in the high-impedance 
state. When the MCR bit 3 is set, the interrupt output of the UART is enabled. 

A:? - AQ 
c: six 

IOR, IOW 
R 1: SET 

---- 
_. --- 

I NTx 
TXRDY, RXROY 
-- 

xrAl.1 
x rA 1.2 

1 For TL16C55O circuitry, refer to the 7L16C55OR data shoct. 

Te r rn i 17 a I FU n ct i ons 

NO. NO. NAME 

A0 34 48 
A I  33 47 

32 46 A2 

CSA, CSB, 1 G, 20, 28, 33, 
csc, CSD 6O,54 68,73 

-l-_l-- - -- _I -- w1 

I 

.*-, 

t 

D7-130 66-68 15-1 1 ,  
1-5 9-7 

--11---- - _I- 

DTRA, DTRR, 12, 24, 24,37, 
DTRC, DTRD 4li,58 64,77 
-I_ __ 

.. 

RXx 

TXx 

I_ 

CTSx 
RTSx 
DSRx 
DTRx 
Rlx 
DCDx 

- - - 
- - 

DESCRIPTION 

~I ------ 
Registor select termirtals. AO, A I ,  and A2 are three inputs used during read and write operations to 
select the AGE register tu read or write. 

Chip select. Each chip select (E) enables read and write operations to its respective channel. 

l_l__pc-- - 
Clear to senti. CTSx is a modeEtatus signal. Its condition can be checked by reading bit 4 (CTS) 
of the modern status register. CTS has no affect on the transmit 0 1  receive operation. 

nata bus. Eight data iinos with 3-state outputs provide a bidirectional path for data, control, and status 
information between the 'lL16C554 and the CPU. DO is the least significant bit (LSB). 

Data cdrrier detect. A low on DCDx indicates tho carrier has been detected by the modern. The 
condition of this signal is checked by reading bit 7 of the modem status register. 

Data sot ready. DSRx is a modEstatus signal. Its condition can be checked by reading bit 5 (DSR) 
C J ~  the rnedem status mister. DSR has no affect on the transmit or receive ooeration. 

-- --.-_------- - 
---.----- - 

r--- 

Data ttlrminal re3dy. DTRx is an outpiit that indicates to a modem or data set that the ACE is ready 
to establish c:omncations. It is placed in the active state by setting the DTR bit ot the modem 
control resistor. DTRx is placed in the i n e v e  state (high) either as :I result of the master reset during 
loop mode arm-ation or clearina bit 0 [DTR) of the modem control reqister. _ _  ~ 

Signal and power gr'ound 

_--I 

s_ 

Interrupt tiorinal. INT" operates in conjunction with bit 3 of the modern status register and affects 
operation of the intetrupts (INTA, INTR, INTC, and INTD) for the four universal asynchronous 
receivt:!r/transceivers (UARTs) per the following table. 
-_I.---. I-- 

INTN I-'- OPERATION OF INTERRUPTS 

E3rougtit high 1 Interrupts are always enabled, overriding tho OUT2 enables. -___-..-. I._______-- 

4 
1NSTRWWl3.W3 
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TL166554, TL16C5541 
ASYNCHRONOUS COMMUNICATIONS ELEMENT 

I 

RTSA, RTSB, 14,22, 26.35, 0 
RTSG, RTSD 48,56 66,75 

-- -- 

SLLS165D- JANUARY 1994- REVISED JULY 1998 

Term in at Functions (Con t i n u ed) 
TERMINAL I 

- 
Ring detect indicator. Alow onmindicates the modem has received a ring, signal from the telephone 
line. The condition of this signal can be checked by reading bit 6 of the modem status register. 

Request to send. When active, RTSx informs the modem or data set that the ACE is ready to receive 
data, Writing a I in the modem control register sets thls bit to a low state. After reset, this terminal 
is set high. These terminals have no affect on the transmit or receive operation. 

- 

NO. . NO. NAME 

RXA, RXB 7, 29, 17, 44, 
RXC, RXD 41,63 57,4 

RXRDY 38 54 

INTA, INTB, 15,21, 27,34, 0 
INTC, INTD 49,55 67,74 

I 

0 

Serial input. RXx is a serial data input from a connected communications device. During loopback 
mode, the RXx input is disabled from external connection and connected to the TXx output internally. 

Receive ready. RXRDY goes low when the receive FIFO Is full. It can be used as a single transfer 
or multitransfer. 

DESCRIPTION 

TXA, TXB 17, 19, 29, 32, 
TXC, TXD 51,53 69,72 

TXRDY 39 55 

vcc 13,30, 5,25, 
47,64 45,65 

XTALI 35 50 

XTAL2 36 51 

External interrupt output. The INTx outputs go high (when enabled by the interrupt register) and 
inform the CPU that the ACE has an interrupt to be serviced. Four conditions that cause an interrupt 
to be issued are: a receiver error, receiver data available or timeout (FIFO mode only), transmitter 
holding register empty, and an enabled modem status interrupt. The interrupt is disabled when i t  is  
serviced or as the 'result of a master reset. 

0 

0 

Transmit outputs, TXx is a composite serial data output that is connected to a communications 
device. TXA, TXB, TXC, and TXD are set to the marking (high) state as a result of reset. 

Transmit ready. TXRDY goes low when the transmit FIFO is full. It can be used as a single transfer 

Power supply 

1 . Crystal input 1 or external clock input. A crystal can be connected to XTAL1 and XTAL2 to utilize the 
internal oscillator circuit. An external clock can be connected to drive the internal clock circuits. 

0 Crystal output 2 or buffered clock output (see XTAL1). 

or multitransfer function. I 

I I - 
IOR 52 70 I I I Readstrobe.Alowlevelon~transfersthecontentsoftheTL16C554databustotheexternalCPU 

I 1 bus. - low 18 31 I I 1 Write strobe. allows the CPU to write into the selected address by the address register. 

Master reset. When active, RESET clears most ACE registers and sets the state of various signals. 37 
53 I I I The transmitter output and the receiver input iS disabled during reset time. 

RESET 

-- 
RIA, RIB, . 8,28,  18,43, 
RIC. RID 42,62 58,3 
-- 

absolute maximum ratings over free-air temperature range (unless otherwise noted)? 

Supply voltage range, Vcc (see Note 1) .............................................. -0.5 V to 7 V 
Input voltage range at any input, VI ................................................... -0.5 V to 7 V 
Output voltage range, V g  ..................................................... -0.5 V to VCC + 3 V 
Continuous total power dissipation at (or below) 70°C ...................................... .500 mW 

.................................. -0°C to 70°C 
. ' . TLl'GC T4 541 ................................ ' -40°C to 85°C 

Dp'erating free-air temperature range; TA: TLl6 ' .  . .  .* * . 
Storage temperature range, TS% ............... ;. ..................................... -65°C to 150°C 

f Stresses beyond those listed under"abso1ute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absofute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE I: All voltage levels are with respect to GND. 

% TEXAS 
INSTRUMENTS 
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Several software programs arc provided by Ampro to access the CPU hardware. 

2 



m ded-PC BI S and Utilities 
Enhanced PC-compatible BIOS and utilities for embedded systems 

0 Proven: tield tested in thousands of OE!M 
applications for over seven years 
Compatible: based on industry standard 
Award BIOS core, plus extensively testecl 
Anipro enhancements 
Flexible: extended functions and options 
support the requirenients of embedcled 

e Reliable: enhanced to support the demands 
of robust, noii-stop, unattended system 
operation 
Complete: includes utilities for estendcd 
function support, system development, and 
field maintenance 
Includecl with all Ampro CI’U products 

ipplic a t’ 1011s 

Arnpro’s exclusive Enibedded-1’C BIOS 
is at1 enhancecl, fitlly PC-compatible 
ROM-BIOS that enables reliable, 
unattended noti-stop operation of hrnpro 
Little Eoard‘rxf and CoreiModiile*‘hf CPUs 
in embedded system applications. The 
Etnbeddeil-PC: I3IOS, included wil h all 
Ampro CPU products. greatly increases 
system reliability, ftinctionality, and 
tlexibility, making it ideal fo’r tlic 
broatlest possible range of embedded 
system appIicntions. ’ 

Provcn Uti~~ipatiXrility 
‘lo assure the higliest degree of PU 
conipatihility, Ampro purcltaseil a source 
license from Award Software aiid has 
LIscil th2 n~sll-pt.oven Award BIOS as the 
“kcnicl” of tlic Ariipro Embedded-IT 
HTOS. Trj fhi:; fully compatihk c o r  
A m p  has adtlrd :in czicnsivc scl 0 1  
cmbcddccl-IT cnhanccmcnts which fiavc 
set thc strinclard in the iiidustiy for 
Icliahility, liiiiction:ility, llexibiliLy, and 
support. Ir i  all ca:ics, great cxc in 
iriiplitn~eiil~itioii plus thorough intcmxl 
qtialif’icntion ;ind k l d  testing h:wc I m n  

used to ensure that full compatibility 
with the stancl~rd PC application 
environment is preserved while offering 
the highcst possible level of reliability 
and robustness. 

Exlenciecl E’lcxibility and Funclictnillity 
Etiibetlded system demand great 
flexibility in configuring the CPU and 
system peripherals to support application- 
specitic rGquirements. Ampro has 
inclydcd BIgS functions which offer a 
level of systetn flexibility-not found in 
the nornial desktop PC environment. 
Included arc siich features as SCSI and 
soliJ state disk support. scrial console 
and serial p r o g r a t ~ - ~ ~ w r i l o a ~ l  options, 
non-vola1 ile paratrietei storage supporl, 
and OEM “hooks’’ th,it let you customize 

. 

tcr ir wi tlinri t modi fvi tig the 1 3  10s. 
kMi;irrwtl Keliabilitj 
Embcddetl systems must he able to nln 

r&ibIy in rugged, hostilc, and mission- 
CI itical eriviroiimcnts without opr i~ tu i  
intzrveiitiuri. A ~~ormal  I T  BIOS, 
ilctvclopetl for the rlzshtop environment, 

cannot adequately support these 
requirements. Over it seven yeai- pci-ioil, 
hrripro has evolved a comprehensive set 
of 1310s enhancements and extensions 
that increase the robustness and relixbility 
of embedded-PC based system operation, 
These enhancements include such 
features as watchdog timer support, fait- 
safe boot, battety-free boot, and solid 
state disk support which lets you replace 

.. conventional disk drives with mggrd and 
reliable silicon memory devices. 

Enibedded-PC? Iltilitics 
Eakh Anipro CPU development kit or 
system includes a set of Embedilerl-PC 
Utilities which simplify use of the 
extended features in the Ampro 
Embedded-PC BIOS and wliiclt a 
in  system tfevcloptncnt. o p x t i n n .  : t i id  

tnainlenance. lncludcd x c  utilitics lor 
SCSI, watchdog timer control, and 
support lor sen nnected rciiiotc- 
hosted system : A pmtial list o l  
Ampro’s Embi-cided-PC Utili tics 
appears in thc spccilications . 
of this data sheet. 

__ 
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Embedded-PC BIOS and Utilities 

EMBEDDED-PC BIOS EXTEhBED FEATURIB 
0 Solid state disk (SSD) support: 

-Reliability enhancement for rugged, hostile 
environments 

-Substitutes EPROM, Flash, or nonvolatile 
RAM devices for normal floppy drives 

-Usable as DOS boot device 
--SSDs may coexist with standard floppy and/ 

or hard disk drives or with PCMCIA devices 
-NOVRAM and Flash SSDs may be 

programmed from a resident DOS utility or 
remotely via a serial access utility 
NOTE: Flash SSD is supported as a 
(re)programmable read-only DOS drive 

-Supports standard PClAT floppy formats on 
0 Extended floppy services: 

PC- and XT-compatible CPUs 
0 SCSI services: 

-Supports DOS-based system boot and 

-Extensive configuration options and 

-SsCSI and IDE drives may coexist 
-Support% “ASPI” drivers and utilities via a 

-BIOS SCSI function provides API for 

operation using a wide vnriety of SCSI drives 

flexibility 

DOS device driver 

application software access and non-standard 
device support 

0 Watchdog timer support: 
-SETUP parameter defines startup WDT time 

constant, to ensure reliable system BOOT 
-BIOS function provides API for application 

software access, to ensure system operation 
integrity 

0 Fast bwt  option: 
--Offers normal or accelerated power-on self 

tebr options for increased system boot speed 
-Provides microcontroller-like quick stamp 

-Continuously cycles through a defined Iist of 
boot devices until a boot device is available 

--Accommodates slow boot or malfunctioning 
devices 

-Supports unattended operation 

0 Fiiil-safe boot support: 

0 Battery-free hoot support: 

EEPROM device 

or non-present battery 

not permitted 

batteries (only the real time-of-day function 
is impaired) 

0 Serial console option: 

-CMOS SETUP data hachip is stored in an 

-Allows system boot and operation with a bad 

-Supports environments in which batteries are 

-Prevents total system failure due to bad 

-Substitutes an external serially-connected 
device for conventional PC keyboard and 
video 

-Saves ernbedded system cast and space 
-Allows remote access by users or external 

computers via serial connection or modem 
-Useful for diagnostics, system status 

monitoring. or remote system control 
0 Serial loader option: 

-Allows external loading of executable code 

-Increases embedded system flexibility 
-Useful for diagnostics, remote system 

control, and SSD device programming 

prior to system boot 

0 EEPROM uccess function: 
-BIOS function provides API for application 

use of 512-bit nonvolatile data area 
-Useful for implementing features like 

serialization. copy protection, and passwords 
0 OEM custonlization hooks: 

-Executes custom code prior to system boot 
via ROM extensions or code “patches” 

-Allows system customization without BIOS 
modification 

0 Advanced Power Management (Refer to Ampro 
CPU datasheets for further details.) 

EMBEI)I)ED-I’C UTILITIES 

0 Serial loader program: DOS utility for 
transferring a binary executable tile from a 
remote “host” PC to an embedded CPU “target” 
Useful for a wide vnriety of purposes including 
loading of a number of remote debuggers. 

0 Serial SSD programmer: DOS utility for 
(re)programming the SSD devices on an 
embedded CPU “target“ under control of a 
remote serially connected “host” PC 

0 Setup access utility: DOS program for entering 
into the in-BIOS SETUP function during systen 
operation 

0 SCSI support: SCSI device format, initializatior 
and maintenance utilities 

0 Watchdog timer utility: DOS program which 
can be used to “tickle” the CPU’s WDT 

0 Terminal emulation utility: allows a standard 
PC to emulate an ASCII terminal; for use with 
the serial console function of an embedded 
Ampro CPU module 

0 Advanced Power Management device driver: 
-DOS device driver supports power 

management on Ampro CPU modules 
NOTE: APM support is provided as part of 
the standard embedded-PC BIOS in 
Ampro’s newer products including the 
Little Board/486i. 
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TECHNICAL SUPPORT 
~- 

Tec:haicd Support is available from 8:OO AM t o  5:OO PM, Pacific 
t imc Pllease have the product you wish to discuss at hand when 
calling. The number it 800-966-5200 
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AMPRO COMMON UTJLlTIES 

I i r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
This dcmmcnt wontaim detailed informition about the utility programs provided on the Ampro 
Corrunoxl Utilities diskette. The h p r o  Common Utilities diskette is included in tach CPU product's 
Development Mit 

This numud explains what each program does and bow it is uscd Program descriptions arc in 
alphabetical order, so this document can serve as a technical reference. 

'Each ntility p r o m  is identified by a version and revision level. When &e program is run, its version 
numkr (and a revision level) appear in a signsn message, such as the following: 

Ampro Hard Ditk Format Utility 
Copyright (C) 1986 Ampro Computers, Inc. 
'Version 2.1 

In this case the program is Version 2,  Revision 1. Versions of a program which have the same "version* 
YIWI~W operate in the same mmer, W e n  a change is made to a program which necessitates a new 
description, its vcrsion number is clunge& indicating that the old description is no longer accurate, 

Noti3 

The Common Utilities diskette may also contain files with names of 
the i o m  rramcl;d: We recommend that you read these fiteo when 
you find themm, as they contain idormatioa on recent program 
revisions, enhancements, or additions. 

11-1 
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Ampro Common Utilities 

c 

Directory 
1 (root) 

I 

I 

AMPRO.UTL 

2 DISKEITE ORGANEATION 
Tbc Common Utilities diskcttc is  arranged SO that similar programs sharc common subditectorics. Table 
1 lists th subdirectories, programs found in each directory, and a brief description of each program 

~ 

SERPROG-UTL 

i 

0THER.UTL 

I SCSI.UTL 

UtIlfty Name 
SETUP.COM 

SETSPEED.COM 
WATCHD0G.COM 
XTCIK.COM 
XTPEMM.COM 

A? M .SYS 

SERLOAD.COM 
MERM.COM 
SCSI-ID.COM 
SCS I-VER.COM 
SCSLREV 

SCSICOMP.COM 
SCSICOPY .COM 

SCStFMT.COM 
SCSlPARK.COM 

SCSITOOL.COM 

SERPROGEXE 
ADDFLASH.COM 

SOCKETRW.BIN 

~- 

Function 
CPU SETUP utllitv 
Set CPU speed 
Controls CPUs watchdog timer 
Sets XTs OQS clock from hardware dock 
Expanded memory manaqer for C W  Plus 

Advanced power management driver 

Downfoads program to CPU via serial port 
Televideo 900 series emulator 

~- 

Returns system's SCSl initiator ID to c o n s &  
Returns SCSI-BIOS version to console 
SCSl version history; text file 
SCSl block compare utility 

SCSl block copy utillty 
SCSl hard dlsk format utifity 
SCSI hard disk head parking utility 

SCSl common command set debugging tool 
Programs byte-wide devices from serial pod 
Updates SERPROGEXE for new Flash 
EPROM devices 

* 

Companion program to SERPROGEXE 

Table 1 Common Utilities Summary 
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3 ADDFWSH 
The Ampro ADDWH.CObf  utility works in conjunction with SERPROG.EXE and FLASKWRITE. 
SERPROG is an intelligent Flash EPROM programming utility that gets its programming data &om a 
serial port. SERPKOG is intelligent in that it interrogates the target Flash device to determine its rizc, 
type, and m forth. As new W h  ruemofy devices become available, SERPRW must be updated to bc 
able to xeco- them. This is the purpose of ADDFZASH. ADDFLASH is a utility that adds ntw 
Flash WRQM data to the SERPRQG program so that it will recognize new Flash EPROM device. 

To start the program, enter tbe following an the DOS command line: 

ADDFLASH will take you through a series of questions: 

What i s  the 4-digit ID of the device? >> 

Each EDEC byte-wide Flash. memory device has a 4-digit manufacturers d e .  Enter the code at the 
prompt. (You do not n e 4  to press <Eater>.) Look on the' manufactures data sheet to find out the ID 
code. 

What i s  the device c a p a c i t y  in k i l o b y t e s ?  
Please en te r :  1 - 32K; 2 - 64K; 3 - 128K; 4 - 256K; 5- 512K >> 

Enter .a single digit, between 1 and 5 (inclusive), representing the size of the device. 

What: is the device type? 
P l e a s e  enter: 1. - +12v; 2 - +5v >> 

The device t ~ p e  represents tbe programring voltage needed to program the new device. Eater 1 or 2. 

About to add <size> €type> device, <ID, to external  support tab le  
FLASH * ID. 
T y p e  nC" to c o n f i r m  or any other key to abort >> 

The program shows you what. you entered and asks that you confirm your entries kfore proceeding. I€ 
you type "C" (case insensitive), the program will display the following message: 

Success ! FLASHWRITE.12XE will xiow support the n e w  devise. 

I%:; is slightly misleading. FLASI-IWRIII'E.EXE and SEIWRQC will now be able to access the new 
devise module that was incorporated into .the ABDFZASH program. Lf the message is displayed 
ADDFLASH: has updated the file called F]LASH.D, which must reside in the current directory, or 
created a new file callled K A S X I D  if it did loot already exist. 

6 
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4 FLASHWRITE 
This utility programs the Fbrh EPROM h the target system With b g e  fiks generated by 
EPROMGEN. Smtax tcrminology is explained in thc introduction of this chapter. 

SSDIDOS Flash Device Progremmlng Utitiy Ver 5.31 
Copyrlght (c) 1992-1996 AMPRO Computers, inc., All Rights Reserved 

Usage: FLASHWRJTE Socket FileName 

Where: 

Socket: Choose One: 
SO, S t ,  or S2 for Little Board or CoreModule products 
Xna for the SSO board at 274h 
Yna for  the SSD board at 275h 

n = board number 
a = socket number 

Filename Name of binary file to program into the device 

For a list of supported devlces, enter FUSHWRtTEU. 

Here is an example using FLASHWRITE to program Flash EPROMs on !.he target system. 

Example 1 - Writing to PO. Expansion Module 
This ExampIe shows how simple it it to Write a sample file 0UTPIIT.XlA to a Flash EPROM to 
create an SSD. This example shows writing to a MiniModuldSSD expansion module designated as 
B w d  Number l-, socket A, at Contra1 Port Address 274h 

FLASHWRITE X I A  OUTPUT X l A  

# 
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5 APMDRIVER.SYS 
APME)RIVERSYS is an Advanced Power MaKlagement (APM) driver cornpattile with the 
IateVMiaosoft APM SI>cc:ificaaCion 1.0. 

This driivcr does not execute any automatic power saving. The default APM state is disabled. 
POWER.EXE supplied wiih MS-DOS may be wed with this APM driver. Or, you can incorporate 
power iwagement into your application programs directly, using the calls documented below. 

APMDRIV32RSYS is loaded via the DUS CONHGSYS file. To install APMDRfVEIlSYS in your 
CONFIG.SYS file, add the followhp; line to the file: 
device = APMDRVR,SYS roptioni 

There is a single option that a n  bt added to the command line: 
opti.on = /NOCLOCKCHANGE 

Maximum power savings arc gained when the CPU clock speed is reduced. However interrupt routines 
vised to exit from low power states (controlled by APM) will execute at the lower clock spced. For 
maximurn performarm, but at some sacrifice of power, you can add the NOCLOCKCHANGE option to 
the command line. 

The interface with APM is via interrupt 1Sh. The following functions are supported, 

Installation check d l ~ s  to determine if'.r;upgort for AF'M is present and if 50 which version i s  
supported, 

version 
version 
* P R  
WU 

= l ' i f  16 bit PM interface is supported 
= J if 32 bit PM interface  is supported 

1 if CPU idle call slows CPU clock 
= 1 if BIOS power management is disabled 

la ter face Condeet establishes the cooperative interface between the caller and the APM driver. Prior to 
this establishing this c o n n d o n  no APM funCtions are c x w t e d  

5 
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I Cy 1 if UnSUCCC88fUl 
I ah - error code 
I 02h - interface connect already in effect 
i 
I 
; NOTE: this call i s  only available using the APM int 15h interface 
; I ~ P a P I P L t l ~ l n l P = ~ I E ~ ~ ~ ~ ~ = m ~ ~ E ~ = ~ ~ u a ~ ~ ~ ~ = ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~  

09h - unrecognized device id 

Interlace connect establishes' a cooperative interaction between the APM driver and the calla. 
Interface disconnect breaks the cooperative interaction between the APM driver and the calfcr. It also 
restores any default APM functionaiity. 

: entry: ax - 
i bx - 
i returns:  cy = 
i CY = 
i ah = 
i 

i 
i 

5302h 
OOOOh, system BIOS 
0 i f  succ&ssful 
1 i f  unsuccessful  
error code 
05h = 16 bit in ter face  already established 
O6h - 16 b i t  interface not supported 
09h = unrecognized d e v i c e  i d  

6 



CPU busy informs the AJPM interface that the system is now busy and processing should continue at fuli 
speed. If the APM has placed the system in SIOW speed this will restore the CPU clock maximum 
processing speed. 
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h p r o  Common Utilities 

Set power rtatt places the requested system or device specifred in the device ID into 
the requested state. 

/ - ~ I = ~ I I I ~ ~ I H ~ ~ ~ ~ ~ ~ ~ ~ P I P I I I I I ~ ~ ~ P P I I P I I ~ ~ ~ ~ ~ = ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ = = ~ ~ ~ ~ ~ ~ ~ ~ ~  

; - % p ~ m ~ ~ ~ ~ = n p ~ ~ a ~ = a ~ ~ ~ % = ~ ~ ~ - ~ ~ a ~ ~ ~ ~ ~ ~ ~ s ~ = = s ~ ~ ~ a = ~ = ~ a ~ ~ ~ ~ ~ a ~ ~ ~ = m a ~ a ~  
I Set power sta te  

I entry: ax - 5307h 
I bx = power device  i d  
f OOxxh .- system 
I OOh 8 y 8 t a  BIOS 
f 
I BIOS 
i Olxxh - display  
i O2xxh = secondary storage 
; O3xxh = p a r a l l e l  ports 
i O4xxh = serial ports 
; where: xxh = physical device number ( 0  based) 
; f f h  - all devices i n  this c l a s s  
i cx - system s t a t e  id 
i O O O O h  = ready (not supported for system device i d  
i O O O l h )  
; O O O l h  = stand-by 

: 0003h = off 
i 
i re turns :  cy  = 0 ,  success 

Olh = a l l  devices power managed by the system 

I 0002h = suspend 

I 

, 
cy = 1, error 
ah = error code 

i Olh = power management functionality disabled 
; 09h = unrecognized device i d  
i Oah = parameter value i n  c x  out of range 
i 60h - cannot enter: requested state 
i 
; - System stand-by 
i e n t r y :  ax = 5307h 
i bx = OOOlh 
; cx = O O O l h  
i 
; - Suspend system 
; entry: ax = 5307h 
i bx = O O O l h  
i cx = 0002h 
i 
; N0T.E: this call is available using the APM Ant 15h or PM 16/32 
i interface 
; 9 = = = 1 = ¶ = = = 3 P I = P = = = = P I I I P l l t = = = = = 3 P I P P e = ~ ~ ~ ~ ~ = =  

8 



EnabIe/lDirabIc allow8 the caller to enable or disable all automatic power down functionality. 

Restore defaults requests that all AI'M default settings be restored. 

Get power status requests APM to return current power status. 

.. . 
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2 
I 0 - 100 (percentage of f u l l  charge) 
2 -1 - unknown 
I 
J NOTE: thir call fs a v a i l a b l e  using the A P M  int 15h or PM 16/32 
J in ter face  
j l l l l ~ ~ ~ D l n R l l t M l w l l ~ ~ ~ ~ % ~ ~ ~ n l ~ ~ ~ ~ ~ m = * ~ ~ w ~ a ~ ~ = m ~ ~ ~ R ~ n ~ ~ E ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

cl = remaining b a t t e r y  life 

Get PM event rqucsts that AMP refurn its next pending APM went, 

; = = = P = = l ~ ~ l = = l ~ = = l t = = = = ~ ~ = ~ = = = = = ~ ~ ~ ~ ~ ~ = = = = ~ = ~ = = = = = ~ ~ = = ~ ~ ~ ~ = ~ = ~ = = s ~ ~ -  

t G e t  PM event 
; = = = I P 3 0 r ' l a = P 5 = = E P P = ~ = = = = = ~ ~ a = ~ = = = = = ~ ~ ~ = = = ~ = ~ 5 = = = a = ~ = = = = ~ = ~ = = = ~ ~ = ~ ~  

i return the next  pending PM event or ind ica te  no PM events  are 
i pending. 
J entry: ax = 530Bh 
i returns: cy = 0, success 
i bx = PM event code 
i 0001 = system stand-by request n o t i f i c a t i o n  
i 0002 = system suspend request n o t i f i c a t i o n  
: 0003 = normal resume system notification 
i 0004 = c r i t i c a l  resume system notification 
i 
i cy = 1 
i ah = error code 
i 03h = i n t e r f a c e  connection not established 
# 80h = no PH events pending 
i 
; NOTE: t h i s  c a l l  i s  ava i lab le  using the APM int 15h or PM 16/32 
i interface 

0005 = b a t t e r y  low n o t i f i c a t i o n  

c 
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33 utility is a serial loader you ciilt usc to download and cxccutc I block o 
executable eode prior tu system boat. Use a three-wire RS232 cable (Tx, and Gnd) from the host 
system'l~ serial port with P GQreMdulem or Little BoardfW COMf port as the target. Use SETUP to 
enable the s.erial loader option on the target Ampro CPU product. 

']The hod can Bt any PC or AT corapatibfc With an F?S232 p B h  Run the SEXLOAD program on the 
host. 'W file must be n biawy, executable file, with its origin at OOOOh and a m a x i m u  size of 
64 Kbytes. SEREOM3 converts the file to ASCII and adds various control characters and sequences 
required by the serial loader furiction in the target Ampro CPU. 

mer the file is downloaded, if, is executed by the target CPU. This is done by a FAR CALL, Sf the 
code terminates in a FAR Ft.ETURN, the target CPU boots. If the code does not terminate in this 
manner, it retains control of the target CPIJ and the boot process is not followed 

ExampIes of doemIoadabk code are: 

A MonitorDebugger program 

A bootstrap loader whish takes control and downloads additional downloadable code 

II A drivep which intercepts XNT13 BIOS services and uses the target's COMf serial port to emulate a 
floppy or hard disk drive 

This dowdmcls the file jilename.e:rt from the host to the target CPU. As the code is downloaded, the 
characters are echoed to the screen. The following characters have special meaning: 

? 
#i 

SEXLOAD is waiting for the target's serial loader function to become ready. 
SFJaLOAD has sent a "break" character. 

You rmy p r e s  the escape, (Ex) key to exit the pragrarn during palling or dawnlaad 
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7 SERPROG 
The purpose of the Ampro Strial SSD Programmer software, SEXPROG, is to program Flash EPROM, 
NOVRAM, or battcryaackd S U M  SSD dcviccs directly within embcddcd systems tbat do not haw 
disk drives. Using SERPROG, SSD devices within the embedded systcrg (the 'target') are progtammcd 
under control of a ~ c r i a l l p ~ ~ e c t e d  remote PC (the 'host'). T h i s  process i s  USCW for initial 
ptog-ing ofblank SSD devices during system manufacturing, or later 04 when software updater are 
required. 

SERPROG depends on the unique Ampro 'serial loader" BIOS b c t i o n  for its operation, and may on@ 
be used on target systems b a d  on Ampro @Us that Fmpltment this function. The host system. uscd to 
remotely progrm the target embedded system,. can be any PC-compatibIe computer that bas a standard 
COMl or C O W  serial poa including desktop, portable, laptop, and band-held systems. 

SERPROG actualIy consists of two pieces. The first piece, SEWROG.EXE, is a DOS p r o p  
(compatible with MS-DOS, PC-DOS, and DR DOS) that runs on the host system. The other pi- 
SOCKETRW.BM, is 'downloaded' by SERPROG to the target system and performs the actual SSD 
programming process within the target system. SOCKETRW.BIN is not a DOS program. It is 
standaIone code which runs in the target system before it boats, following either powerup or reset. 

The Serial SSD Programmer sohare  writes a simple binary image of the desired SSD into the target 
system's SSD device. Because of this, and because this process occurs prior to target boot, this scrffwart 
has two additional applications: (1) to program SSAAh 'ROM-BIOS extensions" into SSD devices; and 
(2) to program SSD devices With SSD images for operating systems other than DOS. 

7.1 Preparation 
Before using the Serial SSD Programmer sofiware, make the following 
software and hardware preparations: 

Target system SETUP preparation-enable the 'Serial Loader' function within the target CPU, 
using SETUP. Refer to the Ampro CPU module's technical manual for information on how to do 
this. 

Note 

Depending on the particulrr Ampro CPU product BXOS version 
used, a jumper between RTS and RI on the serial port connector 
may be available which automatically enabler both the serial 
loader and serial console features of the BIOS. Consult your 

for further information on this f e a t u s  
* . rnodufe'j technical documentation or ea11 Ampro Technical Support 

Host system software preparation-copy SERPROG.EXE, SOCKETFLW.BSN, and the r e q u i d  
SSD image file(s) to a single subdirectory within the host system. 

Serial connection-run a serial cable between the COMl port of the target system and either the 
COX31 or COhU port of the host system. Only three wires are required: transmit data, receive data. 
and ground. * 
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. .  . .~ .... ... 

COMl OK COM2 (COMI is the default] 

Iuptiorzsj 

h, ? Dispfays a help screen listing the command line syntax with brief descriptions of each option. 

d "his option 3s I& alone on the command line. It will indicate the types of SSD memory 
devices that SOCKM*RW can program. When d iS qxzifred, SERPROG downloads 
SOCKEXRW to the target system, wmznands it to report all device types that it knows, tbnd then 
displays a list of the supported device types. 

[operatio.] 

-a Write the contents of t'he SSD image in fllenmre, located on the host, to the SSD device in 
socket on the target. 

-r Read the contents of the: target SSD device located in socket, and write its image tofilename 0x1 
tkhQSt. . 

-v Read the contents of the target SSD device located in socket, and compare it with the contents 
af &he fiIe,fitennme, on the host. Display information about the comparison. 

-i Read the ID of the device in socket and display the device's ID, its size, and its tjye (5V or 
1129. (This h i ~ o n  is us&d with k U h  EPROMS, only.) 

Enter a socket d e  to !qxxi.fy which w k e t  is to be progfammed Socket codes are SO, S1, S2, 
53, SX,  Xna or Ym: To determine wbat socket code is appropriate, refer to your target board's 
technicalmu;ll. * * .. 

For each socket=Jlenmne tern on the command line or in a command file, S W R O G  performs 
the most recently specified operation (or -w if no operation has been spedfkd). * 

fdenwtt! 

Name of file containing SSD device image. This can be a full pathname for files not in the 
m e a t  directory or on the current drive. 

[@cnrdfikf 

An optional cormmid file, specified by @cmdJile, can be used to pass a series of commands to 
SEWROG Instad ~ f '  placing the commands directly on thc SERPROG command line. 
Command files a n  contain any valid SEWRW commarlds cxccpt @crndjle. 
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AI1 command ten& in square brackets, [ 1, arc options and may be omitted. ’ where dcfaolts I, arc 
provided, they an used when 8 concsponding parameter is I& off the command. 

All command terms except lportl may appear more than once on the command line. 

SERPROG does not need to be toldl what trpe of device it will program It checks an ID byte stored 
within the device to see if it it an SRAM (or NOVRAM) or one of several kinds of Flash EPROM, a d  
then programs . .  the device accordingly. 

7.3 Operatton 
. *  ,. 

To program a memory device installed in a byte-wide socket, follow them thr# steps: 

1. Start SERPROG on the host system, using an appropriate command (descri’bcd below), 

2. Powemp or resct the target system. 
3. Wait for SERPROG to program the target SSD dwice(s) and compIete its operation. 

When SERPROG begins iU operation. it waits indefinitely for the target to respond to its attempt to 
begin operation. If you wish to terminate SERPROG before it  completes its operation, pres the ESE: 
key on the host system keyboard. Please note that there may be some brief periods of time during which 
the ESC key has no effcct 

After SERPROG completes all request@ operations, it sends the target a command to perform a system 
reset. At this point, the host system retums to DOS and the target system resumes its n o d  boot 
sequence. 

The Ampro SSD Support Software includes a special utility, ADDFLASH, which allows the user to add 
support for Flash EPROM devices khat are not included in the existing programs. When ADDFLASH is 
used, it creates a file, FLASXID, which contains the additional support. SERPROG supports tbis 
mechanism, thereby allowing you to use it with new devices that may not be currently available. III 
order to take advantage of this capabitity, the desired FLASH.ID file(s) must be present in the 
subdirectory from which SERPROG is run. For m e r  information oa ADDFLASH, refer to it 
description earlier in Lhis manual. 

7.4 Examples 
Example #I: Bvlc usc 

The simplest SERPROG ~ ~ m m s n d  that might be used to program an SSD deviceh byte-wide socket Sh 
on any Ampro CPU moduff would bcc 

C>SERPROG SO=SSI).SQ 

In this case, the binary SSD image to be programmed into the SSD device in socket SO on the target 
CPU board is located in the file SSDSO. The particular file name used in this example, SSD.SO, could 
have been any legal DOS file name. Since no [port] is specified, SERPROG will use the default, COM1, 
on Phe host. Similarly, since no operation is specified, SERPROG assumes the user means. to p r o p  
SSD.SO into the SSD in socket SO (Le. the - ~ r  command). 

14 



. -  

Example #2: ProgrmmIxig multiple devises. 

Multiple SSD devices c4t~ be grogrimmed one sommaad, as follows: 

C>SERPROG SO*SSTS.SO SL=SSD.Sl S243SD.52 
___I- 

la this example, it is possible thaK the three target SSD sockets Contain differcat types QZ memefp 
devices. For example, SO might con?ain a battery-backod SRAM whne SI and S2 contain Flash 
EPROM&. The mftwaxe automatidly d e h d n e s  which devices present, and program than 
accorclingly, 

Example #3: PrograPnmSng devicen on an SSD expsnsfsa board. 

You can also use SEWROG to write to devices on the h p r o  MiaiModuleVSSD expansion module. A 
typical command, which would program all four sockets, might be: 

. .- 4 

Two of the above commands might 1x incliided in a single command line such as: 

This cammand would pragmn SSDs on both a CereModuIe CFU and a MiniModulelSSD expansion 
module. 

Examgte #.(: Verifying that B device w u  programmed correctly. 

This exiunpk iIlustrates how 10 veri@ that the target SSD devices have been programmed accurateIy. 

First, this operation writes the contents of the file SSD.SO to SO. Then, it verifies the contents of the 
SSD lixated in socket SO on the target against the contents of the file SSD-SO on the host. 

Example #5: Using P commmd filc 

"his  example substitutes a mammaad file for the command line parameters. 
comr%land h e  from Example #3 iibove is wed.). 

First, meate tbs command file using an AS& text editor such as DOS's EDIT.EXE. Entet the command 
line as it would be mitten on tke command line, but do not invoke the SERPROG program: 

Q n  this example, the 

. .' 

S 0-3 313. SO XlA=SSB , X I A  X1H-SSD. XXB X l E = S S D  .XlE XlFZSSD. X 1 F  

To w e  thc so-d file, exmite €he following command line: 
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Ampro Common Utilities 

8 SETSPEED 
YOU 
Rdcr to your CPVs technical documentation to xscertain whether your p a r h h  CPU supports dual- 
sped OperatiOlL 

usc the Mn, =$PEED atitity to set the Ampm CPU sptcd to either n o d  o r ' r l o w ' ~ '  " 

You can run the program automatically from a batch fife, or manuaISy horn the DoS mtnmand he. 

8.1 Operation, . , . :* :, . . . : .-$- . 
TO psf tht SETSPEED utility, eitbu trpe the program'r me, dong with thc d e ~ i  ~ptiOt&.E&I":'- 
below), on the DOS command lime, or enter a sirnilat commnnd in a batch ble and cxtcutc the batch file. 

The command cboiw arc: 

C>SETSPEED P-LO 8 sets CPU to slow speed 
C>SETSPEED P=HI I sets CPU to normal speed 
C> S ET S P EED 1 ; displays a help screen 
C>SETSPEED I displays  current speed status 

Changing the speed of the CPU does not change the expansion bus speed. The expansion bus is fixed, 
and is typically set to emulate a standard 8 MKZ PClAT bus. 
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The SETUP related contents of the CMOS RAM are automatically backed up in the EEPROM to provide 
for battery-free operation. Orit utility, SETUP, initializes and modifies parameters in both mtmory 
devices. These two mcmarics xire called &e Coafiguration Memory. 

The !W'lI"up functiovl is organird into pages. Generally the first page is devoted to standard settings, the 
settings normally found on a desktop PC. Additional pages are added for extended settings, created by 
Ampro to enhance the CPU's usefulness and eonftgurability in embedded system applications. Each CPU 
has a slightly different set of SETUP parraPneters. Refer to your CPU's technical manual for details about 
setting up its codgumtion memory. 

Note 
--I 

Changer made using the SETUP function do not take effect until 
the nest time the system boots. 
_ . _ - .  I 

There are two ways to access uhc S E W  f ~ c t i o ~ .  It a n  be accessed from its interactive rnenu-based 
user interf'acc, or i t  cafl be. directed to automatically take its inputs from il file. The first of these 
metbods is the n o m d  way you initialize a d  msdify a system's configuration. The fifc-based malt of 
operation allows you to automite tfic process-for example, in volume system production. 

9.1 Interactive Mode of Operation 
There are two ways to invoke SETUP'S interactive mode of operation. You cawl invoke SETUP at system 
powerup or reset time by holding down the following hot key combination: 

When you'power up or reset the system, a rriessage-at the bottom of the screen tells you when yon can 
use the Bot key entry into SEI". 

You can also invoke SETiJP during system operation, with the Ampro SETUP.COM program, by typing 
the program's name at the DOS cornmandl line, as follows: 

. 
: . 

14 



- "  . . .  

Ampro Common Utilitiu 

9.2 Configuration FtIe Mode of Operatton 
Thc Ampro SETUP utility, SE"UP.coM, offers the option of saving and loadfng the contenti d tha 
configuration memory from a disk file. The following commnnd line paameters are aypuBblt with 
SETUP.CUM: 

-T Set the N O W  time and date to the DOS time and date. 

-0 Allows entry to SETUP even if the Extended BIOS services have k n  disabled. 
-0 Set the EEPROM Write count to zero. 

efircur Writes the specified file to the board's Configuration EEPROM The drive and path arc 
optional in the fde name. 

Wfikud Write EEPROM contents to the file specified. The file name may contain an optional drive 
and path. 

You can save a copy of the current contents of the board's Configuration Memory to a disk file by using 
the W switch. You can load into Coafguration Memory the contents of a file wing the @ switch. 
Codtguration changes made using the SETUP @Je.esf command do not take effcct wtil the next rcsct. 
A h ,  using the W switch to write the configuration to a file will riot reflect any changes made since the 
last reset. 

The data saved in a configuration file includes the entire contents of the nonvolatile configuration 
EEPROM, except the current time and date. The first 512 bits are the SETUP information, the last SI2 
bits are available for OEM storage (See Ampro Application Note AAN-8805). The fife you create with 
this menu option can be used as a source for programming the Configuration Memory of your Ampro 
CPU at a later time. 

Following is an example of a typical file saved by SETUP: 

N O W  0 0 :  24 00 35 00 08 00 07 05 - 12 89 26  02 50 80 00 00 

N O W  20: 00 00 00 00 00 00 00 00 - 00 00 00 00 00 00 01 56 
N O W  301 80 01 19 80 00 00 00 00 - 00 00 00 00 39  00 38 E8 . EEPROM 0 0 :  EB 33 10 19 19 lA AB BF - F4 IF FF FF FF FF 3E 00 
EEPROM 1.0: 81 E l  FF FA FF FF FF FF - FF FF FF FF FF FF FF FF 
EEPROM 20! Fi? FE' FF FF FF FF FF E'F - FF FF FF FF Fr FF FF FF 
EEPROM 313: FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF 
EEPROM 40: FF FF FF FF FF FF FF FE' - FF FF FF FF FF FF FF FF 
EEPROM 50:  FF FF FF FF FF FF FF FF - FF FF FF FF FF Fl? FF FF 
EEPRCH 60:  FF FF FF FF FF FF FF FF - FF FF FF FF FF Ff FF FF 
EEPROM 70: FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF 00 

NOW i o :  12 00 00 00 41 ao 02 eo - 01 00 00 00 00 00 00 QO 

As an example, the following command initializes the EEPROM values with a previously saved 
codim-ation: 

** - . .  
C>SETUP @SYSTEM. CFG 
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'LTsi~g SETUP with the gwitc and read parameters can be nsefuf when many bcrards must be initialized 
automatically. Another usc: for this SlZ"UP mde might be to c h g e  between several predelincd systtm 
confguIaLions. 
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10 SCSI-ID 
me h p r o  SCSI-ID utii.iv reports tbe system's SCSI initiator ID to the coas~le, and al~b sctr thc &S 
ERROWVEL so it may bc tested in a batch file. One use of thc SCSI-ID utility is that ft allows you to 
easily we the SCSI-ID setting of your Ampro CPU. An interesting use of thb program is to allow 
multiple CPUo to boot from a single SCSI Wce, yet automatically begin execution of nnipoe 
applications based on each board's SCSI ID. 

e .  A ~ .. 
, *  - 10.1 Command Ltne Operatlon . - ,.. - 

To use the program, simpIy enter the program's name on the DO$ command line or in a batch file. For 
example, if your system's SCSI ID is 7 and you usc the following command line: 

C>SCSI-ID 

SCSI-TD will display: 

My SCSI ID La 7 

10.2 Batch File Operation 
In addition, SCSI-ID sets the DOS ERRORLEVEL to a number corresponding to the SCSI-ID setting, 
for testing within batch files. Using the program in tbis manner, it is possible to boot mdtiplc Ampro 
CPUs from a single SCSI drive under PC-DOS, yet have each board come up running a different 
application. 

To accompIish this, the AUTOEXEC.BAT file on the boot must test for the DOS ERR0RL;EVEL aad 
branch to a unique batch file appropriate for the @IC CPU. The4 each CPU i s  set for a differextl 
SCSI ID, between 1 and 7, and the boot device is jUmpered for ID 0. 

Ampro application note AAN-8803 discusses the use of SCSI-ID in a DOS system composed of multiple 
Ampro CPUs. 
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It w i U  a l a  set the DQS E 3 R O W W L  to fthc integer value of the version multiplied by 10, which in the 
case of version 1.03 would be 'IOm* 
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12 SCSICOMP 
The Ampro SCSICUMP utility allows you to compare the cantents of two SCSI direct access War 
(e.g. hard disk dri~ai). Althaugh the program must be run from DOS, SCSlCOMP docs t b i q  
comparlfon of blocks of dats. It doer not matter what (if any) operating system was used to write the 
data to the SCSl dcvlcct. 

You am rpeeity any two SCSI controller ID'S, drive Logical Unit Numbers GUNS), SCSX block range tor I 
bc campared 

12.1 Operation 

. .  
. 5 A , + : , ;  

' .  

To nm thc program, tvpe its name at the DOS command line: 

A> S CS I COMP 

The program will display a signon message and will then prompt you to press the <Enter> key to 
continue. Mer you press the <Enter> key, the program will prompt you for information required, 
including the first SCSI ID, first logical unit number, second SCSI ID, second logical unit number, 
starting block number, and number of blocks to compare. Then, the program will compare the spccificd 
segments of the two SCSI devices and report on any errors or diEercnccs that occur during the 
cornparisan. 

Thc required parameters are defined as folIows: 

SCSI DD-Each device's SCSI ID is determined by the jumpering of the dcvicc's SCSI controller 
and is in the range 0 through 7. 

W Logical Unit Number (LUTQ--E.ach device's logical unit number is based on how the device is 
connected to tbc controller and may also depend on the setting of jumpers on the device; it is 
generally 0 or 1. 

W Block Number-A SCSI block' is 512 bytes of data. Blocks are numbered starting from 0. 

The current version of SCSICOMP requires that the block starting numbers on the two drives be the 
m e ,  M only one starting block number is requested by the program 

12.2 Example 
In this example, 2000 blocks (10,240,000 bytes) of data are compared, between LUk 0 on SCSI ID 0 and 
LUN 1 On SCSI TD 1. . * 

What fs the f i r s t  SCSI I D  and l og ica l  unit number? 
SCSI ID ( 0 - 7 )  : 0 
Logical u n i t  rider ( 0 - 3 )  : 0 
What is the  second SCSI I D  and logical u n i t  number? 
SCSf I D  ( 0 - 7 )  : 1 
Logical u n i t  rider (0-3): I 1 

S t a r t i n g  block number: 0 
Number of blocks:  2 0 0 0  
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You are about t t s  compares 

F~s=: scsr ID: o Tor SCSI XD: 1 
LWN: I3 LUN: 1 

Starting with KLo& 0 ,  for: 2008 blocks. 

f a  t h i s  correct (VPN)? 
P m s a  the <Enter>. key to begin QL" the <ESC> key to s t a z t  avericEnttr> 

Compare anotber: ( Y I N ) ?  
du;. 

, 
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13 SCSlCOPY 
The Ampro SCSICOPY utility allows you to copy a block of data between two SCSI direct aCetSS d d c u  
(e.& hard disk drives). Although the p r o m  must be run &om DOS, SCSICOMP docs a b b s y  
comparison of blocks of data. It does not matter what (if any) operating Eystern was used to write the 
data to the SCSI dcvicca 

You can specify my two SCSI controlIer ID'S, drive Logical Unit Numbers (LWs), and any bl& 
range. 

.i 

Warning! 

(1) SCSICOPY wiIl dertroy data on the destination device within 
the specified block range Use with extreme cart, 

(2) Copying less than the full drive may leave part of the 
destination device unusable. 

13.1 Operation 
TO nm the program, type its name at the DOS command line: 

A> scs ICOPY 

The program will display a signon message and will then prompt you to press the <Enter> key to 
continue. After you press tbc <Enter> key, the program Will prompt you for information required, 
including the first SCSI ID, first logical unit number, second SCSI ID, second logical unit number, 
starting block number, and number of blocks to copy. Then, the program will copy the specified 
segment between the two SCSI devices and report on any errors that occur during the process. 

The required parameters are defined as follows: 

8 SCSI ID-Each device's SCSI ID is determined by the jumpring of the device's SCSI cantrolla 
and is in the range 0 through 7. 

m Lagicd Unit Number (LuN)--Each device's fogid  unit number is based on how the device is 
, connected to the controller and may also depend on the setting of jumpers on the dwict; it i s  

generaIly 0 or 1. s 

' 8 Block Numbcr--A SCSI %block- is" 512 b f tq  of data. Blocks are numbertd starting from 0. 

The current version of SCSICOPY requires that the block starting n&bcrs on the two drives bc the 
same, 50 only one starting block number is requested by the program. 

13.2 Example 
In this cxamplc, 2000 blocks (10,240,000 bytes) of data are copied from LUN 0 on SCSI ID 0 to LUN 1 
an SCSI ZD 1. 

What is the first SCSl ID and- logica l  unit number? 
SCSI ID ( 0 - 7 )  : 0 
Logical unit n a e r  (0-3): 2 

.' 
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What i s  the second SCSI ID and l o g i c a l  unit number? 

Logical unit number (0-3) : 
scsr XD gO-a$t I& 

Start ing  block number: 0 
:Munrbee of blocks: 2- 
You are about to copy: 

I .  

PromtSCSx ‘ID$ o TOS SCSL X D X  I ..< 
Lrn: 0 LtrN: 1 

S t a r t i n g  w i t h  block 0 ,  for 2000 blocks. 

1s this correct ( Y / N ) ?  
Presa the <Enter3 key to begin or the <EX> key t Q  start over:<Enter> 

Copy completed, 0 t ? K I O L S .  

Copy anothal- (Y/NI? 
.n> 
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14 SCSIFMT 
SCSEMT is the Ampro SCSI hard disk formatter utility. It is  usui to perform the low-bet f o m  for 
SCSI hard disk drives, prior to final preparation of the drive using the standard drive prtparatioa 
utilities oPTercd by your operating system. 

SCSIFMT supports the SCSI Common Command Set (CCS) dlnct access devices (typically hard disk 
drives). Consult the specific SCSI hard disk controller manuat for information ati to compatiiility with 
the SCSI ccs. 

SCSIFMT can be used to completely reformat the target drive, and to map out bad blocks. The list of 
bad blocks is appended to b e  on-didc bad block table, which is furnished by the disk manufacturer. 

Warning! 
If you format your drive, all data on the drive will be destroyed, 

14.1 Operation 

The general format of SCSIFMT is as follows: 

SCSIFMT Ii [LZ] [Zzl [FJ fM[mll [Yl 

Parameters may be entered in any order and are case insensitive. The parameters are: 

i 

1 

Z 

F 

M 

m 

Y 

The SCSI ID number, 0 through 7, of thc SCSI device that is to be accessed. This pammeter is 
required. 

The Logical Unit Number (LvrJ) of the SCSI device that is to be accessed. If not supplied, the 
default value is 0. 

The disk interleave fietor, wshicb only has meaning when used with the F (format) optioa If 
not specified (or set to 0).  the interleave factor is left unchanged from the drive's Current setting. 
A typical value is 2; most fast drives when used with Ampro's SCSYBIOS can suppon au 
interleave factor of 1. 

The 'format' option It must be specified if you wish to format the drive (and optionally change 
the interleave fkctor). . b -  

The 'map out" option When selected, any bad blocks (btocks with read errors, write errors, or. 
both) are mapped out of the drive's block allocation table. If data exists in the bad block, an 
attempt is made to saftly copy the data to another block 

The number of clean passes for the bad-block map ouL Specifies how many passes must be 
made with no bad blocks found. If not specified, defaults to 1. The maximum value is 255. A 
new pass begins when a bad block is found in the current pass. 

Confirm bypass option. If USUI, SCSKF'MT does not ask for a confirming *Y= keystroke before 
continuing with the format. USE WITH CAUTION! 
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14.2 Examptes 
Example #1: Bad block wm-ch. 

This sxmple searches the SCSI &vice with SCSI D.4, LUN 0, for bad blocks and maps out any bad 
block that are discovered. Five deiw p a s s  arc performed before the command completa 

Examglc #2: Format a SCSI drive. 

This exiunple formats &e SCSI device with SCSI ID 0, using an interleave factor of 1. 

Example #3: Format P SCSI drive, not confirmation. 

This exu~ple  formats the SCSI device with SCSI ID 2, wifhout asking for confirmation. 
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$5 SCSIPARK 
The Ampro SCSIpARK utility is used to position the readkite hcad(s) of a SCSI bive to (L prtdcfined 
Safety zone on the && wkct, to guard against accidental data loss due to either power odoff  fltcher 
in the drive electronics or media damage due to mechanical shock 

This it a mltgacym utility, as most modern SCSI d.civcs automatically park their &ads in a rafe b d b g  
zone during p ~ w u  do- Yop would ody use this utility on drives that do not provide automatic 
parking. Then is no harm in using this utility on drives that automatically park their heads-it'r just not 
needed. 

The current version of SCSPARiC supports the fotlowing SCSI controllcn and drim: 

Little 3oard-based SCSI controUers 
MiniMdUlM SCSI controllers 
Adapt= ACB-4000 and ACB-5000 family controllers 
Seagate ST22SN SCSI drive 

Most "Common Command Set" SCSI drives 

15.1 Operation 
To usc SCSfpAIcK to park a &ive's heads, type the program's name falIowed by one or more SCSI ID@) 
of the controUer(s) to which the drive(s) are connected. All drives on each SCSI contcoller will be 
parked by the single ammsnd. For example: 

Will park all drives &wed on SCSI controllers with ID'S of 0 and I.  You can also use an asterisk (*), 
to have all pssiik SCSI ID'S parked. Tbat is, 

C>SCSIE?A?.? 

will park drixxs cta alI SCSI controllers detected. 
01234567'- 

'SCSPARK *' is equivalent to "SCSIPARK 

Note 
t 

? 

Be sure not to rcce$s t bard disk drive after it i s  parked, u this 
, . a move the drive's hehds off the landing zoue. 

you can 
required & 

&e usc of the SCSIPARK utility by creating a DOS "batch" file contzlining the 
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$6 SCSITOOL 
The .Ampro SCSIlXXlL utility is o powcrful and flexlilc SCSI debugging tool which allows you to 
demsnsluate, test, md debug !iCSI commands and devices. Options are provrided which allow you to 
meate m y  desircd SCSI c o m m a  and write or read desircd data patttms to or from any type of =I 
device. Although the program must be run from DOS, SCSITOOL pays no attention to the conteats of 
the SCSI devices scs-cs?;edl, and does not care what (ifany) operating systcm has been used to write 
to tht:m. 

Warnhgl 
-~ 

SCSITOOL em destroy data on the destination SCSI devfca Use 
this utility with extreme care! . 
I_---.--IW_ 

16.1 Operation 
The SCSITOOL utility is very easy to use, but you need to understand SCSI command principles in 
general,, as well as the specac SCSI command set of the SCSI target devices you Will be accessing. 
Refer to the technical infonnatian supplied by the SCSI target devices' manufacturers, and to the ANSI 
X3.131 SCSI specification for a full functional specification of the SCSI interface protocols. 

To begin program operation, type the program's name at the DOS command line: 

The program wilt display a brief s igna message, followed by the SCSITOOL command prompt: 

Command (C, I), E, W, S I  ?, <ESC> to quit) : - 
Entering a "7" results in the disp1a:y sf SCSITOOL's command menu: 

C .- E n t e r  command buffer 
€2 - E n t e r  data buffer 
E '- Execute SCSI carnmand 
R - R e s e t  S C S I  bus 
s -  set SCSP ID 
J - Display t h i s  he lp  message 

Command (6, D, E, R, S ? , <ESC> to quit) : 
When you use either the C Enter command bu€fer) or D (Enter data btBer) options, the program will 
display the suneat contents of the SCSI command or data buffer in one area of your screen, and will 
position the cursor over the first byte of data on the command or data buffer entry line, 
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For example: 
I 

The Command Buffer currently containar 

0 1 3 4 S 6. 7 8 9 10 11 12 13 14 15 16 17 18 19 ... ... -- -_ -- I- _ _  -- -- e- -- -- -- -_ -- -_ -- -- -- -e 
00 00 00 00 00 oa 00 00 00 00 00 00 00 00 00 00 00 00 00 ... 
Enter the new v a l u e s  fn hexadecimal. The <Spacebar> leaves a 
d i g i t  unchanged, w h i l e  t h e  <Enter> key stops editing and returns 
t o  the l i s t  of commands. 

You can UK the <Spacebar> key to move through the bu€€er to the bytes you wish to mod@. Enter the 
data using the keyboard Press the <Enter> key to terminate the editing proccss. 

Similarly, you view and optionally edit data in the SCSI data buffer with the D (Ehter'data buffer) 
option, if data is to be sent or received from the SCSI device. The data b a e r  size is actually SK bytes, 
but only the first 512 bytes are avaiIable through this program's D commnnd. Since the entire 512 bytes 
of the data buffer display do not Zit entirely on one screen, use <CTRL-s> to p a w  the display when 
neceSSary (and any other key to resume display). 

Do not execute a SCSI command with the E (Execute SCSI command) option until you have first uscd 
the S (Set SCSI ID) option to specify the SCSI ID of the device to which the command will be issued. 

16.2 Examples 
Example #1: Test Unit Ready command 

Enter a11 0's in the command b a e r  with the C command; set the appropriate SCSl controller ID with 
the S command. Then use the E command to perform the Test UnkReady function. ("his example 
assumes LUN 0.) 

Example #2: Rezero Unit command. 

Enter 01 in the first mmmnnd byte, and alt 0's in the rest of the command buffer, with the C command; 
set the appropriate SCSI cqptrolltr ID with the S command. Then use the E command to perform the 
Test Unit Ready function (This example assumes LUN 0.) 
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17 ll-vrERM 
TVTERM it a t e d d  emulator program with partial emulation of the Tclevider, 900 &cj (and 
compttibfc) tcariraalr. "d allows a PC-compatiile computer system to act as a remote ~ ~ n s o l c  
for Ampro CPU products configured for serial cansole mode. This feature is enabled 
BIOS txtended Sl3T.P mtnq and is avaiiablc on ail Ampro CPU products, 

Note 
Depending on the particular h p r o  GPU product BIOS version 
used, a jumper between RTS and XU on the serial port connector 
may br avaflablc which xutomnticalIy cnnblea the rerial consaie 
feature of the Ampro BIOS. Consult your module's technical 
documentation or call h p r o  Technical Support for lurther 
infortuntion nhoui this feature. 

__I- Pu .  

TVI'EKM supports IBM CGA, 
modes. Serial data rates from 1 
PC-compatible 8250- (166450-) 

in the b p r o  

80 X 25 text MONO, ECA, and VGA compatible video adapters in 
10 through 115,200 baud are selectable. The serial port used must be a 
type UAKT, addressed as either "COM1" or "COM2". Note that not all 

system can support the higher speeds above 9600 baud. Hardware handshake via I>T€URTS is used to 
controf communicatiorre. XON/JcOFF handshaking is not supported. TVTERM will continue to process 
serial data interrupts and process data when running in background mode. 

The Televideo "no wrap" option is supported. Tlhat is, if She cursor is in column 80* the next character 
will not citust ttre cursor to advance to t21c first position of the next line. Emulation a€ Televideo 
function keys and m o w  keys afe not suppopted. Bright and half intensity arc supported 

17.1 TVTERM Hot Keys 
TVIEJ3.M Is a *te~aatc-stay-resident* USA} type program. Like most TSRs, when you run 
it bids itself into memory anti then waits for a "hot-key" to activate it. 

Enter and Exit Temind Mode 

4ll:-RightShlft-D is used to entcr t e r m b d  m d e .  
~Alb4ZightShift-D is used; t<) rehm to nomd display mode. 
These are the primary hot-keys. When you exit termi@ mode, the screen is restored to what was then  , 
before entering. . .  
Statuat Mode 

+Ut-l> enables "Status Mode". This will display the status of the handshake Sines and communication 
errors an liae 25 of your arcen, 

<Ait-L.=- cmiilcs "rdouitor Mde5 .  Miauiios Mode may only be embffd i.€'i'V?EBM is dready in "Status 
Mode." In this mode, the remainder of line 25 is used to display characters as they arc received from the 
serial port Characters are displayed with the half intensity reverse attribute. Control characters (Hex 
00 to Elex IF) arc shown in Hex, w&h t6e half intensity attribute. Characters received With an error 
condition Cparity, framing, and overrun) arc displayed with normal background hi-intensity attnbutc. 
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Monitor Mode may drop characters at bi@r baud rat- depending on tbe device you on 
communicating with. 

47.2 Operatfon 
TV'XERM is installed by typing it's name and optional parameten at the DOS prompt, or including I 
similar text line in a batch file (possibly in AUTOEXEC.BAT). The general form of the c o d  fr: 

C>TVTERM COMx Bb Ss Dd P p  

The command line parameten are used to select and initialize the serial port uscd for TVTERM. Tbe 
following command line options may be used, in any order. Parameten are case insensitive. 

COMx Cammunication port: 
x=1:  useCOMlport 
x = 2: use COM2 port (default) 

Bb Baud rate: 
b - 110, 150, 300, 600, 1200, 2400, 4800, 9600 (default), 19200, 38400, 57600, or 115200 
BAUD. 

SI Stopbits: 
s = 1: 
s-2: 2stopbits 

1 stop bit (defadt) 

Dd Word length: 
d =  5: 
d = 6 :  
d = 7 :  
d -  8: 

Pp Parity: 
p = N :  
p = E :  
p = O :  
p = s. 
p = M :  

5 data bits 
6 Qta bits 
7 data bits 
8 data bits (default) 

no parity (detault) 
even parity 
odd parity 
spa= 
mark PatitY 

TVERM docs not protect you from illegal or unusual data lengths or combinations of parameters. 
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18 WATCHDOG 
The i b p r o  WATCHI)OC utility is uscd to start, stop, or retrigger an Ampro CPU board's watchdog 
timcr fiom the command liae or from witlhE~ 8 batch file. 

4 8.4 Operatloln 
To use the WATCHDOG utility, simply type the program's name, along with the desired option (listed 
below), on the DOS ccrmxnand line, Or, YOU may enter a similar commnnd in as appropriate batch file. 

The GOLUIRW~ choices ac:  

which lturns the timer off* To set a specific watchdog time i n t e d ,  use this syntax: 

This cammand starts or retriggers Yhe watchdog timer with a time-out of secs seconds. xu bas a range 
of 1 to 255 seconds. 

displays a help sctecn. 

Generally, the watchdog timer should be retriggered from within your application program, rather than 
With the WATCHDOG utility proypm, See your Ampro CPU technical manual for information about 
the 3ZOM-BIOS h c t i o ~  provided for this purpog. 
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Ampro Common Utilities 

I 9  XTCLK 
XTCLK is a clock utility for the CorcModuldXTPlu (It is only used for this product.) It is ostd to 
initialize the DOS clock from the battery-backed real-time clock at power up time, It ma also be used to 
set the real-time clock to the m e a t  DOS time. 

XTctaSs computers did uot have a real-time clock, and as a rcsult, BSOSes 6, not typically support I 
real-time clock like they do oa-ATztaw computers. This utility is executed at boot time, typically from 
the AUTOEXECBAT file, and synchronizes the DOS time and date values to the time and date values it 
tin& in the batter.backcd real-time cloclr. 

When setting the DOS time and date values from the real-time do& there are no c o d  line 
arguments to set. Simply include X T C X  on a line in your AUT0EXEC.BAT file, or CUIL i t  from the 
command line prompt. 

To set the hardware rtal-time clock to a new date and time, set the desired date and time using the 00s 
DATE and TIME commands. Once the DOS date and time values are COKCC~, enter the following 
command to set the real-time clock to match the DOS date and time: 

C:>XTCLK /S 

The /S (&e insensitive) switch tells XTCLK to set the real-time clock to match the DOS clock. 

To get a help screen, type the following command: 

C:>XTCLK /H 

The M (case insensitive) causes a brief help message to be displayed on the console. 
I 
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JCTWMM is an Expaadd Memory SpecScation driver (EMS), used to access onboard RAM above the 
640K k,untfary in CanforIElnW , with the E M  4.0 standard. (It io only uscd for the CorcModulcfXTPus 
prdnct.) This i s  a DOS device driver, intended to be loaded at boot time by the CONFIG.SYS file. 

Interad control logif: ct;ia convert onboard DRAM beyond 640K into expanded memory (EMS). With 
the EMS option enabled, W1C of the module's DRAM is present in the normal V30 system address 
space., and the bakmce of thcr memory installed on the module is accessed M EMS memory by page 
addressing. This EMS memory be accessed by a wide variety of application pnd utility programs, 
including both disk cache md RA~Gdkik drivers. Special progmnmhg techniques must be uscd when 
writixlg software whish 3ccests expanded memory. Refer to the LIM 4.0 specification for details. 

SeIectiou of the page frame mexnory address is done with a command line parameter in the 
CONFIGSYS file. Jr is important to configure your system such that the memory space specified for 
EMS does not conflict with other functious. A memory map for the CoreModuleKTHus, including 
possiblc zlmmXy assipnents f i r  the EMS 64K page frame, is included in Chapter 4 of the 
CorgModu1dxl"Pfus Technical Manual. 

To we JCI'PEMRI.SYS, add a line to the CONFIG.SYS file as follows: 

DEVICE=XTPEMM.SYS 

With this command, thc EMS driver will be loaded witfi a set of default values for the f/O addresses that 
co~~trrrl the EMS hardware on the Gorehiodule artd the page address used for the EMS 64K page frame 
buffer. The system can then be used to support exgauded memory. 

Normally, you do not need to alter &e default values that arc provided in the program. There will not bc 
an YO address conflict Because the YO port addresses used by the module's paging hardware is located 
in the range of OOh to FXh, which are reserved port addresses not used by any standard peripherals. 
However, the page frame adchess sf the memory buffer can be used by other devices in the system. 
Therefore, there is provision for cbmginp, this value on the CONFIG.SYS c o m a  line. The default 
value i s  D0000h. To change the page frame address assignment, add the new assignment on the 
comnlaed line as follows: 

Where boge address] 
set the EMS page' frame a d h s  to EOOOO, use the following line: 

-DEVXCE=XTPEKM. SYS EO000 

bc COOOO, DOOOO, or COOOO. @ a  not indude the brackets.) For example, to 

'phis c t r n m d  sets &e EMS page frame to EOOOOh to EF?;"FFh. 
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5.2 Ainpro Application €landbook 

The Ampro Application Handbook contains several application specific papers and notes, 
which aid the user both in the configuration of hardware and the development of software. 
Additional application notes atid while papers can be found at 

http:llwww.zlmpro.com/university/index.litm. 

The Ampro Application Handbook is included in the Quick Start Kit - CM2-SXI-K-00, which 
can be purchased from Ainpro for $186, 
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NOTE 

Number: #AAN-8702 Date: September 3, 1987 

Title: ROM-based opera,tion of the Little Board/PC. 

Product(s): Little BoardPC 

Abstract: A discussion of two alternative methods of loading software from 
EPROM, including an example of how to generate a "ROM-BIOS 
extension". 

INTRODUCTION 

The features of the AMPRO CMC)S Little Board/PC (TM) make i t  ideally suited for 
use in rugged or harsh operating environments, or as a controller "embedded" 
within some device which is not perceived as a computer. In such applications 
the use of magnetic media such as floppy and hard disk drives to hold the 
operating system and application programs is often unacceptable. Instead, i t  
is desired in these cases to substitute semiconductor memory (EPROM and/or 
nonvoliitile RAM) fer the disk drives nornially required to boot and run the 
system. 

- - - - - - - .. -.. - - Y 

There are two approaches to ROM-basad Little Board/PC operation: 

( 1 )  The AMPRO Solid State Disk (SSD) Drive Support Software, allows you to 
configure a Little Board/PC system to boot, operate, and even store data 
using one or two EPROM and/or R A M  drives, under control of the DOS (PC- 
BOS or MS-DOS) operating system. In this case, the board's two spare 
byte-wide memory sockets ('cJ15 and U26) can be populated with either 
EPROM's or nonvolatile RAM devices. The AMPRO SSD utilities are used to 
format and access the devices in  these sockets as DOS disk drives, and no 
special software development effort is required. In addition, since 
system operation is based on PC-DOS, floppy and hard disk support are 
always available i f  required for data storage or loading by your 
application program. 

(2) If your application does not require the services of DOS (PC-DOS or MS- 
DOS], and if the use of floppy or other disk drives for data storage or 
loading is also not required, you can use the Little Board/PC's two spare 
byte--wide memory sockets to load your application program directly. This 
is done by means of what is known as a "BIOS Extension", which 
automatically executes upon system powerup or  reset. 

The remainder of this application note provides the technical information a 
prograrrimier needs to produce a BIOS Extension capable of automatic powerup 
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execution without the use of DOS. 

HOW A BIOS EXTENSION WORKS 

As mentioned above, the Little Board/PC's ROM-BIOS contains a mechanism for 
loading programs directly from EPROM prior to booting DOS. These programs 
are called "BIOS Extensions", and can be contained in one or both of the 
board's two spare byte-wide memory sockets (U15 and U26). 

.......................... 

Following system poweron or  reset, the ROM-BIOS initializes the board's 
hardware and performs a-fower-On-Self-,Test.(PQST).. -Fol.lowing the POST, the 
ROM-BIOS scans upper memory to find any "BIOS Extensions" that may exist. This 
is the point at which the BIOS Extension can gain control. 

Because a BIOS Extension executes before DOS is loaded, i t  cannot use DOS 
services, nor can it depend on any device driver specified in a CONFIG.SYS file 
or resident programs that might be loaded by an AUTOEXEC.BAT. All ROM-BIOS 
services, however, are available. These should be adequate for most 
applications. 

STRUCTURE 

The BIOS Extension has a well defined structure. It begins with a three-byte 
header which consists of a two-byte ID pattern (55h, AAh) followed by a SIZE 
byte. The SIZE byte indicates the number of 512 byte blocks to be included in 
the checksum calculation (described below). 

When the ROM-BIOS locates a properly formatted BIOS Extension, i t  makes a FAR 
CALL to the fourth byte in the BIOS Extension (address 0003 in the EPROM). 
This is the "entry point" of the EPROM. The remainder of the BIOS Extension 
contains the program itself. (One additional constraint is that the checksum 
of the blocks referenced by the SIZE byte must be zero, as described below.) 

LOCATION 

When the Little Board/PC ROM-BIOS scans system memory for BIOS Extensions, it 
begins at address C8000h and checks for the 55AAh header on every 2K boundary 
up to address F4000h. If a BIOS Extension header is not found within that 
region of memory, the ROM-BIOS proceeds with the normal system boot sequence. 
Consequently, if a properly formatted BIOS Extension is present on a 2K 
boundary between C8000h and F4000h in memory, it can seize control of the 
system before any attempt to boot DOS is made. 

CHECKSUM 

Prior to transferring control to a BIOS Extension, the ROM-BIOS performs a 
checksum calculation on the number of blocks of the BIOS Extension indicated by 
the SIZE byte, and verifies that the result is zero. The checksum process 
consists of a simple additive sum (modulo 100 hex), beginning with the "55AA" 
ID bytes and including all other locations in  memory defined by the SIZE byte. 
If  the result is non-zero, a checksum error message is displayed, the BIOS 
Extension is ignored, and the boot sequence continues. Consequently, when you 
create a BIOS Extension, you must calculate the checksum of the memory image 
and then alter a b y t e  value in the program to cause the checksum calculation to 
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become zero. 

RAM USAGE 

The AMPRQ ROM-BIOS itself uses RAM from 00000 to 00500h. Your BIOS Extension 
can USE: any RAM above this, up to the limit of the available memory in the 
system. It is recommended that you begin your program's data areas at 00600h, 
to allow €or future BIOS RAM area expansion. The ROM-BIOS provides a service 
for determining the amount of RAM available in the system. Executing an INT 
12H will return the available memory size, in Kbytes, in register AX. 

A PROGRAMMING EXAMPLE 

The following example shows how to set up an assembly language program as a 
BIOS Extension. 

-----..-.-."- ------ ----- 

i--- .-__ I - - , 
; 
; 

Thit; initialization cndr: is for a "tiny model", with code, data 
and stack in the same segment. 

--x=- -l , 

BIOS - ENDequ OOOGOh ; end of RAM used by BIOS 

DGROUF' GROUP PROC 
P R O S  SEGMENT BYTE PUBLIC 'PROG' 

page 

; Initiawize: the run time code 

ASSUME CS:PROG, DS:PROG 

.__I--- z-- - - * - 

, 
; Places stack in RAM, all else is in ROM 

Init 
d b  

Blocks d b  

; Entry point: 

Entry: 

Y 

.I 

int 

shl 
sub 

I mov 

1llOV 

f n O V  

mov 
mov 
push 
push 

t 

call 

PROC FAR 
055h, Ouah ; IU pattern 
1 ; # of 512 blocks code & data 

OlZh 

ax, cl 
ax, 01000h 
bx, ss 
c?(, sp 
ss, ax 
SI), Offffh 

bx 

MainChde 

el, 6 

CX 

; get number of Kbytes in AX 
; divide by 64 
; to get paragraph address 

; get callers FAR return 
; address 
; now setup 

; save the callers return 
; address on my stack 

; 64 Kbytes for stack 

; the real stack 

: execute your program 
t 
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; If your program exits (via a FAR return), control is given back 
; to the BIOS. 
Y 

POP bx 
POP cx 
mov ss, bx 
mov SP, cx 
ret 

h i t  ENDP 

; get the BXOS 
; stack back 
; restore 
; them 
; & ret to BIOS & boot 

9 

; MainCode is a simple sample.program. It-signs on and returns. 
’ 
MainCode PROC NEAR 

lea 
MainCodeLoop: 

cld 
lodsb 
or 

mov 
mov 
int 

MainCodeExit: 
ret 

j z  

jmp 

si, Message ; point to the message 

; insure forward direction 
; get the next chacter 

al, al ; is it the end? 
MainCodeExi t ; YES, exit 
ah, 14 ; NO, get TTY output parm 
bx, 7 9 screen attribute 
OlOh Y output the character 
SHORT MainCodeLoop; & loop for more 

; return to BIOS 

Message db  ’Main Code’, 13, 10, 0 ; signon message 

MainCode ENDP 

PROG ENDS 
E N D  
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TION NOTE 

Number.: #aeAAN-8804 Date: Sep 9 4 ,  1988 

Title: Ampro S~SI/BIOS Interface Specification. 

Abstract: Ampro has provided a ROM-BIOS enhancement which allows 
programmers to write hardware-independent software for 
SCSI bu5 interfacing. This ap note documents Ampro 
sCSI/BIOS functions. 

1 0 INTRODUCTION 

The A m p r o  SCSX/B:COS adds an additional layer of standardization 
to S C S I ,  by providing a high level interface f o r  software which 
eliminates the need for direct programming of the SCSI bus 
interface hardware. This standard software interface is 
accomplished t h rough  an extension to the interrupt 13h support 
norxla3.:Ly provided i :n  a, PC 0.1: AT ROM-BIQS for hard disk access. 
SCSL drivers and util.ities written around the A m p r o  SCSI/BIOs 
interrupt L3h extensions will run on any system in which the 
interrupt f 3 h  extensions, conforming to these standards, are 
avai1.abl.e. 
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2 . 0  STANDARD INTERRUPT 13H BIOS SERVICES 

On a standard PC the hard disk operation is performed by 
requesting disk services using the BIOS software interrupt 13h. 
To emulate these services with a SCSI drive, the Ampro BIOS 
extension will service the requests using a SCSI drive. The 
interface specifications f o r  these services are the same as on a 
standard PC. For a complete description of the required inputs 
and returns see the IBM Technical Reference or similar manual. 
The standard interrupt 13h services are listed here only for 
completeness. 

NOTE: These services emulate a standard hard disk interface as 
used by DOS and should not be used as an alternate to direct SCSI 
services. 

AH = OOh 
AH = Olh 
AH = 02h 
AH = 03h 
AH = 04h 
A H  = 05h 
AH = 06h 

AH = 07h 

AH = 08h 
AH = 09h 

AH = O A h  

AH = OBh 

AH = OCh 
AH = ODh 
AH = OEh 

AH = OFh 

AH = 10h 
AH = llh 
AH = 12h 

AIf = 13h 

AH = 14h 

AH = 15h 

Reset disk. 
Read status of l a s t  operation. 
Read sectors. 
Write sectors. 
Verify sectors. 
Format track. 
Format bad track. 

Format drive at track. 

Return current drive parameters. 
Initialize drive characteristics. 

Read long. 

Write long. 

Seek. 
Alternate disk reset. 
Read sector buffer. 

Write sector buffer. 

Test drive ready. 
Recalibrate. 
Controller RAM diagnostic. 

Drive diagnostic. 

Controller internal diagnostic. 

Read DASD type. 

N o t  implemented, returns bad command status. 

Not implemented, returns good status. 

Not implemented, returns good status. 

Not implemented, returns bad command status. 

Not implemented, returns bad command status. 

Not implemented, returns bad command status. 

Not implemented, returns bad command status. 

Not implemented, returns good status. 

Not implemented, returns good status. 

Not implemented, returns good status. 

Not implemented, returns bad command status. 
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3 . 0  AMPRO INTERRUPT 13K SCSI/€310S EXTENSIONS 

The AMPRO S C S I / B X O S  extensions are accessed in much the same 
manner as the standard hard disk interface using interrupt 13h. 
These extended services are requested according to the service 
request parameter in the AH register. 

3.1 Direct SCSX Service Requests 

Direct: SCSI service requests insulate the application software 
from the actual -hardware of--the- S C S I  -bus. .This service requires 
that the caller create! a data structure with data and pointers 
that kiLI.1 be required hy the SCSI operation. 

Inc luded  in this data structure w i . 1 1  be the Initiator and Target 
Identification (ID) Number. Each XD is bit mapped into a byte 
with i i  one bit set. To determine the bit to set, use the ID 
number as the bit number. Bits are numbered 0 through 7, right 
to L e f t .  

Ex amp 1. (2s : 

With S C S I  devices that support multiple units, the Logical Unit 
Number (LUN) is mapped, as a binary value, into the top three 
bits o f  a byte. To calculate a LUN byte, take the LUN number (0 
through 7) and do a binary shift 5 places to the left with zero 
paddhg  on the right. One way to do this is to multiply the LUN 
by 3 % .  

The direct SCSI service request takes the following form: 

Mi =: ( a h )  Execute SCSI command. 
Input registers: 

ES:BX =: Pointer to the SCSI command table. 

Return registers: 
AX = 

CY = 

Status of SCSI operation. 0000h, good ending 
status, non zero if an error occurred. 
R e s e t  if good ending, set if an error 
occurred 
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SCSI command table format is: 

Off set Size Use 
00 byte Initiator ID (bit mapped). 
01 byte Target ID (bit mapped). 
02 
03 byte Vendor unique. 
04 dword (off,seg) pointer to Command. 
08 dword (off,seg) pointer to Data. 
oc dword (off,seg) pointer to Status. 
10 dword (off,seg) pointer to Message Out. 
14 dword (off,seg) pointer to Message In. 

....................................................... 

byte Phase map. 

NOTE: The size and content of Command, Data, 
Message Out and Message In blocks are defined by 
the Programmers Manual of the SCSI device belng 
accessed. In some services the messages are not 
used, but the pointer double words must still be 
present. 

Example : 

With an Initiator ID of 7, test if the unit at ID 3, LUN 2 is ready 

DATA 
SCSIcmd 

DataBuf 

Status 
MsgOut 
MsgIn 

CmdTable 
Initiator 

DATA 

SEGMENT WORD PUBLIC 'DATA' 
db OOh ; Test Unit Ready 
db 2 SHL 5 ; LUN 2, in top 3 bits 
db 0, 0, 0, 0 ; reserved 
equ $ ; not used by 

; Test Unit Ready 
db 0, 0 ; returned status 
db 0, 0 ; message out buffer 
db 0, 0 ; message in buffer 

equ 
db 
db 
db 
db 
dd 
dd 
dd 
dd 
dd 
ENDS 

$ 
1 SHL 7 
1 SHL 3 
0 
0 
SCSIcmd 
DataBuf 
Status 
MsgOut 
MsgIn 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

SCSI command table 
my ID 7 ,  bit mapped 
Target ID 3, b i t  mapped 
Phase map 
Vendor unique 
pointer to Command 
pointer to Data 
pointer to Status 
pointer to Message out 
pointer to Message in 

CODE SEGMENT WORD PUBLIC 'CODE' 
TestUnitReady PROC NEAR 

lea bx, CmdTable ; offset in BX 
push es ; save 'cause I need 
push ds ; copy DS 
POP es ; i n t o  ES 
mov ah, OClh ; execute SCSI command 
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imt Ql3h 
POP es 
jc Error 
0 . .  

TestUnitReady ENDP 
CODE ENDS 

; r eques t  the service 
; restore ES 
; i f  there w a s  an error 
; else continue 

3.2 Extended ltisad/Wrkte Operations 

Extended r e a d / w : r j . t e  operations are provided for disk operating 
systems and/or  tievice- drivers-that support-hard - d i s k s  with m o r e  
that 1 0 2 3  cylinders. Although the calling parameters specify 
head, cylinder and sec to r  number, this service will only  function 
with a SCSI drive. 

AH = ( C 2 h )  Extended seetor(s) read. 
I n p u t  registers: 

131; = Drive number (80h-87h). 
DH = Head number (0-15). 
SI = Cylinder number (0-65535). 
CL = Sector number (1-17). 
AL = Number of sectors (Olh-80h). 
E:S:BX Points to buffer. 

Retu rn  registers: 
Afl = :Error code if (3'1 = 1. 
CY = Reset is good ending. 
CY -- Set if error. 

Example : 

Read 1 sector from the first hard disk starting at head 8 ,  
cy1ind.er 0 ,  sector ,1. 

EtbC)V 
mov 
mov 
I t r C W  
m o w  
1 ea 
push 
push 
PSP 

i. nt 
PSP 
j (2 

IT1C3V 

. * .  

dl, 080h 
dh, 0 
si, 0 
c : l ,  1 
al, 9 
bx, Buffer 

ds 
e5 
ah, 662h 
O13h 
es 
Error  

e5 

AH = (c3h) write sector(5). 
Input registers: 

; 1st hard disk 
; head 0 
; cylinder 0 
; sector 1 
; number of sectors 
; of f se t  of b u f f e r  
; save 'cause I need 
; copy DS 

into ES 
; extended read 
; request the  service 
; restore 
; if there was an error 
; else continue 

I 

- 

DL = Dri.ve number (80.,-87h). 
DH = Head number (0-15). 
SI = Cylinder n u m b e r  ( 0 -65535) .  
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CL = Sector number (1-17). 
AL = Number of sectors (Olh-80h). 
ES:BX Points to buffer. 

Return registers: 
AH = Error code if CY = 1. 
CY = Reset if good ending. 
CY = Set if error ending. 

Example: 

Write 1 sector to the first hard disk starting at head 0, cylinder 

mov 
mov 
mov 

mov 
lea 
push 
push 
POP 
mov 
int 
POP 
jc 

mov 

... 

dl, 080h 
dh, 0 
si, o 
cl, 1 
al, 1 
bx, Buffer 
es 
ds 
es 
ah, OC3h 
013h 
es 
Error 

I 

I 

; 
; 
I 

I 

I 
I 

; 
I 

I 

I 

I 

f 

1st hard disk 
head 0 
cylinder 0 
sector 1 
number of sectors 
offset of buffer 
save 'cause I need 
copy DS 
into ES 

extended write 
request the service 
restore 
if there was an error 
else continue 

3.3 S C S I  Maintenance Services 

The following interrupt 13h extensions are used to verify that 
the SCSI is operational, get the SCSI/BIOS version, get pointers 
to its disk mapping tables and reset the SCSI bus. 

3.3.1 SCSI Check 

To determine if the SCSI bus is operational, the version of the 
AMPRO SCSI/BIOS extension and the Initiator ID (SCSI ID of the 
system), the following service request is used: 

AH = (COh) Check if SCSI is valid and return the SCSI/BIOS 
version and Initiator ID. 

Input registers: 
None. 

Return registers: 
AX = FFFFh if SCSI is operational. 
CY = Set. 
If AX = FFFFh: 

CH = Minor version number in binary. 
CL = Major version number in binary. 
DL = Initiator ID in bit mapped format. 
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Example : 

mow ah, OCQh 
int 013h 
cntp ax, OFFFFh 
j z  NoScsi 
rnOV [; scsiver 1, cx 
moV [: MYJd I f  dl ".. 

; S C S I  check 
; request the service 
; is SCSI valid ? 
; NO 
; YES, store SCSI Ver 
I & my ID 
; continue 

3.3.2 Return Pointer to SCSI Data 

This service returns a pointer to the Disk Physical T a b l e  (DPT) 
and i t  pointer to the 8 C S I  Device Map Table (DMT). T h e  DPT is 
terminated by a NULL ward. The second DMT contains the IDS and 
ETJNs af t h e  disks described i.n the DPT. Both tables will contain 
the same number of entries. The first entry in both tables 
corresponds tu the first SCSI drive, t h e  second if present, to 
t h e  second S C S I  drive. This in formation i.s provided f o r  
software, such as device drivers. 

AH = (CEh) Return pol.nt:ers to the address of t h e  DPT and 
DMT e 

Input registers: 
None. 

Return registers: 
I1S:BI = A pointer to double word (off,seg) address 

DS:SI = A poi.nter to double word (off,seg) address 
of the  DPT. 

of the DMT. 

DPT format is: 
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Example : 

mov 
int ... 
0 . .  

ah, OCEh 
013h 

; return SCSI pointers 
; request the service 
; DS:DI -> DPT 
; DS:SI -> DMT 

3.3.3 SCSI Reset 

This service resets ,the SCSI bus and SCSI devices co'nnected to 
it. 

AH = (CFh) Reset the S C S I  bus. 
Input registers: . 

None. 

Return registers: 
Nothing. 

Example : 

mov 
int ... 

ah, OCFh 
013h 

; reset SCSI 
; request the service 
; SCSI has been reset 
; if present 
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N NOTE 

NUMBER: 

TITLE: 

PRODUCT’: 

SUMMAR% 

M - 8 8 0 5  RRIISICIN: C DATE: 2/12/92 

Using the onboard configuration memory EEPROM for custom applications. 

All Arnpru Corehrfodules and LittleBoards except the LB/PC. 

An EEPROM device can Ampro CPU’s is usad to store configuration information used 
during poworup or system reset. Space has also been reserved within the EEPROM for 
OEM use. This application noto discusses the data structure within the EEPROM, and the 
ROM-BIaS functions that sh;hould be used to access or modify the EEPROM data from 
custom softwara. 

A StandiYd PCIAT uses battery badced RAM Within the onboard red time clock device to store system con- 
figuration ixlfomatiori in addition to the time and date. This information is used by the ROM-BIOS during 
system startup to determine how to initialize the hardware. Ampro CPU products provide additional 
nonvolatile information storage in the form of an EEPROM (Electrical Erasable Programmable Read Only 
Memory). In addition to the contents of the standard CMOS nonvolatile RAM ( N O W ) ,  the stored 
EEPROM information is used by the R.OM-BIOS during startup for Ampro-specific system initialization. 

The contents of both the standard AT’ N O W W  (within the clock) and the non-standard EEPROM device 
can be edited “manually” using the SE.TUP.COM utility, which is included on the Utilities diskette provided 
with all Ainpro CPU products. The EEPROM may be written up to 10,OOO times. 

Some a w o m  applications need UJ read andlor modify the parameters in the EEPROM. In addition, space in 
the EEPR.OM is available for the storage of data, parameters, serial numbers, passwords, etc., for use by the 
OEMs application. ‘The ROM-BIOS functions that are used to access and reprogram the EEPROM contents 
have been s$andar&ed for all CIPYJ products, and are documented here, 

FIease note the following: 

I At system startup, data is read from the EEPROM and stared in RAM by the ROM-BIOS. 

I Any writes to the EEPROM that change the system startup parameters (used by the ROM-BIOS) will 
~ Q I :  take effect until the system has been reset (power onloff cycle, hardware resef Ctrl-Alt-Del). 

s The Ampro EEPROM rt?ad/write IIOM-BIBS services {discussed below) maintain an accurate 
EEPROM write count and <an EEPROM data checksum. It is therefore essential that the ROM-BIOS 
services, or an appropriate Ampro utility (e.&., SETUP.COM), be used to dter the EEPROM contents. 

1 The format of the portion of the EEPROM that is used by the ROM-BIOS may change in the future. 

- -I 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
Telmhone: (408) 522-2100 - FAX (408) 720-1305 



ROM-BIOS FUNCTIONS FOR EEPROM READlWRlTE 

Ampro has provided an extension to the int 13h service routines to provide read/write access to the EEPROM. 
There are two sets of services. The first aweses the EEPROM relative to the start of the User EEPROM data 
area, starting at w r d  20h. The second accesses the entire EEPROM from offset Oh to offset 3fh. This second 
service is intended for use by Ampro to perform maintenance on tlae EEPROM (such as with the utility 
SETUP.COM). 

BIOS Interface touser EEPROM Data Ares 

ROMBIOS service functions OOh, 02h and 03h, and their calling formats are intended for access to the user 
portion of the EEPROM. When a service is performed, these functions will use the word address as an offset 
into the User EEPROM Data Area Thirtytwo 16-Bit words, at offsets 0 through lFh, are available for user 
data. The User Data k e a  starts at word 2Oh in the EEPROM. 

FUNCTION OOH * - -  READ USER UORD 

Entry: AX = ccOOh 

Returns: cy set  AH = e r ro r  code 
DX = address (0 - l fh )  

cy reset AX = word from User EEPRCM 

Exenpie: 
mOV ax, OccOOh ; read word 
mOV dx, 5 ; of fse t  of word 
int 013h ; request service 

word 5 of the user data wee would be returned in  AX. 
This uord i s  a t  EEPROU of fse t  32 + 5 = 37 (25h). 

Resutt: 

~ ~~ 

FUNCTION 02H - - -  USER READ WORDS 

Entry: AX = ccO2h 
. CX 8 word count (0-ZOh) 

DX = s ta r t i ng  address (0- l fh)  
ES:BX = buffer address 

cy reset count nor& from USER EEPROn i n  buf fe r  
Returns: cy set AH = e r ro r  code 

Exanple: 
mbV ax, OccO2h ; read words 
TtOV cx, W O - C W N T  ; count of words t o  read 
mOV dx,  5 ; star t ing  of fset  of read 

mOV push bx, ds 
InOV es, bx 
i ea bx, Buffer ; ES:BX -> read buffer address 
int Ot3h ; request service 
POP es ; restore ES 

es ; get 
; t h e  data seg 
: into ES 

WRD-CWNT equ 16 
Buffer db WRD-CUJNT DUP (7) 
Resut t : 

16 nords, s ta r t i ng  a t  word n-r 5 of the 'User Data 
Area', nvuld be read in to  the buffer. These woutd be 
words s ta r t ing  a t  EEPRdn o f f se t  32 + 5 = 37 (25h). 

AAN-8805 - Page 2 



Entry: W = cc03h 
CX wrd count (0-20h) 
DX = s t a r t i n g  d r e s s  ( 0 - l f h )  
ES:BX = write bu f fe r  address 

Returns: cy set  AH = e r r o r  c d e  
cy reset  count words w r i t t e n  t o  User EEPRW 

Example: 
IIKIV 
mov 
mov ’ 

push 
moV 
W V  
1 ea 
in t  

ex, OccO3h ; 
cx, WORD-CWUT ; 

&S t 

bx, ds , 
es, bx I 

bx, Bu f fe r  ; 
013h 0 

5 I 

user w r i t e  words 
count of words to u r i t e  
s t a r t i n g  o f fse t  of u r i t e  
get 

the data seg 
i n t o  ES 

request service 
ES:BX -> w r i t e  bu f fe r  eddress 

Result: 
Tho 16 wards in the w r i t e  b u f f e r  would ke w r i t t e n  t o  
the User Data Area, s t a r t i n g  a t  word nwlber 5. These 
would be words s t a r t i n g  a t  EEPRal  offset 32 + 5 = 37 (25hJ. 

BtOS titterface to All EEPROM Data Areas 

Functions O h ,  OCh, OEh, and On, and their calling formats, are used to access all data areas within the 
EEPROM. When a service is perfomled, these i i ~ n c t i ~ t ~  will use the word address as an offset from the start 
of the EEPROM data anta. A service specirying word 5 would operate on the word at offset 5. NOTE: The 
first 32 words -- i.e., w r d  0 through 31 (Wh) *- are reserved for Ampro BIOS and utilities use, 

FUHCPlOlJ OAH - - -  READ WORD 
- -- --I - 

Entry: AX = ceOah 

Returns: cy set Ali = error code 

Exanple: 

OX = address (O-3fh) 

cy reset AX = word frat EEPROM 

mOV ax, OccOah ; read word 
mOV h, 5 ; o f f s e t  o f  word 
int 013h ; r e q w s t  service 

Result : 
Uord n i h r  5 of the EEPROM ~ o u t d  be ret i i rned in  AX. 

__c-_yq-Ipp. 

FUNCTION OCH - - -  READ WORf)Ii 
_ _ _ _ _ I _ ~  ---. ---.”..--- 
Entry: AX = ccOch 

CX word count (0-GOh) 
DX = s t a r t i n g  address 
ES:BX = buffer address 

Returns: x words i n  txlffer 

ax, OccOch ; read wcirds 
cx, WORD-CUJNT ; 
dx, 5 ; s t a r t i n g  o f f s e t  o f  read 
eS ; get 
bx, ds ; the data sag 
es ,  bx ; i n t o  ES 
bx, Buf fer  ; ES:BX -> read bu f fe r  address 
013h ; request service 

corn!: o f  wards t o  read 
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POP es ; restore ES 
WRO-CCUNT eqti 16 
Buff er m UORD-CWNT DUP (7) 

Result : 
16 words of the EEPROM, s ta r t ing  a t  uord 5, would be 
read i n t o  the buffer. 

FUNCTION OEH --- M I T E  WUDS, UPDATE CHECKSUM 

Entry: 

Returns: 

AX = ccOeh 
CX = wrd count (0-40h) 
OX = s ta r t i ng  address 
ES:BX = wr i te  buffer address 
cy set AH = e r ro r  code 
cy reset count words w r i t t e n  t o  EEPROM 

Example: 
mOV 
mOV 
mOV 

mOV 
mOV 

push 

1 ea 
int 

WORD-CWNT 
Buffer 

Result: 

ax, OccOah i u r i t e  words 
ex, UOnD-cWN1 ; *, 5 ; star t ing  o f fse t  o f  wr i te  
es ; set 
bx, ds ; the data seg 
es, bx ; in to  ES 
bx, Buffer ; ES:BX -> u r i t e  buffer address 
013h ; request service 

count o f  uords t o  wr i te  

ccpl 16 
db !dORD-CWNl DUP (7) 

The 16 words in the wr i te  bu f fe r  uould k uritten 
t o  the EEPRW, s ta r t i ng  a t  word fw&r 5. 

FUNClIbN OFH - - *  CHECK CHECKSUW 

Entry: AX = ccOfh 
Returns: cy set AH = error code 

Exenple: 
mOV ax, OccOfh ; wr i te  uords 

. int 013h : request service 
Resul t : 

cy set Checksun Bad 
cy reset Checksun Gdod 

cy reset CHEEYSUH OK 

Error Codes 

Upon the completion of an Ampro ROM-BIOS EEPROM service request, the cany flag vill be set if there 
was an error. If the carry is set, an error code will be returned in AH. 

~ ~~ 

Returned Error Codes 
AH = 1, i l l e g a l  d r e s s  requested. 
AH = 2, bad uord count, uould access more than mex 

address. 
AH = 3, er ror  accessing EEPROn. 
AH = 4, checksun error. 
AH = -1, bad function ca l l .  
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EEPROM DATA FORMAT 

I x Y x - targer i d  third device 
third device defined 
wdefined/reserved AMPRO 

x )( x _"*.. - - - - -  " -  lwi id for third device 

The device uqed for the: EEPROM is a Natio~if MC9346 (or equivalent) serial EEPROM. This EEPROM 
contains 1824 bits of witable data space. It is organized as 64 16-bit words. Half of these, the first 32 words, 
have been reserved by Anipro for system use. The second 32 words"are available for the user. These data 
words arc: defined for Ampro products in general. Refer to the technical manual for each product for 
additional information. Specific products may not use some of the bits. 

x x x -------I--------- target id fourth device 

~ ~~ -~ ~~ 

UORD 0 - -  C H E C K W ,  5CS1 ID, ENABLE B I T  MAP FO# PORT Sf2H: 
-=-- ------- 

bit definition: 
f e d c b e 9 8 7 6 5 4 3 2 1 0  

0 - enable byte uide socket 0 
1 - disable byte wide socket 0 

enable byte wide socket 1 1 1 ::: disable byte wide socket 1 
0 a b l e  serial port 1 

disable serial port t 1 *-...- 
0 --._-.- enable serial port 2 

disable serial port 2 1 --._--- 
0 - _ - -  .---- enable parallel port 

disable parallel port 1 - * * - - y - - -  

8 bit checksun 
x x x SCSI ID 000 t o  111 

x x x x x x x --"----*_.------. .  

WORD 1 - -  SCSI TARGET ID AND LUN FOR 2 DEVICES: 



WRD 3 - -  HARD DRIVE HAP: 

buffer. . . . . . . . . . . . . . . . . . . . . . . . . .  Ser ia l  1 extended baud rate, t o  support 19200 th ru  57600 baud 

WORD 4 -- FLAGS 1: 

I f i  
C 

:tion: 
a 9 8 7 6 5 4 3 2 1 0  

a 
0 
1 

0 0 - floppy 0 = bodt device 
0 1 - s s d  = boot device 
1 0 - hard device 0 = boot device 
1 1 - undefined/resrrved AHPRO 

0 - - I - - - - bus speed fast, cpu speed 
1 - - - - -. - bus speed stow, ha l f  cpu sped 
- - - - - - - * -  SCSl disk interface disable 

0 ----**--.. SCSS disk interface enable .--...*---- floppy slow mode, cpu i s  set t o  ha l f  speed during i/o 

Byte Uide 2 enabled 
1 -I-- - - -*  *--.I Byte Uide 2 disabled 
-1--11-.--.*-1. Byte Uide 3 enabled 

Byte Uide 3 disabled 1 ------ - - - - - - - - -  
--*-...--.- ---e-- Cansole out = video, standard 

Console Out = se r ia l  1 I 0 .----*---------.- 

Console out = se r ia l  2 1 1 -I--------*--**-- 
0 ----*..--------.- Console out = m, int 10h vi11 point t o  i r e t  

-11----1.-----*.---- Console in  = keybard, standard 

1 ..--*.-*--- fto#ry fas t  mode, cpu speed i s  not changed 
------.*.---- 

Console In = se r ia l  1 0 0 - - - - - - - - - *  *-4--*---*- 

Console in = serial 2 0 _-I__-__------._---*- 

1 0 Console in = m, int 16h w i l l  return no char avai lable 
i r q l  w i l l  service the keyboard control ler  
hut no character w i l l  ba rut i n  kevboerd 

UORD 5 - -  FLAGS 2: 

b i t  def in i t ion:  
f e d c b a 9 8 7 6 5 4 3 2 1 0  

1 - Enable Hot key access t o  bios setup I l l l l l l l l l l l l l l  0 - Disable Hot key access to  bios setup 
x x x x x x x x x x x x x x x - - -  undefinedfreserved AMPRO 
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--ll---lp-I_I-'-II 

WORD 6 i y  FLAGS 3: ---_-- 
bi t  definition: 
F c d c b e Y 8 7 6 5 4 3 2 1 0  
x x x x x x x x x x x x x x x x - ude.f id/reserved AWPRO 

__11-- --..- -- 
UORD 7 -.. WRITE CWMT: ----- _ I " ~ .  

b i t  definitioti: 
f e d c b e 9 8 7 6 5 4 3 . 2 1 0  
x x x x x x x x x x x x x x x x - C W ~  0 "  65535 

Each tine the EEPROH i s  Written, the count: i s  incrementd. 

__ll_ll.-_llllll"p-.- 
WORD 8 - -  SERIAL COMFIG: ----_- ---- _I_-- 

bit definition: 
f e d  

x x x  
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W R D  10 - -  SCSI TARGET ID AND LUN FOR 2 DEVICES: 

W R D  11 - -  SCSI TARGET I D  AND LUN FOR 2 DEVICES: 

b i t  
f e  

X ) I  

WORD 12 -- HARD DRIVE MAP: 

~ ~- ~ 

WORDS 13-31 - -  RESERVED FOR FUTURE AMPRO USE 
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N NOTE 

DATE: 1 /05/90 NUMBER: AAN-suo2 REVISION: A 

TITLE: Third party support software Ifor serial port and madem operation. 

PRODUC?': LB/PC, LB/286, b5/:386, MM/SSP, MM/Modem 

SUMMARY: A discussion of several third party programs, utilities, and libraries which support PC 
compatible serial part and modern operation. 

TYPES AND FEATURES OF SERIAL SUPPORT SOFTWARE 

This application note discusses several third party programs, utilities, and function libraries which can be used 
to control the PC compatible serial ports of a Little Board. In addition, control functions for use with the 
MiniMdule/MoQem are included. 

Serial and rriodem support software packages generally fall into one of three categories: 

Memory resident drivers -- An imtallabk device driver or TSR ("teminate-stayresident") program is 
used to load serial and modern control functions into system memory, for use by programs which are 
subt:quentIy loaded. These drivt:rs are usually accessed by the application program through a software 
intempt, typically an extension of the ROM-BIOS interrupt 14h services. As a result, these drivers are 
language indepderu,  "Bindings" (for various languages) which allow the application program 10 access 
the functions provided by the memory resident driver are generally included (in source form) with these 
driver packages. 

m Linkable function 1ibr;uies -- The serial and modern control functions are in the form of a library of 
modules written for a particular language (or with language binders) which must be linked into your 
application program at rampile'time. Because these must be linked into a program written in a particular 
high few1 language (e.g. C, Basic, Pascal), this type of software support is language specijc. In fact, only 
ont: or two specific compiler!! are usually supported by this type of library of functions; however, source 
code is often included, allowing the libraries to be modified for compilers not supported. 

Comniunications programs -- There are many sources of general purpose, ready-to-run communications 
progrmis capable of transferring files and data over serial ports or modems. Script language support, 
available with many mmmwucatiom programs, m a k s  it possible to use these programs to perform all 
required serial or modem control functions in certain applications. These script languages process 
cornmmds in simple text files, which generally resemble the DOS batch language in their stge and usage; 
they often have BASIC-like cdensions for testing results, waiting for specific byte strings, looping, incre- 
menting counters, inputting data, formatting the video display, etc. 

Regardless of type, the serial and modem support packages offer features such as: interrupt driven or polled 
buf'fercd input and output data; XMBDEM (and other) protocol data transfers; support for multiple simulta- 
neous st:ri:d or modem channels; interrupt sharing in both "OR" (as on the MiniModule/SSP) and standard 
PG "XQR" style; error checking atid handling; port initialization; both software (XON/XOFF) and hardware 
@TR/DSR) handshaking; arbitrary serial port 110 base address selection; arbitrary serial port interrupt 
(IRQ) selection. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
Telephone: (408) 522-21 00 - FAX (408) 720-1 305 



The remainder of this application note briefly discusses several specific third party software packages, relative 
to the above overview of the general types and features of serial and modern support software. They can be 
used to program the functions of the PC compatible serial ports on the Ampro Little Boards and 
MiniModule/SSP, and can be used to control the modem functions of the MiniModule/Modem. The informa- 
tion shown is extracted from the software vendors' technical manuals and is believed to be accurate. Please 
contact the specific software vendor for further details. 

MID and ASYNC EXECUTIVE 

Multiline Interrupt Driver (MID) and Async Executive are two examples of memory resident drivers which 
provide a full set of the serial port (and modem) control and data transfer features listed above. In t e r n  of 
features, MID and Async are quite similar. Both offer fully interrupt driven, buffered input and output for 
multiple PC compatible serial ports. Both are intended to provide fast, efficient multiport serial I/O. Both 
drivers are implemented as extensions to the ROM-BIOS interrupt 14h serial support functions, and therefore 
can be used with standard ROM-BIOS programming methods. As with all memory resident drivers, both of 
these drivers can be accessed directly from assembly language, or from high level languages via a binding. 
Both MID and Async Executive support multiple simultaneous serial port intempt dnven'I/O. Both allow 
the use of any I/O base address, ahd any IRQ choice. In addition, both support true intempt sharing (OR- 
ing), as used on the Ampro MiniModule/SSP. 

Features -- FulIy buffered and interrupt driven on both input and output 
-- Optimized for low overhead and highly effcient operation 
-- Supports multiple serial ports (8) per interrupt, with ORing 
-- Supports multiple serial ports on multiple interrupts 
-- Simultaneous bidirectional 110 on all ports 
-- Character 110 or Mock I iO 
-- Character I/O emulates standard ROMBIOS support (interrupt 14h) 
-- Block reads and writes provide high data throughput 
-- Software (XON/XOFF) or hardware (DTR/DSR) handshaking 
-- Async Executive provides XMODEM file transfer support 

For furthe r i n f o d o n .  co ntact; 
MID 
Parasoft 
441 South Park Street 
Springfield, OR 97477 
Phone: (503) 741-1600 

Async Executive 
Cinus Software 
PO Box 51924 
Pal0 Alto, CA 94303-1924 
Phone: (415) 949-1470 
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GREENLEAF COMM LIBRARY 

The Greenleaf C o r n  Library as a linkable fixtion library which offers an extensive and complete set of serial 
port control and communication fwctions that a n  be integrated into application programs written in the C 
programming language. All of the usual serial port control and support functions (described above) are in- 
cluded, os' indicated in the following features list. Greanleaf currently supports Lattice C and Microsoft 6, but 
source code is included so the libraries can be modified for other C compilers. Support for multiple serial 
p01-t.s per interrupt (interrupt sharing) is included, but it is based on the presence of a hardware register in 
which the port@) interrupting can be read by interrupt service software. The interrupt service routine would 
require inodification to allow its use with interrupt sharing as implemented on the MiniModule/SSP. 

Featurq -- 
-- Hardware interrupt services -- 
-- 
-- Port initialization 
-- Hayes compatible modem support -- 

S~pports UP to 32 serid ports 

Circular transmit and receive buffers 
Hardware (RTS/CTS) and software (XON/XOFF) handshaking 

XMQDEM, YMODEM, and KERMIT file transfer support 

For further inf'orrnab 'on. C Q ~  
Greedleaf Software 
16479 I3allas Barkway, Suite 570 
D a h ,  TX 75248 
Phone: (214) 248-2561 

MIRROR 

Mirror is a communiclatiom p p z m  With extensive support for PC compatible serial port and modem based 
commurlications and data transfer. Like most such programs, Mirror can be operated from a set of menus (by 
a user); or it c,m be operated automatically using its script language processor. All of the common file transfer 
protocois are supported, including XMODEM, YMODEM, Crosstalk, Kermit, and CompuServe, resulting in 
error free data transfer. Tenninal emulations are provided for DEC, Televideo, Wye, and others. 

Mirror supports operation of only one single serial port (or modem) at a time. Any 1 / 0  port base address, 
and any hardware interrupt (IRC2) can be specified. During operation, the active port to be controlled by 
Mirror can be changed, but only one port is supported at a time. 

MIRROFt's script-based programming language (including the PRISM script extension option) makes 
MIRROR useful in certain types of dedicated and embedded applications. The script language can be used to 
design c~istom user interfaces or automate complex data communication tasks. Among other functions, the 
script language provides looping mechanisms (FOR/NEXT, etc.), graphics display support, prompting for 
inputs, wiring for specified events, pasward protection functions, and context sensitive help. 

Another option available for use with MIRROR is an MNP 5 protocol package. The M" 5 option emulates 
MNP 5 hardware protocol in sofware, thereby allowing a modem such as the Ampro MiniModule/Modem 
(without IUINP 5 support) to comrnunieate with a modem having MNP 5 capability. The MNP 5 protocol also 
provides data compression, resulting in faster transmissions and lower phone costs. 

For further information, con!& 
SofWone 
327 CHice Plaza Drive 
Tallahassee, FL 3231 
Phone: (904) 877-9763 

AAN-9002 - Page 3 



A TlON NOTE 

NUMBER: AAN-9003 REMSION: A DATE: 1/5/90 

TITLE: Using the knpro RUM-BIOS "OEM Hooks'. 

PRODUCT: LBIPC, LB/286, SE3/286, LB/3€46 

SUMMARY: Description and tjefinition of the 'OIEM Hooks" which are present in the Ampro ROM- 
BIOS, and how to generate "OEM extensions" and "OEM patchas" based on these hooks. 

INTRODUCXION 

To allow :i number of powerful and flexible changes to be made in system operation by OEMs, Ampro has 
extended the ability of the ROM-BIOS to execute OEM supplied code prior to system booting. However, the 
added "OEM hooks" allow control over functions which wuld otherwise not be possible without modifying the 
ROM-BICIS itself. 

At various points during the system initialization and the power on self test (POST) process, which occurs on 
system powerup or reset, the h i p r o  ROM-BIOS checks for the presence of either of two types of OEM 
modifications: OEM esenrions and OEM ptches, which are defined (briefly) as follows: 

OEM EXTENSIONS -- As mentioned above, at specific points during the initialization and powerup self 
test sequence, the ROM-BIOS scans for the presence of code containing OEM ROM-BIOS extensions. 
The technique is similar to that of the PC compatible 55AAh ROM-BIOS extensions, as described in 
Ampro application note AAN-8'702. The area from C8000h to the base of the ROM-BIOS (F0000h for 
the L.E3/2%, SE3/286, and LB/386; F8000h for the LB/PC) is scanned on 1K boundaries. T h e  formatting 
of the OEM extension is sirPiiIar to that defined for normal PC compatible S S A A h  ROM-BIOS exten- 
sions, including length, checksum, and initialization entry points. The only difference between these 
OEM extensions and standard ROM-BIOS extensions is the 2-byte ID. IDS in the range of 55AOh 
through 55A9h are used instead of the normd 5 5 M .  The unique 2-byte OEM extension ID is used to 
indicate at what paint in the ROM-BIOS pswemplreset sequence the particular OEM extension is to be 
execur.ed. 

These OEM extensions can be placed in several locations in the system: in the on-board byte-wide sock- 
ets; in socket "E" of the Expansion SSD Board; or on a board plugged into the PC bus. Since the on- 
b0;ird sockets on the LH12.86, SB/286, arid L,B/J86, and the entire SSD Expansion Board, cap. be enabled 
and disabled under. software control, there is a scan priority based on where the OEM extension is locat- 
ed. 'The priority is (highest to lowest): on the bus; on the SSD Expansion Board (socket E); in the on- 
board sockets. Also, if an OEM patch is present (described below) dong with an OEM extension 
(55Axh), the OEM extension rather than the patch code is  executed; Le., OEM extensions have priority 
ovcr OEM patches. 

AMPRO COMPUTERS, INCORPORATE0 
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. .  

8 OEM PATCHES -- A second means to modifying the powerup/reset startup sequence is based on a table 
of 16 pointers beginning at F000:30h, in the beginning of the ROM-BIOS EPROM (except on the 
LB/PC). For each OEM hook, the ROM-BIOS will execute code located at the memory address patched 
into the ROM-BIOS EPROM at the location corresponding to the particular OEM hook, if the default 
value in the table (FFFFh) has been altered. This allows the OEM code to be located directly within the 
ROM-BIOS EPROM. Note that if the corresponding OEM extension (described above) is present, then 
the corresponding OEM patch is not used; Le., OEM extensions have priority over OEM patches. Refer 
to the section on "Patching the BIOS EPROMs", for details on how the patching is done. Note that OEM 
patches are not available on the LB/PC. 

OEM HOOK DEFINITIONS 

The specific OEM hooks provided in the Ampro ROM-BIOS, and their possible uses, are discussed below. 
They are listed in order of occurrence. Refer to the section "Patching the BIOS ROW for further details on 
installing OEM patches, and to Ampro application note AAN-8702 for further details on the structure of 
ROM-BIOS extensions. Examples of OEM extensions are available from Ampro Technical Support on disk- 
ette. Remember, OEM patches are not available on the LB/PC. 

Early Reset Extension ID: none Patch location: F000:30h 
Descrbtioq: Occurs very close to reset time, prior to POST. Hardware has not been initialized. 
Memory may not have been tested. The only valid registers are CS:IP, no hardware assumptions can be 
made. Note that this hook is available as an OEM patch only. If present, the vector will be entered by 
JMP NEAR with the return address in BX, OEM code must reside in the same code segment, no CALLS 
can be executed from OEM code. Use JMP BX to return to the ROM-BIOS. A distinction between 
processor reset (shutdown mode, i.e. protected mode, reset) and system reset is made. 

Late Reset Extension TD: S5AOh Patch locatioa: m 3 2 h  
Describtiog: Occurs at late reset time. Video has not been initialized, only the frrst 64k of memory has 
been tested and initialized, and some default interrupt vectors have been installed. Typical use would be 
to initialize custom hardware functions (e.g. a watch dog timer). 
LB/286. SB/286. LB/386: POST tests 0 through 21 have been completed, SS:SP are valid, interrupt 
vectors have not been installed. 
LB/PC: This routine is called before the equipment scan and memory test, so it's early in the power up 
sequence. Don't change any interrupt vectors or make any software interrupt calls to the ROM-BIOS 
(i.e. video, keyboard, serial, or printer). 

Video Initialization Extension ID: 55Alh 
Descrhtiog: Typical use would be to configure special video cards to emulate MONO or CGA video 
cards. 
LB/286. S B/286. LB/386: Occurs at the beginning of POST video initialization, just prior to POST 23 
(see table below), prior to video initialition. Default interrupt vectors have been installed. After this 
scan, the ROM-BIOS tests for MONO video memory; if none is found, CGA is assumed; mode 7 is set if 
MONO card is present, or mode 3 if CGA. If there is video BIOS present in the EGA/VGA video BIOS 
ROM area from CoooOh to C23ooOh, INT 1Oh is patched to point to an IRET, the video BIOS is tested, 
and a far call is made to the initialization entry. 
LB/PC: This routine is called ufler at1 display devices (Le. MONO/CGA/EGA/VGA) are initialized and 
installed. 

Patch location: F000:34h (not for LB/PC) 
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a OEMSignon ---- Extension n>: 55A4h Patch location: FOOO:3Ah 
-- Descrigtion: - OEM signon display. The behavior of this OEM hook differs, depending on whether it is 
implemented as an extension or as a patch. In either cxe,  if this hook is utilized, this information will 
display instead of the normal hmpro signon message. 
- OEM extensions: When provided as an extension, can contain code to generate custom video interface 
routines or display custom signon messages. The ROM-BIOS 10h services may be used to display 
desired messages. 
OElM natch When provided ,as a patch, this entry is a pointer to an OEM signon message string, unlike 
the other OEM patches which contain vectors to code. The first byte of the string is the length of the 
string to be displayed. 
LB/%6, SB/286. LB/’t: Video has been irlitialized and POST test 23 completed. A short single beep 
has been sounded to indicate the fkst phase of post has been completed. 
LB/PC: Video has been initialized. 

111 Pre-55AA -I Extension TT>: 55A2h Patch location: F000:36h 
- I)escrii>tion: Occurs after POST video initialization, but prior to scanning for standard PC 55AAh ROM- 
BIOS extensions. Floppy, AT h a d  disk (not for LB/PC), serial cards, parallel printer ports, and joy stick 
ports have been initialized and have been logged into the equipment flags. Default interrupt vectors have 
been installed and will not be modified by the ROM-BIOS, however 55AAh ROM-BIOS extensions (if 
present) may change them. 

s Pre-Bout -1__- Extension ID: 55A3h Patch location: FQOO%h 
BesniptioPt. Occurs following scan for 55AAh ROM-BIOS extensions, and just prior to operating system 
boot. Anything may be changed, and changes should be expected to remain until boot code is executed. 
Anything changed with previous extensions can be restored at this time. 
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PATCHING THE 8iOS EPROMS (Not LB/PC) 

There are approhatefy 24,000 bytes of free ROM space in the current LB/286, SB/286, and LBj386 ROM- 
BIOS chips. This ROM space is uninitialized (filled with bytes of FFh) and may be reprogrammed for OEM use. 
An OEM interface is provided by Ampro to this uninitiaked ROM area to facilitate custom system implemen- 
tations. Remember, OEM patches are not available on the LB/PC. 

At the beginning of the ROM-BIOS, at memory address FOOO:oooOh, there is a 16 entry three byte jump table 
where the Award BIOS interfaces to the Ampro BIOS. The last entry in this table points to a return instruc- 
tion that is the last physical byte in the Ampro BIOS. The area'between this point and the beginning of the 
Award BIOS, which occupies the top of the ROM-BIOS EPROMs may be used for OEM patch code. The 
unused region is fded with FFs, as is the patch table, allowing the standard ROM-BIOS EPROM to be modi- 
fied by an EPROM programmer. 

FOO0:OOOO hex 
ampro-reserved 
anpro-reserved 
anpro-reserved 
ampro-reserved 
ampro-reserved 
ampro-reserved 
anpro-reserved 
ampro-reserved 
ampro-reserved 
ampro-reserved 
empro-reserved 
anpro-reserved 
arrpro-reserved 
empro-reserved 
ampro-reserved 
ampro-end 

; org 0 in rom 
; 0, reserved 
; 1, reserved 
; 2, reserved 
; 3, reserved 
; 4, reserved 
; 5, reserved 
; 6, reserved 
: 7, reserved 
: 8, reserved 
; 9, reserved 
;lo, reserved 
;11, reserved 
;12, reserved 
;13, reserved 
;14, reserved 
;15, end o f  enpro BIOS code 

FolIowing this jump table is a table of 16 unprogrammed words. Each entry in this table is tested during 
power on self test (POST). If an entry has been changed from the default (Offffh), a near call to the offset 
address indicated is made for execution of the OEM patch code. 

org OFOOO:0030h ; org 30h in rom 
du Off f fh  ; 0, ear ly reset 
du Offf fh ; 1, l a t e  reset 
du Of f f fh  ; 2, pre video 
du Off f fh  ; 3, pre 55es 
dw Of f f fh  : 4, pre boot 
du Of f f fh  ; 5, o m  signon 
du Offf fh ; 6-15, reserved 

INTERRUPT CONSIDERATIONS 

Interrupt driven code residing in OEM extensions cannot coexist with SSD on an SSD Expansion Board in 
systems based on a LB/286, SB/%, or LB/386, or cannot reside in socket "E" of an SSD Expansion Board if 
SSD software is in use. This is a result of the fact that the on-board sockets on these three boards, and the 
entire SSD Expansion Board, can be enabled and disabled under software control. When an SSD disk access 
is requested by the operating system or an application, on-board sockets on the LB/286, SB/286, or LB/386, 
or the entire SSD Expansion Board, may be temporally disabled. Also, during OEM extension ROM scans, 
sockets are disabled with interrupts cleared (CLI) while searches for ROMs in other devices are being made. 
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For reference purposesy the power-on self test procedures used in the LB/286, SB/286, and L B / W  are shown 
in the foflowbg table: 

I -I 

POST 1 1 Processor tes t  Rtl, status v e r i f i c a t i o n  
POST 
POST 3 - Clear 8042 i n te r face  
POST 4 - Reset 8042 
POST 5 - Get 8042 manufacturing status, normal o r  manuf 
POST 6 y In i t  chips (&a, 8259's,  cms)  
POST 7 ~ Processor t e s t  Rt2 
POST 8 - I n i t i a l i z e  cmos ch ip  
POST 9 Eprm checksun f o r  32 kbytes 
POST 10 - I n i t i a l i z e  video in te r face  
POST 11 - Test 8254 charnel 0 
POST 12 - Test 8254 channel 1 
POST 13 - Test 8254 channel 2 
POST 14 - Test cmos date and t imer 
POST 15 - Test cmos shutdoun by te  
POST 16 - Test dma channel 0 
POST 17 - Test dma channel 1 
POST 1El  ~ Test dma page reg i s te rs  
POST 19 * Test 8741 keyboard c o n t r o l l e r  
POST 20 .. Test memory ref resh toggle c i r c u i t s  
POST 21 - Test 1st 64k bytes o f  system m r y  
POST 22 - Setup i n te r rup t  vector t ab le  
POST 23 - setup video i / o  operation 
POST 243 - Test video nlemory 
POST 25 - Test 8259 channel 1 inesk b i t s  
POST 26 - Test 8259 channel 2 nask b i t s  
POST 27 I' Test C ~ O S  ba t te ry  level 
POST 211 - Test C ~ O S  checksun 
POST 29 - Setup conf igurat ion byte from cmos 
POST 3tI - Siz ing system memory & cornpere U / C ~ O S  
POST 31 - Test found System lWll!Bfy 
POST 3i! ., Test stuek 8259's i n t e r r u p t  b i t s  
P(IST'33 - Test stuck rrni ( p a r i t y / i o  chk) b i ts  
POST 34 - Test 8259 i n te r rup t  f u n c t i o n a l i t y  
POST 35 - Test protected d e  and a20 gate 
POST 36 - S iz ing extended memory above Imb 
POST 37 - Test found system/extended m r y  
POST 311 - Test exceptions i n  protected mode 
POST 39 - Reserved 
POST 40 - Reserved 

2 - Determine t y p  o f  post t e s t  

P 
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N NOTE 

NUMBEff: AAN-$3005 REVISION; C DATE: 10/16/9O 

TITLE: Third party sources of enclosures for Li le Board &sed systems. 

PRODUCT: LB/386, LB/2%, LF3/faC, l€3/1% 

SUMMARY: Information regarding a variety of third party sources for enclosutes which may be useful 
in packaging Little Board based systems. 

-yp__ 

This application note provides reference information regarding several sources of enclosures which may prove 
useful in integrating Arupro 1,ittIe Board based systems. Please note that the information below is meant to 
assist Ainpro OEM's in locating appropriate accessories for use with the Ampro Little Board single Soard 
systems, mcl is not intended as an endorsement of any particular company or product; nor have the products 
offered hy companies listed been Eested by A K U ~ ~ Q .  The suitability of these devices will be dependent on the 
requirements of the specific OEM application. 

The following company has taken over the manufacturing and sales of the discontinued Ampro Little Board 
enclosures, and is also developing a. number of additional enclosures specifically intended for Ampro OEM's: 

* ENCLOSURE TECHNOLOGIES I Ygsi lant i ,  MI y (313) 481-2200 
Product: a wide visr iety o f  Anpro-specific tabte top and rack mount enclosures. Ampro-specific 
mounting and cubl ing k i t s  are available. 

Some of the following sources offer enclosures which are speciftcally targeted to Little Board packaging, while 
others olfer disk drive edclasures which can be adapted to accommodate Little Board based OEM systems: 

Custom versions and system assembly avai lable. 

COBOfYX CORPORATION - Oanbury, CT ~ (203) 748-0095 ~ l f 6 ,  A t t n :  B i l l  S t r a i t .  
Product: a 15.5t4 x 9.5" x 5.E1' enclosure f o r  the LB/PC. Includes a 5 s l o t  backplane, 60 watt 
i m e r  SUPPLY, a d  mounting erld cabl ing f o r  LB/PC and two 3.5" d isk  drives. Avai lab le w i th  LB/PC 
tind d i s k  d r i ves  (920K f loppy and 20 o r  40 ML3 hard d isk)  insta l led.  FCC Class A and UL 478 rated. 

ELMA ELECTRONICS - F rmnt ,  CA - (415) 656-3400. 
Product: 
k i t s  ava i l ab le  fa r  rnonitors a d  d i sk  drives. 
ible keyboards. 

EVEREST ELECTRONIC EQUIPMEMT .. Anaheim, CA - (714)  634-2200. 
Product: 
packaging. 
3rd custom connector pijm:ls avai lable. 

INTEGRAND RESEARCH - Vis i i l ia ,  CA - (209) 651-1203. 
Product: 
panel d r i v e  covei- p la tes  and removable rear paneLs. 
avai table. 

JMR ELECTRONICS - Northridge, CA - (818)  993-4801. 
Product: 
Ciistorrt versions avai lable. 

RELAX TECHNOLOGY - LJnidn City, CA ~ ( 4 1 5 )  471-6112. 
product:  a v a r i e t y  o f  disk d r i v e  enctosures which can be adapted f o r  L i t t l e  Board packaging. 
I'roducts ava i l ab le  inc lude both conpact enclosures ( the sire of  a single d isk  d r i v e l  and "tower" 
tsrrc losures. 

a v ide v a r i e t y  of mudular enclosures f o r  por tab le and rack mount applications. Mounting 
Portable cases include mounting f o r  PC o r  AT compat- 

Custom enclosures a d  braeketry avai lable. 

severa l  disk d r i v e  enclosures t D B - 5  Series), which can be adapted f o r  L i t t l e  Board 
Custom versions R m w a b l e  f r o n t  panel d r i v e  cover p la tes  and removable rear panels. 

a wide v a r i e t y  of d i s k  d r i v e  and s i n g l e  board computer enclosures. Removable f r o n t  
Custom versions and custom connector panets 

a wide v a r i e t y  of d i sk  d r i v e  enclosures which can be adapted f o r  L i t t l e  Board packaging. 
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ION NOTE 

NUMBER: AAN-9006 REVISION: B DATE: 10/16/90 

TITLE: A 'watch dog timer" for the Ampro single board systems. 

PRODUCT: LB/PC, LW286, LB/386, SB/28G, SW386. 

SUMMARY: In most embedded applications it is important to protect the system against software 
lockup and system crashes. This application note explains how to use an available 
"watch dog timer" module to provide this function. -- ---.PI--- 

INTRODUCTION 

During the operation of systems containing an embedded microcomputer, unexpected events can sometimes 
cause the application software to lock up or crash due to either software or hardware problems. A common 
problem is improper systent resetting (and hence restarting) due to power browouts (Le. brief period of low or 
interrupted power) in which the loss of power supply voltages is insufficient to trigger a proper powerup reset 
pulse. 

For maximum embedded system reliability, a mechanism must be provided to restart the system in such cases. 
A common way to do this is by means of a "watch dog timer" (WDT), which resets the system (causing it to 
reboot and restart the application) if the WDT is not serviced within a specified time interval. Thus, if the 
software hangs up in an infinite loop, or if the system "crashes" completely, a reset will soon occur to restart 
the system. If the WDT is designed such that it 'remembers" its previous timeout settings on powerup, then 
the same function can to serve to guuarantee that the system will always start properly following a power down 
-_ or brownout -- condition. The DS1% WDT discussed in this application note provides all of these features. 

SOFTWARE ISSUES 

There arc three basic functions usually associated with the use of  a watch dog timer: 

m Enable -- start the watch dog timer and initialize its theout  time period. 

Ticlik -- access the watch dog timer by ii read or write, to prevent the system from being reset due to 
timeout of the WT)'T counter. 

a Disable -- stop the watch dog timer, so no timeouts (and resets) will occur. 

Typically: the WDT is enabled during the  embedded system production setup and test process. 
Once this is done, the WDT must be prevented from timing out or the system will reset periodically. 
During system operation, the application software must "tickle" the WDT often enough to prevent 
the periodic resets from ocwring. For the WIIT to be effective, the "tickling" function should not be 
done from a routine that is triggered by an interrupt such as the DOS timer tick, because many software 
lockup or crash conditiorls do not prevent interrupts from being serviced. (For example, crashed systems can 
often be restarted from the keyboard using Ctrl-Alt-Del, which indicates that interrupt service continues to 
work in spite of the crash.) Most embedded application programs are structured with some type of main 
control loop, performing and servicing various system functions. If these functions can be guaranteed not to 
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take longer than the WDT timeout value, calling the "tickle" routine just before calling each of the functions in 
the main loop would be the most reliable means of using the WDT. For example: 

MainLoop 
Tickle 
Routine 1 
Tickle 
Routine 2 
Tickle 
Routine 3 

Repeat MainLoop 

If one of the routines can take longer than the WDT timout, it would periodically need to call the tickle routine 
and could be in the same format as "MainLoop". This might occur, for example, during disk I/O. In such 
cases, "Tickle" should be called Before each access to a disk (this includes SSD). 

Software examples for the Enable, Tickle, and Disable WDT functions are given later. 

HARDWARE ISSUES AND INSTALLATION 

A watch dog timer module which can be added to the Ampro single board systems is the Dallas DS1286. The 
DS1286 is a combination clock, alarm, and WDT, but only the WDT function is considered here. For further 
information on the DS1286, contact Dallas Semiconductor, at (214) 450-0400. The DS1286 WDT can be 
plugged directly into one of the onboard byte-wide memory sockets. The configuration requirements are 
slightly different on each of the Ampro single board systems, as described below. 

It should be noted that the DS1286 W D T s  control registers are located in memory space. Consequently, a 
runaway program might accidentally alter the state of operation and stop the WDT function from workiag 
properly. For this reason, on the LB/286, SB/286, LB/386, and SB/%, the byte-wide socket is left disabled 
when not being accessed; it thus cannot be accidently accessed. The LB/PC, however, does not have a 
software controllable byte-wide socket disable function. For the LB/PC, it is therefore useful to disconnect 
the write signal from the byte-wide socket after the WDT is initialized and enabled, as indicated in the LB/PC 
installation procedure. 

Caution 
I I 

When installing the WDT on a LB/PC, LB/286, or SB/286, a wire must be 
added to the board (described below), to connect the required WDT 
RESET output signal. You can add this wire between an existing jumper 
pin and the boards RESET cable harness using wire-wrap wire, or you can 
solder the wire directly to the bottom of the board. Note, however, that 
board damage caused by inproper soldering or installation of the RESET 
signal wire will void the warranty. 
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' WDT Installation on LB/PC (Model 4B) 

1. The boards powerup reset components 111ust be changed to meet the DS1286's current driving capacity. 
To do this, change e31 from 33 mf to 3.3 mf and R34 from 10k to LOOk. Note that the required compo- 
nents may already be present in newer boards. 

2. Pins W and 26 on the DS1286 must be cut off, as they contain signals which conflict with signals on the 
board. Then install the IS1286 iri socket U26 on the board. 

3. Remove any jumpers at W35 and W45. Install jumpers in W36 and W37. 

4. Run ,a wire from W45 pui 4 to 54 pia 4 (RESET). This may be soldered on the bottom of the board. 

5. 

6. 

Be sure there is no other system memory in the range EOWO-ETFFh, as this is occupied by the DS1286. 

Toertable writing to the DS128ti -- which is required for enabling and disabling, but not for tickling the 
watch dog h e r  =- install a jtmper between W38 pins 2 and 3. To prevent writing, remove the jumper; 
this is useful to protect the WIT function once it is in operatioa 

WDT In&illation on LB/28Ei and S W X 6  

1. The t,oard's powerup reset components must be changed to meet the DS1286's current driving capacity. 
To do this, change C31 from 33 mf to 3.3 mf and R34 from 10k to 100k. Note that the required compo- 
nents may already be present in newer boards. 

2. Pins 2.3 and 26 on the DS1% must be cut off, as they contain signals which conflict with signals on the 
board. Then install the I)S12E16 in socket U'33 on the board. 

3. Remove any jumpers from W20. Run a wire from W20 pin 2 to Y4 pin 4 (RESET). This may be soldered 
on the bottom of the board. 

4. Remove the jumper from W21 pins 5 and 6, if present. To enable writing to the DS1286 -- which is re- 
quired for enabling aid disabling, but not for tickling the WDT -- install a jumper between W21 pins 3 
and 4. To prevent writing, install a jumper between W21 pins 1 and 2 instead; however, this may not be 
required if the byte-wide socket is left disabled by the Tickle function. 

5. Be sure there is no other system memory in the range DMOO-DFFF'Fh, as this is occupied by the DS1286. 

6. Use SETUP to disablg socket U33 (it is enabled when necessary, by the access software). 
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WDT Installation on LEV386 and SB/386 

1. 

2. 

3. 

4. 

5. 

Pins 23 and 26 on the DSl286 must be cut off, as they contain signals which conflict with signals on the 
board. Then install the D S W  in socket U33 on the board. 

Remove any jumpers from W5. The LB/386 and SB/386 have a jumper (W8) which can be used to 
connect U33 pin 1 to the system RESET input. Install a jumper in W8. 

To enable writirg to the DSl286 -- which is required for enabling and disabling, but not for tickling the 
WDT -- install a jumper between W5 pins 4 and 7. To prevent writing, leave pins 4 and 7 unshorted; 
however, this may not be required if the byte-wide socket isleft disabled by the Tickle function. 

Be sure there is no other system memory in the range DXlOO-DFFFFh, as this is occupied by the DS1286. 

Use SETUP to disable socket U33 (it is enabled when necessary, by ;he access software). Also use 
SETUP to select "32K bytes" as the byte-wide device socket memory size. 

SOFTWARE EXAMPLES FOR WATCH DOG TIMER CONTROL 

The following pages contain sample code which illustrates how you can provide the three functions required 
for using the Dallas DSL286 watch dog timer: Enable, Tickle, and Disable. 

All constants are in the WDTINCLS.INC file which, by an INCLUDE statement, is used by all the other 
source files. Also in this file are the code and data segment and class names and the group name. This was 
done so that changing them in the included file would also change them in alI files. 

The constant COM-FILE, when defined, structures the source files for the creation of DOS-executable 
(.COM) programs. If the statement defining it is commented out, the resulting .OBJ fde should be suitable for 
linking to other .OBJ files that you have generated for your application. 

NOTE: Depending on the compiler you we, you may need to modify the names of the code, data or group 
names, or classes. The code which appears below can be assembled with MASM 5.1. 
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, 
; Mod Record: 
I I14/03/90 01.00 DCMc NCbl C d e  .--"----.~-~------------ -------_---.---------- l--l----------l-----___I___p____ 
--I----..-.-.. --r-u---1s----.------Y--IIPI----~-----Y--------------~----------------~ 

; ccmrrt out i f  linked t o  other than stand alone .CDM f i t e  
COH--FI LE equ 1 ; asm as stand alone .CtM f i l e  

CR gclu Bdk ; carriage r e t u r n  
LF equ Oah ; Line feed 
EOM equ 0 ; m g  s t r i n g  terminator 
MAX-T Y PE eq" 3 ; max type # of CPU boards known 
GET-BOARD-TYPE equ UsdUOh ; get what type AMPRO board i t  i s  

; Table of segmnt and socket n-rs 
SEtTBL STRUC 
Segnrent dw ? ; Segment that WDT i s  a t  
Socket db 7 ; Socket tha t  WDT i s  i n  

ENDS 

; klatch Dog Timer r)egisters 
llOTREGS STRUC 
SecsLow db 7 
SecsHigh db ? 
M i  nutes db 
MinutesALer'm db 7 
Hours db 7 
HoursAlarrn db J? 
Bays db *? 
DaysA 1 arm db ? 
Date db '? 
Months db 7 
Years db > 
CmdRegs db '? 
WdtSecLow db ? 
WdtSecHigh db '? 
UDTREGS ENDS 

; Cornnand Register OB 
; TrnE 1 TD/W = A/B CO>l R s o r l  A pulse ( 1 )  I M, msk (1) I TD Hskl WDF I TDF 

; D e f i n i t i o n  f o r  segment, class, and group names 
; If changed here, they w i l l  tae changed i n  a l l  f i l e s  
; l h i s  altous easy mod i f i c i i t i on  f o r  other ccmpiliers, memory medels 

CODE-PROLOCiUE MACRO 
- TEXT SEGMEN7 BYTE PUBLIC 'COIIE' 

IFDEF CWI-FILE 
ORG 

EHD I F 

CODE-EPILOGUE 
- TEXT 

DATA-PROLOGUE 
- DATA 

DATA-EPILOGUE - DATA 

D isplay 
push 
I ea 
cal  t 
POP 
EHDM 

1 OOH 

ENDM 

MACRO 
ENDS 
ENDM 

MACRO 

E NDM 

MACRO 

ENDR 

MACRO t e x t  

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

s i  
s i ,  t e x t  
- DisplayYext 
s i  

; save 

; call the d i sp lay  s t r i n g  funct ion 
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- TEXT 
TEXT 

- DATA 
DATA 

SEGMENT BYTE PUBLIC 'CODE 
ENDS 

SEGMENT UORD PUBLIC 'DATA 
ENDS 

IFDEF COW-FILE 

DOEND MACRO s ta r t  
END s t a r t  

OCROUP GROUP 
ASSUME CS:-TEXT, DS:DGRWP 

ENDM 

ASSUHE CS:,TEXT, DS:-DATA 
ELSE 

DOEND HACRO 
END 

ENDH 
ENDIF 

- D i spt ayText 
prshf 
push 
push 
push 

D i  splayyloop: 

inc 
or 
j z  
push 

xor 
i nt 

mOV 

mOV 

z 
D i spl ayX : 

POP 
POP 
POP 
POPf 
r e t  - DisplayText 

PROt NEAR 

ax 
bx 
di 

at, 1 s i  1 
s i  
a l ,  sl 
D 1 spl ayX 
s i  
ah, Oeh 
bx, bx 
10h 
s i  
SHORT Disptayhop 

di 
bx 
ax 

ENDP 

; save these 
I 

I 

; get the next character 
; 8 advance the pointer 
; i s  the character the termineter, 07 
; YES, ne're done 
; NO, save the pointer 
; 
; BL=foreground color, BH=page 
; BIOS video services 
; restore the pointer 
; & loop for more 

; restore 
; these 
; registers 

u r i t e  char in TTY mode comnend 

; t = = = = = = P = l = r = P = = t = = = = = = = = = = = = 1 2 = 1 = = = = = = x r =  

; 
I INPUTS: None 
I WTPUTS: ES = segment of WT 

Get the segment an socket nubr of the Uatch Dog T i m e r  

I AL = socket sub-function nunber 

- GetUdt PROC NEAR 
mov si ,  t SegTblPointer I ; get the entry pointer 
or s i ,  s i  ; has i t  been i n i t i a l i z e d  ? 
jnz GetUdtDone ; YES, get the data 
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mov ax, GET-BOARD-TYPE 
in t  013h 

a, 08000h 
GetUdt Ampro J f  

Display BadBios 
jw - WdtAbort 

and bx, OOOOfh 

JC GetUdt Type 
push s i  
Disp lay BadBios 
jtnp - UdtAbort 

lea s i ,  SegTable 
or bx, bx 

j z  CetUdtStore 
add s i ,  S IZE  SEGYRL 
dec bx 
imp CetWdtLoop 

imv t SegTblPointer 3 ,  si 

IlmV ax, I si.Segwnt I 
mov es, ax 
mov a t ,  I si.Socket 3 
r e t  - GetUdt ENDP 

Get WdtAmpro: 

ct"p bx, MAX-TYPE + 1 

GetWdtType: 

GetWdtLoop: 

CetWdtStore: 

GetUdtDone: 

1 

, 
I 

I 

I 

1 

n 

I 

I 

n 

R 

4 

8 

I 

0 

" 

I 

NO, get the AHPRO board type 
service request 
i s  the serv ice there 7 

YES 
NO, repor t  e r r o r  

& abort 

keep on ly  the product code 
do ue knou t h i s  type ? 

YES 

NO, repor t  e r r o r  
& abort 

p i n t  segment/socket t ab le  
yet f l a g s  back 

adv t o  next en t r y  
dec- the index 

& loop for the next  one 

save the pointer t o  tab le  entry 

; get the segment 
; i n  ES 
; get sacker I D  in A t  

NO, report error  



----il--------P===ma~~a=====a===~====a==~===x==x====a==xEa======a~=xa==a====== ,--- -------- 
; AHPRO COMPUTERS, INC. 
; Copyright 1990, A l l  r i gh t  reservad. 

a Semiconductor DS1286 

; M o d  Record: 
, 04/03/90 01.00 CT New Code 
; 5 ~ ~ s a ~ ~ I a a l t I ~ ~ ~ D a a ~ ~ ~ ~ ~ a s ~ x ~ ~ ~ ~ ~ a a ~ ~ ~ ~ ~ ~ ~ ~ ~ a a a ~ ~ E R ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ x ~ ~ ~ ~ ~ a ~ ~ ~ ~  

I ENABLE.ASH - Enable the watchdog timer i n  Dallas 

, 

EXTRN 
EXTRW -Enab\eSocket:NEAR, -DisableSocket:NEAR 

PUBLIC -Enable 

INCLUDE UDTl NCLS .'I NC 

,Di splaylext :NEAR, -GetUdt :NEAR, -UdtAbort :NEAR 

COO€-PROLOGUE 

;=3=====a.=tf======~=====~~======aa===mx=s=====as8========a==n=a=~====~=====a 

; 

- Enable PROC NEAR 
I FNDEF CM-F I LE 

Enable the Watch Dog Timer 

push s i  
push d i  

c a l l  -CetUdt 
cal\ -EnabkeSocket ; enable the hDT socket 
and ES: [ Months I ,  07fh ; enable the osi 1 l e to r  
mov al ,  ES:C CmdRegs 3 ; get cocmutnd byte 
and a t ,  058h 

;z NotEnabled ; NO 
m v  at, ES:I UdtSecHigh 1 ; read seconds register 

iz NotEnabled ; NO 
Display AlreedyEnabled ; report problem 
jw - UdtAbort 

mov BYTE PTR ES:t UdtSccHigh I ,  099h ; & set i t  up 
4mp at, 099h ; d i d  i t  take 7 
jnz Faiked ; NO 
mov a t ,  ES:I CrrdRegs I ; 8 get i t  
and el, Oa7h ; UD pulsed out on INTA, (low 3 IWS) 
or at, OlOh ; keep only b i t  4 
mov' ES: t CmdRegs I ,  a1 ; put i t  back 
mov at ,  ES: C cmdRegs 3 ; & read i t  back 
and al,  058h ; mask i t  
xor a l ,  OtOh ; cmd reg set r i g h t  ? 
j z  Done ; YES 

Display EnableFai ld ; NO, report error 
jw - UdtAbort ; 8 abort 

call  -Disablesocket ; disable the UDT socket 

m v  ah,-O4Ch ; DOS t o  terminate process 
i n t  OZlh 

ENDIF 
; get UDT segment in ES, socket in AL 

; ck bits 3, 4 C 6 in and reg 
el,  OlOh ; i s  i t  enabled 7 

at, 099h ; a l r e w  enabled? 

NotEnabled: 

Failed: 

D one : 

I F D E F  COM F I L E  

ELSE 
POP d i  
POP s i  
r e t  

END I F 
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- Enable ENDP 

CODE-EPILWE 

; Tick le  the Watch Bog Timer 

- T ick le  
I FNDEF 

Fusk 
push 

cat 1 

nmv 
cal t 

ENDIF 

C R i  k 

I FOEF 
flY)V 
i nt 

LmP 
FW 
ret  

ELSE 

ENDIF 
- T ick le  

PROC NEAR 
CW-F 1 LE 
s i  
di 

- GetUdt - Enabl eSocket 
a l ,  ES: r UcltSecHiglr 3 - D i sablesocket 
COH-F I LE 
ah, 041% 
O2lh 

di  
s i  

ENOP 

CWE-EPILOGUE 

; get VOT segment in ES, socket in AL 
; enable the WT socket 
; read seconds r e g i s t e r  
; disable the UDT socket 

; DOS to terminate process 



PROC NEAR 
CW-FILE 
si 
di  

- CetUdt - Enab 1 eSoc ket 
a l ,  ES: C CmdRegs I 
at,  058h 
el, 018h 
NotDisabled 
BYTE PTR ES: C UdtSecLou I ,  0 
NotD i sabl ed 
BYTE PTR ES:C UdtSecHigh I ,  0 
NotD isabl  ed 

; get UDT segment in  ES, socket in AL 
; enable the WT socket 
; get c m n d  byte 
; keep b i t s  3, 4 8 6 in the cmd reg 
; see i f  already disabled 

; see i f  NOT i n te rva l  fs set t o  0 

Display At ready0 isablcd 
jw - UdtAbort 

or ES:C Honths I ,  08Qh' 
mov a l ,  ES:C CmdRegs I 
and ai, Oa7h 
or el,  Ol8h 
mov ES: f CmdRegs 1, a1 
mov a l ,  ES:C CmdRegs 3 
and a l ,  058h 
xor at, 018h 
jnz Fai led 
mov ES: I UdtSecLou I ,  a1 
or al, ES:C YdtSeCLow 1 
jnz Failed 
mov ES:C UdtSacHigh I ,  at  
or at, ES: t UdtSecHigh I 
j z  Done 

Display Fili1cd)isabled 
cal 1 JdtAbort 

Done: 
c a l l  -0isableSocket 

I FDEF CW-FI LE 
mov ah, 04ch 
int 021h 

NotDisabled: 

Failed: 

ELSE 
POP di  
pap si 
r e t  

E N D I F  - Disable ENDP 

COQE-EPILOGUE 

; disable osi l lator ,  save battery 

; mask o f f  the wiltchdog timer 

; see i f  cnd rea i s  set r i g h t  

; i f  ok, error level  = 0 

; disable the WT socket 

; t e l l  00s t o  terminate process 
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N NOTE 
e--- ---- 

N bl M 8 E: R : AAN-SOOQ REVISION: A DATE: 10/16/90 

TITLE: 

PRODUCT 

Multi-tasking and real-time operating systems for embedded PC architecture applications. 

LB/PC, LE3/2%, LB/I186, SB/286, Sl3/386 

SUMMARY: information regarding it variety of third party multi-tasking and real-time operating sys- 
tems far t-itlle Board or Slot Board based applications. 

INTRODUCTION 

The PC and KYAT compatible Ampro Little Board and Slot Board single board systems are ideally suited for 
embedded DO§ (PC-DOS, MS-DOS, DR BOS) based applications. However, the real time requirements of 
many ernbedded microcomputer applications often require operating system services and performance which 
extend beyond those offered by 120s. In many cases, the system design requires the use of multi-tasking 
and/or red time operating systems. 

This document describes several third party operating systems which may provide desirable operating 
environments for Little Board or Slot Board based applications, and indicates restrictions or special require- 
ments that iue known to apply. Only products which provide a full set of operating system services -- including 
a file system .._ have been included. 

Please be aware of the fobliowing notes: 

I I 

Please note that the kfarmatitm provided below is meant to assist Ampro OEM’s h locating 
anti evaluating appropriate operating systems for use with the Ampro single board system 
products, and is not intended as an endorsement of any particular company or product. 
Products are listed atphabeticaIly, by product name. 

Due to the nature and complexity of the operating systems Jisted below, Ampro C a M O t  

assume responsibility for proper operation in a particular OEM system configuration. Al- 
though all operating systems referenced have been demonstrated to function in specific tested 
configurations, it is the OEM‘s responsibility to determine if current versions of a particular 
operating systems are usable urith an intended system configuration. 

L-- .--I”--. I 

Ampro Computers, incorporated 
990 Almanor Avenue, Sunnyvale, CA 94086 
(408) 522-2100 FAX (408) 720-1305 



Note 
~ 

I - 
Multi-tasking operating systems do not generally use ROM-BIOS functions for hard disk 
interface control, and so cannot make use the Ampro SCSI ROM-BIOS and hardware fune 
tions without the addition of custom SCSI drivers. Therefore, the following hard disk, BIOS, 
and SETUP issues apply to hard disk support 

Unless SCSI support is indicated, either a standard bus plug-in hard disk controller and 
drive, or  an "IDE" intelligent drive, must be used. IDE drives can be connected to a 
LB/286 or LB1386 with an Ampro MiniModulelATDisk ?DE interface; the SB/286 and 
SB/386 have built-in IDE interfaces. IDE is not available for the LB/PC, so an XT 
compatible hard disk controller would be required. 

8 Unless SCSI support is used, on the LB/286, LB/386, SB/286, and SB/386, it is general- 
ly recommended that you use the SETUP option to giSable & p r o  RIOS -. 
This requires the presence of Ampro ROM-BIOS Version 3.02 (or later) for the LB/286 
and SB/286, and Version 1.06 (or later) for the LB/386 and SB1386. Contact Ampro 
Technical Support for ROM-BIOS update information. 

9 F l d S  -- F l e a s  is a modular real-time, multi-tasking operating system which offers interrupt latencies 
on the order of 10s of microseconds. Key features are: preemptive, event-driven dispatcher; unlimited 
number of processes; modular architecture with dynamically loadable and unloadable device drivers; 
protected-mode support. FlexOS also features an enhanced, DOS-compatible file system and a DOS 
application environment with DOS 3.x function call support. In addition, a library is available which 
provides broad POSIX function support. The XlGEM graphics interface option supports multi-tasking 
graphics applications. F l e a s  can be used on the LB/286, SB/286, LB/386, or SEI/%, provided an IDE 
interfaced hard disk drive is used. Use of SCSI would require custom drivers. Subsets of the full capabil- 
ity are available, and the kernel and drivers are ROMable. For further information, contact: Digital 
Research, Inc. -- Monterey, CA -- Phone: (408) 649-3896. 

OS-9OOO -- OS-9ooo is a modular real-time, multi-tasking operating system which provides many Unix- 
like system functions, including a C compiler, C source-level debugger, a shell, hierarchical directory/file 
structure, and Qver 70 utility programs for the development environment. The modular design of OS- 
9000 allows each OEM to modify and configure the system for the specific needs of the application. 
Drivers are included for the standard PC/AT serial, parallel, keyboard, and floppy interfaces. OS-9000 
can be used on the LB1386 or SB/386, provided an IDE interfaced hard disk drive is used. Use of SCSI 
would require custom drivers. Subsets of the full capability are available, and the kernel, drivers, and all 
code are ROMabk. For further information, contact: Microware Systems Corp. -- Des Moines, Iowa -- 
Phone: (515) 224-1929. . QNX -- QNX (pronounced "Q-NIX") is a real-time, multi-tasking operating system for 8088, 80286, and 
80386 based PC and PC/AT compatible computers, offering UNIX-like sqstem services, but requiring 
minimal memory and disk resources. QNX provides response times of 75 microseconds (context switch 
time) on a 16 MHz 80286, utilizing preemptive prioritized task scheduling. Message-passing, distributed 
processing is fundamental to the QNX architecture. QNX supports the PC and PC/AT architectures, 
including drivers for the standard serial, parallel, keyboard, and floppy interfaces. A QNx option allows 
DOS and DOS-based programs to be run as tasks under QNX, and altows QNX programs to read and 
write DOS files transparently. QNX is usable on the Ampro LBIPC, LB1286, LB1386, SB1256, and 
SB/386. Ampro "Solid State Disk" (SSD) support for QNX is currently in beta test, and will be produc- 
tion released shortly. Full hard disk functionality is available on the Ampro '286 and '386 boards using 
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5.1 Ampro Chmrnon Utilities (Card Specific Software) 

Information regarding the embedded-PC BlOS and the software utilities related to that 
BIOS fbllow. ‘fhis information was downloaded from the Ampro Internet site at: 

Skveral software programs are provided by Ampro to access the CPU hardware and 
various memory locittious. The technical manual for these common utilities was downloaded 
from the Ampro Internet site at: 

Iiltp://www.,unpro.comltechrn~~5000~3 1 b.pdf. 



DE. It should also be possible to utilize the Ampro SCSI interface for QNX hard disk access, by install- 
ing the ~ a l  mode ONX option and using the QNX BIOS hard disk driver. Protected mode operation (on 
the Ampro and '386 bards) requires D E  interfaced hard disks; use of SCSI in protected mode would 
require custom drivers. For further information, contact Quaturn Software Systems, Ltd. -- Kanata, 
Ontario, Canada -.. Phone: (613) 591-0931. 

VENm -- This is AT&" UNIX System V/386 with added real time functionality, durability, and embed- 
ded capability. WNIXs  red  time perfmnance is specified as: 350 microseconds worst case response 
time; :wx) microsedonds typid raipnse time; and 50 microsecond worst case interrupt latency. "Adver- 
tised" real-time features include: bounded response times, priority scheduling, biased scheduling, high 
resolution timers, asynchronous and unbuffered 110, contiguous file system, memory preallocation and 
locking, phq";ical memory and I/O bus awes, and user level driver support. =NIX can be used on the 
LB/:186 or SBf386,  providetf an IDE interfaced hard disk drive is used. lJse of SCSI would require 
custom drivers. For further information, cantact VenturCom Inc. -- Cambridge, MA -- Phone: (617) 
661-1m. 

VRTX -- VRTX is a modular red time multi-tasking executive, With readyto-use device drivers for PC 
and PC/AT compatible 110 interfaces and peripherals (serial ports, printer port, graphics, and disk 
drives). "VRTX-PC inchdm the basic VKTX kernel along with a DOS compatible file system and DOS 
function call support, and allows execution of most DOS application software. Using VRTX-PC, DOS 
and BIOS functions can be accessed from a real time VRTX application. VRTX-PC is usable on the 
h i p r o  LB/PC, LB/?!6, LBJ386, SB/286, and SB/386. VRTX-PC uses ROM-BIOS functions for disk 
interfacing, so it can use either SCSI or IDE hard disk drives. VRTX is targeted to ROM based applica- 
tioils, and provides the support required to load the system directly from EPROM. However, because 
VRTX-PC uses ROM-BIOS functions for disk interfacing, VRTX-PC based applications should also be 
bootable from a Solid State Disk (SSD) created with the Ampro SSDlDOS Support Software. Note that 
ti-ie L,B/PC's "V40 serial port'' is.not supported, and would require a custom driver for use under VRTX. 
Sut.)sels of the full VKTX capability are available, and the kernel and drivers are ROMable. For further 
information, contact: Ready Systems -- Sunnyvale, CA -- Phone: (408) 736-2600. 

OPERATING SYSTEM SUM MAR I ES -- MULTI-TASK1 NG, NON -REAL-TI M E 

Interactive WNIX -- This 80386-only port of AT&T UNIX Version 3.2 can be used on the LB1386 or 
SB/38f, provided ;m IDE interfaced hard disk drive is used. Use of SCSI would require custom drivers. 
Note that this is a "standard" [MIX implementation, and is therefore not a real time operating system. 
For ful-flicr information, contace: Interactive Systems Corp. -- Phone: (213) 453-8649 

1 OS/% I- Operating System12 ("OS/2") is a multi-tasking operating system offering, among other things, 
the capability of running multiple DOS applications simultaneously. The DOS emulator function offers 
partid downward DUS compatibility. OS12 OS/2 Version 1.2, as available from IBM, can be used on 
the Ld13/286, SB/2!86, EB/386, or SB/386, provided an IDE interfaced hard disk drive is used. Use of 
SCSl would require custom drivers, Note that OSJ2 is not a real time operating system. For further 
inforrriation. contact IBM. 

Xcnix System V (UNTax) -- This port of AT&T lJNIX System V to the PC/AT environment can be used 
on the LB/286, SB/286, LB/386, or SBJ386, provided an IDE interfaced hard disk drive is used. Use of 
SCSI would require custom drivers. Note that this is a "standard UNIX implementation, and is therefore 
not a real time operating system. For further information, contact: Santa Cruz Operation -- Santa Cncr, 
CA -- Phone: (408) 425-7222. 

____--I -- 
TRADEMARKS AND REGISTERED TRMEMAURKS: Ampro, L i t t l e  Board, S l o t  Board, Min iMdute  - -  Ampro Computers, Inc. 

A l l  other nams may be tradernarks of their  respective ouners. 
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TION 

NUMBER: 

TITLE: 

4b 
PRODUCTS: 

SUMMARY: 

AAN-9101 REVISION: B DATE: 4/23/93 

Using expansion cards and passive backplanes with Little Board Tnand CoreModule TH 
products. 

LB/386, L.B/286, LB/PC, CM/XT, MB/AT, MB/PC 

A discussion of various options and issues regarding interface between the Little Board 
and CoreModule CPlJ products and PC and AT bus plug-in cards and passive back- 
planes. Information is included on both Ampre and third-party products. 

The Little Board and CoreModule products each provide an expansion bus interface in the form of header 
connectors, allowing external PC 01' AT bus expansion. Several options, available from Ampro and others, 
allow connection between either of these CPU modules and standard PC and AT bus plug-in cards. A number 
of considerations apply to the length and quality of the cable used to connect these options. This application 
note provides irrformation helpful in selecting suitable options and in ensuring that they work reliably. 

The following topics are covered: 

h p r o  Expansion Options -~ An overview of the plug-in card interface adapters available from Ampro, 
including two-slot passive backplanes and a unique plug-in card carrier board. These are designed specif- 
icdly for use with the Ampro Little Board and CoreModule products, and provide maximum flexibility, 
reliability, and ease of use. 

Direct Plug-in Card Connection -- A discussion of how to construct a cable which can be used for direct 
cormection between the edgecard connectors of standard PC or AT bus plug-in cards and the bus expan- 
sion header connectors of the Little Board aid CoreModule products. 

Using Third-party Passive Backpbnes -- A discussion of how to construct a cable which can be used for 
dircct connection between the edgecard slot of non-Ampro PC or AT bus passive backplanes and the bus 
expaxian header connectors of the Little Board and CoreModule products. This is useful when more 
than two plug-in card slots an: required. 

Bus Expansion Giridelines -.. A discussion of several teclmical issues which influence system reliability 
when ribbon cable is used for bus expansion of the Ampro Little Board and CoreModule products, in- 
cluding cable length and quality, backplane quality, and bus termination. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-2100 - FAX (408) 720-1305 



AMPRO EXPANSION OPTIONS 

StackPlaneTH /PC -- This member of the StackPlane form-factor family of expansion cards (5.75" x 8") 
provides a single card slot for an 8-bit (Le. PC bus) industry standard expansion card. The 
StackPlane/PC is normally stacked above or below a Little Board CPU module using four spacers. The 
PC bus plug-in card mounts flat on the StackPlane, plugging into a right angle edgecard connector. 
Multiple StackPlane expansion boards can be combined with a Little Board to produce a uniquely 
compact, stacked system assembly. The StackPlane/PC can also be used to add a PC expansion plug-in 
card slot to a CoreModule. 

7 F 

~~~. 

00 ' 
00 
00 
00 
00 
00 
00 
00 
00 
d 

a MiniBackplaneTn /PC -- This compact passive backplane provides two 8-bit (PC bus) card slots far use 
with a Little Board/PC or CoreModule/XT. It connects to the CPU module's bus expansion header with 
a short ribbon cable. An onboard option allows OEM addition of a -12V DC, converter (not included), 
which can be used to eliminate a -12V system power supply in some appIications. 

MiniBackplane/AT -- This compact passive backplane provides two 16-bit (AT bus) card slots for use 
with a Little Board/286 or /386. It connects to the CPU board's bus expansion headers with a pair of 
ribbon cables. Onboard sockets allow OEM addition of + 12V (25 mA), -12V (25 mA), and 4 V  (50 mA) 
DC-to-DC converters, making + 5-volt-only system operation possible in some applications. (The option 
of up to three onboard DC converters makes this backplane desirable in some Little Board/PC or 
CoreModule/XT applications as well, to reduce the required number of power supply voltages.) This 
backplane also includes an option which allows OEM addition of onboard "AC" bus termination (de- 
scribed later). 

DIRECT PLUG-IN CARD CONNECTION 

It is possible to directly connect one or more PC or AT bus plug-in cards to a Little Board or CoreModule 
CPU module, using an Expansion Card Adapter Cable (see Figure 1) which can be easily constructed from 
available components. The cable must have a female header connector at one end For connection to the CPU 
module's bus interface header, and have one or more cable mounted edgecard socket connectors at the other 
end for connection to the PC or AT bus plug-in cards. 

Figure 1. Expansion Card Adapter Cable 

C i  Ite Mount 
F a t e  Header 

Cable Mount 
Edgecard Socket 
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The following connectors can be used to construct this type of cable: 

6 C a b  Mount Header Connectors I- The end of the cable that connects to the CPU module requires a 64- 
contact cable mount female header connector for mating with the 64-pin header bus expansion connector 
on &he CPU module. An additional cable with a 40-contact header connector is required when 16-bit (AT 
bus) expansion cards are involved. These connectors, called “IDC Female Ribbon Cable Header” connec- 
tor:<, are readily available from several vendors. The following 3M connectors can be used: 

3 M  79646500EC -- 64-contact cable mount header 
3M 3417-2040 -- 4O-contact cable mount header 

Cable Mount Edgecard Sockets -- The end of the cable that connects to the bus plug-in card requires a 
6Zcwntact cable mount edgecard socket connector. An additional cable with a 26-contact socket connec- 
tor is also required in the case of 16-bit (AT bus) expansion cards. Not all cable mount edgecard connec- 
tors provide the required relatiomhip of edgecard signals relative to the signals bus cable. Be careful not 
to use connectors which reverse the signal arrangement, swapping alternate signals. The required cable 
mount edgecard socket connectors are available from PCD Connectors, Peabody, MA 01960. Eastern 
Sales (508) 532-8800, Westerii Sales (805) 371-0437. The following PCD connectors can be used: 

RF18-2852-5 ”- 36-contact cable mount edgecard socket 
RF31-2852-5 -- 62-contact cable mount edgecard socket 

m Standard Ribfion Cable -- this is covered in the next section, on bus expansion guidelines. 

The CPWJ module’s bus expansion header connectors provide several extra ground connections which will not 
be used in a cable having these components, because the edgecard connector only has 62 signal contacts 
whereas the bus header coniiector has 64. Specifically, the last two conductors of the 64-pin expansion bus 
header (pins A32 and B32) sliould be left unconnected, and both the first and last two conductors of the 40-pin 
bus expamion header (pim CO,C19,BO,B19) should be left unconnected. 

USfNG THIRD-PARTY PASSIVE BACKPL4NES 

The Little Board and CoteModuWe CI’U modules can also be used with third-party PC and AT bus passive 
backpiaues, using a cable which connects between the CPU module’s bus expansion headers and one of the 
backplane’s expansion card slots. To accomplish tllis, a Standard Backplane Adapter Cable with a unique male 
cable mount edgecard piug connector on one end must be constructed as described below. 

Figure 2. Standard Backplane Adapter Cable 

Cable Mount 
Female Header 

Cable Mount 
Edgecard Plug 
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The following components can be used to construct this cable: 

rn Cable Mount Header Connectors -- The end of the cable that connects to the CPU module requires a 64- 
contact cable mount female header connector for mating with the &-pin header bus expansion connector 
on the CPU module. An additional cable with a 40-contact header connector is required when 16-bit (AT 
bus) expansion cards are involved. These connectors are called "IDC Female Ribbon Cable Header" 
connectors, and are readily available from several vendors. The following 3M connectors can be used 

3M 79644500EC -- 64-contact cable mount -header 
3M 3417-2040 -- 40-contact cable mount header 

Cable Mount Edgecard Plugs -- The end of the cable that connects to the passive backplane card slot 
requires a 62-contact cable mount edgecard plug connector. An additional cable with a similar %-contact 
plug connector is also required in the case of 1Qbit (AT bus) expansion cards. Not all cable mount 
edgecard connectors provide the required relationship of edgecard signals relative to the signals bus 
cable. Be careful not ta use connectors which reverse the signal arrangement, swapping alternate signals. 
The required cable mount edgecard socket connectors are available from PCD Connectors, Winchester 
MA, (617) 721-1280. The following PCD connectors can be used: 

PF1828520 -- 36-contact Cable mount edgecard plug 
PF3128520 -- 62-contact cable mount edgecard plug 

Standard Ribbon Cable -- this is covered i s  the next section, on bus expansion guidelines. 

The CPU module's bus expansion header connectors provide several extra ground connections which will not 
be used in a cable having these components, because the edgecard connector only has 62 signal contacts 
whereas the bus header connector has 64. Specifically, the last two conductors of the 64-pin expansion bus 
header (pins A32 and B32) should be left unconnected, and both the first and last two conductors of the 40-pin 
bus expansion header (pins CO,C19,BO,B19) should be left unconnected. 

BUS EXPANSION GUIDELINES 

Several guidelines should be observed in the design of systems that have ribbon cable bus connections between 
Little Board or CoreModule CPU modules and passive backplanes or other expansion cards. Specifically: 

Cable Length and Quality -- In general, keep the bus expansion cable as short as possible. Excessively 
long cables wiIl result in reduced system reliability. 

-- For cable lengths up to 6 inches, use a high quality standard cable, such as 3M 3365/64 (64 conduc- 
tor) and 3365/40 (40 conductor). 

-- For cable lengths between 6 and 12 inches, use a high quality ground pfane cable, such as 3M part 
number 3353/64 (64 conductor) and 3353/40 (40 conductor). 

-- Cable lengths in excess of 12 inches are not recommended, 

Backplane Quality -- Be sure to use a high quality backplane having minimal signal crosstalk. Use of 
power and ground planes, and guard traces between bus signals will maximize system reliability. 

Reset and TC Deglitching -- Some PC and AT bus expansion cards have asynchronous TTL logic inputs 
that are susceptabledo signal noise and crosstalk. The active high RESET and TC bus lines are especially 
vulnerable. The reliability of these signals can be increased by adding a 200 pF to 500 pF capacitor 
between the signal and ground to prevent false triggering by filtering noise on the signals. These RESET 
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and TC degtitching capacitor:; are included on most Ampro MiniBackplanes and StackPlane expansion 
products. 

Bus Termination -- Many backplanes include bus termination to improve system reliability by lowering 
b a c k p h e  signal impedance to match the impedance of the rest of the system. The IEEE-P996 draft 
specification for the AT expansion bus recommends the use of " A C  termination rather than resistive 
termhation. The recommended "AC termination consists of a 50 to 100 pF capacitor, in series with a 50 
to 100 ohm resistor', between each signal and ground. Ampro provides positions for OEM addition of AC 
termination on m~st~bus~xpans~on-products;~ncludingthe-MiniBackplane/AT. 

CAUTION 
I----------- I 

Do not use resistive bus termination, or system retiability may be degrad- 
ed! Use AC termhatian only, if termination is required. 

---.------ I 

The AC terminators used on the Ampro MiniBackplane/AT consist of eight signal terminators in a 9-pin 
single-Mine package (SIP). Pin I of the %pin SIP AC terminator package is connected to a common 
graund, and the remaining eight pins are for the bus signals. Typical manufacturer part numbers for 9- 
pin, eight-terminator devices containing 1OQ pF capacitors in series with 100 ohm resistors are: 

-- Dale part number CSRC-09C30-10lJ-lOlM 

-- Bourns part number 4609H-701-101/101 

The actual requirements for signal termination depend on the system codiguration, OR the CPU and bus 
clock speeds, on the interconnecting bus cable, and on the number and type of expansion cards used. In 
all caws, it is the system engineer's responsibility to determine the need for termination by observing the 
signal quality in the system. 

-I___-- I 

Copyright (C) 1997, Anpro Cacnputers Incorporated. Ampro, CoreModule, Little Board, Slot Board, NiniBack- 
plane, and Stackplane are trademarks or registered trademarks of Ampro CMnpUters, Inc. ALL other names may 
be trademarks or  registered trademarks o f  their respective companies. 
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ABSTRACT 

Originally intended for office desktops, the IBM PC (and PC/AT) architecture has become an 
extremely popular platform for a. myriad of applications never dreamed of by its originators. 
These include comrnunications devices, vending machines, test equipment, data acquisition and 
control products, and medical instruments. There are many reasons why embedded system 
designers wouId like to use the F’C architecture embedded within their systems, including 
widespread availability of PC-compatible hardware, software, peripheral devices and develop- 
ment tools. Despite these advantages, however, normal desktop PC designs are not reliable 
enough for many lunds of embedded applications. Fortunately, a number of PC enhancements 
and extensions have been developed which solve these problems. This makes the PC architec- 
ture ail important option for use in embedded system applications. 

Companies that embed microcomputers as controllers within their products have long been 
frustrated by the  lack of consistent microcomputer architecture standards. Without a consistent 
architecture standard, each rnicroprocessor-based embedded system design starts from ground 
zero, with the niost basic architectural decisions: 

Select a microprocessor 
Design or select a system bus 
Design or select an operating system 

Frequently, a significant portion of the product development design cycle is taken up by these 
basic L ~ k s  associated with defining the system architecture. Also, when the architecture varies 
from prujece to prqject, much additional time and energy are wasted locating and learning to 
use the development tools unique to each prqject. 

Another problem is that without consistent embedded system standards, the hardware engineer, 
in addition to worrying about providing the system-unique interfaces and packaging, must also 
be a cornputer architect. Similarly, software engineers, in addition to providing the application 
specific control software, often must write the equivalent of a small operating system or multi- 
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tasking executive. 

GROWING POPULARITY OF THE PC ARCHITECTURE 

Over the last decade, the IBM PC architecture has become an increasingly popular microcom- 
puter system standard. Although originally intended for office desktops, the PC has become so 
pervasive - and inexpensive - that it has found its way into a myriad of non-desktop, 
embedded applications never dreamed of by its designers. Typical embedded applications for 
PCs now include: communications subsystems, vending machines, test equipment, data acqui- 
sition and control, and various medical devices. 

A combination of factors have contributed to the PC architecture's growing popularity in 
embedded applications. These include: 

Cost - The vast installed base of PCs - over a hundred million - and the large 
number of PC-compatible product vendors (thousands), have produced dramatic reduc- 
tions in the price of components, peripherals, and software. 

Familiarity - The universal presence of PCs in both the workplace and at home has 
resulted in an exceedingly high level of PC architecture familiarity among microcorn- 
puter system specifiers, designers, and programmers. 

Development software - The PC's well known system-level standard has given rise 
to an extremely diverse toolset of application development support software, including 
operating systems, device drivers, function libraries, compilers, and debuggers. 

Performance evolution - The continual evolution of both the "80x86" CPU family 
and the MS-DOS operating system have enabled the PC architecture to evolve in per- 
formance and sophistication, without sacrificing previously developed applications and 
technologies. 

In short, the PC architecture's acceptance has become so widespread, and its applications so 
broad, that it has  been dubbed the Industry Standard Architecture (ISA). 

As a result of all these factors, more and more companies developing microcomputer-based 
products in a diverse range of markets, weary of endlessly reinventing the wheel, are now 
investigating the possible use of the PC architecture - the Industry Standard Architecture - 
as the basis of their future embedded system designs. 

DEFINING THE PC "STANDARD" 

A relatively recent effort at standardizing the PC and PC/'AT-bus is seen in the activities of the 
IEEE's P996 committee. The P996 (draft) specification includes timing diagrams, bus drive, 
signal functions, and mechanical dimensions for the PC (&bit) and PClAT (16-bit) buses. 

But the PC architecture represents much more than what could be included within the P996 
spec. The "standardized" use of a choice of CPUs, that range from the 8088 to the 80486 (and 
new "Pentiurn"), and of "PC compatible" controllers for DMA, interrupts, timing, serial ports, 
graphics, LAN interfaces, etc., are the results of to designers copying what works and 

~ ~~ ~ ~~~ ~ 
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becomes popular they arc: not based on any written standard. Software conventions such as 
BIOS functions, device drivers, communications protocols, and memory partitioning practices 
are also important parts of this unwritten - but extremely comprehensive - PC system stan- 
dard. 

With millions of PCh now installed in a wide range of non-desktop and embedded applications, 
m entire industry has emerged based or1 providing application-specific hardware and software 
products targeted to the use of PCs in a wide range of dedicated and embedded applications. 
Numerous publications, catalogs, and companies specialize in providing components, peripher- 
als, software, and technical references for development of systems based on the PC architec- 
ture. 

There is so much PC architecturebased development in process, with so many products avail- 
able to support it, that the PC urchitecturr? might more appropriately be termed the PCphe- 
nomeizwiz . 
PC HARDWARE OPTBQNS 

In addition to the expected array of desktop-oriented devices such as disk drives, CRT moni- 
tors, modems, printers, keyboards, and pointing devices, a broad assortment of application- 
specific expansion cards and peripherals targeted to dedicated and embedded uses of PCs is 
available. Most are offered with plug-and-play interface cards and software drivers that great- 
ly ease the task of system integration. Such devices include: 

I Bus Plug-in Cards -- FAX transmission and reception; analog and digital I/Q; speech 
and video processing; specialized communications interfaces including RF, AC, in- 
frared, and serial LANs. 

m Alternative Display Technologies - Compact, ruggedized CRTs; various flat panel 
displays, including liquid crystal displays (LCDs), electroluminescent (EL) displays, 
and plasma displays; and even a tiny display that can be worn directly on the user's 
head. 

User Input Alternatives - Specialized keyboards and keypads; touch input sensors; 
speech recognition devices; and keyboard simulators that connect to customized switch 
matrices. 

PC SOFTWARE OPTIONS 

Software development -- rather than hardware developmerit - increasingly dominates new 
product design cycles. It is no surprise, then, that one of the most common reasons why 
system designers choose the PC architecture is for its rich and cost-effective software toolset. 
This includes operating systems, device drivers, libraries, languages, and debugging tools. 
Some of the applicatiori-.specific software options available are: 

.Alternative Operating Systems - Numerous real-time, multi-tasking operating 
systems, executives, and DOS extensions support real-world interface and control 
applications. Most of these include ready-to-use drivers for standard or popular PC 
interfaces (DhIA, interrupts, timers, keyboard, serial, modem, printer, disk, network- 
ing, and display), 
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II Languages and debugging tools - Virtually all programming languages are offered 
for application development and debug directly on the PC. Powerful, yet inexpensive, 
debugging tools are also readily available. 

Libraries and Drivers - A wide array of pre-developed driver and utility routines 
simplify development tasks. In many cases, optional source code allows effortless 
customization. Functions available include: memory management, graphics, window- 
ing, communications, FAX, networking, terminal emulation, and numerous application- 
oriented functions. 

SHORTCOMINGS OF STANDARD PCs 

Is the PC ideal for aZ2 embedded applications? Some embedded systems have unique needs 
which dictate highly specialized system architectures. They may have critical 110, memory, 
computational, or other requirements which cannot be satisfied by the PC (or AT) system 
architecture or performance capabilities. 

Because the desktop market, for which the PC was created, has very different priorities from 
those of the embedded system markets, there are a number of issues which must be considered 
carefully when designing PC technology into embedded systems. 

A brief discussion of some of the potential limitations and key issues of standard PC (and AT) 
technology, relative to embedded applications, follows. 

BUS BANDWIDTH 

The original IBM PUAT was based on a 6 MHz 80286 CPU and had a 6 MHz AT-bus. 
Compaq's 8 MHz AT implementation soon became the defacto standard, which evolved into 
the IEEE P996 (draft) bus specification. A further bandwidth limitation results from imple- 
menting " AT-compatible" DMA. Unfortunately, the IBM PC/AT's DMA logic, which set the 
standard, was implemented in a way that limits I/O-to-memory DMA transfers to around .5 
MByte/sec. on %bit, and 1 MByte/sec. on 16-bit, bus transfers. 

To circumvent this, programmed I/O "block moves" can be used to achieve higher burst data 
transfer rates, approaching 2 MByte/sec. This is done in the case of standard AT hard disk 
controllers (including IDE interfaces). Another solution is to use "third-party DMA", based 
on the AT-bus "bus master" function (described later). 

INTERRUPTS 

The PC provides Aght hardware interrupts, while the AT increases this to fifteen. Table 1 
shows the way interrupts are normally allocated in PC and PC/AT systems. Of the PC's'eight 
interrupts, two are reserved for motherboard functions, so only six are present on the PC-bus. 
Of these, three are typically occupied by the COMl serial port, LPTl parallel port, and the 
floppy controller, leaving just three channels typically unoccupied. 

Although the AT'S 16-bit bus provides seven additional channels, most off-the-shelf expansion 
cards are 8-bit cards, making the additional AT-bus interrupts generally unusable. As a result, 
interrupts can be in short supply in PC-based systems. 

I 

~~ - ~ _____ ~~ 
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Tattle 1. Typical PC and PC/AT Interrupt Allocation 
INTERRUPT 

--"-_ 

-II_ 

( I R Q O )  
( 1 R Q l )  

I RQ2 
I RQ3 
I R Q 4  
I RQ5 
I RQ6 
I RQ7 
I ~ I  

__l.ll 
I RQ8 
IRQ9 * 
IRQl0 
IRPlT 
I R Q l P  

(IRQ13) 
IRQ14 
IRQlS 

-__ 

IIJNCTION 
.___"_ 
I n r e r w p t s  present in PC system: 

ROM-BIOS clock t i c k .  Not on bus. 
Keyboard con t ro l l e r .  Not on bus. 
EGA or  VGA con t ro l l e r  
Secondary s e r i a l  por t  
Primary s e r i a l  por t  
Secondary para1 l e l  p r i n t e r  (seldom used) 
Floppy con t ro l l e r  
Primary p a r a l l e l  p r i n t e r  (seldom used) 

Addi t ional  i n te r rup ts  i n  AT system: 

Battery-backed clock alarm. 
Substi tutes f a r  IRQZ, uhich i s  unavaitable. 
Avai l sb le  
Avai lab le 
Avai l a b l e  
80287 Math Coprocessor. Not on bus. 
Hard disk c o n t r o l l e r  
Avai Lable 

- 

.-- - - 
Not on bus. 

--- - 

Table 2. Typical PC arid PWAV I / Q  Address Allocation 
I/O hddress - 
03F8 - 03FFh 
03F0 - 03F7h 
0300 - 03DFh 

0380 - 038Fh 
03AO - 03AFh 
0390 - O39Fh 
0380 - 038Fh 
0378 - 037Fh 
0370 - 0377h 
0340 - 036Fh 
0300 - 031Fk 
02F8 - O2FFh 
0278 * 027Fh 
0200 * O2O'Ph 
O l F O  - 01F7h 
OOFO OOFFh 
OOCO - OODFh 
OOAO - OODFh 
0080 - OOYFh 
0070 - OOTFh 
0060 - 006Fh 
0040 - 004Fh 
0020 - OOJFh 
0000 - 001Fh 

03ca .. O ~ C F I I  

- 
Function 

Primary s e r i a l  po r t  
Floppy d i sk  c o n t r o l l e r  
CGA c f i  spl ay adapter 
ECA d isp lay adapter 
Monochrome disp lay adapter 
Reserved for primary bisync po r t  
Avai lable 
Reserved f o r  secondary bisync po r t  
Primary p a r a l l e l  p r i n t e r  po r t  
Avai l a b l c  
Reserved 
Reserved f o r  prototype card 
Secondary s e r i a i  po r t  
Secondary p a r a l l e l  p r i n t e r  po r t  
Resewed f o r  game po r t  
Hard d isk c o n t r o l l e r  
Reserved 
DMA con t ro l l e r  2 (8237 equiv.) 
I n te r rup t  con t ro l l e r  2 (8359 equiv.) 
DMA page reg is ters  (74LS612 equiv.) 
Real time clock and N M I  mask 
Keyboard con t ro l l e r  (8042 equiv.) 
Programmable timer (8254 equiv.) 
I n te r rup t  con t ro l l e r  1 38359 equiv.) 
DMA con t ro l l e r  1 (8237 equiv.) 

I--~ 

I / Q  ADDRESS SPACE 

Although the 8088 CPU on which the original PC-bus was based has a sixteen bit I/O address 
space, only ren bits of I/O addressability were designed into the IBM PC's expansion bus. 
While 1,024 I/O port addresses may seem sufficient, the situation is worsened by the common 
practice of minimally decoding I/O addresses in the interest of keeping component costs down. 
As a restilt, the PG architecture's I/O space has become relatively congested, with few regions 
available for nonstandard devises (see 'Table 2). 
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MEMORY ARCHITECTURE 

The eaxliest PCs came with 256 Kbytes of RAM memory. Even when fully loaded, the 8-bit 
PC-bus only supports 1 megabyte of directly accessed memory. This is not surprising, since 
the 8088 CPU around which the PC-bus was designed has a 1 megabyte address space. While 
there are certainly many embedded applications that can run within a megabyte of memory, 
dramatic reductions in the cost of memory - and increases in its density - have precipitated 
rapid increases in the memory requirements of programs. 

Although the AT-bus extends the system's memory address space to 16 megabytes, which is 
adequate for most (though not all) embedded applications, another architectural issue limits the 
usefulness of this so-called Extended Address Space. The problem is that accessing memory 
above the first megabyte by an 80286 CPU involves switching in and out of 80286 "protected 
mode", which, in the AT-architecture, requires the awkward (and time consuming) process of 
resetting the CPU through the keyboard microcontroller. 

As a result of both the PC-bus memory space limit and the 80286 protected-mode problem, 
memory paging schemes have been used to allow access to additional system memory from 
within the lower megabyte. Memory accessed in this manner is known as Expanded Memory, 
and this technique has become standardized in the form of the defacto Expanded Memory 
Standard (EMS). Unfortunately, the constraints of this sort of memory paging have limited the 
use of EMS memory to functions such as RAM disk or hard disk caching, not program execu- 
tion. Together, these factors prevented DOS from developing facilities for programs to use 
more than 640 Kbytes of system memory. 

The sophisticated memory management logic of the 80386 (and later) CPUs theoretically 
solves the high memory access problem. Until recently, however, most PC operating systems 
- which were designed around the 8088, and which shunned the complexities of 80286 pro- 
tected mode - have not supported this capability. Sophisticated PC operating systems such as 
Unix - and DOS-extensions such as Windows - now support larger amounts of memory via 
the advanced memory management capabilities of the 80386 (or later) CPUs. Applications 
requiring efficient access to large amounts of memory (greater than 1 megabyte) therefore 
demand 80386 and 80486 CPUs, and are increasingly using operating systems other than DOS. 

M ULTI-MASTER SUPPORT 

The 8-bit PC-bus does not support multiple bus masters. The 16-bit AT-bus, on the other 
hand, has a simple "bus mastering" function that allows appropriately designed bus devices to 
perform direct DMA transfers to and from other cards on the bus. This feature is rarely used, 
however, and is not even implemented in some AT logic chipsets and AT system designs. 
Fortunately, few embedded applications require multi-processing or multiple bus masters, so 
this shortcoming of the AT-bus is not generally a problem. 

SETUP VOLATILITY 

In PCs, a group of configuration switches are used to define the number of floppy drives, type 
of video controller, and other such system parameters. ATs, on the other hand, store system 
such configuration information (called the system "SETUP") in a battery-backed CMOS static 
RAM located inside the real-time clock chip. Unfortunately, when the SETUP backup battery 
goes bad (and they all do, eventually), most ATs won't boot. This situation is undesirable in 
most embedded applications, but can easily be catastrophic in some! Another problem is that 
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batteries are not allou.ed i n  some applications, due to their caustic and potentially explosive 
chemicals. 

BUS TERMINATION 

Bus termination was not designed into the original IBM PC- and PC/AT-buses, since it was not 
perceived to be needed for their intended application - desktop computers, with limited 
expandability. As a result, the use of bus termination has never been common in the design of 
BC- and AT-compatible systems. Unfortunately, many of the latest high-speed PC and AT 
chipsets, used to generate the bus signals, do not have adequate signal slew rate control. This 
can result in excessive signal noise and crosstalk, causing spurious resets, inaccurate timings, 
and faulty data under certain conditions. The problem is not severe in small systems with few 
bus devices and short signal traces, but can compromise the reliability of larger or higher 
speed systems. It is also more likely to cause problems in embedded systems than in desktop 
systems, due to wider operating temperature ranges, larger numbers of 1/0 devices, electrical- 
ly noisy environments, or the need for round-the-clock non-stop system operation. 

M ECH AN I C AL AN D E NVI RON M ENTAL CO M C E R N S 

Desktop market cost constraints limit the levels of ruggedness and reliability that are designed 
into the PC and AT systems. Urilike desktop systems, however, most embedded systems are 
generally expected to run without operator intervention, continuously, and without failing. 
These considerations apply not only to the computer electronics, but to the disk drives, dis- 
plays, arid other system peripherals as well. Some mechanical and environmental shortcom- 
ings of standard PCs, relative to the requirements of embedded systems, are: 

Size - Unlike factory floors, where industrialized standard PCs are common, space is 
extremely precious in many embedded system environments. Consequently, standard 
form-factors (motherboard, bus cards, and associated mechanical components) are often 
too h l k y  for many embedded systems. 

m Shock and Vibration - Vibration and shock can be significant factors in embedded 
systems destined for portable or vehicular use. In standard PC motherboard-based 
systems, the electronics cards are not well secured; the long, narrow bus cards (13.5 x 
4.8 in.) are only fastened at one end. Attempts to solve this problem with various 
niechanica1 means have been frustrated by two factors: (1) board heights vary, due to 
the dimensional differences between the PC (8-bit) and AT (16-bit) buses; (2) board 
Iengths are also inconsistent, because there is no standard whatsoever for "short" cards, 
which can be (and are!) any desired length. 

Operating Temperature - The electronics within embedded systems may be re- 
quired to work reliably over a wide temperature range due to restricted internal airflow 
01- because of extremes i n  their ambient environment. For the desktop ambient system 
environment, which is generally held in the neighborhood of 20 &5"C, an operating 
temperature rating of 0 to 55°C for the internal electronics is considered more than 
adequate. Embedded system environmental specs usually demand control electronics to 
be rated for ar leasr a range of 0 to 7PC,  with many needing -20 or -25°C "extended 
temperature" operation, a t  the low end (e.g. for outdoor, unheated operation). 

EM1 - Another important issue is radiation of - and susceptibility to - electro- 
magnetic interference. High levels of electro-magnetic interference are present in many 
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embedded environments; conversely, electro-magnetic emissions may need to be kept to 
an absolute minimum. 

QUALITY ISSUES 

The desktop and embedded system markets have very different quality requirements. What 
may be annoying on the desktop can be disastrous in the operating room. "Zero defects" costs 
money - and PC manufacturers constantly cut comers wherever possible, to produce products 
that can compete effectively in the highly price-sensitive personal computer marketplace. 

A further issue, especially significant to manufacturers of many kinds of embedded systems, is 
the need for product consistency. It is imperative that embedded system manufacturers receive 
the auct same board (and BIOS) version and configuration every time - or the production 
line gets stopped. Most embedded system manufacturers demand that their suppliers imple- 
ment strict quality and configuration management control systems, and typically require six- 
month to one-year change notification. Needless to say, these requirements run counter to the 
business practices and philosophies of virtually all desktop-oriented PC motherboard and 
expansion card manufacturers - and even chipset vendors - who are driven far more by cost 
than quality. 

FUNCTIONAL ENHANCEMENTS FOR EMBEDDED APPLICATIONS 

A number of hardware and software extensions and enhancements to the PC architecture have 
been developed, in the course of successfully adapting it to a wide range of embedded applica- 
tions. A brief discussion of several of these follows. 

SOLID STATE DISK (SSD) 

In most embedded applications, the system is expected to behave like an appliunce, instantly 
performing its single predefined function when it is turned on. In these applications, the 
embeddd PC needs to act like a programmed microcontroller. Booting such a system from a 
disk drive is generally undesirable. 

An additional disadvantage of running an embedded system from a disk drive is the susceptibil- 
ity of disk drives and their magnetic media to mechanical shock and vibration, environmental 
contaminants, electro-magnetic interference, and thermal factors. Magnetic drives and media 
are simply not reliable enough for the non-stop, error-free operation required of most embed- 
ded systems. 

"Solid State Disk" (SSD) offers an excellent alternative. SSD substitutes EPROM, Flash 
EPROM, or nonvolatile RAM (NOVRAM) memory devices for normal disk drives and media. 
An SSD has no moving parts to break down, generates minimal heat, is not subject to soft or 
hard data errors, and provides practically instantaneous data access. 

SSD operation is accomplished by means of driver software which intercepts and extends the 
floppy or hard disk services within the system's BIOS software. From the perspective of the 
operating system-and application software, the SSD appears to be a normal disk drive, so no 
modifications to software are needed. In effect, SSD provides the equivalent of ROM-based 
operation, but without requiring special programming techniques. 
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SSDs can be read-only, using EF'ROMs, or  read-write using nonvolatile RAMS (NOVRAMs), 
Flash EPROM is becoming increasingly popular, and can be implemented as either read-only 
or read-write media. 

PCMCliA 

An important emerging standard for SSD in the PC architecture is the PCMCIA memory card 
standard, which was developed €or use with credit card sized EPROM, Flash EPROM, or 
NOVKAM memory card SSI[ls. PCMCIA memory cards can be interfaced to the system in a 
number of ways, including via a PC-bus card or by connection of an adapter to one of the PC's 
existirig interfaces such as a serial port, printer port, or IDE interface. 

PCMCIA has evolved beyond its original purpose as a memory card interface, into a more 
generalized interface. The PCMCIA standard now supports I/O expansion as well, allowing 
addition of such functions' moderns, faxes, magnetic-media hard disks, and network adapters. 
As PCMCIA grows in popularity in the laptop and palmtop mass markets, PCMCIA I/O 
devices will become art increasingly important part of the embedded-PC toolset. 

SCSI 

The Small Computer System Interface (SCSI) was developed to allow simple interfacing of 
microcornputer systems with a diverse range of peripherals. Although originally developed as 
a disk drive controller interface, SCSI is actually a highly generalized and flexible peripheral 
interface. Disk and tape drives, CD-ROMs, scanners, printers, network interfaces, and 
compiiter-to-computer connections arc a few typical SCSI-based functions. 

Unfortunately, little of SCSI's potential has been realized in the PC environment. This is due 
to the absence of a major PC vendor incorporating SCSI into a popular product and thereby 
setting a specific implemenfiition standard. Without such a standard-setter, each system's SCSI 
interface implementation requires unique hardware-specific drivers. 

Only recently has a software driver convention been developed to standardize the use of SCSI 
in PC systems. Called the Common Access Method (CAM), the new standard defines a driver 
structure that may allow SCSI to one day achieve its goal of providing plug-and-play system 
peripheral expansion. In the mean time, SCSI is mainly being used for connecting CD-ROMs 
and tap: drives, but requires care in the selection of driver software. 

WATC t i  13OG TIMER 

A "watchdog timer" is used to restart the system in case normal operation is interrupted by 
unexpected events such as software or hardware failures, power brownouts, etc. Non-stop 
operation is required in critical applications such as medical instruments and security systems, 
but is &so desirable in less critical applications, like vending machines, test equipment, and 
communications devices, 

Watchdog timers art: generally based on a timing device which must periodically be retriggered 
by the application software. When a timeout condition occurs, the watchdog timer logic re- 
starts the system by generating a non-maskable interrupt or hardware reset (the latter is pre- 
ferred). 

The AT ilrchitecture contains a battery-backed real time clock device which includes a little- 

--I ----.-- 
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used alam output. With minimal added components, this alarm function can be made to 
trigger a hardware reset, resulting in a simple but effective watchdog timer. To simpIify 
software development, BIOS support should be included. 

BATTERY-FREE SETUP 

As discussed earlier, loss of the system's battery-backed "SETUP" configuration data, due to 
failure of the real time clock backup battery, will prevent most AT-compatible systems from 
booting. Fortunately, there is a simple solution to this problem. A copy of the SETUP data 
can be saved in an electrically reprogrammable EPROM (EEPROM) device which does not 
require a battery to retain its data in the absence of system power. Also, this approach allows 
the use of embedded AT-compatible systems that do not even contain a battery (which may be 
an environmental constraint). Appropriate BIOS support is required, to make this work in a 
fully "compatible" manner. 

IMPROVED BUS TERMINATION 

The most common (and least expensive) forms of bus termination are purely resistive "DC 
termination", using either "pull-up" resistors or resistive dividers. However, the bus drive 
requirement of properly designed DC termination exceeds the drive capabilities of many PC- 
bus cards and chipsets. Therefore, simple DC termination is not practical in PC-compatible 
systems. 

The IEEE-P996 PC-bus specification recommends using a different type of termination, called 
"AC termination". This consists of a series resistor and capacitor between each signal line and 
ground. (The recommended values are 50-100 pF in series with 50-100 ohms.) AC bus 
termination has several important advantages: (1) it draws current only during signal transi- 
tions, so it consumes minimal power; (2) logic levels are not degraded by excessive DC load- 
ing; (3) it filters out the signal "spikes" associated with logic level transitions. These factors 
combine to improve bus noise immunity and reduce EM1 radiation. 

. INTERRUPT SHARING 

In some applications; there may not be enough free interrupt channels on the PC-bus. 
Although the 16-bit AT-bus offers seven additional interrupt channels, space or cost constraints 
often dictate using the smaller PC-bus. In this case, a simple method of "intempt sharing" 
can be implemented to allow the presence of additional interrupting devices. 

If the bus intempt signals were generated by active low, open collector drivers (as is the prac- 
tice with many microcomputer buses), multiple device interrupts could be connected to each 
bus interrupt line. However, since the bus interrupt signals are active high, "wire-oring" of 
interrupts is not so easily accomplished. To circumvent this limitation, the IEEE-P996 draft 
specification includes a method of sharing bus interrupt lines based on using a tri-state gate to 
drive the shared bus interrupt signal, with a pull-down resistor on its output. A configuration 
jumper between the pull-down resistor and the bus interrupt request line is used to connect the 
pull-down resistor on only one card driving each interrupt request. 

Since multiple devices now generate a single bus interrupt, the interrupt service routine must 
poIl all the interrupting devices corresponding to-each.shared interrupt, to see which one is the 
cause of the interrupt. This process is straightforward and requires minimal additional soft- 
ware overhead. Device drivers for some PC interfaces (particularly serial) commonly support 
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this method of interrupt sharing. 

As discussed earlier, standard desktop PC motherboards and bus expansion cards are generally 
not suitable for embedded applications, due to considerations of reliability, ruggedness, and 
quality. As a result, a growing number of manufacturers have developed various PC-compat- 
ible al ter-natives, specifically targeting the requirements of embedded applications. 

PASSIVE BACKPLANE SVSTEMS 

The simplest (and most common) packaging improvement - frequently used by companies 
of'fering rackmount industrial PC's - is known as the "passive backplane" PC- or AT-bus. In 
this approach, a simple connector-only ("passive") backplane is substituted for the usual 
motherbard; the functions riormally on the motherboard are placed on a card that plugs into 
the passive backplane and has thc normal PC expansion card form-factor. 

This improves system "mean time to repair" (M'ITR), since the motherboard function can now 
be quickly replaced, and also makes the system more modular and upgradable. To alleviate 
problems of bus cards looseninF from their slots in the backplane due to shock and vibration, 
the cards are usually anchored in place using adjustable hold-down brackets. 

The main disadvantage of passive backplane systeins is their size. Many embedded systems 
simply cannot afford the bulk of backplanes, card cages, and multiple plug-in cards. 

HYBWlD BUSES 

Another approach focuses mainly on gaining the advantages of PC so~~are-compatibility, by 
adapting the PC's functional architecture to one of the popular industrial backplane-buses, such 
VME or STD bus. 

In this case, the system's bus conforms to the specific industrial backplane-bus specification 
(i.e. VME ur STD), while the key hardware functions (CPU, memory, interrupts, DMA, 
timers, keyboard interface, etc.) and software protocols (e.g. BIOS) conform as closely as 
possible to those of a normal PC system. This results in an STD- or VME-based system which 
can run  PC compatible operating systems, drivers, and applications without modification 
(hopefully), but which retains the ability to use ail of the industrially-oriented expansion cards 
availabIe for the particular hackplanebus. 

Such "hybrid bus" systems satisfy the ruggedness, reliability, and quality requirements of most 
embedded applications, STD and 3U VME, moreover, represent compact form-factors that 
can fit within the tight space constraints of many embedded systems. However, full "PC- 
compatibility" has not always been achieved in practice, due to the hybrid nature of these 
system architectures. A further disadvantage is the inability to fully leverage the PC architec- 
ture by directly using readily-available PCI- or AT-bus expansion cards and their associated 
drivers and support software. 

---.D- 
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'I BUS LESS " S I N G LE- B 0 A R D CO M PUT E R S 

One way to create compact, reliable, fully compatible, and cost effective embedded-PC's is to 
incorporate all the essential ingredients of a complete PC-compatible system on a single board. 
This eliminates much of the bulk, weight, and costs associated with most multiple-board solu- 
tions. Although these products generally contain all of the standard "computer I/O" functions, 
such as serial, parallel, keyboard, and disk controller interfaces, they also typically provide a 
means for adding application-specific interfaces or functions, such as a mezzanine bus. 

While the size of a busless single-board computer is entirely arbitrary, there is growing con- 
vergence on two form-factors: 5.75" x -8" ,  which is based on the 5.25" disk drive footprint; 
and 100 x 160 mm, which corresponds to the 3U Eurocard format. 

The main advantages of busless single-board computers are reduction in the number of boards 
and elimination of electrical and mechanical interface "glue" (e.g. backplanes and card cages). 
These products are most desirable when they closely match the application's requiremends. On 
the other hand, they diminish in usefulness when a lot of additional functionality must be added 
externally, or when they contain too many unwanted functions. 

COMPACT EMBEDDED-PC MODULES 

An emerging standard that is extremely well suited to embedded applications is the miniatur- 
ized version of the PC- or AT-bus known as PC/104. Basically, PC/104 only changes the 
dimensions; alI other PC or AT system features and functions are retained. The result is 
compact, component-like, and highly modular. 

Named for its 64-pin (Pl) plus 40-pin (P2) bus connectors, the PC/104 standard is being 
proposed as an extension to the IEEE-P996 specification (P996.1). The major differences 
from the normal PC- and AT-buses are: (1) highly compact form factor, 3.6 by 3.8 inches; 
(2) self-stacking bus, allowing modules to be stacked directly together without backplanes, 
card cages, or interconnecting adapters; and (3) relaxed bus drive requirement (6 mA), which 
lowers power consumption and reduces component count. 

At about ten square inches in footprint, PC/104 modules might still be too large for the more 
space-sensitive embedded applications. Also, when large amounts of I/O are required, either a 
passive backplane PC or a hybrid industrial bus may offer greater ease of expandability. 

SUMMARY AND CONCLUSIONS 

Through their extremely widespread use and availability, the IBM PC and PC/AT (and com- 
patibles) have established the PC architecture as the most popular and well-supported micro- 
computer system standard. The use of this popular hardwarelsoftware architecture has become 
attractive to designers of non-desktop "embedded" microprocessor-based equipment, partly 
because of the attractiveness of low cost components, peripherals, and development tools, but 
also as a means to avoid the need to "reinvent the wheel". 

The PC architecture-is not ideal for all-embedded applications. .Its expansion bus speed and 
interrupt structure may be inadequate sfor some high bandwidth I/O intensive applications, but 
will not be a problem in most cases. On the other hand, PC CPU horsepower spans over two 

~ ~ ~~ 
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orders o f  magnitudc, with cttntintial evolutionary improvements promised for the foreseeable 
future . 

Although standard desktop PCs are ill-suited for the reliability, size, quality, and other re- 
quirements of embedded applications, a number of excellent repackaged PC-compatible alter- 
natives are now available. These range from passive backplane versions which match the PC- 
bus plug-in card form factor, to compact, component-like modules specifically intended for 
embedded-PC applications. Included within some of the board- and module-level PCs intended 
for embedded applications, are a wide rarige of useful system enhancements. Examples in- 
clude solid state disk (SSD), BIOS improvements, and watchdog timer functions. 

The result is a well stocked tool chest of building bIocks which offer the benefits of using the 
PC standard along with the flexibility, reliability, and quality needed in embedded applications, 

Although not all embdcied applications are suited to the PC architecture, when the fit is right, 
the benefits are compelling: reduced development costs; minimized technical risks; and faster 
time-to-market. 

The following publications contain additional information about PC- and PCIAT-compatible 
hardware, software, development tools, and peripheral devices that may be helpful in design- 
ing systems based on embedded-PC technology: 

IEEE P996 Draft Specification -- IEEE Publications, 908-98 1-1393. 

'The XT/AT Handbook --- Annabooks, 619-673-0870. 

ISA arid EISA Theory and Operation - Annabooks, 619-673-0870. 

:PC/3104 Specification - PC/ 104 Consortium, 408-245-9348. 

'The Connection (software buyer's guide), 800-336-1 166. 

The Programmer's Shop (software buyer's guide), 800-42 1-8006. 

Personal Computing Tosls (hardware buyer's guide), 800-767-6728. 

Personal Engineering (hardware magazine), 603-427- 1377. 

The Computer Appfications Journal (hardware magazine), 203-875-275 1 

Embedded Systems :Programming (software magazine), 4 15-905-2200. 

Dr. Dobb's ,Journal (soft.ware magazine), 4 15-353-9500. 

--I 
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In designing microcomputer-based systems, size, power, cost, ruggedness, reliability, and 
other constraints often preclude using off-the-shelf bus-based microcomputer boards, resulting 
in the need for chip-based custom designs. This, in turn, means costly development cycles, 
including significant expenses for PC board design, BIOS development, debug equipment, 
system qualification, and mariufacturirig tooling. And perhaps most importantly, with the 
complex development cycles of c hip-based designs also come inevitable schedule slips and 
delayed product in trod u c tion s. 

During the past several years, object-oriented sofM/are development technologies and methods 
have achieved widespread acceptance. It is now universally acknowledged that significant 
development time is saved -- mcl greater functionality achieved - when software design takes 
advantage of high-level-languages and object-oriented, structured programming techniques. 

Hardware development, on other hand, has lagged in the use of such methodologies, particu- 
larly for embedded applications. Factors like size, power consumption, ruggedness, reliabili- 
ty, and cpli ty usually prevent enibedded system designers from using off-the-shelf options. 
Instead, chip-based custom designs, with their costly and tirne-consuming product development 
cycles, have been required. In addition, these complex custom development programs have 
carried substantial risks of schedule slips and missed market opportunities. 

Thanks to highly integrated components and increasingly dense manufacturing technologies, 
this situation is beginning to change. Modular approaches to hardware integration, which can 
substantidly simplify development efforts, are now becoming practical. 

THE HARDWARE-SOFTWARE ANALOGY 

During a period of about two decades, sofhvcil'e rechnology has evolved from binary coding, to 
assembly language, to first generation high-level languages like Fortran and Basic, to second 
generatian object-oriented languages like Pascal, C, and C + +. 
Over the same span of' time, embedded system hurdware technology has undergone a compar- 
able evolution: from transistor-based design, to small-scale and medium-scale integration (SSI 
and MSI) single-function ICs, to large-scale and very-large-scale integration (LSI and VLSI) 
multiple-function ICs, to complex modules that can be used as high-level object-oriented 
ernbedded system building blocks. 

~ 
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.In this analogy, using transistors is like writing software in binary; each "1" and "0" is like an 
individual transistor. This represents the lowest-level technology option. Like assembly 
language, SSI and MSI ICs are relativeIy simple building blocks. LSI and V U 1  ICs offer 
higher levels of functionality and greatly simplify the design and development process, as do 
the early programming languages; but they do not offer direct plug-and-play interconnectivity, 
from either a functional or mechanical perspective. 

Highly integrated hardware modules can provide an object-oriented, building-block approach to 
embedded hardware design, much like the structured-programming techniques used with to- 
day's object-oriented programming languages. They can be used like electronic legos, to 
rapidly design and construct application-specific embedded systems. When custom mociules 
are needed, the module family's well defined functional and mechanical specifications can 
greatly simplify the required design tasks. Also, concurrent development - of both hardware 
and software - is facilitated by the inherent modularity of this object-oriented approach. 

AN EXAMPLE OF OBJECT-ORIENTED HARDWARE: PC/104 

A new modular embedded-microcomputer standard, called "PC/104", takes advantage of 
object-oriented hardware techniques. The PCI 104 standard defines "snap-together" modules 
intended to be used as system-level building-blocks for designing embedded systems (see 
Figure 1). 

Figure 1. Object-oriented PCI104 Modules Provide 
a Building-block approach to Embedded System Design 
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To satisfy the size, reliability, and environmental demands of embedded applications, PCI 104 
modules conform to a compact form-factor (3.6 by 3.8 inches), stack directly without card- 
cages or backplanes, arid minimize power consumption through extensive use of low power 
CMOS devices. 

Because PC1104 modules are based on the functional and electrical specifications of the IEEE- 
P996 (PC and PUAT Bus) draft specification, designs based on them benefit from the enor- 
mous base of products and s~ipport associated with this most familiar and widely supported 
microctsrnputer hardwadsoftware architecture. Furthermore, the PC/ 104 spec itself is in the 
process af being standardized by the IEEE P996.1 Working Group. 

PC/104 modules can be integrated into systems in two ways: they can be plugged into custom 
carrier boards, like macrocomponents; or they can be stacked together and mounted directly 
within the target system. Either way, using PC/104 modules greatly simplifies and accelerates 
the tasks of system definition and development, due to the resulting object-oriented approach. 

BENEFITS 0 F 0 BJ ECT-0 Rl E W E D  HARD WARE 

Some of the important benefits that an object-oriented hardware approach brings to embedded 
system product development and support are: 

Shortened and Simplified Development: Cycles - With an object-oriented ap- 
proach, much o f  the hardware development portion of the project may be reduced to 
selection and configuration of off-the-shelf modules, peripheral selection and interfac- 
ing, and mechanical design. This obviously results in big savings of development time 
arid money, and reduced technical risks. 

finhanced Product Sophistication - By using a building-block approach, more 
fatures can be incorporated into the product than might otherwise have been devel- 
oped. Also, once the need to "reinvent the wheel" is eliminated, more of the develop- 
rnent budget is often applied to product-specific sofnvare development. Together, these 
factors result in a more feature-rich, powerful, and competitive - and hence more 
profitable -- end product. 

Availability of Product Options and Upgrades - With a module-based system 
architecture, the manufacturer can offer a spectrum of performance or features, simply 
by reconfiguring the base system with a variety of CPU and I/O modules. For exam- 
ple, the same basic product design could be fitted with either an 80286- or 80386-based 
CPU, allowing faster product operation with similar features, or enhancing features 
while maintaining acceptable performance. The capability to install a modem module 
or a L A N  module in the same location might allow the product to be offered with a 
range of communications capabilities. 

a Protection from Component Obsolescence - A critical problem facing all 
manufacturers is what to do when, inevitably, key components are obsoleted by their 
producers. This issue is exacerbated when using PC-compatible ICs, due to the rapid 
evolution of the desktop PC. Components for the desktop PC market are sometimes 
obsoleted in as little as 18 to 24 months,-particularly by IC companies whose only 
business is desktop-oriented. Given the length of product development cycles (typically 
12 to 18 months), a company using PC-compatible ICs shouldn't be surprised to receive 
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a last-buy notification for a key component just as a new product incorporating that 
component is being released for production! 

Since the modules within an object-oriented product architecture are essentially "black 
boxes", specified by their "external" physical, functional, and electrical specifications, 
alternate modules having different internal components but identical external character- 
istics can be substituted. It becomes the module manufacturer's responsibility to ensure 
unintempted availability of functionally compatible modules - a commitment that 
suppliers of modules to the OEM marketplace must be prepared to make. 

An object-oriented product architecture thus provides a much-needed insurance policy 
against the ever-present nightmare of component obsolescence. 

Lengthened Product Life Expectancy - Finally, products based on object-oriented 
design methodologies can be upgraded during their life cycle, to keep them competitive 
and maintain acceptable price-performance ratios. Possible upgrades include increased . 
computing power, additional or improved I/O functions or other system resources, 
software enhancements, and cost reductions. In this manner, a product based on an 
object-oriented architecture can continue to evolve over time, resulting in an extended 
product life cycle and, of course, increased revenues. 

FI NAN C1 AL ISSUES 

. In comparing the chip-based and module-based approaches from a financial perspective, both 
methodologies are seen to have. advantages and disadvantages. Either approach may be best, 
depending on the specific application and situation. 

The three main factors to evaluate when choosing an approach are material costs, development 
expenses, and time-to-market. 

Material Costs - Off-the-shelf modules generally do not provide an exact match to 
system requirements, and therefore contain excess components that add some amount of 
unnecessary cost. Also, using multiple modules instead of a single custom assembly 
containing all of the system's exact requirements increases costs due to added cornpon- 
ents, interconnections, and interfaces. 

The significance of these added costs depends on how closely the available modules 
match the application's requirements, and also on the annual quantity level at which the 
product will be manufactured. However, when annual quantities are not high, the 
module supplier's superior purchasing power can actually make the cost of buying 
modules lower than that of buying the individual components for a chip-based custom 
design, in spite of extra costs inherent in the modular approach. 

H Development and Time-to-Market Costs - For both of these important factors, 
the advantage is clearly on the side of the module-based approach. Using modules, the 
hardware portion of the embedded system's design can be as simple as selecting, con- 
figuring, and plugging together the modules, and integrating them with peripherals and 
packaging. -When application-specific modules must be developed, that process is also 
greatly simplified, thanks to the modules' well defined system specifications. Compon- 
ent-based designs, on the other hand, require lengthy and detailed development and 
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debug cycles, with accompanying high costs and risks. 

SOLVING THE EBUATION 

Obviousl.y, dl three factors -- material costs, development expenses, and time-to-market - 
must be considered when deterrnining which architecture to use. Although the factors and 
circunrstmces surrounding each company's business environment are unique, time-to-market is 
increasingly seen as the dominant factor. 

Figure 2 shows a comparison of the relative impact of these three cost factors, at three differ- 
ent annual quantity levels. From examining the graphs, it is clear that each methodology tends 
to be best suited to a specific volume range. 
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Figure 2. Relative Impact of Key Cost Factors 

Low volumes -- At annual volumes below 250 units per year? the module-based 
approach generally wins, mainly due to the availability of off-the-shelf options which 
eliminate much of thc: cost and time of embedded electronics development. In these 
low volumes, i t  is difficult to justify a custom development pro-ject based on chips - 
unless modules jiist can't do the job. 

High Volumes -- At the other end of the spectrum, for volumes in excess of 5,000 
iirtits annually, component-based designs provide rock bottom material costs. At these 
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high volumes, even a few dollars of cost savings can significantly increase corporate 
profits. Still, the potential penalties of extended development time and increased tech- 
nical risks must not be overlooked. 

= Medium Volumes - When annual volumes are around 1,000 units, the decision is 
not as clear-cut. At these quantities, the module-based approach has the advantage of 
significantly reducing the development expenses that must be amortized over the pro- 
duct's life, while both getting the product to market sooner and keeping it there longer. 
On the other hand, the component-based approach may offer lower material costs. 

CONCLUSION 

By combining widely accepted object-oriented sofnvare methodologies with newly available 
object-oriented hardware options, embedded system designers of the 90's can complete devel- 
opment projects faster and with significantly reduced costs and risks. Also, the lengthened 
product life cycle that results from both earlier market introduction and continuing product 
evolution (due to enhancements and upgrades) means revenues and profits realized by the 
product during its lifetime will be significantly increased. 

In deciding whether to use a chip-based or module-based approach, it is important that compa- 
nies weigh all key factors thoroughly, being sure to include a careful consideration of the antic- 
ipated annual volume requirements of the product. Not surprisingly, today's increased empha- 
sis on maximizing profits and minimizing risks has shifted the break-even point in the make-or- 
buy decision towards object-oriented, module-based approaches, even for high volumes in 
excess of 5,000 per year. 

The advent of object-oriented hardware therefore represents a significant advancement in the 
art of embedded system design. 
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P N NOTE 

NU M B Et1 : AAN-9204 REVISION: A 

TITLE: Third Party Sources of PC Keyboard Simulators 

PRODUCX PdQn-SpeCifiC 

DATE: 12/2/92 

The following companies offer keyboard “simuliitors” which are intended to allow scanned pushbuttons to 
emulate a standard PC keyboard 

a US!& Systems -- New York, M y  -- 212-222-5438 

VG Controls -- Hewitt, NJ -- 201-853-4600 

Vetra Systems -- Plainview, NY -- 516-454-6469 

In additisa the following publication may be of interest: 

PC Keyboard Design, I)y Gary J. Konzak. Available from Annabooks -- 800-462-1042. 

Please Note 
I 

~ 

I 

This information is provided a a service to Ampro OEMs, and is not intend- 
ed as an endorsement of any particular company or product. Ampro has not 
necessarily tested the products offered by the companies listed. It is the 
OEM’s responsibility to determine the quality, suitability, reliability, and 
compatibility of ariy particular product according to the requirements of the 
specific intended application. 

Copyright (C) 1992. Ampro Computers Incorpovated. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1 305 



P ON NOTE 

NUMBER: AAN-9205 REVISION: A 

TITLE: 

PRODUCT: Non-specific 

4-Point Mounting of MiniModule Stacks 

DATE: 12/2/92 

CoreMotjule CPU modules were provided with four mounting holes to facilitate reliable installation of 
CoreModuIidMiniModuIe stacks. In sa~rie applications, however, it may be preferred to install the CoreMod- 
ule at the top of the stack rather than in the bottom position. Also, there are applications in which multiple 
MiniMotlule stacks -- without a CoreModule in the stack -- may be required. 

A recommended method for 4-poht mounting of M i o d u l e s  is to use edge-mount standoffs, such as those 
manufactured by Kichco. For reliable It-point mounting, you can combine a pair of edge-mount standoffs 
(positioned near the bus edge of the module) along with two ordinary hole-mount standoffs (used in the 
module’s rriounting holes). 

Matched pairs (edge-maim, and hctle-mount) are listed in the following table. 

The spacers listed in the above table are available from the €oilowing manufacturers: 

RIC:HCO Plastic Company -- Ctlicaggo, IL -.. 312-539-4060 

m RAF Electronic Hardware _- Seymour, CT’ -- 203-888-2133 

Please Nett! 
-I- - f-------- 1 

This information is provided as a service to Ampro OEMs, and is not intended as an endorsement of any 
particular company or product. Ampro has not necessarily tested the products offered by the companies 
listed. It is the OEM’s responsibility to determine the quality, suitability, reliability, and compatibility of 
any particular product according to the requirements of the specific intended application. 

Copyright (C) 1992. CoreModule and MiniModule are trademarks of Ampro Computers. Inc. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1 305 



3 NOTE 

NU M BEIl : AAN-9206 REVISION: A DATE: 12/2/92 

TITLE: 

PRODUCT: Men-specific 

Third Party Sources of Monitors 

---- 
The followkg companies offer CRT displays that may be useful in CoreModule and Little Board based OEM 
applications: 

Data Ray Cow. -- Westrrhter, CO -- (303) 451-1300 

Display Technologies, Inc. -- Elgin, IL -- (708) 931-2100 

Dotronix -o New Brighton, M l ' J  -- (612) 633-1065 

Kristel Corp. -- West Chicago, 11, -- (708) 293-1255 

Microvitec, Inc. -- College Park, GA -- (404) 991-2246 

Motlgraph -- Burlington, MA - -  (617) 229-4800 

Omni Vision, Inc. -- Glendale Heights, IL  -.. (708)  893-1720 

Tram 'LOO0 Inc. -- Whittier, CA -- (310) W8-6814 

Wells-Cardner Electronics y" Chicago, IL _I (312) 252-8220 

Please Note 
I ~- 

1 

This information is provided as a service to Ampro OEMs, and is not 
intended as an endorsement of atiy particular company or product. Ampro 
has not necessarily tested the products offered by the companies listed. It is 
the OEMs responsibility to determine the quality, suitability, reliability, and 
compatibility of any particular product according to the requirements of the 
specific intended application. 

t --_I l____l__ 1 

Copyright (C) 1992. Little Board and CoreModula are trademarks of Ampro Computers. Inc. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1 305 



TION NOTE 

NUMB E fl : AAN-9207 REVISION: A 

TITLE: 

PRODUCT: Non-specific 

Third Party Sources of Touch Input 5evices 

DATE: 12/2/92 

The following companies offer touch input interfaces that might be useful in CoreModule and Little Board 
based appli~ations: 

Carroll Touch -- Round Rock, TX ..- (512) 244-7040 

Dale Electronics, Inc. -- Colunibus, NE (40%) 563-6413 

Elographics -- Oak Ridge, ad -- (615) 481-6301 

The Graphics Technology 60. -- Austin, TX I- (512) 328-9284 

Keytec, Inc. -I Richardson, TX __  (214) 234-8617 

* Merntron Technologies -- Frankemmth, MY _ y  (517) 652-2656 

1 Microtouch Systems -- Woburn, MA -- (619) 935-0080 

rn Transparent Devices -.. Wewbury Park, CA I_ (805) 4 9 9 - m  

Please Note 

This information is provided as a service to h p r o  OEMs, and is not 
intended as an endorsement of any particular company or product. Ampro 
has not necessarily tested the products offered by the companies listed. It is 
the OE,M’s responsibility to determine the quality, suitability, reliability, and 
cornpatibiility of any particular product according to the requirements of the 
specific intended application. 

L --I-_ ___ ----- I 

Copyright (C:) 1992. Little bard and CoreModule are trademarks of Ampro Computers. Inc. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1 305 



P NOTE 

DATE: 12/2/92 NUMBER: AAN-9208 REVISION: A 

TITLE: 

PRBDUCX Non-specific 

Third Party Sources of Real Time Executives 

..plllll 

There are EL wide range of real-time operating systems and executives that may be useful in developing 
embedded systems based on the Ampro CoreModule and Little Board products. Ampro Application Note 
AAN-9009 ljsts and discusses several real-time operating systems. This writeup lists real-time executives. 

The main difference between an ecuu’v@ and an uperdhzg ustern is generally the complexity of resources 
provided. This impacts their overail software size and therefore the amount of RAM and disk (or program) 
storage required. Executives typically do not provide mass storage or networking support; these are usually 
features crf operating spems.  Also, because of the limited functionality offered by executives, they are 
generally less expensive than operating systems and may even be offered for a one-time payment. In addition, 
source code is sometimes available for. executives. 

The following real-time multi-tasking executives support 80x86 processors and provide driver (or other) 
support for the PC and PC/AT environment. Most include drivers for the standard serial, parallel, keyboard, 
and speaker functions. Some include disk drive support. Others provide a mechanism that allows DOS to run 
as a background task, which aUows use OF standard DOS functions (including the fie system, disk drives, etc,). 

m A M X  ICadak Products Ltd. -- Vancouver, BC, Canada _- 604-73-2796 

OS-WU: Microware Systems Corp. -- Des Moines, IA -- 515-224-1929 

Multihsk! 80x86: US Software -- Fortland, OR -- 503-641-8446 
S Nucleus HTX Accelerated Technology -- Mobile, AL -- 205-450-0707 

‘ 8  Prwise/MPX: Precise Software Technologies -- Nepean, ON, Canada -- 613-5%-2251 

QNX: Quantum Softwart: -- Kmati& ON, Canada I- 613-591-0931 

XTXC: A.T.Barrett & Assoc. ..- Houston, TX “- 713-728-9688 

SMX: Micro Digital -- Cypress, CA I- 714-891.-2363 

rn TICS Realtime Kernel: TICS Realtime -- Sunnyvale, CA -- 408-739-2100 

VRTX: Ready Systems -- Sunrilyvale, CA -- 408-736-2600 

m 

Please Note 
I I 

This information is provided as a service to Ampro OEMs, and is not intended as an endorsement of any 
particular company or product. .Ampro has not necessarily tested the products offered by the companies 
listed. It Is the OEM’s responsibility to determine the quality, suitability, reliability, and compatibility of 
any particular product according to the requirements of the specific intended application. 

I L-------,- l--s”l-.----.l- 

Copyright (Cf 1992. Little Hoard and CoreModule are tradernarks of Ampro Computers, Inc. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-2100 - FAX (408) 720-1305 



P TION NOTE 

NUMBER: AAN-9209 REVISION: A DATE: 12/2/92 

TITLE: 

PRODUCT: MiniMadule/Ethernet, MiniMadiile/Ethernet-TP 

Third Party Sources QI TCP/IP and NFS Support Software 

The following companies offer NIB and TCB/IP support for PC and AT compatible systems that can be used 
with Novel1 NElOOO compatible Ethernet LAN adapters. This implies that their sofhvare will run on both the 
Thin-cable and Twisted-pair versions of the Ampro MiniModule/Ethernet network adapters. 

"BW-NFS" and "BW-TCP" m "PC1TCP" "PC-NFS" 

Butrdas, ON Canada Wakefield, MA USA (&XI) 872-4786 
(41ti) 648-6556 (617) 246-0900 

Beame & Whiteside Software Ltd. ET€' Software Inc. Sun Microsystems 

NOTES 

1. The "standardt pricing normally quoted by thest: companies is intended for end-user desldop PC applica- 
tions. I a g e r  discounts for OEM ctnhedded upylicntions are usually available. 

2. In most cases, the M51000 hardware adapter compatibility is accomplished via a public domain NElOOO 
"WIS" (or packet) driver, availilble from the software vendors. 

3. The diskless boot ROMs provided by these companies are not typically compatible with NElOOO hardware. 
Use Ampro Solid State Disk instead. 

Please Note 
r l ~  ----.*----- 1 

This information is provided as a service to Ampro OEMs, and is not 
intended as <an endorsement of any particular company or product. Ampro 
has not necessarily tested the products offered by the companies listed. It is 
the OEM's resporxsibility to determine the quality, suitability, reliability, and 
compatibility of ariy particular product according to the requirements of the 
specific intended application. 

Copyright (C) 1992. MiniModulo is a trademark of Ampro Computers. Inc. 

AMPRO COMPUTERS, INCORPORATED 
990 Alrnanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1 305 



ON NOT& 

NUMBER: 

TITLE: 

PRODUCT: 

SUMMARY: 

AAN-921 B REVISION: A 

Arnpre Extended E3105 Interface Specification 

DATE: 12/2/92 

Non-specific 

The Arnpro extended BIOS services provide interfaces to the unique features and 
hardware present an Ampro CPU products. These features generally are enhancements 
to the original architectures and do not exist in standard IBM/PC/AT systems or 
compatibles. The BIOS services are all available via interrupt 13h. This interface is not 
available when the extended BIOS has been disabled in SETUP. 

I n t e r r u p t  l3h 
Function DCOh, Rel-,urn SCSI Ilriver S t a t u s  
Use: Return SCSI :Cnit:iator :ED and SCSI bios r e v i s i o n .  
Board Applicability: All 

This f u n c t i o n  r e t u r n s  the level of S C S I  Firmware b u t  more impor- 
tantly it is a means of i d e n t i f y i n g  the boards S C S I  I n i t i a t o r  I D  
from setup information. The SCSf Initiator~ID value can be used 
to uniquely identify the  board by application software. It is 
also needed to € i : L 1  the SCSI parameter block s t r u c t u r e  defined in 
function OClh below. 

Entry: AH = QCOh 

Returns:  AX = OFPFFh 
CX = SCSI d r i v e r  v e r s i o n  

' CE = Major version number 
CH = Minor version number 
DL = SCSI :Cni t ia tor  ID 
CY = y. 

NOTE: 'The processor carry f l ag  will be set upon r e t u r n .  

ll---__.m_l_-_l_-.-_._- 

Copyright (C) 1992. Ampro Computers Incorporated. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1 305 



Interrupt 13h 
Function OClh, Direct S C S I  Command 
Use: SCSI interface for device drivers and utilities. 
Board Applicability: All 

This function negates the requirement for embedding chip level 
hardware specific code in a SCSI utility or device driver. It is used 
by all Ampro developed SCSI utilities and device drivers. Custom 
device drivers to -communicate with any SCSI device (TAPE,CD-ROM,WORM) 

using this function. can be ’ developed 

Entry: A H =  
ES = 
BX = 

Returns: AL = 
A H =  
CF = 
CF = 

OClh 
Segment of SCSI Parameter Structure 
Offset of SCSI Parameter Structure 
(See Structure definition below) 

0 
Status 
0, command completed 
1, command error 

Status codes returned in AH: 
OOh = Command completed 
FFh = failed to complete a l l  SCSI phases, lost busy 
FEh 
FDh = illegal SCSI phase 
FCh = Arbitration timeout 

= target did not respond 

NOTE: Application should also check statusjtr, msg ingtr for 
errors. 
SCSI select sequence. 

SCSI hardware interface initializes msg-in2tr to -1 prior to 

The LB/PC and LB/186 using the 5380 SCSI controller chip return with 
error status AH = FFh when SCSI fails. 

SCSI parameter 
SPb 
initiator-id 
target-id 

commandjtr 
datagtr 
statusjtr 
msg-ingtr 
msg outgtr 
spb- 

block 
struc 
db ? 
db ? 
d b ?  
d b ?  
dd ? 
dd ? 
dd ? 
dd ? 
dd ? 
ends 

structure definition. 

I 

I . I 

I 

: 
: 
I 

I 

I 

SCSI initiator ID 
SCSI target ID 
Unused 
Unused 
SCSI command pointer 
SCSI data pointer 
SCSI status pointer 
SCSI message in pointer 
SCSI message out pointer 

NOTE: Initiator-id and target-id are binary (ie. 80h = S C S I  ID 7 ,  O l h  
= SCSI ID 0). 

AAN -92 10 Page 2 o f  16 



Example : mov spb. initi,ator--id, my-iniator-id 
mov spb. target id, my target-id - - 
mov 
mov 
rnov 

mov 
mov 

mov 
mov 

rnov 
rnov 

mov 
mov 

mov 
mov 

mov 
int 

test 
j n z  

ax, cs 
word ptr spb. c o m a n d j t r ,  o f f s e t  my--scsi-cmd 
word g t r  spb.commandjtr+2,ax 

w o r d  p t r  spb.data_ptr,offset my data-buffer 
word ptr spb.data_gtr+2,ax 

word p t r  s p b . s t a t u s J p t r , o f f s e t  my-status 
word p t r  spb.~tatus~tr+2,ax 

- 

word p t r  spb.msg in_ptr,offset my msg-in 
word ptr spb. msg-ingtr+2, - ax 

- 

word ptr spb.msg s u t j t r , o f f s e t  my-msg-out 
word p t r  spb . rnsg=outjtr+Z, ax 

es, ax : es:bx = spb 
bx,offset spb 

ah, Oelh ; make function call 
13h. 

my-status;,-l : see if error 
error 

E n t e r n i p t  13h 
Furicticm OCZh, Extended Read Logical Block 
U s e :  X:3I interface for devise drivers and utilities. 
Board Applicability: All. 

T h i s  func t ion  e,a:Ll was developed for custom operating systems using 
Large hard disk. Can be considered obsolete. 

EplCry: AH = OC2b 
AL = Sector COWI~,  1 - Offh 
CX = SeCtQr,  1 - 03Fh 
DH = Head., 0 - Offk 
SI = C y l i R d W Z ,  0 - Offffh 
ES = Buffer Segment 
EX = Buffer offset. 

Retu rns :  CY = 0, c:orrunand completed 
AH = o  
CY = 3. ,  errtir 
AH = S t a t u s  

Status:: Same as retxrned by bios compatible disk interface. 

NOTE: There .is no range checking for overflow beyond logical block 
address lFFFFFR. 

AAN-9210 Page 3 of 16 



Interrupt 13h 
Function OC3h, Extended Write Logical-Block 
Use: SCSI interface f o r  device drivers and utilities. 
Board Applicability: All 

This function call was developed for custom operating systems using 
large hard disk. Can be considered obsolete. 

Entry: AH = OC3h 
AL = Sector count, 1 - Offh 
CX = Sector, 1 - 03fh 
DH = Head, 0 - Offh 
SI = Cylinder, 0 - Offffh 
ES = Buffer Segment 
BX = Buffer offset 

Returns: AH = Status 
CY = 0, command completed 
CY = 1, error 

Status: Same as returned by compatible bios disk interface. 

NOTE: 
address 1FFFFFh. 

There is no range checking for overflow beyond logical block 

Interrupt 13h 
Function OC4h - OCBh, Future expansion 
Use: N/A 
Board Applicability: All 

Entry: AH = OC4h - OCBh 
Returns': AH = 1 

CY = 1 

Interrupt 13h 
Function OCCh, Ampro Serial EEPROM interface. 
Use: Seep interface 
Board Applicability: All except LB/PC 

Most Ampro boards include a Serial EEPROM fo r  storage of setup and 
bios configuration information, 
storage f o r  OEM information. Functions 0 ,  2, and 3 are used to read 
and write to the OEM area. The other functions allow access to the 
entire serial EEPROM area. Writing to areas other than the OEM area 
can cause the board to fail initialization. 

All systems allocate 512 bits of 

NOTE: 
a word count Of 80h when using functions O M ,  OCh, and ODh. OEM 
allocation remains 512 bits. 

Boards with 2k serial EEPROMS have a maximum address of 7Fh and 

AAN-9210 Page 4 o f  16 



Entry : AH = 0C:Ch 
A& = OOh 
DX Address ,  OOh - 1Fh 

Returns:  CY = 0, no error 
AX = W o r d  
CY -- 1 
Mi = e r r o r  code, see below 

I-- 

Function 2, Read u s e r  seep into buffer 

Entry : AI3 =; 0C:Ch 
A% = 02h 
CX Word count, 1 - 2Oh 
DX = Star t ing  address ,  OOh - 1Fh 
E :3 = Buffer segment 
BX = B u f f e r  o f fse t  

Returns: CY = 0, no error 
CY -I 1, e r r o r  
AM == e r r o r  code, see below 

En t ry  : AH = O C X h  
A:L -- 03h 
CX =. Word count, 1 - 20h 
DX = Starting address, OOh - 1Ph 
ES = Buffer segment 
BX = B u f f e r  offset 

I3eP:urns: CY =; 0, no error 
CY = 2 ,  error 

, AH =: error ende, see below 

~ 

Function O M i ,  Read word from seep 

AAN - 9 . m ~  

Returns: C'Y =: 0 ,  no error 
AX =: Word 
c'y I': 1. 
AH =: e r r o r  code, see below 

Page 5 of 16 



Function OCh, Read seep into buffer 

Entry: AH = OCCh 
AL = OCh 
CX = Word count, 1 - 40h 
DX = Starting address, OOh - 3Fh 
ES = Buffer segment 
BX = Buffer offset 

Returns: CY = 0, no error 
CY = 1, error 
AH = error code, see below 

~~ ~~ 

Function ODh, Write seep from buffer 

Entry: AH = OCCh 
AL = ODh 
CX = Word count, 1 - 40h 
DX = Starting address, OOh - 3Fh 
ES = Buffer segment 
BX = Buffer offset 

Returns: CY = 0, no error 
CY = 1, error 
AH = error code, see below 

~~ 

Function OFh, Check seep checksum 

Entry: AH ' =  OCCh 
AL = OFh 

Returns: CY = 0, good checksum 
.CY = 1, error 
AH = error code, see below 

Error codes f o r  function OCCh, seep interface 

AH = 1, illegal address requested 
AH = 2, illegal word count 
AH = 3 ,  error accessing seep 
AH = 4, checksurn error 
AH = -1, bad function call 

AAN-9210 Page 6 of 16 



Interixipt: 13h 
Function OCDh I anpro hardware interface. 
Use: Device d r ive r s  application software 
Board Applicability: A l l .  

This interface was devel.oped to allow application software t o  
manipul.ate hardware features as available on Ampro boards. These 
functhr calls provide a non-hardware specific interface to the Ampro 
features. 

Function 0011, Retu rn  board type  
I3nard Applicability: A H .  

IZeturns: AH =: 0 
CY = 0 
BX = product, see below 
CX =: 8000h 

Product codes returned in BX 
OOOQh = LB/PC 
1001h =z I.B/286 

2003k = LB/386 
1002h = .SB/286 

2Q04h = SB/386 
OQQ5h = CM/XT' 
1006h =: C:M/286 
2Q08h = Z;B/386SX 
2009h = CM/386SX 
3 Q O A h  I LB/486 

Example: mov ah, Ocdh 
mov a1,00h : function CDOO 
mcsv cx, o ; precondition GX 
int. 3.3h 
jc n,ot supported ; error 
t e s t  cx,%OOQh ; cx msb set ? 
j z not-lsupported 

A4N-9210 Page 7 of 16 



Function Olh, Set LB/PC SCSI dma halt f lag  
Board Applicability: All 

Entry: AH = OCDh 
AL = Olh 

Returns: AH = 0 
CY = 0 

Example: mov ah,Ocdh 
rnov a1,Olh ; function CDOl 
int 13h 
jc not-supported ; error 

NOTE: 
processor is halted during SCSI dma providing maximum throughput. 
Proper operation depends on the jumpers W1 and W6 being installed. 

The halt flag is only used on LB/PC. When this flag is *set the 

~- 

Function 02h, Clear LB/PC SCSI dma halt flag 
Board Applicability: All 

Entry: AH = OCDh 
AL = 02h 

Returns: AH = 0 
CY = 0 

Example: mov ah,Ocdh 
mov a1,02h ; function CD02 
int 13h 
jc not-supported ; error 

NOTE: 
the processor will poll the SCSI and dma chips fo r  completion. 

The halt flag is only used on LB/PC. When this flag is cleared 

Function 03h, Byte wide socket 0 enable/disable 
Board Applicability: All except LB/PC 

Entry: AH = OCDh 
AL = 03h 
BL = 0, disable socket 
BL = 1, enable socket 
BH = xxxxOOOOb, where xxxx = socket page 

AAN-9210 

Returns: CY = 0 
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Examplel: mov ah, ocdh 
mov al,B3h ; Function CD03 
mou bx, O O O l h  i enable socket 0 (SO) 
i n t  :L3h 
jc not--supported ; error 

Example2 : mov ah, Ocdh 
mov al,03h : function CDOJ 
rnov bx, OOOOh i disable socket 0 (SO) 
i n t  131 
jr, not--supported i error 

NOTE: Not applicable to LB/PC. 
64k is only supported by those boards with 32 pin byte wide EPROM 
sockets. 

Socket paging of devices larger than 

--- -..----- 
Function 04h, Byte wide socket 1 enable/disable 
BCIixrd Applicability: LB/SB/286, LB/SB/386, CM/XT 

Entry  : AH = OCDh 
AL = 04h 
BK = 0, disable socket 
BL =: 1, enable socket 
BH = xxxxOOOOb, where xxxx = socket page 

Returns: CY =: 0 

Examplel: mov ah, Ocdh 
mov a1,04h ; function CD04 
mov bx, 000l.h ; enable socket 1 (SI) 
int 1.3h 
jc not--supperted ; error 

Example2 : mov ah, Ocdh 
mov al,04h ; function CD04 
mov bx, 0000h : disable  socket 1 (sl) 
int 13h 
jc not -.. supported : error 

NOTE: .Not applicable t c a  LB/I?C: or CM/286. 
larger khan 64k is srdy supported by those boards with 32 pin byte 
wide 131?ROM sockets 

Socket paging of devices 

~~ ~~ 

Function 85h, Serial port 0 enable/disable 
Board Agpl isabi l  ity : LB/SB/2 8 6, LB/SB/3 8 6 

Entry : AH =: O C D h  
AL =: O f 5 h  
BL 0, disable serial port 
BL I,, enable serial p o r t  

AAW -921 0 

Returns: CY = 0 

Page 9 o f  16 



Examplel: mov 
mov 
mov 
int 

Example2: mov 
mov 
mov 
int 
jc 

ah, Ocdh 
a1 I 05h : function CD05 
bx, OOOlh : enable serial port 0 
13h 
not-supported : error 

ah, Ocdh 
al, 05h : function CD05 
bx, OOOOh ; disable serial port 0 
13h 
not-supported : error 

Function 06h, Serial port 1 enable/disable 
Board Applicability: LB/SB/286, LB/SB/386 

Entry: AH = OCDh 
AL = 06h 
BL = 0, disable serial port 
BL = 1, enable serial port 

Returns: CY = 0 

Examplel: mov ah,Ocdh 
mov al,OBh ; function CD06 
mov bx, OOOlh : enable serial port 1 
int 13h 
jc not-supported ; error 

rnov a1,06h ; function CD06 
mov bx,0001h ; disabxe serial port 1 
int 13h 
jc not-supported ; error 

Examplea: mov ah,Ocdh 

Function 07h, Parallel port enable/disable 
Board Applicability: LB/SB/286, LB/SB/386 

Entry: AH = OCDh 
AL = 07h 
BL = 0, disable parallel port 
BL = 1, enable parallel port 

AAN-9210 

Returns: CY = 0 
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Exarnplel: mov 

i n t  
j c  

Tltov 
EIQV 

ExampleZ: mov 

i. nt 
jc 

TilBV 
XtBV 

ah, Ocdh 
al, 07h 
bx, QOOlk 
13h 
not ,.I supported 

ah, Oedh 
al, 07h 
14x, 0000h 
P3k 
not_supported 

: function CD07 
; enab le  parallel port 

; error 

: function CD07 
; disable parallel port 

; error 

Funct ion  08k, Return Peripheral  S t a t u s  
Board Appli.sabi.Lity: LB/SB/286,  LB/SB/386, CM/XT, CM/286 

Entry: EnH := OCDh 
AL := 08h 

Returns: AX := Peripheral Status 

Peripheral Status:  
bit 9 8 7 6 5 4 3 2 1 0  

AAW -9210 Page 11 of  16 



Example: mov ah,Ocdh 
mov a1,08h ; function CD08 
int 13h 
jc not supported i error - 

Function 09h, Socket 12 volt programing control 
Board Applicability: CM/XT, CM/286 

Entry: AH = OCDh 
AL = 09h 
BL = 0, 12v disabled 
BL = 1, 12v enabled 

Returns: CY = 0 

Examplel: mov ah, Ocdh 
mov a1,09h i function CD09 
mov bx,0001h i turn on 12v socket vpp 
int 13h 
jc not-supported i error 

Example2: mov ah,Ocdh 
mov a1,09h i function CD09 
mov bx, OOOOh ; turn off 12v socket vpp 
int 13h 
jc not-supported : error 

Function O A h ,  Byte wide socket 2 enable/disable 
Board Applicability: SB/286, LB/486 

Entry: AH = OCDh 
AL = O A h  
BL = 0, socket 2 disabled 
BL = 1, socket 2 enabled 

Returns: CY = 0 

Examplel: mov ah,Ocdh 
mov a1,Oah i function CDOA 
mov bx, O O O l h  i enable socket 2 (s2) 
int 13h 
jc not-supported : error 

Example2: mov ah,Ocdh 
mov a1,Oah ; function CDOA 
mov bx, OOOOh i disable socket 2 (s2) 
int 13h 
jc not-supported i error 
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Function OBh, Byte wide socket 3 enable/disable 
Hoard Apg 1 i cab i 1. it y : S B/ 2 8 6 

13ntry : AH 
AL 
BL 
BL 

lleturns: CY 

Examplel : mov 
mov 

int: 
jc 

mov 

Example2 : rnov 
mov 
mov 
int: 
jc 

=: D C D h  
=: OBh 
=: 0, socket 3 disabled 
=: socket 3 enabled 

_... 
I.. (-J 

ah, Ocdh 
al, Obh ; function CDOB 
bx, 0001h : enable socket 3 (s3) 
I.3h 
not _.I supparted i error 

ah, Ocdh 
aE, Obh ; function CDOB 
bx, (3000h ; disable socket 3 (s3) 
1.3 h 
rtot-.-suppsrted ; error 

Function OCh, Para:l.lel port direction control 
Board Appl.icabi:l.it:y: SH/286, SB/386, CM/XT, CM/286 

Entry  : AH =: OCDh 
AL == 0Ch 
BL =.: 0, parallel port is output 
BL =: 1, parallel port is input 

Rt3turns: CY =: 0 

Examplel: mov ah, Wdh 
mov al,(Jch : function CDOC 

; set parallel port to output 

js r iot  Y supported ; error 

AAN-9210 

Example2 : rnov ah, Ocdh 
rnov al,0ch ; function CDOC 
rnov bx, 0002h ; set paral le l  por t  to input 
int L3h 
jc riot _.- supported ; error 
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Function ODh, Get Socket Window and Size 
Board Applicability: CM/286, CM/386SX, LB/386SX, LB/486 

Entry: AH = OCDh 
AL = ODh 
BX = Socket number, 0,1,2,3,etc. 

BX = Socket Segment Address 
CX 

Example: mov . ah, Ocdh 

Returns: CY = 0 

= Socket Window Size in Kbytes 

mov a1,Odh ; function CDOD 
mov bx, 0 ; get socket 0 
int 13h 
jc not-supported ; error 

~ 

Function OEh, Socket write protect 
Board Applicability: CM/XTtCM/286,CM/386SX,LB/386SX,LB/486 

Entry: AH = OCDh 
AL = OEh 
BL = 0, disable write protect 
BL = 1, enable write protect 

Returns: CY = 0 

Examplel: mov ah,Ocdh 
mov a1,Oeh ; function CDOE 
mov bx,OOOlh : write protect sockets 
int 13h 
jc not-supported ; error 

Example2: mov ah, Ocdh 
mov a1,Oeh ; function CDOE 
mov bx,0000h ; disable write protect 
int 13h 
jc not supported : error - 

Function OFh, Enter bios setup 
Board Applicability: LB/SB/286, LB/SB/386, CM/XT, CM/286 

Entry :  AH = OCDh 
AL = OFh 

Returns: AX = 0 
CY = 0 

Example: mov ah,Ocdh 
rnov a1,Ofh ; function CDOF 
int 13h : bios setup 
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Error  codes for Function OCDR 
s ta tus  CY =: 0, command completed 

CY =:: I., e r r o r  
AH =: -11, error bad command 

1 n t e r : m p t  L3h 
FuRction OCEh, R e t u r n  SCSI p o i n t e r s  
Use : Bev.ice d r i v e r s ,  applicati.on sof tware 
Board A p p l i c a b i l i t y :  ALX 

Obsolete.  T h i s  functi.on was used by e a r l y  ve r s ions  of s e t u p  and 
remains fo r  cempat:ibility. 

Entry: AH = OCEh 

Returns: DI = offset of pointer t o  s c s i j h y - t a b  
SI 
DS = pointer segment 
AH = o  

= offset  of p o i n t e r  to scsi-device--map 

s c s i j h y - t a b  points  to a s t r u c t u r e  of phys ica l  d r i v e  characteristics 
f o r  each hard d i s k  d r i v e  i n  system. See hdp below. 

hdP s t r u c  
drvr heads dw ? : rruniber af heads d r i v e  0 
dw-sect d w  ? ; riumber of s e c t o r s  
dnr-cyl - d w  ? i riumber of c y l i n d e r s  

d w  3 dup ( ? ]  i d r i v e  1 
d w  3 dup (2') ; d r i v e  2 
d w  3 dup ( ? )  ; d r i v e  3 
dw 3 dup (?)  ; d r i v e  4 
Clw 3 dup (?)  ; d r i v e  5 
d w  3 dup ( ? a )  ; drive 6 
d w  3 dup ( ? )  i d r i v e  7 

hdP ends 

scsi device map points  t o  a s t r u c t u r e  of SCSI ID'S and LUN's for each 
hard-disk device  i n  system. See below. 
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Interrupt 13h 
Function OCEh, Issue SCSI reset 
Use: Device drivers, application software 
Board Applicability: All 

This function provides a non-hardware specific means of issuing a SCSI 
bus reset. 

Entry: AH = OCFh 

Returns: AH, = 0 

- End - 
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P N NOTE 

NUMBER: MN-9401 REVISION: D DATE: 11/28/95 

1 r i . u :  A Mean Time Between Failure analysis of selected Ampro products. 

PRODUCT: Various 

WMMARY This document contains a summary of Mean Time Between Failure (MTBF) 
values computed for the products covered, at three temperatures (25*, 5 5 O ,  and 
780 C), and for the four most appropriate environments defined by the MIL 217F 
handbook. 

IN'TRODUCTIQN 

Prtxlicted compoiietlt reliability is often characterized by a specification known as Mean Time Between 
Failure 0. The MTBF value for a particular device or component indicates the e;upected operating 
time before some part of the device or component fails, requiring repair or service. 

It is important to understand that M?BF values from various manufacturers are not consistently 
determined, even though everyone refers to the IJS Government standard relating to MTBF: MIL-HDBK- 
2 I'F. Unfortunately, this results in MTBF specifications being relutive, rather than absolute parameters. 
It is therefore difPiclllt to compare Ampro's product MTi3F specifications with those of a competitor, since 
each company uses its own assumptions and techniques to produce M"BF values. 

1% have endeavored to use as accurate a means as possible to generate our predicted MTBF values. A 
wide range of data points based on a variety of temperature and environmental alternatives allows 
engineers to use the data as an i d  in system design. 

The MTBF figures presented here have been updated from a previous Application Note. The differences 
in the figures are due to'irpdated information on components and a change in the US Government 
standard, MIL-HDBK-217F. Figures in the previous Application Note were based on an older version of 
the Prandbook, ML-HnBK-:Z 17E. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California M E  
TEL (408) 522-2100 - FAX (408) 720-1305 



MEANS OF OBTAINING THE FIGURES 

The h4TBF figures presented in the tables which follow are based upon a combination of the most current 
information available from component manufacturers, data obtained from Ampro Technical Service, and 
a Gommercially available component reliability library. A computer program, "RelCalc2" from T-Cubed 
Systems, was used to process the information into a report on each product. The RelCalc2 program uses 
the component stress analysis prediction procedure set forth in MEL-HDBK-2 IF. 2 December, 199 1, 
*Reliability Prediction of Electronic Equipment". 

Several assumptions were made in using this method of calculation: 

Correction Factors - Non-military qualified parts are typically given as little as 1/80th of the life 
expectancy of the top rated military qualified parts (MIL-M-38510, Class S). This was found to 
result in the generation of MTBF numbers that fell far short of real world data, both fiom thd point 
of view of Ampro product service history, and from our suppliers' project4 and empirical data. 
Therefore, to make the MTElF computations consistent with component manufacturers' data, we 
divided the component manufacturer's MTBF numbers by the computed MTBFs (at the appropriate 
temperature) to Pbrain "correction factors". These correction factors were entered into the program 
data base and the MTBF numbers were recalculated. In some cases, adjustment of the correction 
factor was insufficient to bring the W F  in line with the manufacturer's published figures. For 
these devices, the "part quality factor" was increased by as many levels as necessary to produce a 
component Failure Rate which corresponded to that supplied by the manufacturer of the component. 
Both "Cdrrection factors" and "part quaiity factors" are variables in the equations specified by MIL- 
HDBK-2 17F. 

Component Approximations - Many IC manufacturers were unable to supply MT3F values for 
their components, or could not even provide the data required by RelCalc2 to perform 8n MTBF 
computation. In those cases, we made assumptions for certain variables such as die complexity and 
package thermal characteristics. The results of the calculations for these parts were compared to 
parts with known MTBF as a means of error checking. 

Ampro is engaged in a continuing effort to gather accurate data from IC and component manufacturers. 
As new data is aquired it 'bill be integrated into the MTBF tabulations, which will be updated 
periodically. 
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MIL-NDBK-21YF ENVIRONMENTS 

h i p r o  products are used in many diverse appfications. Most MTBF figures quoted in the industry are 
calculated for controlled, "benign" environments. This produces an attractive, but not very realistic 
figure. In order to make the Failure Rate data more useful, a spectrum of MTEiF estimates encompassing 
a range of temperature and environmental conditions were calculated. There are many "environments" 
defined by MIL-HE)BK-21"TF, of which the following four are the most likely to be seen by Ampro 
products: 

Ground, Benign: Nonmobile, temperature and humidily controlled environments readily accessible 
to maintenance; includes laboratory instruments und test equipmbnt, medical electronic equipment, 
business and scientific computer complexes, and missiles and support equipment in ground silos. 

Ground, Fixed: Moderuteb controlled environmenis such as installation in permanent racks with 
adequate cooling air arid possible installation in unheated buildings; includes permanent installation 
of air t r a i c  control radur and cornmunicutions facilities. 

Gwuad, Mobile: Equipment installed in wheeled or tracked vehicles and equipment manually 
transported; includes tacticnl missile ground support equipment, mobile communication equipment, 
tactical )re direction systems, handheld communications equipment. laser designations and range 
finders. 

Airborne, Inhabited, Fighter: Equipment installed an high performance aircraj? such us lighters 
and interceptors. Typical conditions in compartments which can be occupied by an aircrew. 
Environment extremes of pressure. temperuture, shock and vibration are minimal. Emmples include 
the F15, Fib, Fill, F/A 18, andAIOaircraj2. 

TABULATED MTBF DATA 

The tables below surmnariz the MTBF predictions for various Ampro products at three different ambient 
temperatures, and in the four Ma-HDBK-2 17F environments mentioned above. The MTBF numbers in 
e ~ c h  temperature column represent Power-On-Hours (POW. 

It is  important to note that the tabulated M'BF values are for continuous operation. A continuous year of 
operation is 8,760 hours; on the other hand, an %hour work day, at 5 days per week, 50 weeks per year, 
Ieesralts in a 2000 how year. Clearly the actual MTBF - in calendar time - will depend on the specijc 
i v p  o f upplication. 

Aq w n  in the tables, temperature of operation is a critical factor aflecting AffBF. N o m 1  o%ce 
environments are 20" to 25' C. In an office environment, the temperature to which an Ampro board 
might be subjected will tenid to exceed the ambient conditions by 5" to 10" C, depending on how the 
sysiern is cortrtPucted and cooled. On the other hand, temperatures in industrial environments might 
exceed the office environment temperatures by 20" C or more. It is important to base an MTBF estimate 
on the thermal characteristics of the system into which Ampro's board is being integrated. From the data 
in the tables, it can be Seen that adequate airflow across the electronics is ofgreat importance. 

Finally, other environmental factors such as shock, vibration, corrosive atmosphere, and thermal stress, 
have a signscant effect on MI'BF. By selecting MTBF values for the appropriate MIL-HDBK-217F 
defined operating cnviromnent, the system designer can most accurately predict the resulting system 
IMTBF. 
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LITTLE BOARDT486i MTBF DATA 
0911 8/95 

GROUND, BENIGN ENVIRONMENT 
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LITTLE: BOARD/486-XI MTBF DATA 
2/13/95 

GROUND, BENIGN ENVIRONMENT 

GROUETT), FIXED ENVIRONMENT 

GROUND, MOBILE ENVIRONMENT 

AIRBORNE, KNHABITED, FIGHTER ENVIRONMENT 

-c___ 
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Little BoardTV486SLC MTBF DATA 
1/14/93 

GROUND, BENIGN ENVIRONMENT 
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Little BoardTM/386SX MTBF DATA 
6/6/94 

GROUND, BENIGN ENVIRONMENT 

GROUND, FIXED ENVIRONMENT 

LB/38BS.X (16 MTjP 

GROUND, MOBILE ENVIRONMENT 
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CoreModule'V48dII MTBF DATA 
9/13/94 

PRODUCT 
CW486-XI (2 MB) 
CM/486-11(4 MB) 
CW486-11(8 MB) 
CW486-11{ 16 MB) 

25°C 55oc 7OoC 
112,436 81,781 51,979 
103,742 72,693 43,283 
109,418 75,435 44,240 
98,718 63.236 3 3 3  18 

PRODUCT 25°C 55°C 70°C 
CM/486-11(2 MB) 42,723 30,246 19,177 
CM/486-11(4 MB) 40.4 I8 28,425 17.667 
CM/486-II (8 MB) 42,120 29,256 17,985 
CM/486-11(16 MB) i 39.352 26,726 15,745 

PRODUCT 
CW486-11(2 MB) 
CM/486-11(4 MB) 
CW486-II (8 MB) 
CM/486-11(16 MB) 
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25°C 55OC 70°C 
38,252 28,989 19,65 1 
36,008 27,093 17,973 
37.705 28.043 18,386 
35,049 25,487 15,965 



CcsreModuIeV386-II MTBF DATA 
9/13/94 

J CM/386-II -Y (I6 MB) I - 266,842 I 121,299 I 49,570 

GROUND, FIXED ENVIRONMENT 

AIRIBORW, INHABITESID, FIGHTER ENVIRONMXNT 
25°C 55oc I 70°C 
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CoreModuleTDf/XT Plus MTBF DATA 
2/23/94 

PRODUCT 
c m  Plus (2 MB) 

25OC 55OC 7OoC 
306.12 1 137,500 79.354 

PRODUCT I 2S"C 1 55oc 
e m  Plus (2 MB) 116,259 72,440 

70°C 
48,846 

PRODUCT 25OC 1 55OC 1 70°C 
cM/xT Plus (2 MB) 45,591 27,93 1 19,058 
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I 
c m  Plus (2 MB) 40,373 27,038 19,399 



CoreModuleVPC MTBF DATA 
513 1/94 

GROUrPJD, FIXED ENVIRONMENT 

GROUNE), MOBILE ENVIRONMENT 

. .  
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MiniModuleTSVGII MTBF DATA 
2/10/95 

PRODUCT 
MM/SVG-II (512K) 
WSVG-II  (1M) 

25°C 55°C 7OoC 
7 18,494 34 1,292 195,048 
680.958 3O4,72 1 168,827 

PRODUCT 25°C 55OC 7OoC 
WSVG-II  (5 12K) 284,322 167,841 107,495 
MMISVG-I1 (1M) 270,570 155,964 98,029 

PRODUCT 
WSVG-11 (S12K) 
WSVG-XI ( I M )  

25°C 55OC 70°C 
87,414 48,785 30,795 
85,073 47,42 1 29,844 
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PRODUCT I 25°C I 95°C I 70°C 
MM/SVG-11 (5 12K) 85,963 51,915 34,204 

JMM/SVG-II ()Ad) I 83,224 I 50,20 1 I 32,%2 I 



MiniModuleTVVGA-FP MTBF DATA 
1/24/94 

FIXED ENVIRONMENT 

GROUND, MOBILE ENVIRONMENT 

AIRBBIWE, INHABITED, FIGHTER ENVIRONMENT 
-u_. 
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MiniModuleVCGA MTBF DATA 
6/23/94 

PRODUCT I 25oc 
W C G A  I 1.005.297 

55OC I 7OoC 
755.548 591,280 

I 5074 17 I 387.23 1 I 306,094 I 

PRODUCT 
MM/CGA 

25OC I 55oc i 7OoC 
224,308 140,34 1 98,330 

PRODUCT 25OC I 55OC 
W C G A  209,013 142,664 
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7OoC 
105,M 1 



MiniModuleTbf/LCD MTBF DATA 
6/23/94 

GROUND, FIXED ENVIRONMENT 

AlRBOZWE, INHABITED, RGHTER ENVIRONMENT 
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MiniModulem/FI MTBF DATA 
1011 4/94 

PRODUCX 
M.M/FI 

25°C 55OC 70°C 
870,407 589,05 1 425,852 

PRODUCT I 25°C I 5592 
MM/FI 309,936 237,231 

70°C 
185,001 

PRODUCT 
MM/FI 
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25°C 1 55OC I 7OoC 
107,609 74,066 53,258 

PRODUCT 25OC I 55QC I 70QC 
MM/FI 97,427 72,488 55,111 A 



MinilModuleTVFSS MTBF DATA 
6/23/94 

GROUND, MOBILE ENVIRONMENT 

__w- 

AIXBOWYE, INHABITED, 'FIGHTER ENVIRONMENT 

_I_- 
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MiniModuleVSSD MTBF DATA 
6/23/94 

PRODUCT 25OC I 5S0C 1 70°C 
W S S D  1,170,212 [ 623.2 11 398,783 J 

PRODUCT I 25OC 
W S S D  466,783 

55OC 7OoC 
297,823 209,393 

PRODUCT 1 25OC 
MMSSD 157,079 

AIRBORNE, INHABITED, FIGHTER ENVIRONMENT 
1 PRODUCT 1 25°C I 55oc I 7noc 

5 5 T  I 7Ooc 
92,358 62,596 

-- - I .- - -- - 
1 W S S D  I 149,026 I 95,127 I 67,417 1 
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IMiniModulem/SPL MTBF DATA 
3/14/94 

GROUND, BENIGN ENVIRONMENT 
--- 

AIRBORNE, INEEABlTED, FIGHTER ENVIRONMENT 
-_II_ 
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RS-485 ADAPTER MTBF DATA 
511 7/94 

PRODUCT 
RS-485 Adapter 

25OC 55oc 7OoC 
14.387,502 5,160,164 1,866.862 

PRODUCT I 25OC. 
RS-485 Adapter I 4,602,933 

55°C I 7OoC 
2,350,572 1 1,125.999 

PRODUCT 25OC 
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55OC 70°C 
, RS-485 Adapter 2,096,645 1,099,365 565,914 

PRODUCT 23°C 55°C 70°C 
RS-485 Adapter 1,406.597 8 12,653 469.989 



MEniModuldENET-XI MTBF DATA 
3/7/95 

GROUND, BENIGN ENVIRONMENT 

GROUND, FIXED ENVIRONMENT 

GROUND, MOBILE ENVIRONMENT 

AXRBOFWE. INHABITED. FIGHTER ENVIRONMENT I -  
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MiniModuleVENET MTBF DATA 
6/23/94 

, PRODUCT 25°C 55°C 70°C 
,MM/ENET 
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794,263 502,285 342,392 

PRODUCT I 25°C 55°C 70°C 
, M N E T  372,296 253,938 18 1,389 

PRODUCT 1 25°C 
"ET 154,491 

55OC I 70°C 
91,867 61,715 

PRODUCT 
MM/ENEiT 

25'C I 55OC I 70°C 
141,028 93,652 66,784 



MiniModuleTM/PCMCL4 MTBF DATA 
1 2/12/9 4 

-- GROUND, MOBILE ENVIRONMENT 

AIR.BQIRNE, INEIBBIT'ED, FIGHTER ENVIRONMENT 
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Memory Card Adapter MTBF DATA 
3/14/94 

PRODUCT 
Memory Card Adapter 

25OC 55OC 70°C 
697,287 3&,998 2 19,990 

PRODUCT 25OC 55OC 
Memory Card Adapter 300,133 17 1,933 

7OoC 
108.821 

PRODUCT 25OC 55OC 70’C 

AAN-9401- Page 24 

PRODUCT 
Memory Card Adapter 

25OC I 55°C 70°C 
84,956 47,546 29,804 



TION NOTE 

REVISION: A DATE: 7/18/95 

TrrLE: Building Cors:ModuleTM systems 

PRODIJCT: All Corehiodule CPUs 'and MiniModuleTM expansion board products featuring 
PC/104 Specification, Version 2.1 Stackthrough and Double-Stackthrough bus 
header connectors. 

SUMMARY: A discussion of various options and issues regarding CoreModule stacks and 
interface between CoreModule CPUs and PC and AT passive backplanes and 
plug-in cards. 

CoreModule CPU arid MiniModule expansion products provide an expansion bus interface in the 
form of PC/104 Specification, Version 2.1 stackthrough and double-stackthrough bus header 
connectors. There are several options for CoreModule system configurations, including 
CoreMotlule stacks, embedded OEM engines and bus expansion using ribbon cables. This 
application note provides information that is helphl when working with these options. 

The following topics are covered: 

CoreModule Stacks v- Am 0vc:rview of CoreModule stacks using PC/104 Specification, 
Version 2.1 stackthrough and double-stackthrough bus header connectors. Embedded OEM 
Engines are also discussed. 

Ampro Expansion Options -- An overview of the plug-in card backplane interface adapters 
available fkom h p r o .  These itre designed specifically for use with Ampro CoreModule 
CPLJs, and provide maximum flexibility, reliability, and ease of use. 

Direct Plug-in Card Connection -- h discussion of how to construct a cable which can be 
used for direct connection between the edgecard connectors of standard PC or AT bus plug-in 
cards md the bus expansion header connectors of the CoreModule and MiniModule products. 

Bus Expansion Guidelines -- A discussion of several technical issues which influence system 
reliatdity when ribbon cable is used for bus expansion of the Ampro CoreModule and 
MirtiModule products, including cable length and quality, backplane quality, and bus 
terrulimtion. 

AMPRO COMPUTERS, INCORPORATED 
990 Almanor Avenue, Sunnyvale, California 94086 
TEL (408) 522-21 00 - FAX (408) 720-1305 - - 



PCI104 Specification, Version 2.1 Stackthrough 8-bit and 16-bit Bus Connectors 

- 

Ampro CoreModule CPUs and MiniModule Expansion Boards feature PC/104 Specification, 
Version 2.1, stackthrough 8-bit bus and double-stackthrough 16-bit bus header connectors. 
Stackthrough &bit bus and double stackthrough 16-bit bus header connector P1 and P2 pins 
extend directly through the printed circuit board as illustrated below, 

.o 

t 1 1  1 1  I PC1104 Version 2 
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Building GoreModtlle Systems 

Ampro CoreModules a€for.d a great deal of flexibility in system design. CoreModule CPUs can be 
stacked with severat MnModules, plugged onto an OEM proprietary application board as a 
component, or connected to a passive backplane using interface cables. Three basic CoreModule 
system configurations are discussed in this document including: Self-stacking Systems, Embedded 
OEM Engines, and Bus Expansion Options using CoreModuIe CPU and MiniModole Products. 

Self -Stacking S y ste rns 

The simpiest way to expand an Arnpro CsreModule CPU is with self-stacking Ampro 
MiniMsdules. MiniModules art: available for disk interfaces, including floppy, SCSI, and DE.  
The SCST interface supports a variety ofperipheral devices like disk, tape, and CD ROM. 
MiniModules also provide video interfaces from monochrome through Super VGA, including flat 
panel displays. Other MnModules provide additional serial and parallel ports, modem, network, 
and other interfaces. 

The CoreModule can be stacked directly with the MinModules to avoid using card cages and 
backplanes. MiniModules mount directly an the stackthrough bus connector(s) of the 
CoreModule. Thus a three rnoclule system fits in a 3.6 inch by 3.8 inch space. It takes only 
minutes to assemble il system. 

Mounting, hardware 
is included with 
CoreModule CPU 
and MiniModuIe 
expansion products 

P 

8 -Bit MiniModule 

8-Bit MiniModtde 

%Bit CoreModule CPU 

* Either two or four 0.6" lorig stacking spacers are used to attach modules. Older Ampro &bit 
muduks do nut have 4 mounting holes, as they were not required by the PC/IO3 Specflcalion, 
Version I .  PC/I 04 module male.$emale stacking spacer, model 4000-410-NMUD L =60O, are 
uvuilcrble@um RAT; E'lectrmic Harbare ,  phone (203) 888-2 133. 
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Self Stacking System Components 

The following are examples of an %bit module stack, a 16-bit module stack, and a combination 
&bit / 16-bit module stack. 

%Bit Module Stack 

16-Bit Module Stack 

8-Bit MiniModuie 

&Bit MiniModule 

%Bit CoreModule CPU 

16-Bit MiniModule 

16-Bit MiniModule 

1 &Bit CoreModule CPU 

8-Bit MiniModule* 

1 &Bit MiniModule 

16-Bit CoreModule CPU 

&Bit / 16 Bit Module Stack 

*Note: &bit modules must nut be placed between 16-bit mociules. 
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Embeddad OEM Engine 

Most oilern, the CoreModule is used as a computing engine plugged into OEM custom logic or 
interface devkes. The following illustratistrs show possible CoreModule engine and stack 
configurations, mounted component side up on an OEM Proprietary Application Board. 

8-Bit CoreModule CPU 

Proprietary Application Board 

-lPu 16-Bit CoreModule CPU 

Proprietary Application Board 

n 
8-Bit MiniModule 

16-Bit CoreModule CPU 

P 1 

Proprietary Application Board 

AAN-9402 - Page 5 



Ampro Expansion Options 

Ampro offers the MiniBackplanemiPC and the MiniBackpiandAT adapters for PC bus and AT 
bus plug-in cards. These modules are designed specifically to interface conventional PC or AT 
bus USA) expansion cards with CoreModule CPU products. The easy-to-use expansion products 
offer flexibility and reliability. 

8 MiniBackplane4PC - The MiniBackplaneRC connects to 8- or 16-bit CoreModule CPW 
products with a short ribbon cable. The backplane features two 8-bit plug-in card slots and 
the option of OEM addition of an on board -12V DC converter. Assembly of the PC bus 
passive backplane system requires a single 64-conductor expansion ribbon cable and is 
ilIustrated below. 

b r I I  i I  

&Bit CoreModule CPU MiniBackplanelPC 
&Bit Passive Backplane System 

MiniBackplandAT - The MipBackplandAT connects with 16-bit CoreModule CPU 
products using two bus expansion ribbon cables and a Double-Stackthrough Cable Adapter. 
The backplane features two 16-bit plug-in card slots and sockets which allow OEM addition 
of +12V DC (25mA), -12V DC (25mA), and -5V DC (SOmA], DC-to-DC converters. Also, 
optional AC bus terminatign, as recommended by the PC/104 specification, may be installed 
directly on the backplane. 

The Double-Stackthrough @ST) Cable Adapter provides the capability to expand a 16-bit 
double-stackthrough PC/lO4 bus. The Double-Stackthrough Cable Adapter has two PC/lO4 
female bus connectors to provide easy installation on the PC/104 bus and two male 
connectors to attach interface cables to the MiniBackpIandAT. 

Double-Stackthrough Cable Adapter" 
A 

L 
L 

I1 ' I 1  I 
MiniBackplandAT 

Doubk Stackthrougb 1dBit CoreModule CPU 

&Bit Bus Passive Backplane System 

* Note: Double-Stadthrough bus expansion requires the Double-Stackthrough Cable Adapter 
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Double-SbckThrougk Cable Adapter 

The Dwble-Stackthrough (DST) Cable Adapter provides the user with the capability to expand 
the PC/IOrt DST bus using ribbon cables and to interface DST CoreModule CPUs with the 
MiniBackplanelAT. The IIST Cable Adapter features female PC/104 female J1 and 32, and male 
P1 and P% bus header. connectors. 

I 

ouble-Stackthrough Cable Adapter 

c 

Double Stackthrough lCBit CoreModule CPU 

Dauble-Stackthrough Bus Expansion Using Ribbon Cables 

Direct Plug-In Card Connection 

It is possible to directly connect one or more standard PC or AT bus plug-in cards to a 
CoreModde CPU, using an expansion card adapter cable, shown in the figure below, which can 
be easily constructed from available components. The cable must have a female header on one 
end for connection to the CoreModuIe CPU bus interface header, and have one or more cable 
mounted edgecard socket connectors at the other end for connection to the PC or AT bus plug-in 
cards. Errpanding a double-stackthrough bus requires the Double-Stackthrough Cable Adapter 
described in the previous section. 

Cable Mount 
Fernale Hr:ader 

-- 

Cable Mount 
Edgecard Socket 

The following connectors can be used to construct this type of cable: 
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Cable-Mount Header Connectors -- The end of the cable that connects to the CPU module 
requires a 64-contact cable-mount female header connector for mating with the &-pin header 
bus expansion connector on the CPU module. An additional cable with a 40-contact header 
connector is required when 16-bit AT bus expansion cards are involved. These connectors, 
called "IDC Female Ribbon Cable Header" connectors, are readily available fiom several 
vendors. The following 3M connectors can be used: 

3M 7964-6500EC - 64-contact cable mount edgecard socket 
3M-3417-2040 -- 40-contact cable mount edgecard socket 

Cable-Mount Edgecard Sockets -- The end of the cable that connects to the bus plug-in 
card requires a 62-contact cable-mount edgecard socket connector. An additional cable with 
a 36-contact socket connector is required in the case of 16-bit AT bus expansion cards. Not 
all cable mount edgecard connectors provide the required relationship of edgecard signals 
relative to the signals cable bus, Be carefhl not to use connectors which reverse the signal 
arrangement, swapping alternate signals. The required cable-mount edgecard socket 
connectors are available fiom PCD Connectors, Peabody, MA 01960. Eastern Sales (508) 
532-8800, Western Sales (805) 371-0437. The folIowing PCD connectors can be used: 

RF 18-2852-5 -- 36-contact cable mount edgecard socket 
RF3 1-2852-5 -- 62-contact cable mount edgecard socket 

The CoreModule CPU bus expansion header connectors provide several extra ground 
connections which will not be used in a cable having these components. The edgecard connector 
only has 62 signal contacts, whereas the bus header connector has 64. Specifically, the last two 
conductors of the #-pin expansion bus header (pins A32 and B32) should be left unconnected, 
and both the first and last two conductors of the 40-pin bus expansion header (pins CO, C19, BO, 
B 19) should be left unconnected. 

Bus Expansion Guidelines 

. Here are several points regarding the use of bus expansion ribbon cables to connect CoreModule 
CPU products with a passive backplane or other expansion cards: 

Cable Length - if the CoreModule expansion bus is connected to expansion bus devices with 
a ribbon cable, keep the cable as short as possible. Expansion bus cables longer than 6 inches 
can reduce system reliability. 

For cable lengths up to 6 inches, use a high quality ribbon cable, such as 3M part number 
3365f64. 
For cable lengths between 6 and 12 inches, use a high quality ribbon cable with a ground 
plane, such as 3M part number 3353/64. 
Cable lengths greater than 12 inches are not recommended. 

Backplane Quality - Be sure to use a high quality backplane having minimal signal crosstalk. 
Use of power and ground planes and guard traces between bus signals are recommended. 

Termination - If bus termination is required, use "AC" rather than "DC" (resistive) 
termination as recommended in the PC/104 Specification. Placing 100 ohms in series with 
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100 pf to 5 0 0  pf between each signal and ground is recommended. Do not use resistive 
temimtion. 

m Reset and TC Deglitching - Some conventional PC or PC/AT bus (ISA) expansion boards 
have #asynchronous T"Tz inputs especially vulnerable to noise and crosstalk. The active high 
RESET and TC lines are ones to watch out for. If these signals are susceptible, a 200 pf to 
500 pfcapacitor connected between the signal and ground can be used to prevent false resets. 
These RESET and TC deglitching capacitors are included on the Ampro MiniBackpIanes. 

Copyright: (e) 1994, rUrpro Cmputers Incorporated. Anpro, CoreModule, MiniWdule, L i t t l e  Board and 
MiniEeckplsrw are tredemerks or registered trsdemerks of krpro Ccqwters. Irr. 
trademarks or registered trademarks awl are the property of t h e i r  respective conpenies. 

ALL other names my be 
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AAN-9403 REVISXON: c DATE: 09-09-96 NUM I3 E i'i: 

TITLE: "Rt:mote hosted" use of the Ampro CPU hlodules 

PRODUCT: A11 active promotion Coreiufodule'rkf and LittleBoardTk3 products 

SUMMARY: How to iise the serial console and serial boot loader features of the Ampro BIOS 
to gain remote access to the CoreModule/PC from a serially connected host PC. 

Embedded CoreModule and LittleBoarcl CPU modules are often installed in "black box" type 
applications which do not have a mer interface of any kind nor any other means of 
communication with the outside world. These are dedicated systems for purposes such as data 
acquisition, communications, and factory automation & control. They have no need for the input 
and output devices which are considered standard equipment for desktop PCs, such as keyboards, 
mice, video monitors. and floppy disk drives. These types of systems present an interesting 
challenge to design cngineers due to their lack of accessibility. In many such applications, a 
means rrtust be provided for field service personnel or non-technical end users to perform updates 
to resident software or otherwise regain control of the system. This must be possible without 
forcing the person to open the enclosure to make hardware changes, as all such servicing should 
be done by trained personnel who are familiar with the procedures for handling delicate 
electronic equipment. 

In addition to regaining control of "black box" type systems, a second common scenario 
requiring remote access to a Corcblodule or LittleBoard is in a development environment which 
does not include a video display adapter or disk controller. Before the board can be used. it is 
often necessav to run the BIOS SETUP utility to configure the various interfaces as necessaq 
for the target system. Because SETUP is an interactive utility, a remote console for display and 
keyboard access would be needed to use it. Console access might also be required to test system 
operation at various stages of development. As new application code is being produced. there 
must also be a way to transfer that code to the CoreModule or LittleBoard for testing, 

The CoreModules and LittleBoarcls include a unique set of features which allow full access to the 
system at any time over a standard RS24:! serial port. An embedded application niay take 
advantage of these remote access capabilities by maintaining a serial connection on the outside of 
the enclosure. ,4 rerno1.e laptop or other computer system can then be attached and used either 
for console I/O (display & keyboard) or for performing updates to embedded program code. 
A system utilizing these features of the Ampro BIOS is considered "remote hosted" because all 
access is controlled through a second, remotely connected host computer. By contrast, a -- 
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CoreModule or LittleBoard system which includes a video adapter & monitor. keyboard 
interface, and removable disk drives can be called "self hosted" because all such access is 
available locally. The purpose of this application note is to expound upon the remote features of 
Ampro CPU Products and show how they may be of benefit in both initial development and 
target system environments. 

SERIAL CONSOLE MODE 

The most common requirement for accessing an embedded system over the serial port is for 
console I/O. This capability is crucial in many applications because it provides immediate access 
without forcing enclosed systems to be opened and fitted with additional hardware. The 
capability of console I/O extends to the editing of CoreModule and Setup pages. Devices and 
embedded BIOS features can be enabled and disabled It also avoids the expense of including 
that hardware (video adapters, keyboards) in the system by allowing console IIO through either a 
low cost serial terminal or a terminal emulation program running on a laptop or desktop 
computer. 

The BIOS of the CoreModule and LittleBoard includes a serial console function which supports 
many ANSI-compatible serial terminals. For compatibility with the BIOS function, a serial 
terminal would need to support all displayable characters plus the following five "cursor 
positioning" characters: 

ASCII character name ASCII character number Function 
BS 08h Backspace 
LF OAh Line Feed 
VT OBh Vertical Tab 
FF OCh Nondestructive Space 
CR ODh Carriage Return 

Lack of support for any of these control characters would yield an improper display on the 
terminal screen, 

While there are certain specific terminals that are known to be compatible with Ampro's serial 
console feature, such as the Televideo 925, by far the most common approach is to use a serial 
communications program with built-in terminal emulation capability. Bear in mind however, 
that the interpretation of multiple simultaneous keystrokes is limited and the usual CTRL- 
UT-ESC hot-key sequence used to enter the interactive SETUP pages cannot be interpreted by 
the serial terminal emulator. The emulation of varous types of serial terminals is provided in 
most major communications packages such as Laplink and Procomm. However, these packages 
are usually quite large due to their extensive feature sets and would be inefficient for use in such 
a restricted capacity. The Ampro utility TVTERM may represent a good option for use in both 
development and target environments because it is very space efficient and easy to use, yet offers 
full compatibility with the serial console feature of the CoreModule/PC BIOS. - 
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By simply maintaining a serial port connection on the outside of the enclosure, the CoreModule 
PC SETUP pages can be accessed. Field adjustments to the system setup can be made. To enter 
the SETUP pages in serial console mode, first look for a prompt following power on, or hard 
reset. The prompt will be approximately the following: "Enter 'ftt' for setup". Upon seeing 
the prompt, key in as asked. The keys you hit to edit the SETUP pages will differ slightly dur to 
the Televideo 925 terminal emulation not being able to process the arrow keys. Following the 
screen prompting, at all times during editing of the SETUP pages, remote host editing of the 
SETUP pages can be done. 

The SETUP function of the Ampro BIOS provides total flexibility in configuring the system 
console mode. The console input and output devices may be individually defined as either 
"normal" (video for output, keyboard for input), serial, or none. In serial mode, all 
communication pararneters including BAUD rate, parity, data bits 6% stop bits may be set in 
accordance with application requirements. 

l__l-__ THE "SERIAL BOOT LOADER" 

h second major requirement for control of ii CoreModule or LittleBoard over the serial interface 
is for downloading application code from a software development system. In a standalone 
configuration with no video 01: disk interfaces, there is no obvious means of performing the code 
transfer and then testing it for proper execution. The serial boot loader function of the Ampro 
BIOS was designed to fidfill'this need. 

The serid boot loader is invoked near the end of the power-on self tests (POST), shortly before 
boot. For a period of a few seconds, the serial port is monitored for transmissions which 
conform 10 a defined protocol. To establish a connection with the serial boot loader, a 
companion program executing on a remotely connected PC would need to understand the 
specifics of this protocol. After the requisire handshaking has been completed and the 
connection is made, the companion program begins to transfer an executable program to the boot 
loader. This program rnust be fully relocatable with its origin at 0, and because it executes 
before system boot, it must not make any calls to DOS. The serial boot loader receives :his 
program and loads it into system I U M .  ,4t the completion of the transfer, there is some final 
handshaking between the boot loader and the companion program, and then the connection is 
broken. The final act of the hoot loader, provided that all previous steps have been performed 
without error, is to make a far call to the executable program which now resides in local memory. 

There art. two examples of the "companion program'' described above which are available from 
Ampro. These utilities, called SERLOAD and SEWROG, fulfill most requirements for porting 
code to a CoreModule or LittleBoard, but other similar programs which understand the serial 
boot loader protocol could be written to satisfy different application requirements. 
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SERLOAD 

The SERLOAD program is a general purpose utility designed to perform the basic function 
of sending an executable program through the serial port from the host PC to the embedded 
Ampro CPU module. Its hnctionality exactly matches that of the hypothetical "companion 
program" described above. The executable program to be transferred is specified as a 
parameter on the SERLOAD command line. 

SERPROG 

This more specialized utility combines the hnctions of SERLOAD and the Ampro SSD 
Software utility FLASHWRITE to create a NOVRAM or flash EPROM programming utility 
which can be executed from a serially connected host system. While the primary purpose of 
SERPROG is to update Ampro solid state disks remotely, the program operates on image 
JIes whose contents have no meaning until written into their target memory devices. For 
example, an Ampro SSD does not become an SSD until its image file is witten into the 
memory device, the system is reset, and installation is triggered during the 55AA ROM scan. 
Because of this generality, SERPROG will also work with other types of image files such as 
non-Ampro SSDs, other BIOS extensions, and even non-executing data files. 

Other Ampro application notes contain additional information about creating and using 
general purpose BIOS extensions such as 55AAs.  

CONFIGXJRATION OF REMOTE FEATURES 

The configuration of various options on the CoreModule and LittIeBoard such as the serial 
console and serial boot loader is controlled via a SETUP program which is resident in the Ampro 
BIOS. SETUP may be invoked in one of three possible ways: by use of a "hot key" during 
POST. from the DOS command prompt with the utility SETUP.COM, or by executing a special 
Ampro BIOS function. Of these possibilities. only the hot key option is available during the 
initial stages of development in a remote hosted system. 

SETUP is an interactive program which requires some type of display and keyboard for user I/O. 
In a remote hosted system, this would require the connection of a serial console. However, this 
raises an interesting question: how can SETUP be invoked from a serial console if the serial 
console has not already been enabled in SETUP? To overcome this mutual dependency, the 
Ampro BIOS provides a loopback option on the serial port interface which causes the remote 
features to be enabled automatically. The loopback is connected between RTS and RI on the 
CoreModuIes or LittleBoards first serial port, which correspond to pins 4 & 8 on the 
CoreModule or LittleBoards first serial connector. The BIOS scans for this loopback on power- - 
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up, and if found, enables both serial console mode and the serial boot loader. In this automatic 
mode, a standard set of default communication parameters (9600 BAUD. no parity, 8 data bits, 1 
stop bit) are used. 

NOTE 
The automatic remote mode jumper has priority over the SETUP definitions for 
the console 110 and boot loader features. Consequently, the interface will always 
default to 9600,N,8.1 even if serial console mode is enabled in SETUP with 
different communication parameters. When using automatic remote mode, be 
sure to reset the host system's serial port to 9600,N,8,1. 

Both the serial console and serial boot loader features operate over a standard RS232 null modern 
cable. A "hot" cable which causes a CoreModule or LittleBoard to go into remote mode 
automatically after the next reset or power cycle may be constructed by simply adding the RTS 
to KI loopback to that end of the cable. 

While some embedded systems require the services of only one of the remote features of the 
h i p r o  BIOS, there may be certain. applications in which both options are needed. In addition, 
either hnction might be required when doing software development for a CoreModule or 
LittleBoard in a remote hosted environment. However, the serial console and serial boot loader 
each use the serial port in their ocvn unique way. To support the two features simultaneously, the 
BIOS niust manage them so that both are not actively using the port at the same time. This is 
only of concern on the one occasion when the serial boot loader is invoked, near the end of 
POST. The serial coiisolc is temporarily disabled just prior to calling the boot loader code, and 
then is reenabled after either the boot loader tirrieout elapses or a program is successfully 
downloaded and executed to termination. This strategy supports both a serial terminal and a 
serial docvnloader program and allows the two services to be randomly interchanged. When 
using a serial terminal, %he only evidence that both remote mode features are enabled would be a 
pause of several seconds near ihe'end of POST as the Ampro BIOS checks for input to the boot 
loader. Because the console is disabled, no keyboard entry is possible during the boot loader 
scan. 

The benefits offered by the remote features of the CoreModules and LittleBoards BIOS are 
clearly Illustrated throughout this document. However, the best way to utilize these features in 
both development and target environments depends largely on the type and method of 
app1icatiol.l software storage used in the embedded system. The following is a general overview 
of some: of the options available, along with guidelines for transferring code in each 
configuration: 
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Ampro Solid State Disks 

The Ampro SSDIDOS Support Software is used to convert a JEDEC compatible memory 
device (i.e. EPROM, flash EPROM, NOVRAM) into a bootable floppy emulation containing 
both DOS and application files. The memory device is installed in any socket available on a 
CoreModule or LittleBoard. 

The procedure for creating an Ampro SSD starts with the preparation of a "master" floppy 
diskette, which is specially formatted by one of the SSD utility programs. The DOS system 
is transferred to the master disk by use of the SYS command. Application files are then 
copied, and a second utility is used to generate an image file the same size as the target 
memory device. If an EPROM is to be used for the SSD, the image file is written into the 
device with an EPROM burner. For flash EPROMs, a third SSD utility called 
FLASHWRITE may be used to burn the chip from a local disk drive, or SERPROG will do 
the same over the serial port from a remote system. Both FLASHWRITE and SERPROG 
may also be used to write SSD images into NOVRAM or static RAM devices. 

Since both the formatter and image generation utilities will operate on non-Ampro desktop 
computers, SSD preparation for a CoreModule or LittleBoard may be done entirely offioard. 
During development, new application code ready for testing on the target platform can be 
copied to the master diskette for image file regeneration. The new image file can then be 
burned into an EPROM for installation on the CoreModule or LittleBoard system. When 
using a flash EPROM or RAM device, SERPROG can be used to write the new image over 
the serial port. The automatic remote mode jumper allows this to be done easily with no 
changes to the BIOS SETUP. If further modifications are needed to the application program 
after testing, the same process may be repeated. 

The automatic remote mode jumper also provides an ideal means of performing field 
upgrades of embedded software. If external access to the serial port interface is provided on 
the system enclosure, a new SSD image may be downloaded to the CoreModule and 
Littleboard using hot cabling from a laptop or other computer running SERPROG. 

Eurom DiskOnChips 

This device uses a proprietary architecture to convert multiple flash EPROMs into a bootable 
hard disk emulation. It is completely self-contained in a single 28 pin DIP package, and plugs 
directly into the bytewide socket on a CoreModule or LittleBoard. The embedded firmware 
includes a flash file system and a sophisticated wear leveling algorithm which maximizes 
component life. Because it behaves like a hard disk, data reads & writes are performed in 
exactly the same manner as when using a magnetic hard drive. Like Ampro SSD, the 
DiskOnChip is DOS-based and requires that DOS be present along with all application 
program files. 

One of the major differences between an Ampro SSD and a Eurom DiskOnChip is that the - 
DiskOnChip is organized in a non-linear fashion and requires a proprietary algorithm for 
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accessing multiple pages of the device. As a consequence, SERPROG cannot be used to 
upilate 3 DiskOnChip in  its entirety with a new image file. Instead, individual files on the 
"diive" must be written through DOS. Like a hard disk drive. i t  must also be initialized with 
the EIOS utilities FDISK and I:ORMh?' prior to use. Because of these requirements, i t  would 
not be fcasible to use a DiskOnChip in a remote hosted system unless a floppy drive were 
also iricluded. I n  that configuration, a serial console could still be used as the display and 
keyboard interface, but the method of preparing and updating DiskOnChip software would be 
via a floppy diskette. 

RC)?d-BIOS extensions 

A BIOS extension is esseritially a piece of embedded program code which uses a "hook" to 
gain control of the system sometime during the POST process. The "hook" is a special 
signalme, such as the IBM standard S S A A ,  which is recognized by the BIOS during its ROM 
scans of upper memory. When a valid signature is found, a checksum calculation is 
performed to verify the device, and then control is transferred to the embedded program. 
BIOS extensions are usually stored in an EPROM or flash EPROM device installed in the 
CoreModule and LittleBoard bytewide socket SO. Because BIOS extensions are executed 
during POST, they cannot have any dependencies on DOS or other operating systems. 

A BIOS extension may be easily converted to an image file for a memory device by 
incre:asing the file size to match the capacity of the target devise and filling the added space 
with 0's to preserve: the checksum. The preparation and conversion o f a  BIOS extension file 
may be done on a third party development system, and the options for transferring the file to 
the CoreModule or LittleBoard would be the same as with an Ampro SSD, described above. 

The structure of an embedded program iised as a BIOS extension is very similar to that of a 
program loaded via the serial boot loader from a host system running SERLOAD. In both 
C;tSe:j, the code is executed prior to system boot and must be totally relocatable and non-OS 
dcpendent. Because of this similarity, code which will be used as a E310S extension may be 
easily tested as a seri:illy loaded program. This method of testing is of particular benefit 
cvhen only EPROM devices are available during development, as repeated erasing and 
rewriting of those chips can be very time consuming. 

The shmc technique for testing newly developed software with the serial boot loader may 
also be used when preparing code for installation on Ampro SSDs or other embedded storage 
rncdja. This is provided that all of thc same criteria are followed when converting the 
programs for serial transfer. 

Further informatioti on BIOS extensions may be found in other Ampro application notes. 

Serially loaded programs 

All of the options listed above require some type of storage medium to be present to hold 
application software. However, this could be avoided altogether if a serial host were 
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connected to the CorelModule or LittIeBoard at all times in the embedded system. While this 
configuration is not common, such systems could use the serial boot loader feature of the 
Ampro BIOS to download application code during each system start-up. 

A note on remote debuggers 

An important point which has not yet been discussed in this application note is how to debug 
code on the target Ampro CPU platform when developing in a remote hosted environment. 
There are numerous remote debugger packages available on the market which offer excellent 
capabilities for both the porting and debugging of test code on a target platform. These programs 
can be run on varying levels of Intel 80x86 CPU architectures, and support a number of popdar 
high level language compilers. Depending on which package is used, support may be available 
both for installing the debugger andor test program on a memory chip or downloading them to 
the target platform over the serial port. Execution and debugging of the test program can then be 
carried out on the target, using the host both for console T/O and for additional code transfers. 

Traditionally, it has been necessary to embed a component of the remote debugger in a ROM on 
the target system in order to initialize communications with the host. However, this can be 
avoided if the Ampro BIOS'S serial boot loader feature is used as a means of transferring the 
debugger code to the target board. By using a "hot" null modem cable with the RTS to RI 
jumper, this capability would allow a standalone CoreModule or LittIeBoard to be accessed for 
immediate sofiware development and debug. Ampro has worked with several remote debugger 
suppliers to develop support for the serial boot loader interface, and the following companies 
now have products available which include this capability: 

Concurrent Scienees 
Moscow, ID 
Ph. 208-882-0445 
FCLX 208-882-9774 

Phar Lap Software 
Cambridge, MA 
Ph. 617-661-1510 
Fax 6 17-876-2972 

Paradigm Systems 
Endwell, NY 
Ph. 1-800-537-5043 or 607-748-5966 
Fax 607-748-5968 

Systems & Software, Inc. 
Irvine, CA 

Fax 714-833-1900 
Ph. 714-833-1700 

Contact Ampro Technical Support for an updated list of remote debuggers offering support for 
the serial boot loader interface. 

SUMMARY 

Despite the full featured capabilities of embedded CPU products like Ampro CoreModules and 
Little Boards, the industry perception of tiny single board computers as "macrocomponents" 
rather than shrunken down desktop PCs is increasing steadily. This mind set carries with it a 
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common expectation that full access to the system should be available without including a lot of 
expensive additional hardware. ‘The remote features of the Ampro BIOS have been evolving 
over a several year period in re5ponse to these changing demands, and now offer a 
compretiensive package of siipport for rernote console and file I/O. Ampro will continue to 
enhance. these capabilities in the fiiture to provide the greatest level of support possible for 
remote system access. 

Copyright [[:I 1994, Ampro Computer!; Incorporated. Ampro, CoreYodule, MiniModule, L i t t l e  Board, and 
MiniBackpLene are tradernarks they registered trademarks of Ampro.Computers. inc. A l l  other names may be 
trademarks or registered trademarks and are the property of  the i r  respective companies. 
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Building CoreMotierle Sysiems: application note about various options and issues pertaining 
to the design of systems based on Ampro CoreModules, MiniModules, and other third-party 
PC/l04 modules. Available from Ampro (AAN-9402). 

Dmigtring with PO1 04 -- a Tutorial: white paper that provides an ovewiew of the contents 
of the P W 0 4  specification, describes typical wdys to use PC/104 modules, and provides 
guidt:lines for mast efEective arid efficient use ofPC1104 in embedded system design. 
Avidable from h p r o .  

IEEE P996 Drafi ,b‘larncZuud: detailed definition, timing, and electrical characteristics of the 
“stmdard” PC/AT bus. Available fiorn EEE Publications, (908) 98 1-1 393. 

ISA land EISA Theoy of Operation: definitive technical reference on the “standard” PC/AT 
bus including detailed infomiation on bus signal definitions, timing, and electrical 
characteristics. Available from hnabooks, (619) 673-0870. 

ISA System Architecfrrre: complete reference and tutorial guide to designing with the 
“stiidad” PC/AT architecture: and bus including examples and diagrams. Published by 
MinciShare Press; available from Computer Literacy Bookshops, (408) 43 5-0744. 

PC/P04 Resource Guide: extensive product listings from suppliers ofPC/104 modules and 
other PC/l04-related hardware and software. Available from the PC/104 Consortium, (41 5) 
903 -83 04. 

PC/lO4 $p&ficntioPn: dimensions, bus connections, and other information required to design 
PC1104 compatible modules. Available fiom the PC/104 Consortium, (41 5 )  903-8304. 

“Remate hosted” operation ofAnigru CoreModules: application note that discusses how 
hipro’s  CoreModult: CPUs allow serially connected “remote hosted” development and 
suppart. Available from h p r o  (AAN-9403). 

Using the PC Arclaitmiwe in Embedded Applications: white paper on issues concerning the 
application of PC hardware and software technology to embedded systems, and what can be 
done to make the PC architecture work most effectively. Available from Ampro. 

What is PCZO4? two-page introduction and backgrounder on the PU104 Specification and 
Pt3/1104 Consortiurn. Available from Ampro. 

Winf’s the Best Way to R0M Your Ernheddel-PC Application? white paper describing the 
embedded-PC approach to “‘ROMing” application software via “solid state disk“ (SSD), 
instead of using the traditional embedded software methods of proprietary mierocontroller- 
based architectures. Available: !%om Ampro. 
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is PCIIO4? 
The Need fat' an 
Em be d d e d -P C S t a n cl a r t l  

Over the past decade, the PC 
architecture has become an ac- 
cepted platform for far more tharr 
desktop applications. Dedicated 
and embedded applications for PGs 
are beginning to be found 
everywhere! PCs are used as 
controllers within vending ma- 
chines, laboratory instruments, 
communications devices, and 
medical equipment, to name a few 
examples. 

By standardizing hardware and 
software around t,he broadly 
supported PC architecture, 
embedded system designers can 

lbstantially reduce developrnent 4D as t s ,  risks, and time. This means 
faster time-to-market and hitting 
critical market windows with 
ti me I y p rod u c t i ri t ro d uc t i o n s . 
Another important advantage of 
using the PC architecture is that its 
widely available hardware and 
soiiware are significantly more 
economical than traditional bus 
architectures s i c : h  as STD, VME, 
and Multibus. This means lower 
product costs. 

For these reasons, companies that 
embed microcomputers as con- 
trollers within their products seek 
ways to reap the benefits of using 
the PC architecture. However, the 
standard PC bus form-factor 
(12.4" x 4.8") and its associated 
631.6 cages and backplanes are too 
bulky (and expensive) for most 
embedded control applications. 

7 e  only practical way to embed (I) 2 PC architecture in space- and 
gower-sensitive applications has 
been to design a IT - chip-by- 
chip - directly into the product. 

But this suns counter to the 
growing trend away from "rein- 
venting the wheel." Wherever 
possible, top managemeot now 
encourages out-sourcing of control applications. 
components and technologies, to 
reduce development costs and 
accelerate product design cycles. 

bus, but in uitra-compact (3.6" x 
3. V) stackable modules. PC/104 
is therefore ideally suited to the 
unique requirements of embedded 

A Proposed Extension 
to IEEE-Pg96 

A need therefore arose for a more 
corripact implementation of the PC 
bus, satisfying the reduced space 
and power constraints of 
embedded control applications. 
Yet these goals had to be realized 
without sacrificing full hardware 
and software compatibility with the 
popular PC bus standard. This 
would allow the PC's hardware, 
software, development tools, and 
system design knowledge to be 
k l l y  leveraged. 

Although PC/104 modules have 
been manufactured since 1987, a 
formal specification was not 
published until 1992. Since then, 
interest in PC/I 04 has skyrocket- 
ed, with over a hundred different 
PC/104 modules introduced by 
more than three dozen manu- 
facturers. Like the original PC bus 
itself, PC/104 is thus the expres- 
sion of an existing de facto stan- 
dard, rather than being the inven- 
tion and design of a committee. 

PC/104 was developed in response 
to this need. It offers full 
architecture, hardware, and 
soilware compatibility with the PC 

Tn 1992, the E E E  began a project 
to standardize a reduced form- 
factor implementation of the E€€ 
P996 (draft) specification for the 

-.+ 0.6 - 
3.3 

0 

J l  

0 3.6 

Figure 1. Basic Mechanical Dimensions (8-bit Version) 



PC and PC/AT buses, for 
embedded applications. The 
PC/IO.f Speci3cation has been 
adopted as the "base document" 
for this new IEEE draft standard, 
called the P996. I Standard fur 
Compact Embedded-PC Modules. 

The key differences between 
PC/104 and the regular PC bus 
(IEEE P996) are: 

Compact form-factor. Size 
reduces to 3.6 by 3.8 inches. 

Unique self-stacking bus. 
Eliminates the cost and bulk of 
backplanes and card cages. 

Pin-and-socket connectors. 
Rugged and reliable 64- and 

y 
.... ;::::A> 

111.1 

! .435 ... . .. ...... -. -. .. . ..... . .. ...... . . . . . , , .. . . . . . . - ..... . , 

40-contact male/female head- 
ers replace the standard PC's 
edgecard connectors. 

Relaxed bus drive (6 mA). 
Lowers power consumption 
(to 1-2 Watts per module) and 
minimizes component count. 

By virtue of PC/lO4, companies 
embedding PC technology in 
limited space applications can now 
benefit from a standardized system 
architecture complete with a wide 
range of multi-vendor support. 

Two Ways to Use 
PC/104 Modules 
Although configuration and appli- 
cation possibilities with PC/104 

Non-stackthrough 
Module 

Stackthrough 
Module 

Stackthrough 
Module 

Figure 2. Standalone Module Stacks 

System 
/Enclosure 

Application- 
specific 
Carrier Board 

/ 

Figure 3. Cornponent-like Applications 

modules are practically limitless, 
there are two basic ways they tend 
to be used in embedded syste 
designs: 

Standalone module stacks. As 
shown in Figure 2, PC/104 
modules are self-stacking. In this 
approach, the modules are used 
like ultra-compact bus boards, but 
without needing backplanes or 
card cages. Stacked modules are 
spaced 0.6 inches apart. (The 
three-module stack shown in 
Figure 2 measures just 3,6 by 3.8 
by 2 inches,) Companies using 
PC/104 module stacks within their 
products fiequently create one or 
more of their own application- 
specific PC/104 modules. 

Componen t-li ke applications. 
Another way to use PC/lU4 
modules is illustrated in Figure 3. 
In this configuration, the modules 
function as highly integrated 
components, plugged into custom 
carrier boards which contain 

logic. The modules' self-stacki iJ) application-specific interfaces 

bus can be useful for installing 
multiple modules in one location. 
This facilitates future product 
upgrades or options, and allows 
temporary addition of modules 
during system debug or test. 

About the PCIIO4 
Consortium 
The purpose of the PC/lO4 
Consortium is to establish PC/104 
as a broadly supported industry 
standard architecture for embed- 
ded-PC applications. The PC/104 
Consortium maintains and 
distributes the PC/iO4 
Specification and other PCIlO4- 
related documents, serves as a 
liaison to standards bodies such as 
IEEE P996.1, and engages in a 
variety of public relations activities 
on behalf ofPC/104. Consortium 
membership is open to companies 
who offer or use PC/ 104 modu 
as well as to companies who 
provide products that target 
PC/104 applications. 

Y 
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5.3 PIC-104 Speci 

‘X%e computational block CPU is a PC- I04 platform. This section provides the generic 
specifications for that class of computers. These specifications were printed from the Diamond 
Systems Internet site at: 

littp://www.diamondsystems.com/files/pc IO4p 1 O.pdf. 
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REVISION HISTORY 

Draft 0.7, November 20,96 - Preliminary Draft 
a. 1;ormatted to niect the rquircmcnts of the PC/104 Consortium. 
b. Modify the component restrictions i1CI'oSS and to cnch side of tlie PC/104 connectors (thrce 

sicks, ,400'' from each edgc, 4.35" top cleumcc, . IOO" bottom clearance). 

Draft 0.8, December 16, 1'396 Cleaiirip for release 
a. Correct general typos 
b. Coi*rcct word rcftxiice orror 
c. titld QuickSwitch part Iiuiii1)er and clilrify MLIX requirements 
d. (.'haiigc I'CI ONLY to PCI-Only cind add note 
e. Correct figure 4 and Figure 5 ciwrs 
f .  Correct typo ia Table 3 

Draft 0.9, January 10,1097 - Cleanup for release 
a. Cleanup minor graiimatical errors 

Version IA,  February 1997 - Initial Release 
a. (;rammatical changes and cleanup per review recommendations. 
b. Change Footnote 1 on Page 2 to show future support for the M66EN (66MHz Enable) signal. 
c. A t i c l  s i p a l s  PKSN'T[ 1:2]:ii and CLKRUN''' to Figure 1 to encompass all unused PCT signals, 
d. Moved tlie Mcchanical section aftcr thc Electrical section. 
e. Clarified the KEY pin usage for trniversal modules and defined them as ground conncctions. 
f.  Clai-ifiicd pin 1 for !he l3C/1O4-P1zi.s connectors on Figme 4. 
c e. Aticled mi example mantifaciurcr and part No. for the PCI conncctor (Figurc 3 and Shroud 

(Figire 6). 
h. Modificd Figure 2, Table 1 ,  and scrim text under Section 2.2 to add routing recommendations 

for the PCI intenupt lincs INTA - INfD. 

. 
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lf’C/104-PZ~~ SPECIFICATION 
Version 1.0 February 1997 

I INTRBDUCTI ON 

While the KYAT‘ architecture is becoming increasingly popular in embedded applications, thcrc 
is 311 iiicrcasiiig iieed for a higlicr performance Bus throughput. This is especially tvue when it 
cumes to graphics devices 3s well :is other high spcccl I/O devices such as networks. 

This cfocument supplies thc mecliaiiical a id  clcctrical spccifications for the “PC/104-Phrs” arld 
incorporates ill1 of the PCI104 features, with the added advantage of the high spcccl PCI bus, ?‘hc 
physical size, mounting configuration aiid electrical interconnect poition of the PC/I 04 
specification shall reinain urrchangcd. 

1.1 !iurnmary of Key Differences From PCYl04 Specification: 

w A third coiiiicctor opposite thc PC/103 connectors supports thc PCI bus. 
Ckmges to the component height requiretncnts iiicrcase the flexibility of the module. 

m Control logic acfdcd to haiidlc the requircmeiits for the high spccd bus. 

I .2 liiiiniiiary of Key Differences (112O-piri PCI nnci PCT Local Bus Specification) 

I Thc PCI bus conncctor is a 4x30 (120-pin) 2mm pitch stackthrough conncctor as opposccl 
lo thc 124-pin cclgc coniicctor 017 standard 32-bit PCI Local BUS. 

I The 120-pin PCI docs no! support 64bi t  Extensions, JTAG, PRSNT, or CLKRUN signals. 

1.3 References 

This ciocumctit covcrs the aclclilioii of ihc PCI functions. The following docuinciits should he 
used :is refereitcc for 3 cletai Icd understanding of the overall system requirements: 
I F’C/l04 Specification Version 2.3 
I IT1 l,ocal Bus Specification Revision 2.1 

Contact thc PCT Spccial Ltltercst G r o ~ p  office for the latest revision of the PCI specification: 

PCI Special Interest Group 
P.O. Box 14070 

Portland, OK 97214 
500.433.5 177 (U.S.) 503.797.4207 (International) 

If crinrc are found in this doculllent, pleace scnd a wi.itten copy of thc siiggcstccl corrections to: 

X9C/10.J Consortium 
849B Independence Ave 

Mountain View, CA 94043 

Fax 41 5.967.0995 
-rei 4 i 5,903 .s303 
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Figure 1 shows thc pins in itiiictional groups, with thc required pins 011 the left and the optional 
pins on thc right side. The shadcd pins oii the right arc uiisiipp(xted fcnturcs, but arc included to 
show tlie cntirc PCI hiis as tlefiiLed in thc PCI Revision 2.1 Spccification. This vcrsion of the PCI 
1x1s is intcnclcd as a 32- bit b u s  running at 33PvIHz and therefore, 64-bit cxteiision anti 44MHz '  arc 
iiot supported at this timc. Also iiot supported arc thc boundary (;can f'cakircs (JTAG), Pres~r i t  
(PRSNR[ 1 :2]4;), :uid Clock riitttrirzg (CILKRUN:':). The dircction indication 011 the pins iissunies a 
c omh i n at ion mas tedtarg e t d cvi ce. 

Figure 1: PCI Pin List 

LOCK'" ~ Inter face 

I 

Interrupts 

1NTA.I. 
I NTB 
I NTC".'. 
lNTDd' 

__+ 

__+ 

__+ 

__+ 

PCI 
COMPLIANT 

DEVICE 

66MHz Enahle 

Cachc Support 



2.1 PCf h s  Signal Description 

2.1.1 System 

CLK 
KS'f !: 

Clock provides timing for all transactions on the PCI bus. 

Reset is used to bring PCI-specific registers to ;I known state. 

2.1.2 Address and Data 
AD13 1:OO] 

C/BE[3:0].': 

PAR 

2.1.3 'Interface Control Pins 

Address and Data art: nmitiplcxcd. A bus transaction consists of ;in adclress 
cycble followed by otic or more data cycles. 

Bus Comtnand/Byte Enables arc multiplexed. During the address cycle, the 
conimand is defined. During the Data cycle, they define the byte enahlcs. 

Parity is even on AD[31 :OO] and C/BE[3:0]* and is rcquircd. 

Frame is drivcii by the current tnastcr to indicate the start of a transaction and 
will remain active until the final data cycle. 

hitiatrtr Ready indicates the master's ability to coinplctc the current data 
cycle of the trxiisactioti. 

Target Ready indicates the selected devices ability to complete the cuircnt 
da rn  cyclc of the (ramaction. Both lIiDY* and TIIDYm riirrst bc asscrted to 

tcrminatc a data cycle. 
Stop iridicates the current selected devicc is requesting the master to stop the 
currcnt transaction. 

Lock indicates ail operation that tnay require multiple transactions to 
co inple te. 

Initialization Device Select is used as a chip-select during configui ation. 

Dcvice Select is driven by the target device when its address is clecuded. 

2.1.4 ,irbitrstion (Bus hlasters Only) 
iiEQ i: 
GNT* 

Rcquest indicates to the arbitrator that this dcvicc dcsiies iise of the bus. 

Grant indicates to the requesting device that access has beeii granted. 

2. I,!: Error Repctrl ing 

PEKR'k 
SERK" 

Parity Error is 1.01 icportiiig data p i t y  errors. 
System Error is for reporting address parity errors. 

2.1.6 Interrupts 
INTA ic 
INTB 
INTC+ 

INTD+ 

lxrterrript A is used to rcqucst an Interrupt. 

Interrupt B is used to request interrupts only for multi-function devices. 
Interrripts C is used to request intci-rupts only for multi-function cicviccs 

Interrupts ll i s  i i m f  to request interrupts only  for multi-function dcvices. 
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2.2 Signal Grouping 

A tiieaiis of selecting thc appropriate sigiials must be cstablishcd that will easily allow for thc 
installat ion and configukition of add-in PCI104-Plzis modules. Figure 2 shows such a method: 

Figure 2: Signal Select 

- c:'LIC 

- IDSEL 

REQ" 

GNT" 

I---- 
T h i s  Mux is O n l y  Rcqui.rcd 

€or Bus Masters 

I N T A  * 
I N T B  * 
INTC * 
I N T D  

I N T B  * 
INTC * 
I N T 3 *  
I N T A  * i 

0 
1 
2 
3 DUAL 

4 TO 
0 MUX 
S 
2 
3 

INTO 

INTI.  

1 or  2 Nux's are  recommcncled J f o r  INTA Rou t ing .  
See Tahle I f o r  routing of 

INT2 ii and INT3 * . 

'The multiplexer chips arc Dual 4: 1 Mux/Demux chips (QuickSwitchO3 QS3253 or equivalent). 
Thcy p-ovidc a 5Q swiich that connects the input and output together. 'The nature of the 
switches, provide a bi-directional path with no signal propagation delay other than the RC delay 
of the on  1-esistancc of the switch and the load capacitance. This is typically 250ps at 50pF Load. 

Other n-tcthods of configuriiig thc iiiodules are possible, but the rotary switch is the most 
convenient, clcaiicst and prcrvidcs for the least possible crror in configuration. 

'The clocks are tuncd on the Host Board such that the length of CLK3 trace is =0,662" less than 
CLK2, CLK2 trace is =0.662" less than CLK1, and CLKl trace is =0.662" lcss than CLKO. 
Theiefore, the first rrtodule on the stncli must sclect CLKO (the longest trace), the sccoiicl CLKI, 
etc. This prcwides basically no clock slccw between modules. Table 1 shows thc appropriate 
switch setting and signals uscd for each module in the stack. It is recommended that additioiinl 
b1ux chips bc adclcd to route Itnteri-upts if required. Usc onc Mux for 1 to 2 interrupts or two 
ML~X'S Kor. 3 to 4 interrupts. 

Table 1: Rotary Switch Settings 

Noti, I :  Brca t~ \e  inodule slots 3 arid 4 share WQYGN7'2, they c m m t  both be btit master clevlces. 
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3. E;I,ECTRICAL SPEC1 FICATION 

3.1 PG/104 Bus 

The t:lcctrical spccificafions for thc PCI104 bus for bus drive crri-reiit, bus termitlation, 
pullu11/~~ulldown rcsistors, ctc. x c  unchanged and :we defined in the PC1104 Spccification. Thc 
signal assignments for the JI/PI and J2/P2 connector arc givcn in Appcndix B, Tablc 4: PCI104 
Bus (Reference Only). 

3.2 PCIBUS 

'The PC1 Bus mcclinnical interface is a stackable 30x4 header. This intcrface carries all of the 
required PC J signals pcr PCir I,ot-nl Bris Specification Versiori. 2.1. 

3.2.1 Signal Definitions 
For full clctails on thc cleclrical rcquirenients for the PCI bus, reference thc PCZ Locnl Bus 
,Speci/iccition Version. 2. I .  

3.2.2 Signal Assignments 
Sigiials ;KC nssigncd in the same relative order as in thc PCI Local Bus Spccification, hut 
1 Innsformcci to tlic corresponding licader connector pins. Because of the stackthrough mtLm 
of the bus, slot-specific signals arc duplicated for each plug-in modulc. The system has bccn 
dcsigned to accornmod:ite 4 PC/lO4Plus modules, so multiple scts of the signals have becn 
dtiplicatccl to accommodate onc sigiial for each module. Thcse four signal groups incltide: 
IDSEI4[3:0J - CL,K[3:OI - €ZEQ:k[[2:0] - GNT'k[2:0], Signal assignmenls for the J3/P3 
coiinwtor are givcn in Appendix IS, Tablc 3: PC/lOLF-Plus Bus Signal Assignments. 

3.2.3 Power And Ground Pins 

'The total number of power rtnd ground signals remains the same, but the +3.3 V pins have 
bccn rcduccd by two atid thc grouiicl pins have been increased by two. The change was thc 
result of signal grouping on thc bus and has no effect on performance or integrity. 

3.2.4 Key Lac a t' ions 

'The KEY pins arc to guarantee proper module installation. Pin-A I will bc removed and the 
fanale side 17lugged for 5.0V YO siguals and Pin-D30 will be modified in the sanic manner 
for 3.3V I/O. Universal hoards which can support cither signal levels will have both key 
pins iinplemcntcd. Uiiivcrsal boat.cts must therefore be located at the top of the stack, See 
Appendix B, Tablc 3: PC/l04-Plus Bus Signal Assignments. 

Version '1 .O - Page 5 



3.2.5 ACIDC Signal Specifications 

All Ims timing atid signal levels arc identical to the PCI Locnl Bus Sperifi’cxtion Xevisiori 
2.1. 
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'Fabh: 2 specifies thc voltage and maxiinuin power rcqull'ements for cach PC/l04-Pfrls modulc. 
I t  shoultl bc noted that a1 though the inaximuiii requirements as specified arc thc same as thc 
stanctnrci PC/ I04 spct:ification, care should he uscd i n  dcsigni;ig PC/I 04-Plus inodulcs to 
guarantee the least possiblc powcr consumption. A worst casc module ns spccificd could use 
almost 39 Watts of power, which would hasically be unacceptable in inost systcms. 

Table 2: Module Power Requireiiients 

Min. Volt 
' .?.OO 

4.75 
11.4 

-5.25 
I 12.6 

_l_l- 

-___l . .__~ 

Note 1:  Host Boaids iniplt~incnting 5V sigtiiiling are not required to bupply 3.3 volts to the moclules, but mi 

I I A  I 17 (IW I 

.1st 
provide a h i s  aiitl tlecoupling. I1 3.3 volts is required for a module using the 5 V  sigiialing method, 
provisions should lre iiiade to provide its ow11 3.3 volts by tileans ol' ari onboard regulator or some 
other inpui. soLircc. 1 Iost Boards impleinentitig 3.3V signaling are required to supply 3.3 volts to the 
mortiiles. 

4. LEVELS OF CBNFOIEtMANCE 

This section provides termiiiology iiiteticlcd to assist manufacturers and users of PC/I 04-f'lfls 
bus-compatihle products in  defining and spccifyirtg conforrnancc with thc PC/lO4-Pliis 
S pcci f ic a t i oii . 

4.1 PC:/104-Plus "Compliant" 

This  refers to "PC/lO4-POw form-factor" devices that confotm to all non-optional aspects of the 
PC/ I 03 -Pliis Specification, iiicliiding both meclzarziccd and electrical specifications. 

4.2 PC/T I)4.-Plus "B us-coxnps t ible" 

This r c h s  to clevjccs which are not "PC/l04-Plirs form-factor" ke. ,  do not comply with thc 
module dimensioiis of the PCfltM-Pliu Specification), but provide inale or feiiinlc PC/IO4-Ptris 
bus cunnectors that meets bath the rneclzanical and electrical specifications provided for the 
PC/ 1 U4.-Pfris bus cortnectors, 

Rcr:iuse the PC/lOl-Plir.s stanclad eiicoiiipasses two different buses (i.c. PC/lO4 104-pin "ISA" 
bus :iid 120-pin "E'CI" bus), it is possible for PC/lO4-PZzis compliant or compatibk inodulcs to 
iiiiplcx~icrit PCI only. Such modulcs shall h a w  the addcd dcsignntioii "PCI-Only" in additioii to 

_l-i_- 

' Thi:; pi-wliitlzs stacking staiiilarcl I'C/104 Moclulzs. 
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5.1 Module Dimensions 

Thc iiiecliaiiical diincnsioiis for (his module are idcnticnl to PC/I 04 spccification with the 
cxccptioii of the nddcd connector (33), somc modifications to the I/O connector area, and changes 
to the component height restrictions. 'I'hc coinponetit height on the top side has hcen reduced 
from 0.435" lo 0.345" and the bottom has bceii increased from 0.100" to 0.190". Thc component 
ixxtrictions across ;uid to cach side of the PC/lO4 coniiectors (three sides, 0.400" from each edge) 
rcmains the same as the PC/l04 specification. The mechaiiical diiiicnsioiis and restrictions arc 
givcri in hppcntlix A, Figure 4: Mnclulc Dimensions. 

5.2 Connector And Shroud 

The 1"c/IO4-Plus connector for the PCI bus is a 4x30 (120-pin) 2min pitch connector. The 
Shroud should bc installed on thc bottom of the PC board when a stackthrough connector is used. 
'The iiiechsnical diincnsioiis and reslrictitrns are givcn in Appendix A, Figuic 5: PCI Conncctor. 
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6. TYPICAL MOI)UI,E STACK 

Figure 3 shows r? typical inodulc stack with 2 PC/104Plrfs modulcs, 1 PC/l04 16-Bit modulc, 
and 1 PC/104 &Bit module. Thc niaxiintm configuration for the PCI bus of PC/104-Pllrs 
inodiiles is 4 plus the Host Road. Jf standard PC/I 04 modules are used in thc stack, thcy must 
be the top module(s) bccause thcy will iiormally not include thc PCI bus. 

Pigtire 3: Typical Module Stack 

S t ackth rough 
%bit motlide 

S tackthrough 
16-bit inodule 

0.6 in. (1Smni) Spacers (4 plcs.) 

0.6 in. (15mtn) Spacers (3 plcs.) 

S tackthrough 
PC/lO4-PZzw inodule 

Non-stackthrough 
PCI104-Phis inoctiile 
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APPENDIX A 

MECHANECAL DIMENSIONS 
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PC/ 104-YlrLS 
Figure 4: Riodule Dimensions 

5.CiO .-__..1-11..-- --_l__l I__.I- ~ ~ - , -  

I /@ Connectors  may ove rhang  i n  t h i s  arca 
I . includes Mat ing Connect or ) . 2 5 0  UIA.PAi) 

.I25 DIA. l+OI' l~ -, 
( 4  PLCS. 1 

g u r e  !I t o r  

-3 

I/@ C o n n e c m f s  may ove rhang  i n  t h i s  area 
( Inc l .~c i e s  P1at i r .g  Connecr.or) 
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l’C/ 104-PZ~s 
Figwc 5: PCI Coiinectoi 

@) shows the pin dimensions for the Stackthrough connector. 

@ shows the pin dimensions for the Soldertail connector. 
(Samtec ESQT-130-02-G-Q-368 or equivalent) 

(Samtec ESQT-130-03-M-Q-368 or equivalent) 

2 3740 u- clrci~o 30 41- 251 
(30 lZOSIPIUNS Y 01974 [2 COO]) 

07874 REF 
I2 oca] 21 34 ti- ,251 

-F-- 

Figure 6: PCI Shroud 
(Samtec TS-3042 or eqtiivalent) 

085t 

F-- 
45n 

111.431 

SEE DETAll. ‘A’--” k- 2409[61.19l -A 

,4409 -+-----I I- 
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APPENDIX B 

BUS SIGNAL ASSIGNMENTS 
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Table 3: PC/104..Plr~,s Bus Signal Assignments 

The shaded wt'a denotes power or ground signals. 
The KEY pins ;ue to parantet: proper module itistallatioti. Pin-AI will be removed and the 
female side piitgged lor S.0V I/O signals and Piii-D30 will he mochlied in the same Iiiaiitier for 
3.3V I D .  It is recommended that both KEY pin5 (A1 arid D30) be electrically connected io 
GND [or shielding. 
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Table 4: PC/104 Bus (Reference Only) 
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5.4 Parts List for the Overall Computational Block 

The following table lists all the component parts of the computational block. The IC 
components on the various boards are listed in the corresponding sections. 

Table of Computational Block. IIardwaxe Components 
- - - - ~ -  Description 

CM2-SXI-0-73 3SXi 386 Processor Card 
SVG-I1 VGA Video 

RFI Power-Line 
Extra 4Serial Ports & 

----11.~-- 

5V 3.8A Switching Power Supply 
______.___-I -l_ _ _ _ _ l l ~ -  

1 GSG20-5 i Push-button OdOff Switch 

15-pinD-Sub 

--I_--- --__I --__- 

Amp-- -I__-I.._ _I 

__I ___ -__---._I- -. _ _  ___ ~ 

Amo 



5.5 Supporting Hardware 

The supporting hardware in the computational block is not on the direct signal path for 
classified information. The following section provides documentation on supporting hardware. 



5.5.1 Photographs of Supporting Hardware 

'The following photographs are included to illustrate the design and layout of the 
coinpull ational tdock hardware and the supporting hardware. 

Front-view with the lid on showing the power or1 switch 
[nsi de--view with the lid off showing the internal components and the back panel connectors 
Back-view with the lid on showing the various back panel connectors 
Side-view with the lid on showing the side panel connector to the data barrier 
A vicw of the PC-104 single-board computer stack 
An inside-view ofthe computational block with the PC-104 stack removed to better show 
connector details 
Ai1 inside-view ol'the computational block showing the inner portion of the connectors and 
the ribbon cables used to connect to the PC-104 stack 
An inside-view ofthe computational block showing details of the line filter and power 
supply. 



Front-View Photograph 

Push-Button Power Switch 



Computational 
Inside-'v:iew Pho 

: , .  I ,  

O d O  ff' Switch 

mdor CSC20-5 

/ I \  
PC-104 Stack / I I 1 1 \ OU 

*Ampro: 3SXi processor card NkIC I / Pu400 \ 
Control Input *Ampro: SVG-IT video card Pu6001300 Symmetry 

*Diamond Systems: Emerald-MM-DIO card Serial Inputs Video Output 

tput 



Computational Bloc 

NMC 
COM 
Input 

Control 
Button 
DIO 
Input 

AC Power AC Fuse Pu600/Pu300 Symmetry Analog 
Connector COM Input COM Input Video Output 



Computational Block 
ector-to- ier 

Display -L igh t 
Data to 

Data Barrier 
DIO output 



PC-104 Stack 

Ampro 3SXi 
CPU Board 

Stan doffs 

Arnpro SVG-I1 
Video Board 

Em erald-MM-DI 
Extra I/O Board 
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output COM Input 



DIO Output to 
Data Barrier 

Video 
Output 

Symmetry 
COhf Input 

DIO Input fi 
Control Butt 

m c  COM 
Input 



e of Computati n Block 
- *  Line Filter and Power --pply <a 1 etaiis 

Line Filter 
'4 

5-VOh 
Power Supply 

\ 



5.5.2 X-Rays of Supporti g Hardware 
The following x-ray is included: 

* A x-ray of the computational block showing details of the line filter and power supply. 

'I'liis x-ray can be compared to the last picture in section 5.5.1 of the same items. The 
upper image is a printout or the scmned x-ray negative, The lower image is a computer- 
brightened view of the same x-ray negative, which better shows the interior of the AC line filter. 
Altering the energy of tlie x-rays to be more penetrating could also be used to alter the details 
observed. 
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55.3 Specificationrr €or the Corcorn 6EC1 RFI Power-Line 
FiIter 

The fallowing specifications were printed from the Corcom Internet site at: 

h ttIt:/lwwur.cor.conr/catalog/fillers/ec/defaul t. htm. 



(1-10 Amp) Highest Performance 

Compact RFI Power Line Filters 

with IEC Connectors 

T ~ I  request a sample, use our SampleR~Clest page. 
Corwni IS an 
IS0 9001 

rcgistered tirni 
EC Series RFI power line filters provide the highest attenuation of any standard filters 
available in a package SIZE? limited by the dimensions of the integral IEC connector. 
These lilters cctmbitie high common-mode inductance with high differential-mode 
capacitance and niiiiimal parasitic elernents, for effective attenuation of line-to-ground 
and line-to-line noise across the frequency range. 

Performance and applications are similar to those of the ED series, but with higher 
differential-mode performance in most applications, due to additional capacitor on the 
load side. 

IS0 9001 
A3256 A4003 Note I :Except all 10A and styles EC4 and EC8 

Note 2:Our products have VDE approval which assists in 
obtaining the CE Markinq in accordance with the 

1 EC Low Voltage Directive 

Ellectriczal Schematic 

Resistor positions for reference on!y. 

Specifications 



tC Series 

Maximum leakage current, each line-to-ground 
@I20  VAC 60 Hz: 
a250 VAC 50 Hz: 

Hipot rating (one minute): 
line-to-g rou nd 
line-to-line 

Operating frequency: 
Rated voltage: 

Minimum insertion loss in dB: 

t I 
- - 

Line-to-line in 50 ohm circuit: 
f - . * .  *-x "---"- -J 

.25 mA 

.50 mA 

2250 VDC 
1450 VDC 
50160 Hz 

120/250 VAC 

Case Dimensions 
Metric shown in italics. 
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1 EC1 

1 EC2 

1 EC4 

1 EC8 

3EC1 

3EC2 

3EC4 

3EC8 

6ECl 

GEC2 

6fX4 

6EC8 

1OE61 

2.62 0.81 1.575 1.98 
66.5 30.2 20.6 40.01 50.3 
-- 

1.97 .r..19 1.575 0.82 1.98 
50.0 30.2 20.8 40.01 50.3 
-- 

1.97 0.82 1,575 1.98 .295 
50.0 30.2 20.8 40.01 50.3 7.50 
- 

1.98 0.81 1.575 1.98 ,295 
50.3 30.2 20.6 40.01 50.3 7.50 
-- 

-- 2.62 E 1.575 0.81 1.98 
66.5 30.2 20.6 40.01 50.3 

1.97 E 1.575 0.82 1.98 
50.0 30.2 20.8 40.01 50.3 

1.97 0.82 1.575 1.98 .295 
50.0 30.2 20.8 40.01 50.3 7.50 
I_ 

1.98 L I l  1.575 0.81 1.98 ,295 
50.3 30.2 20.6 40.0-I 50.3 7.50 
I- 

- 2.62 L1.I 1.575 0.81 1.98 
66.5 30.2 20.6 40.01 50.3 

1.97 0.82 1.575 1.98, 
50.0 30.2 20.8 40.01 50.3 
-- 

-- 1.97 JlJ 1.575 0.82 1.98 .295 
50.0 30.2 20.8 40.01 50.3 7.50 

-- 1.98 1.19 0.81 1.575 1.98 
50.3 30.2 20.6 40.01 50.3 7.50 

2-62 j.lS 083 1575 jA98 
66.5 30.2 20.6 40.01 50.3 



nnp://wl.vw.cnr.com/cataingltiItsrs/ecfdefauit. htm 

Case Styles 
Metric shown in italics. 

ECI 

EC2 

Typical dimensions 
' ,250 .07 .132 

6.35 7.8 3.35 
Fastons: - (3) Holes - Dia. Mounting Holes: - Dia. (2) 

EC4 

n F 

U 

212 1;OO S:48 Ab1 



Typical dimensions 

Wire leads: - 4.0 . I32 
101.6 3.35 

Min. Mounting Holes: - Dia. (2) 

Typical dlmensions 

Wire leads: - Min. Mounting Holes: Dia. (2) 
4.0 .I32 

fOf.6 3.35 

Panel cutout (Front mount) 

+I- .005 Tolerance: --- 0.13 
40.01 I .58 

Panel cutout (Back mount) 

+I- 005 
i olerance. 

1.575 ,234 R 
40.01 5.94 

0.13 

s o f  6 



Note I: 

Note 2: 

ECl and ECB allow for front or back mounting. 

EC2 and EC4 allow for back mounting only. 

Part No. 
I EC1 
I EC2 
1 EC4 
1 EC8 
3EC1 
3EC2 
3EC4 
3EC8 

Price List 

Unit Price Part No. 
$20.70 6ECq 
20'70 6EC2 20*70 6EC4 20'70 6EC8 20*70 10EC1 20.70 
20.70 
20.70 

Unit Price 

$20.70 
20.70 
20.70 
20.70 
21.83 

Single piece price provided for comparison value. 

Download AutoCAD@ format drawing of part number: 

- I E C I  
1 EC2 - - 1 EC4 - 3EC4 - 6EC4 
- 1EC8 - 3EC8 - 6EC8 

IOECI 

JHome] [Contact Us1 

Questions or Comments about this website? Please contact webmaster@cor.com 

Copyright 0 2000, Corcom a Division of CII Technologies. All Rights Resewed. See Privacv Policy and disclaimer 

This page was last updated 01/21/00 0253 PM 

6 0 f 6  



55.4 Specifications for the Condor GSC20-5 Switching 
Power ~ ~ ~ p ~ y  

The following specifications were printed from the Powerbox Internet site at: 

httpl://www,powerbox.com.au/gsc20. htm. 



GSI@20 GLOBAL PERFORMANCE SWITCIlERS 

-I-____- ------".-- 
0.5% RMS, 1% pk-pk, 20 MHz bandwidth, differential mode. Measured with scope I with 0.1 uF capacitor. 

. probe directly across output terminals of the power supply with load terminated Output Noise:: 

* Industry's smallest 20 W switcher 
* Business card size (2.0'' x 3S" x 0,7111> 
e Apprctved to U t  1950, IEC 950 & CSA22.2-234 Level 3, 

EN60950 
e EMI FCC Class 8, CISPR22 €3 
9 Overvoltage protection standard 
* CE marked to LVD 

j0vershoot: 
I 

ess than 2% overshoot at turn-off 

Less than 1 second at 115 Vac, 25 O C  (inversely propottionate to input voltage and 
---I- -__ I_ ~- r 

SPECTFICATlONS 

jjlnput Current: Maximum input current at minimum 120 Vac, 60 Hz with full rated output load is 
10.6 A. 

Fully protected against short circuit and output overload, Short circuit protection is 
cycling type power limit. - -  

Overload Prot:ection: 
- j l _ l  L 1-11111 ._I__ -- - _ ~ _  - ___" 

11-1 -1111111"1,"41111 

All outputs protected against inadvertent application of reverse voltage up to I 
times rated current of the reversed outDut. //Reverse Voltage Protection: 1 I 

Ii ji0vervoltaqe Protection: 1 Built in with firing point set per Table 1. OVP firing I reduces voltage to less than 
50% of norninaf voltasc in 50 ms. 



http://w~.powerbox.com.au/gsc20. htm Condor GSCZO Power Supply page 

Temperature Range: 

*Normal Operation **AbnormaVSingle fault condition 

All models include built-in EM1 filtering to meet FCC Class 8, CISPR 22 Class 8. 
Condor D.C. Power Supplies, Inc. declares under our sole responsibility that all GSC 
models are in conformity with the applicable requirements of EN60950 following the 
provisions of the Low Voltage Direchve 73/23/EEC. All GSC models are approved to 
UL1950, CSA22.2 No. 234 Level 3, IEC950, EN60950 and VDE 0805. 

I - - - -- . - . - I - - - __ - - _. - - ___ - - -- I_ - - - ""  

All models are designed to meet MIL-STD 810E, Method 514.4 Category I. This test 
consists of random vibration at 0.0159 2/Hz from 5 to 50 Hz declining linearly to 
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Condor GSCZO Power Supply page 
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C‘omputa tianal Block Overview 

1.1 High-level Overview of the Computational Block 
1.2 Coinputational Block Threshold Parameters 
1.3 1,isting of All Major Computational Block Components and Functions 
1.4 Block Diagram of Computational Block Subsystem Functions 
1.5 Pictures of the Computational Block Subsystem 
1.6 Explanation ol’Classified Data Strings Received with an Example Data Set of Each 
1.7 Explanation of ‘[‘hreshold Calculations Required 
1.8 Suinrnary o f  Unclassified Output (PasdFail) 

2 C‘PIJ Card 

2.1 High-level Ilescription of CI’U Card Operation 
2.1.1 I3rief Overview Narrative 
2.12 Critical Specifications 

22.1 Specifications 
2.2.2 E’hotographs 

2 2 . 4  Jumper Settings 
2.2.5 
2 2 6  Schematics 
2.2.7 Parts List 
2.23 Memory Details 
2.2-9 
2.2.10 Supplementary Narrative Describing Functional Blocks and Implementation 
2.2.1 1 ‘Test Poinr Information 
2.2.12 TX’echnical Manual 

3.3.1 Specifications 
2.3.2 Fmctional Description 
2 3 . 3  Data Sheet 

2.4.1 I’hotctgrqh 
2.42 X-Ray 
2.4.3 Data Sheet 
2.4.4 E’art Number Codes 

2.5.1 Data Sheet 
2.5.2 E’art Number Codes 

3.2 Anipro, CoreMocluie 3SXi - 386SX Processor Card 

2.2.3 X - h y  

Parameter Settings Set by Software 

Vof tagc and Current Requirements 

3.3 Accr Laboratories, ALi M6117C - 386SX Embedded Microcontroller IC 

3.4 Atrnel, AT27C080 - l-Mbyte EPROM 

2.5 Intel, 213F008SA - 1-Mbyte Flash Memory 

Desi g ti Doc u i n  en tit t i tr n 11:t it ii :I I 



Video Card 

3 I 1 High-Level Bescription of Video Card Operation 
3. I .  1 
3.1.2 Critical Specil-ications 

3.2.1 Specifications 
3.3.3 Photographs 
3.2.3 X-Ray 
3.2.4 Jumper Settings 
3.2.5 
3.2.6 Schematics 
3.2.7 Parts List 
3 2 . 8  
3.2.9 
3 2.10 Test Point Information 
3.2.1 1 Technical Manual 

3.3.1 Specifications 
3.3.3, Data Sheet 

E3ricf Overview Narrative 

3.2 Ampro, MiniModule SVG-I1 - Video Display Card 

Parameter Settings Set by Software 

Voltage atid Cunent Requirements 
Siipplemetitary Narrative Describing Functional Blocks and Implementation 

3.3 Cirrus Logic, CL,-GD5429 - VGA Accelerator IC 

Quad CC3M Port and Digital-I/O Card 

i f .  1 Fiigh--Level Description of I/O Card Operations 
4.1.1 Brief Overview Narrative 
3.12 Critical Specifications 

4.2.1 Specifications 
4.2.2 Photographs 
4.2.3 X-Ray 
4.2.4 Juniper Settings 
4.2.5 
4.2.6 Schematics 
4.27 Parts List 
4.23 Voltage and Current Requirements 
4.2.9 
4.2. I O  Test I’oin6 Infoimation 
4.2. I I Technical Manual 

3.3.1 Specifications 
4.3.2, Data Sheet 

4.2 Diamond Systems, Emerald-MM-DIO - Digital VO Card 

Parameter Settings Set by Software 

Supplementary Narrative Describing Functional Blocks and Implementation 

4.3 Texas Instruments, TL16CS54 - Quad UART IC 

3.4 Xilinx, XU204  -- Field Programmable Gate Array 



5 Ad r l i 1. i a n a 1 Ha r d w a re S II p po rt I)ocrr menta t io n 

5.1 Atnpro Coinnion Utililies (Card Specific Software) 
5.2 Ampro Application IIandbook 
5.3 PC- 104 Specifications 
5.4 Parts Lis[. for the Overall Computational Block 
5.5 Supporting Hardware 

5.5. I Photographs 
5.5.2 X-Rays 
5.5.3 
5.5.4 

Specifications for the Corcoiii 6EC 1 RFI Power-Line Filter 
Specifications for the Condor GSC20-5 Switching Power Supply 

6 Coanmerci;il System Software 

6.1 Datalight, ROM-DOS Version 6.22 - Operating System 
6 .  I .  1 Description 
6.  I .2 Sol’twdre Development Kit 
6.1,3 List of Removed Extraneous Functions 
6.1.4 N;irrattive Regarding Use of All Retained Components 
6.1.5 1,ist ot‘ ROM-DOS Setup Parameters 
6.1.6 L,isting of CONFIG.SYS and AUTOEXECBAT Files 

6.1.6.1 CONFIC;.SYS Listing 
6. I .6.2 hlJTOEXI3C.BAT L,isting 

6.1.7 
6 ,  I .8 
6.1.9 I/O Information 

6.1.9,l IRQ Dat;i 
6. I .9.7 DMA Data 
6.1.9.3 Ports Used 
6.1.9.4 Other IiO Parameters 

Memory Map Showing Configuration in All Memory ICs 
Interrupt Veclor Locations and Values 

6.1 .10 ROM-IIOS User’s Guide Manual 
6 .  I . 1 1 KOM-IIOS Ikveloper’s Guide Manual 
6 .  I. 12 Commented Source-Code for ROM-DOS 
6. I .I3 Thircl-Party ROM-DOS References 

62.1 
6 . 2 2  
6.2.3 
6.2.4 
6.2.5 ‘Z‘liird- Party UIC>S References 

6.2 Phoenix, Award BIOS - System BIOS 
Narrative Description of Award ROM BIOS 
f310S Function Information and Calling Protocols 
Ampro Information on Award ROM BIOS 
t‘MO!3 Setup Utility User’s Guide for ALI M6117 Chipset 



7.1 Data--ATT -. Computational Block Software 
7.1 1 
7.1.2 

Overview Description Of Computational Block Software 
Source code for Computational Block Software 

7.1.2.1 Source Code for tlie DATA-ATT.H Header File 
7.12.2 Sourco Code for the DATA-ATT.C Program File 

7.1.3 Interrupt-Driven Code 
7.1.4 I/O Interfiice to COM 
7.1.5 
7.1.6 

9.2.1 Description 
7.2.2 User Manual 
7.2.3 Source Code for C0MM.H 
7.7.4 Source Code for Functions Used 

7.3 Microsoft, Visual C++ Version I .52 - C-Compiler 
7.3.1 Specifications for a C-Compiler 
7'3.2 Compiler Configuration and Parameter Settings 
7.3.3 Contents of the Visual C+t- Version 1.52 CD-ROM 

I/O Interface to Digital I/O Bits 
Threshold Values for the Calculations 

7.2 WCSC, COMM4lRV/LIB Version 17 - Communication Library 

8.1 Description of PROM IC Options 
8.2 Atrnel, 27C080- I2  PC PROM - Hardware 
8.3 Atrnel, 27C080- I 2 PC PROM - Software 
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&,I Ihtalight, IWOM-I~OS Version 6.22 - Operating System 

The ROM-DOS operating system software is an MS-DOS work-alike that is designed for 
use wi tli embedded computer systems using PROMS rather than disk drives. 

‘The commercial version of ROM-DOS comes as a Sof’tware Development Kit. This kit 
can be purchased from Datalight Inc. [ 188 10 59t” Avenue NE, Arlington, WA 98223 - phone 
360-435-8086] for $495 plus $25 shipping. 



6.1.1. exription of OM-DOS Version 6.22 

Datalight Inc. sr:k ROM-DOS version 6.22, which is a work-alike version of the DOS 
operating system that is functionally equivalent to other brands of DOS (e.g., Microsoft DOS 
version 6.22) and can readily run program developed for other DOS versions. However, the 
ROM-DOS operating system can be loactcd into read-only memory ROM and run entirely from 
within ROM. 

Some of the vendor's claims for ROM-DOS are listed below with an indication of their 

ROM-IIOS is the most robust and full-featured 110s on the market today. It is important for 
the operating system to be robust and thus avoid software crashes behind the information 
bairier. 
RCIM-DOS has a high level of' compatibility at a relatively low cost. This allows use with 
and ysis software developed for other DOS versions with minimal porting efforts. 
ROM-DOS has an unusually small memory footprint. Because ROM-DOS was written to be 
compact, it's nearly half the size of MS-DOS in ROM. This allows use of smaller PROM 
memories, which reduces the amount of hardware and software to be carefully inspected. 
ROM-IIOS 6.22 is a work.-alike of MS-DOS version 6.22, which is designed for embedded 
cornpiing environments. Thus, ROM-DOS is particularly well suited for embedded 
applications similar to the infomat ion barrier application. 
All ROM-DOS hardware communication is done through device drivers making BIOS calls. 
The device drivers are provided in Elill source code so the interrupts and even the calls can be 
changed if necessary. The ttvailability of source code is an advantage for information barrier 
applications. 
ROM-DOS 6 includes bo111 a lull Cornmand Processor and a 4K, configurable, mini 
COMMAND processor for systems requiring only a basic command processor, The 
MiniConmand processor supports internal and external commands, limited batch file 
processing and includes fill1 s(3uI'ce code and instructions, 'The Minicommand processor 
cnulct allow reduction of extraneous functionality in an information barrier system. 
The 1-I1MEM.SYS driver manages extended memory and the High Memory Area (HMA) in 
286, 386 or 486 systems, It supports the eXtendcd,Memory Specification (XMS] 2.0. In 
addition, Upper Memory Blocks (UMBs) are supported by EMM386. HIMEM serves a 
usefirl function in overwriting memory during the power up memory testing. 
The Clonligurable Memory Disk Driver allows any area of RAM or ROM to be used as a 
niernory disk. This i 'er is designed for a variety of memory configurations, including 
paged memory, static battery-backed RAM, flash memory and 386/486 extended memory. 
'1Pie RAM disk can be wed by an information barrier system to write intermediate results to 
volatile liles between successive programs. 
ROIL$-DOS can take till1 ;idvantage of all hardware including hard drives up to 8 gigabytes (4 
logical drives at 2 GI3 maximum), CII-ROM drives, Flash memory and PCMCIA cards. 
ROM-[)OS commented soiirce code requires a non-disclosure agreement and is available for 
$1 OK. 

value to an information barrier system follow. 
0 

0 

0 

0 
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Selected Lzttribu1,es of ROM-DOS, as obtained from the vendor's Internet site at: 

ht tp://www .datalight. condroin-dos. htm. 

WHY USE ])OS? 
With more than 200 inillioii 1'C-compatible computers running DOS, there is a vast array of 
inexpensive tools, lmgr iages, and applications sofiware, as well as an army of well-trained, 
capable programmers. As new, niore powerful processors are introduced for desktop computers, 
their precl'ecessors become aflordable for dtemative projects. Using DOS leads to shorter 
enginecxing cycles and lower costs. 

WHY BUY KOM-I)OST 
Datalight ROM-DOS 6.22, a work-alike of IMS-DOS version 6.22, is designed for embedded and 
mobile computing eiivironnients. 1IOM-L)OS gives you the featurcs of MS-DOS, while adding 
beneflts like an automated BUILD configuration utility to get you up and running quickly, 
together with the flexibility to meet your project's unique, non-PC needs. To this, add ROM- 
130s' tools and accessories, such as remote serial disk access and optional Stacker data 
compression, all at a fraction of thc cost of other compatible brands of DOS. You'll agree that 
ROM-IIIQS is a winner, In addition, at no additional charge, ROM-DOS is currently shipping 
with the Datalight Soflware Development 'Tool Kit that includes Borland tools 5.2. 

WHAr IF MY SYSTEM HAS SPECIAL, REQUIREMENTS? 
ROM-610S is designed i o  be xnore flexible than other operating systems. Whether your 
hardware is fully PC cornpatihle or not, with ROM-DOS your embedded or mobile system will 
be. 'Fhc only requirements fix ROM-DOS are RAM, ROM and an 80x86 CPU. ROM-DOS can 
take Fbll advantage of all  hardware including hard drives up to 8 gigabytes (4 logical drives at 3 
GR rnc2xii?pum), CII-KOM drives, Flash meinory and PCMCIA cards. 

Do you want ROM-DOS to run from ROM, but on speed critical systems, run from RAM? Tell 
the BfJKII) utility and ROM-IIOS does it. 

If your B [OS is not 100% PC compatiblc, it will no1 be a problem. All ROM-DOS hardware 
commiinication is done through device drivers making BIOS calls. The device drivers are 
provided in full source code s(3 the interrupts and even the calls can be changed. 

Are you booting on a diskless system, but need 2 Megabyte ROM disk, or four separate ROM 
disk drives'? ROM-TJOS has a btiilt in ROM disk driver, which can be configured to handle 
these, ;md inany other situations. 

What if you want to have drive A: as a PC'MCTA drive, drive B: as a ROM disk, drive C: as a 
RAM disk, I): as 3 floppy and drive E: as a hard drive'? What if you want to reverse that order'? 
ROM-UOS can coiiligun: the drives in any order. 



WHAt' IF I NEED TO SAVE SPACE? 
II' you are tight on space, you can leave out drivers that you won't be using. You can choose the 
4K "tnirti" command processor or no command processor, if it isn't needed. Because ROM-DOS 
was written to be coinpact, it'ii nearly half the size ol'MS-DOS in ROM. 

IS IT REALLY C~OMPATIIBEIEI,? 
No matter how flexible, small, iast or feature-rich ROM-DOS becomes, it will remain 
compatible with the DOS staridarcl. ROM-DOS was written independently by Datalight using 
internal tcsting and published material. Compatibility is the key goal for ROM-DOS. For that 
reason we offer a free bootable demo disk so that you can see for yourself that ROM-DOS will 
r ~ i n  your applications. We also offer this guarantee: if you should find a program that runs under 
MS-DOS but riot under ROM-DOS, let us know and we will make sure that it runs under the 
iicxt relcase of ROM-DOS. And if you wish, Datalight will refLind 100% of the purchase price 
of the Ikveloper's Kit upon it's return. 

A COMPLETE ROM DEVELOPMENT SOLUTION 
ROM-DOS 6.22 is much more than an inexpensive replacement for MS-DOS. It comes with a 
wide variety of development 1001s at no additional cost, including Borland Tools 5.2. The 
addition of these tools will speed you through your development cycle. 

BUILII is an automated utility that configures KOM-DOS for ROM or disk, Many Datalight 
customers have commented on how quick and easy it is to build a ROM-based system with 
BUILII. As it walks you through a menu, you make the choices and BUILD does the rest. 
ROM-DOS can be running in ROM on your system in under 15 minutes. 

Stacker Data Compression is available to ROM-DOS G Licensed OEMs from Datalight at 
special, low cost, embedded system rates. Award winning Stacker doubles the storage capacity 
of sysleni hard disk, RAM ROM disks, Flash memory and floppy disks. 

Remote 1j)isk is a utility program that allows you to access a disk drive 011 a remote system via a 
scrial cablc and serial port. It can be used for exchanging files between hand-held and non- 
desktop systems and for data collection horn diskless systems. 

CONFIG. Y YS options include boot-time menus to select system configuration commands 
tailored to iiidividual user tasks. ,4h, clcvelopers may choose among CONFIG.SYS 
comp;ttibility levels (DOS 3.3 1,5.0 and 6.0) at the time of configuring, for saving space in 
memory restricted sysi.erns. 

ROM-DOS 6 includes both a €till Command Processor and a 4K, configurable, mini 
COMMAND processor for systems requiring only a basic command processor. MiniCommand 
supports intcrnal aid extenial commands, limited batch file processing and includes full source 
codc and instructions. 

The Cotmiand Processors included with ROM-DOS are optional. Unlike MS-DOS, you can 
configure your system to nin an EXE or COM program directly and avoid the "overhead" of thc 
command processor and security to cnibedded systems. 



Compukxtiond Block Dedgn Da~ment~~t ion  Version 1.0 

Advanced Power Mttnagement is supported by KOM-DOS for hand-held devices and other 
systems where prolonged battery life is desired. It requires BIOS Power Management support. 

RXEs ifire ROMable EX3 pro~pms that can be run in place from a ROM disk, a useful 
alternative for embedded and mobile systems with minimal RAM. 

The International Supp~i-i you need is provided with ROM-DOS. Twenty-one countries are 
directly supported, as well as double byte characters for Japanese. Included are COUNTRY, 
D1SPLAY.SYS and K€XB.COM. Please call to check on support for your language needs. 

The HIMEM.SYS driver manages extended memory and the High Memory Area (€€MA) in 286, 
386 or systerns. It supports the extended Memory Specification (XMS) 2.0. Plus Upper 
Memory Blocks (UMBs) are supported by EMM386. 

The Ccmfigurable Mcmoiy Disk Driver allows any area of RAM or ROM to be used as a 
memory disk. This driver is designed for a variety of memory configurations, including paged 
memory., static battery-backed RAM, flash memory and 386/486 extended memory. 

The ROM-DOS User's Manual is inmilable to original equipment manufacturers (OEMs) on disk 
so that you can include all or part of it, or change it to match the format desired. 



'Thc ROM-DOS 6.22 Software Devcloper's Kit includes: 

9 

9 

Q 

a 

e 

a 
a 

9 

e 

9 

e 

8 

4 

9 

9 

ROM-DOS operating system disks on bootable (33 
ROM-DOS Devel=er's __I_I_ Guide with complete, step-by-step instructions. 
__-I- ROM-DOS User's Guide. Also available as a .DOC file for inclusion in end-product 
documentation for licensed OEM's. 
A large set of DOS Utilities. 
Automated BUILD Configuration Utility for ROM or disk. 
HIh4EM.SYS and EMM386 drivers included, 
Remole Disk serial link for accessing a hard drive on another system, 
RXE kit €or running executable files directly -from ROM or flash, 
Full Source Code for all device drivers. 
A Confiigurable Memory Disk Rlriver. 
International Support including KEYB and DISPIAY. 
Advartccd Power Management to support BIOS APM. 
Variable CONFIG.SYS compatibility levels for developer space savings. 
Datalight OEM Agreement for distributing ROM-DOS. 
Includes, at no additional charge, Datalight Software Development Tool Kit (SDTK) with 
Borlmd Tools 5 .% 
90- Day 100% Money Back Guarantee 

The directories of the two CD-RC)M included in the Software Developer's Kit follow. 

* KOM-130S 6.22 
Datalight Software Development Toolkit 

When these CD-KOMs are installed, files are placed in the \DL directory and four sub- 
directories. The files contained in these directories are also listed in a Norton Find File format, 

0 

e 

ROMDOS - 1ZOM-DOS operating system and utilities 
iRXE - kit fbr running executable files directly from ROM or flash 
/STACKER - Disk. compression utility 
DEVTOOLS _- B o h d  TOOIS 5.2 



C'otttFiiItr~iionir! Blorh Deozgri I)ocirrtrenttrtion L'ersion I 0 

'T'lie f."lrst CD-ROM, which is titled X.OM-DOS 6.22, includes the following files. 

COMMAN r3 
DATA 
DATAl 
DATAl 
LANG 
LAY 0111' 
os 
RDOS DE:V 
R DO S IJ S E R 
READ 
ROM- DO3 
SETUP 
SETU E' 
SETUE) 
SETUE) 
SETUE' 
SYS 
- lNSI'1.6 
- I N S  T 3 2 I 
I S DEI, 
S E TU E' 
SY s 1. 
s Y s :I. 
IJ S ER 1 

- USER1 

- 
- 

- 

- 
I 

COM 
TAG 
CAB 
H D K  
D A'I' 
B I N  
DAT 
PDF 
PDF 
ME 
SYS 
BMP 
EXE 
I N 1  
INS 
L I D  
COM 
EX 
EX 
EXE 

CAB 
HDR , 

CAB 
H D R  

_- 

DLL 

34493 
11 8 

2309245 
20234 
4679 
630 
450 

388112 
56 7006 
33098 
54448 

60928 
115 

58794 
49 

21482 
289447 
297989 

8192 
11264 

370397 
4569 

22938 
5008 

95598 

:11- 11 - 9 9 
:11-17-99 
:L 1 - 17 -- 9 9 
I 1- 1 7 -- 9 9 
9- 1 8 -- 9 8 
11-17-99 
7-27-98 
11-03-99 
11-03-99 
11 -.. 11 - 9 9 
11-11-99 
7 - 13 - 9 9 
10-02-98 
11-17-99 
11 - 17 -_ 9 9 
11-17-99 
11 - 11 -- 9 9 
10-02-98 
10-02-98 
10 - 0 2 -- 9 8 
9-29-98 

11-1 7 -- 9 9 
11-17-99 
11 - 17 -- 99 
11 "- 17 .- 9 9 

6:22a 
2:44p 
2:44p 
2:44p 
3:12p 
2:44p 
6: 41p 
3336~ 
3:36p 

6:22a 
7 : 52p 
6:04p 
2:44p 
2:43p 
2:44p 
6:22a 
7:15p 
7: 15p 
6: 05p 

2:43p 
2:43p 
2:43p 
2: 43p 

1:16p 

5:44p 

25 F i l e s  4659283 Char.  



The second CD-ROM, which is titled Datalight Software Development Toolkit, iiicludes 
the following files. 

DATA 'TAG 
DATA1 CAB 
DATA1 K D R  
LANG DAT 
LAYOUT BIN 
os DAT 
SETUP BMP 
SETUP EXE 
SETUP IN1 
SETUP INS 
SETUP L I D  
- INS'T'321 EX 
- LSBEL, EX2 
- SETUP DLL, 
- SYSl CAB 
- SYSl HDR 
I USER1 CAB 
- USER1 HDK 

135 
9 9 1 5 7  3 1  

53959  
4679  

609  
4 I., 0 

6213 18 
71.680 
E23 

5 8 6 9 6  
49 

27648  
34816 

1 8 0 8 3 7 
3 9 0 5  
2 4 8 3  
4293  

2979139 

2 - 0 2 -. 9 9 
2 - 0 2 -. 9 9 
2-02-99 
9-18-98 
2-02-99 
7-27-98 
2 - 0 2 -. 9 9 

:L 0 - 0 2 -I 9 8 
2 - 0 2 -. 9 9 
2 -02-99 
2-02-99 

:L 0-02 - 98 
1-12-99 
9-29-98 
2-02-99 
2 -02 -99  
2-02-99 
2-02-99 

5:00p 
5:01p 
5:01p 
3 : 1 2 p  
5:01p 
6 :  41p 
4: 2 7 p  
7 :  04p 
5:00p 
5:00p 
5:00p 
7:15p 
ll:44a 

5:00p 
5:00p 
5:0qp 
5:00p 

5:34p 

18 F i l e s  1 0 7 2 0 9 0 0  Char .  



l h e  ROM-DOS Sof tware  Development K i t  i n c l u d e s  two CD-roms. When 
i n s t a l l e d  on D i s k  E:, The f i r s t  CD-roin t i t l e d  ROM-DOS 6.22 produced d i r e c -  
t o r i e s  \DL\ROMDOS, \DL\RXE, and \DL\STACKEH. The second CD-rom t i t l e d  
D a t a l  i g h t  S o f t w a r e  Devel opment Too l  k i  t produced t h e  \DL\DEVTOOLS d i  r e c t o r y .  

Ihr !  f u l l  owing  d i  r e c t o r ?  e s  show t h e  i nc1 uded s o f t w a r e  and documenta t ion  
f i l e s ,  

FF-File F ind ,  Advanced E d i t i o n  4.50, ( C )  Copr 1987-88, P e t e r  N o r t o n  

E : \  

E:  \DL 

Db 

. f  

un  r d . i s u  

STACKER 
RX E 
DEVTOOLS 

RONDOS 

E:  \DL\ROMDOS 

. .  
command. h l  p 
command. corn 
c o n f i  g . sys 
autoexcc. b a t  
rom-dos.sys 
1 ongnam6.1 i b 
sys  .corn 
hui 1 d . exe 
compress.exe 
1 oc .  exe 
dos .i n i t 6.1 i b 
dose-fg6.1 i b 

f d h d6-2 1 i b 
Fdhd6-3 1 i h 
romdo56 1 i b 
read .me 
rdosdev-pdf 
rdosuser . p d f  
devhdr .  .i nc: 
cio56asrn. o b j  
dos6cfg0. o b j  
dosfcfg3 .  o b j  
dos6c fg5 .  ob,j 
dos6c fg7 .  r t b j  
d o s i  g n o n .  c 
dosver .  i nc 
d o s v e r .  h 
macros. .i nc  

fdhd6 . l . l i b  
* 

*:D I R> 1:40 pm Sat M a r  10 00 

, c D I R r  1:40 pm Sat Mar 10 00 
.<D I R> 1:40 pm Sat  Mar 10 00 

50,884 b y t e s  1:42 pm Sat  Mar 10 00 
<DIR> ' 1 : 4 1  pm Sat Mar 10 00 
4 P R> 1:41  pm Sat Mar 10 00 
4 1 ~ 3  1:41 pm Sat Mar 10 00 
4 1  R> 1:50 pm Sat  Mar 10 00 

<D I R> 
<DIR> 

11,122 b y t e s  
34,493 b y t e s  

220 b y t e s  
525 b y t e s  

54,448 b y t e s  
25,088 b y t e s  
21,482 b y t e s  
48,350 b y t e s  
14 , 180 b y t e s  
73,486 b y t e s  
11,264 b y t e s  
12,800 b y t e s  
15,360 b y t e s  
16,896 b y t e s  
16,384 b y t e s  

146,432 b y t e s  
33,098 b y t e s  

388,112 b y t e s  
567,006 b y t e s  

3,474 b y t e s  
7 ~ l?@ h y t e s  

544 b y t e s  
3,011 b y t e s  
3,859 b y t e s  
9,296 bytes 
1 , 7 7 8  b y t e s  

869 b y t e s  
980 l9ytes 

2,746 l i y t e s  

1 : 4 1  pm 
1:41 pm 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6122 am 
6122 am 
6.22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
l : l 6  pm 
3:36 pm 
3:36 pm 
6 : 2 2  am 
6:72 am 
6:22 am 
6 : 2 2  am 
6:22 am 
6:%2 am 
6:22 am 
6:22 am 
6:22 am 
6 : 2 2  am 

Sat  Mar 10 00 
Sa t  Mar 10 05 
Thu Nov 11 99 
Thu Nov 11 99 
'Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Wed Nov 3 99 
Wed Nov 3 99 
Thu Nov 11 99 
Thu Nnv 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11. 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 

ROM-IIOS di r e c t o r i e s  1. 



sysgen.asm 
DEVSRC 
MEMO I SK 
MINI CMD 
UTILS 
SU PRBOOT 

E : \DL\ROMOOS\D€VSRC 

divfdhd. i nc 
devcl k. asm 
devcom.asm 
devcon.asm 
devfdhd. asm 
devfdhdi .asm 
devnul . asm 
devprn. asm 
devrom. asm 
makefile 
dostruct.inc 

E : \ D L\ ROMDOS\MEMD 1 s 

ma kef i 1 e 
memdi sk. asm 
1drbext.asm 
vdisk,c 
raminit.c 
pagedl dr. c 
paged1 dr. 1 oc 
memf i xed. c 
i nt 15pag. c 
dyndrvr. c 
memrom. c 
memext . c 
sc400pag.c 
mempaged.c 
memdi s k. i nc 

. csmpi1er.h . 
memdisk.h 
vdl'sk.h 
dyndrvr. h 
memutil.lib 

E: \DL\ROMDOS\MINICMD 

makefi le 
cmd. asm 
cmdcmds . c 
cmdmai n. c 
cmdprot. h 

28,068 bytes 
<DIR> 
<DIR> 
<DIR> 
<DIR> 
<DIR> 

<DIR> 
COIR> 

7,428 bytes 
10,511 bytes 
8,165 bytes 
6,209 bytes 
86,703 bytes 
83,886 bytes 
2,932 bytes 
4,974 bytes 
7,495 bytes 
2,419 bytes 
33,136 bytes 

c D I R >  
<D I R> 

1 1,87 5 bytes 
50,500 bytes 
5,411 bytes 
18,338 bytes 
4,579 bytes 
8,655 bytes 
120 bytes 

8,805 bytes 
4,043 bytes 
4,441 bytes 
6,924 bytes 
8,112 bytes 
4,282 bytes 
8,009 bytes 
3,470 bytes 
1,437 bytes 
7,957 bytes 
2,105 bytes 
1,181 bytes 
23,040 bytes 

cDIR> 
<DIR> 

1,523 bytes 
9,997 bytes 
8,893 bytes 
14,636 bytes 
2,711. bytes 

6 9 2  am Thu Nov 11 99 
1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 

1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6 : 2 2  am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 

1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6 2 2  am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 

1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99' 
6:22 am Thu Nov 11.99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 

ROM-DOS d i  rectories 2 



m i  n i  cmd. h 
m i  n i cmd . coni 

E: \DL\ROMDOS\UTItS 

. *  
a n s i  . sys 
a t t r i  b com 
del t r e e .  exr! 
e x e 2 b i  n .  corn 
f d i  s k ,  com 
hexcat.com 
mode. cam 
more. cam 
p r i n t  . coni 
f i n d  . com 
1 a b e l  .coni 
s o r t .  com 
t r e e  com 
s y s .  com 
c h o i  ce .  cam 
xcopy  . com 
1 angd i  r .  cxe 
mem. exe 
backup.exe 
r e s t o r e . e x e  
move, exe 
s t a c k d c v . s y s  
r z .  b a t  
pro to .  exe 
u m b l i n k . c x e  
rsz . exe 
s z  . b a t  
himem.sys 
power. exe 
f o r m a t .  coin 
v d i  sk. sys  
emm386 exe 
v e r s i o n .  sys  
n e d m a n - t x t  
remdi  s k . exe 
remserv.exe 
remqui  t . corn 
t r a n s f e r . e x e  
ned. exe 
nedremot:, c f g  
riedreinot . coni 
a t a .  sys  
a t a .  t x t  
l ongnamo. t x t  
c o u n t r y ,  sys  
chkdsk.com 
mscdex. exe 
comm exe 

4,203 b y t e s  6:22 am Thu Nov 11 99 
4,1574 b y t e s  6:22 am Thu Nov 11 99 

<DI R> 
.--Dl Rs 

3,361 b y t e s  
1.0,!394 b y t e s  
15,022 b y t e s  
9,853 b y t e s  

36 , 243 b y t e s  
13,1.16 b y t e s  

9,936 b y t e s  
9,416 b y t e s  

12,934 b y t e s  
11,218 b y t e s  
9,088 b y t e s  

11,234 b y t e s  
11,522 b y t e s  
21,482 b y t e s  

2,637 b y t e s  
26,286 b y t e s  

7,976 bytes 
7,761 b y t e s  

22,298 b y t e s  
21,,454 b y t e s  
17,222 b y t e s  

1,504 b y t e s  
77 b y t e s  

10,464 b y t e s  

32,564 b y t e s  
104 b y t e s  

5,832 b y t e s  
6,350 b y t e s  

37,762 bytes 
7,958 b y t e s  

20,845 b y t e s  
256 b y t e s  . 24,080 b y t e s  

12,523 b y t e s  
9,875 b y t e s  

106 b y t e s  
15,108 b y t e s  
88,866 b y t e s  

791 bytes 
176 b y t e s  

9,966 b y t e s  
a59 h y t e s  

1,762 b y t e s  
10,597 b y t e s  
3.0,992 b y t e s  
25 307 b y t e s  
46 824 b y t e s  

’ 5,197 b y t e s  

1:41 pm 
1 :41  pm 
6:22 am 
6:22 am 
6:22 am 
6 : 2 2  am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:2? am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6 : 2 2  am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am. 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 
6:22 am 

Sat  Mar 10 00 
Sat  Mar 10 00 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
T’hu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nav 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Wed Nov 17  99 
Thu NCJV 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nqv 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 . 
Thu Nav 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 
Thu Nov 11 99 

ROM-OOS d.i r e c t o r i e s  3 



d i  s k2img. exe 
dump. exe 
romdisk.exe 
subst  .exe 
keyb. corn 
d i s p l a y .  sys 
keyboard. sys 
keybrd2. sys 
wx2swap.sys 

ega3. c p i  
share.exe 

. ega.cpi  

E: \DL\ROMDOS\SUPRBOOT 

m a k e f i l e  
f i r s t  .1 i b 
f i  r s t b .  1 i b 
m i  d d l  e .  1 i b 
middl  eb. 1 i b 
1 a s t .  li b 
l a s t b .  l i b  

E: \DL\STACKER 

. .  
screa te .sys  
create.com 
screxec.exe 
screxec2.exe 
stacker.com 
s t a c k e r  . exe 

E:\DL\RXE 

. *  
readme. t x t  
absdisk-asm 
r x e  cvt .exe 
rxecheck. exe 
romdi s k .  exe 
absdi s k + sys 
r x e  i n i t . a s m  
r e s e t .  exe 

r x e  i n i t . e x e  

LIBSRC 

6-START 

E XARP L ES 

MS-START 

E: \DL\RXE\B-START 

. .  

10,044 by tes  
10,774 by tes  
31,380 by tes  

8,910 bytes 
6,417 bytes 
5,899 by tes  

14,753 by tes  
2,056 by tes  

533 by tes  
34,080 by tes  
14,624 by tes  
4,367 by tes  

<DIR> 
<DIR> 

6,522 by tes  
22,528 by tes  
22,528 by tes  
23,040 by tes  
23,040 by tes  
23,040 by tes  
23,040 bytes 

<DIR> 
<D I R> 

15,510 by tes  
1,042 by tes  

89,380 by tes  
64,896 by tes  
43,727 by tes  
30,251 by tes  

<DIR> 
<DIR> 

8,294 by tes  
10,525 by tes  
24,900 by tes  
21,430 by tes  
31,352 by tes  

1,127 by tes  
9,782 by tes  
7,312 by tes  

1,109 by tes  
<DIR> 

<D I R> 
<DIR> 
<DIR> 

6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 

1:41 pm S a t  Mar 10 00 
1:41 pm S a t  M a r  10 00 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 
6:22 am Thu Nov 11 99 

1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
6:22 am Thu Jul  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu Jul 22 99 
6:22 am Thu Jul  22 99 
6:22 am Thu Jul 2.2 99 
6:22 am T h u  Ju7 22 99 

1:41 pm Sat Mar 10 00 
1:41 pm Sat Mar 10 00 
6:22 am Thu J u l  22 99 
6:22 am Thu Jul 22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu Jul 22 99 
6:22 am Thu Jul  22 99 
6:22 am Thu Jul  22 99 
1 :41  pm Sat M a r  10 00 
6:22 am Thu J u l  22 99 
1:42 pm Sat Mar 10 00 
1:42 pm Sat Mar 10 00 
1:42 pm S a t  Mar 10 00 

1:41 pm S a t  Mar 10 00 
1:41 pm S a t  Mar  10 00 

ROM-DOS d i  r e c t o r i e s  4 



BC2 
BC3 
BC4 
BC45 
BC 5 

E : \ D L \ R X  E \ I3 - START\ &C 2 

.. 
C O S .  o b j  
COC . o b j  
c0m.obj 
cO1 . o b j  
c 0 f s . o b j  
c 0 f c . o b j  
c0fm. o b j  
cOfl . o b j  

E I \ D L \  RXE\  B-STARr\BC3 

* .  
C O S .  o b j  
C O S .  o b j  
c0m.obj 
e 0 1  . o b j  
c0fs.obj 
c O f  c - o ti j 
c0 fm.ob j  
cOfl .obj  

E.: \DL\RXE\B-START\BC4 

. .  
cos .  o b j  
cOc. o b j  
c0m. o b j  
c 0 1  . o b j  
c 0 f s  . o b j  
C O f C .  o b j  
cOfm. o b j  
cOft .ob i  

E : \ D I.\ R X  E \  B - START\ BC 45 

* ,  

cos,  ob j  
cOc. o b j  
c0m.obj 
c01. o b j  
c O f s  . o b j  
c 0 f c . o b j  
c0fm. ob j 
c O f 1  . o b j  

ROM-[)OS d i  r e c t o r 1  es  J 

-XI I R b  
<D I Rb 

<D I Rh 

<D I R 3  

-<DIR> 

.ID 1 R> 
*<DIR> 

2,298 b y t e s  
2 ,167 bytes 
2,303 k~ytcs 
2,172 b y t e s  
2,298 b y t e s  
2 ,  E92 b y t e s  
2,303 bytes 
2,197 b y t e s  

.=DID 
<DIR> 

2,451 bytes  
2,334 b y t e s  
2,454 bytes 
2,337 b y t e s  
2 ,451 b y t e s  
2,359 b y t e s  
2,454 b y t e s  
2,362 b y t e s  

<DIR> 
<DIR> 

2,492 b y t e s  
2,372 b y t e s  
2,500 b y t e s  
2,379 b y t e s  
2,492 b y t e s  
2,397 b y t e s  
2,500 b y t e s  
2,404 laytes 

CD I Rs* 
<DZRz 

2,509 bytes  
2,389 b y t e s  
2,517 b y t e s  
2 ,396 b y t e s  
2,509 b y t e s  
2 ,414 b y t e s  
2 ,517  b y t e s  
2,421 b y t e s  

II 

1:41  pm S a t  Mar 10 00 
1:42 pm S a t  Mar 10 00 
1:42 pm S a t  Mar 10 00 
1:42 pm S a t  Mar 10 00 
1 :4% pm S a t  Mar 10 00 

1:41 pm S a t  Mar 10 00 
1:41 pm S a t  Mar 10 00 
6:22 am Thu Jul 22 99 
6:22 am Thu  Jul  22 99 
6:22 am Thu  Ju l  22 99 
6:22 am Thu  Jul 22 99 
6:22 am T h u  Ju l  22 99 
6 : 2 2  am Thu  J u l  22 99 
6:22 am Thu  J u l  22 99 
6:22 am T h u  J u l  22 99 

1:42 pm S a t  Mar 10 00 
1:42 pm S a t  Mar 10 00 
6:22 am Thu  Jul 22 99 
6:22 am T h u  Jul 22 99 
6 : 2 2  am Thu  J u 7  22 99 
6:22 am Thu  J u l  22 99 
6:22 am Thu  J u l  22 99 
6:22 am I h u  J u l  22 99 
6:22 am ‘rhu J u l  22 99 
6:22 am Thu  J u l  22 99 

1:42 pm S a t  Mar 10 00 
1:42 pm S a t  Mar 10 00 
6:22 am Thu  J u l  22 99 
6:22 am ‘Thu Jul 22 99 
6:22 am Thu  Jul  22 99 
6:22 am ‘Thu Jul  22 99 
6:22 am Thu  J u l  22 99 
6:22 am T h u  J u l  22 99 
6 : 2 2  am J h u  J u l  2 2  99 
6:22 am“ Thu  Jul  22 99 

1:42 pm S a t  Mar 10 00 
1:42 pm S a t  Mar 10 00 
&:22 a ~ i l  Thu Ju l  22 99 
6:22 am Thu J u l  22 99 
6:22 am T h u  Jul 22 99 
6:22 am Thu Jul 22 99 
6:22 am Thu  Jul 22 99 
6:22  am Thu Jul  2% 99 
6 : 2 2  am T h u  Jul 2% 99 
6:22 am Thu  J u l  2% 99 



E: \DL\RXE\B-START\BC!i 
<DIR> . . <DIR> 

c0s.obj  2,509 by tes  
cOc. o b j  2,389 b y t e s  
c0m.obj 2,517 by tes  
cO1 . o b j  2,396 by tes  
cOfs . o b j  2,509 by tes  
c0 fc .ob j  2,414 by tes  
c0fm.obj 2,517 b y t e s  
c O f l  .ob j  2,421 b y t e s  

E: \DL\RXE\EXAMPLES , 

. . 
CPP * CPP 
bas i  c.  c 
f 1 o a t p t . c  
do msc8.bat 
coTipi 1 e r .  h 
do msc6. ba t  
check . b a t  
conver t .ba t  
showal l .  ba t  
makef i 1 e 

< D I  R> 
<DIR> 

5,140 by tes  
1,501 by tes  

862 by tes  
2,343 by tes  

623 by tes  
1,917 by tes  

118 b y t e s  
5 1  by tes  

1,294 by tes  
2,536 by tes  

E: \DL\RXE\LIBSRC 
4 I R> .. <DI R> 

setargv.c  1,855 by tes  
setargx.asm 300 b y t e s  
b o r l  and. ba t  757 b y t e s  
makeal l  .bat  1,289 by tes  

8,170 bytes  
m i  c r o s o f .  b a t  755 by tes  
compi1er.h 623 b y t e s  
ms. b a t  314 b y t e s  
respond. b a t  144 b y t e s  
ma k e f  i'l e 1,104 b y t e s  
d l  spawn. asm 8 , 024' b y t e s  

. tst5pawn.c 2,526 by tes  
d a t a l g h t . i n c  42,582 by tes  
tasm, i nc 1,746 b y t e s  
masm.inc 13,156 by tes  
dlmacros. i nc 33,273 b y t e s  

. mal 1 oc. c 

E: \DL\RXE\MS-START 
<DIR> 
< D I  R> 

MS-CGOO <DIR>  
MSVC <D I R> 

E :  \DL\RXE\MS-START\MS-C600 
<DIR> 

1:42 pm Sat Mar 10 00 
1:42 pm S a t  M a r  10 00 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 

1:42 pm. Sat Mar 10 00 
1:42 pm Sat Mar 10 00 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 

1:42 pm Sat Mar 10 00 
1:42 pm S a t  Mar 10 00 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu Ju t  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 
6:22 am Thu J u l  22 99 

1:42 pm S a t  Mar  10 00 
1:42 pm S a t  Mar 10 00 
1:42 pm S a t  M a r  10 00 
1:42 pm Sat M a r  10 00 

1:42 pin S a t  Mar  10 00 
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. .  
C 
L 
M 
S 

i D I R>* 1:42 pm Sat Mar 10 00 
*:DIR> 1:42 pm Sat  Mar 10 00 

R> 1:42 pm S a t  M a r  10 00 
*:B 1 R> 1:42 pm Sat Mar 10 00 
.rDIR> 1:4% pm Sat Mar 10 00 

E : \ D L\ RX E\MS - START \M S - C E; 0 0\ C 
*:DIR> 1:42 pm Sat Mar 10 00 

* .  .:DIRr 1:42 pm S a t  Mar 10 00 
DOS 4 I R> 9:42 pm Sat  Mar 10 00 

E : \ D L \ RX E\ MS - START \ M S C 6 0 0 \ C \ D OS 
-<D 1 R> 1:42  p m  Sat  Mar 10 00 

1 .  < D I R >  1:42 pm . Sat  Mar 10 00 
crtO. o b j  1,185 b y t e s  6 2 2  am Thu Jul 22 99 

E: \SL\f?XE\MS-START\MS-C600\1. 
ScDIR;. 1:42 pm Sat  Mar 10 00 

. .  .:DI R> 1 :42  pm Sat  Mar 10 00 
DOS <D I R> 1:42  pm Sat Mar 10 00 

E : \DL \KXE\MS -STAKT\MS-C600\ I-\ DOS 
.--DI R=. 1:42 pm S a t  Mar 10 00 

. .  < D I R >  1:42 pm S a t  Mar 10 00 
crt0.obj 1,199 b y t e s  6:22 am Thu Jul 22 99 

E:  \DL\l?XE\M$-START\MS-CGOO\M 
411~3 1 :42  pm Sat Mar 10 00 

. .  < D I @  1:42 pm Sat  Mar 10 00 
DOS < D I D  1:42 pm Sat Mar 10 00 

cD1 R> 1:42 pm S a t  Mar 10 00 
. .  <DIR> 1:42 p m  Sat  Mar 10 00 
c r t 0 . o b j  1,177 bytes 6:22 am Thu Jul 22 99 

E : \ D I-\ RX E\ M s - ST AIIT\MS - c 60 O\M\ DOS 

E \ DI-\RX E\MS - Sl"ART\MS -C6OO\S 
c D I R >  1:42 pm Sat Mar 10 00 

. .  <DIR>  1:42 p m  S a t  Mar 10 00 
' DOS < D I R >  * 1:42 pm Sat  Mar 10 00 

< D I R r  1 :42 pm Sat  Mar 10 00 
I .  eDIRr 1:42 p m  Sat Mar 10 00 
c r t 0 , o b j  1,163 b y t e s  6:22 am Thu Jul 22 99 

CDI R> 1:42 pm Sa t  Mar 10 00 
* .  CD 1 R3, 1:42 p m  S a t  Mar 10 00 
C <D I R> 1 : 4 2  pm Sat Mar 10 00 
1- c D I R >  1 : 4 2  pm Sat Mar 10 00 
M < D I R >  1:42 p m  Sat Mar 10 00 
s <DIR> 1 :42  p m  Sat  Mar 10 00 

E : ~ D L \ ~ X E \ M S - S ~ A R T \ M S - C G O O \ S \ D O S  

E :  \DL\RXE\MS-START\MSVC 
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E: \DL\RXE\MS-START\MSVC\C 
<DIR>  
< D I  R> 

00s <DIR> 

E : \DL\RXE\MS-START\MSVC\C\DOS 
< D I  R> 

.. <DIR> 
c r t O  .ob j  1,230 b y t e s  

E :  \DL\RXE\MS-START\MSVC\L 
<D I R> 
<DIR> I 

00s <DIR> 

E: \DL\RXE\MS-START\MSVC\L\DOS 
<DIR> 
<DIR> 

; i t 0  . o b j  1,244 b y t e s  

E : \DL\ RX E\MS -START\MSVC\M 
< D I  f+ .. <DIR> 

DOS q D I R >  

E : \DL\RXE\MS-START\MSVC\M\DOS 
' <DIR> 

<DIR> 
c r t O ,  o b j  1,222 b y t e s  

E : \ DL\ RX E\MS - START\MSVC\S 
<DIR> 

e .  <DIR> 
DOS <DIR> 

E: \DL\RXE\MS-START\MSVC\S\DOS 
<DIR> 
<DIR> 

&0. o b j  1,208 b y t e s  

E: \DL\DEVTOOLS 

.. 
u n i n s t . i s - u  
L I B  
HELP 
INCLUDE 
3IFl 

E :  \DL\DEVTOOLS\LIB 

. .  
ws2 3 2 . 1 i b  
bwc?. 1 i b 

<DIR> 
<D I R> 

7,680 b y t e s  
2,048 b y t e s  

1:42 pm Sat  Mar 10 00 
1:42 pm Sat  M a r  10 00 
1:42 pm S a t  Mar 10 00 

1:42 pm Sat  Mar 10 00 , 

1:42 pm Sat  Mar 10 00 
6:22 am Thu Jul 22 99 

1:42 pm Sat  Mar 10 00 
1:42 pm Sat Mar 10 00 
1:42 pm Sat  Mar 10 00 

1:42 pm Sat Mar 10 00 
1:42 pm Sat M a r  10 00 
6:22 am Thu Jul  22 99 

1:42 pm Sat  Mar 10 00 
1:42 pm Sat  Mar 10 00 
1:42 pm Sat  Mar 10 00 

1:42 pm Sa t  Mar 10 00 
1:42 pm Sat Mar 10 00 
6:22 am Thu J u l  22 99 

1:42 pm Sat  Mar 10 00 
1:42 pm Sat  Mar 10 00 
1:42 pm Sat  Mar 10 00 

1:42 pm Sat  Mar 10 00 
1:42 pm Sat  Mar 10 00 
6:22 am Thu J u l  22 99 

1:50 pm Sat  Mar 10 00 
1 :50  pm Sat  Mar 10 00 
1 :54  pm Sat  Mar 10 00 
1:50 pm Sat  Mar 10 00 
l : 5 l  pm S a t  Mar  10 00 
1:51 pm Sat  Mar 10 00 
1:53 pm Sat  Mar 10 00 

1:50 pm Sat Mar 10 00 
1:50 pm Sat Mar 10 00 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
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C .  

bwcc32.1 i b 
cOc. o b j  
cOd32. o b j  
cOd32dyn. o b j  
cOd32x. o b j  
c0dc .ob j  
cod1 . o b j  
c0dm+ob j  
cOds. o b j  
c 0 . F ~ .  ob j 
c0-Fh.obj 
cOx32w.obj 
c c . l i b  
c h . 1 i b  
c1 . l i b  
c m . l i b  
c r t l d l l  . ‘ l i b  
c s . l i b  
c t . l i b  
cw32.1 i b 
cw32 i .  1 i b 
cw32mt. 1 i b 
cw32mti . l  i b 
cwc. 1 i b 
cwl . l i b  
cwrn. 1 i b 
cws. 1 i b  
mswsoc k. 1 i 11 
noeh32.1 i b 
noehc . 1 i k 
n o e h h . l i b  
noeh l  .1 i b 
n o e h m . l i b  
n o e h s . l i b  
noehwc. 1 i b 
noehw i . ’ l i b  
neehwm. I .i b 
noehws. 1 .i b 
o b s o l e t e , l  i b 
ole2w16.1 i b  
01 eZw32.9 i b 
o v e r l a y . 1 i b  
r p c e x t r a .  1 i b 
t h 3 2 . l i b  
~ 3 2 s u t 1 6 ~ 1  i b 
w32su t 3 2 . 1  i b 
cOf1  . o b j  
c0 fm.ob j  
c0fs.obj 
c0ft.obj 
c0h .ob j  
cO1- o b j  
c0m.obj 
C O S .  o b j  

2,048 by tes  
2,4,16 by tes  
1,983 by tes  
1,989 by tes  
1,892 by tes  
I . ,  749 by tes  
1,942 by tes  
1,776 by tes  
1,775 by tes  
2,441 b y t e s  
2,314 by tes  
1,741 b y t e s  

450 560 by tes  
454,656 b y t e s  

443,392 bytes 
237 568 by tes  
434,176 by tes  
290,1316 bytes 
713,728 by tes  
179,200 by tes  
74413,032 by tes  
183,1308 by tes  
441,856 by tes  
472,064 by-tes 
434,688 by tes  
420,864 bytes 

2,048 by tes  
2,560 bytes 
1,536 by tes  
1,536 by tes  
1,536 by tes  
1,536 by tes  
1,536 by tes  
1,536 by tes  
1,536 b y t e s  
1,536 by tes  
1,536 b y t e s  
1,024 bytes 

30,720 bytes 
40,448 by tes  
16,384 by tes  

2,048 by tes  
1,024 by tes  
1,024 b y t e s  
1,0211 b y t c s  
2,448 by tes  
2,542 by tes  
2,534 by tes  
2,221 by tes  
2,314 by tes  
2,423 by tes  
2,542 by tes  
2,534 by tes  

4.60 288 bytes 

5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02  am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02  am 
5 : 0 %  am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5 : O Z  am 
5:02 am 
5:OZ am 
5:02 am 

Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 2 5  97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue M a r  25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Pue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
f u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
7ue Mar 25 97 
Tue Mar 25 97 
Pue Mar 25 97 
l u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
i u e  Mar 25  97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 2 5  97 
Tue Mar 25 97 
l u e  Mar 25 97 
Tue Plclr 25 97 
Tue Mar  25 97 
l u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
-rue Mar 25 97 
-rue Mar 25 97 
Tue Mar 25 97 
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c o t  . o b j  
cOw32. o b j  
cOw32w.obj 
c0wc.obj  
cowl . o b j  
c0wm.obj 
cows. ob j 
cox32 . o b j  
d e f a u l t . d e f  
emu. 1 i b 
fp87.1 i b 
i m p o r t  . 1 i b 
impor t32 .1  i b 
i n e t  .l i b 
mathc.1 i b 
mathh. 1 i b 
math1 . l i b  
ma thm. l i b  
maths.  1 i b 
mat hwc. 1 i b 
mathwl .1 i b 
mathwm. 1 i b 
mathws. 1 i b 
msex t ra .  1 i b 
32BIT 
COMPAT 
STARTUP 
16BIT 

2 , 22 1 b y t e s  
1,739 b y t e s  
1,745 by tes  
2,037 b y t e s  
2,184 by tes  
2,068 by tes  
2,063 by tes  
1,716 by tes  

249 by tes  
16,896 by tes  
4,608 by tes  

114,176 b y t e s  
468,480 by tes  

17,408 .bytes 
35,328 by tes  
33,792 b y t e s  
35,840 by tes  
34,816 by tes  
34,816 by tes  
36,864 b y t e s  
39,424 b y t e s  
36,352 b y t e s  
36,352 b y t e s  
27,136 b y t e s  

<DIR> 
<D I R> 
< D I  R> 
<DIR> 

E : \ DL\ DEVTOOLS\ L I 8\32 B I T  
<DIR> 

. .  <DIR> 
f i  1 e i  nfo. o b j  183 b y t e s  
f i  les  .c 1,383 b y t e s  
f i  les2 . c  2,263 b y t e s  
gp. o b j  819 b y t e s  
m a t h e r r .  c 5,402 b y t e s  
m a t h e r r l  . c 5,013 b y t e s  
w i l d a r g s . o b j  . 234 b y t e s  

E : \DL\DEVTOOLS\LI B\COMPAT 
<DIR> 
<DIR>  

e d i t s . o b j  2,686 b y t e s  
frame1 i n . o b j  1,305 b y t e s  
uwlrnathd.obj 11,849 bytes  
owlmath l  . o b j  11,849 b y t e s  
s e t  jmp . ob j 268 b y t e s  
swapst . o b j  733 by tes  
swndobjd.obj  125,892 b y t e s  
swndobj l  . o b j  123,264 b y t e s  
s y s i n t . o b j  3,520 b y t e s  
t grmv . ob j 862 b y t e s  
t t p r v l  ns . o b j  1,074 by tes  

5:02 am Tue Mar 25 ,97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue M a r  25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar  25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
151  pm Sat  Mar 10 00 
1 : 5 1  pm Sat  Mar 10 00 
1:51 pm Sat Mar 10 00 
1:51 pm Sat Mar 10 00 

1:51 pm Sat  Mar 10 00 
1:51 pm Sat  Mar 10 00 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 

1:51 pm 
1:51 pm 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 

Sat  Mar 10 00 
Sat Mar 10 00 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue M a r  25 97 
Tue Mar 25 97 
Tue Mar  25 97 
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t v c u r s o r  , ob j  1,054 bytes 5:02 am Tue Mar 25 97 
tvexposd . o b j  1,4'19 b y t e s  5:02 am Tue Mar 25 97 
tvwri t c .  o b j  1,641 b y t e s  5:02 am Tue Mar 25 97 
v e r s i o n d , o b j  448 b y t e s  5:02 am Tue Mar 25 97 
vers ion1  . o b j  it94 b y t e s  5:02  am Tue Mar 25 97 

E : \ DL\ DE:VT001-S\ LT B\STARTUP 

b;i 1 dc0. b a t  2,379 bytes 
c0  - asm 26,351 b y t e s  
cod. asm 1G,055 bytes  
cow. asm . 13,183 b y t e s  
r u l e s .  a s i  18,I352 b y t e s  

<:D I R> 
eDIR3 

E:\Dt.\DEVTOOLS\LTB\16BIl" -<o I R> 
. .  *<DIR> 
F i  1es.c 1,464 bytes 
f s ' l es2 .c  1,100 b y t e s  
n ia ther r .  c 5,758 b y t e s  
mather r l  . c 5,3  7 1 bytes 
w i  1 dargs  . a b j  242 bytes 

E :  \DL\DEVTOOLS\HELP 
< D I R 3  

. .  <DIR>  
b c t o o l  s . h l  p 246,733 b y t e s  
bcdos.  h l  p 255,735 b y t e s  
bc5main.hlp 35,110 b y t e s  
bc5niai n . g i  d 8,623 b y t e s  
bcdos . g i  d 33,234 b y t e s  
b c t  001 5 .  y i d 16,826 b y t e s  

E: \DL\UEVTOOLS\INCLVDE 
<DIR> 

. f  <DIR> 
xcmcms,xt . h 136 b y t e s  
-- d e f s .  h 4,689 bytes 
-_ .nfile.h - 373 b y t e s  
- n u l l  .h * 572 b y t e s  
accc t r l  . h 922 bytes 
ac l  api  h 120 b y t e s  
a1 g o r i  t h .  h 109,292 bytes 
al1oc.h 5,340 liytes 
d l  p h E l O ~ l S .  11 124 byte; 
a s s e r t .  ti 1,786 b y t e s  
ata1kwsh.h 124 bytes 
d v i  cap .  h 30,009 b y t e s  
base typs .  h 124 b y t e s  
ticd. h 11,305 b y t e s  
wind0wsx.h 94 b y t e s  
w i  nerror. h 203,089 h y t e s  
w-i ng . h 2,330 b y t e s  

1 :51  pm S a t  Mar 10 00 
1:51 pm S a t  Mar 10 00 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 

1:5X pm S a t  Mar 10 00 
1:51 pm S a t  Mar 10 00 
5:02 am Tue Mar 25 97 
5:02 am l u e  Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am T'ue Mar 25 97 

1:51 pm S a t  Mar 10 00 
1:51 pm S a t  Mar 10 08 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
2 :23  pm Tue Feb 2 99 
2 9 2  pm 'rue Feb 2 99 
2:22 pm Tue Feb 2 99 

1:51 pm S a t  Mar 10 00 
1:51 pm S a t  Mar 10 00 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar ,25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5 : 0 2  am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5 : O Z  am Tu? Nar 25  97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am .Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5 :02  am Tue Mar 25 97 
5:OZ am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
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wingd i  . h 120 b y t e s  
w i n i o c t l .  h 124 b y t e s  
w i  nmem32. h 125 b y t e s  
winnetwk.h 124 b y t e s  
w i  n n l  s . h 120 b y t e s  
w inn ls32 .h  3,198 b y t e s  
w i n n t .  h 118 b y t e s  
w i  n p e r f .  h 122 b y t e s  
w i  n r e g  . h 120 b y t e s  
w i  n r e s r c .  h 53,541 b y t e s  
w i  nsock. h 33,776 b y t e s  
winsock2.h 94,140 b y t e s  
w i  nspool  . h 124 b y t e s  
s v r a p i  . h 47,122 b y t e s  
systypes . h 817 b y t e s  
t a p i  . h 128 b y t e s  
t c h a r .  h 28,197 b y t e s  
t ime .h  3,987 b y t e s  
t l  help32.  h 136 b y t e s  
t n e f .  h 128 b y t e s  
too lhe1p.h 125 b y t e s  
t o o l h e l p . i n c  8,916 b y t e s  
t r e e .  h 40,367 b y t e s  
t s p i . h  * 128 b y t e s  
t y p e i  n f o .  h 1,996 b y t e s  
un knwn. h 132 b y t e s  
u t i 1  i t y .  h 4,240 b y t e s  
u t ime .  h 1,860 b y t e s  
Val ues. h 1,765 b y t e s  
search. h 1,614 b y t e s  
sehmap. h 557 b y t e s  
s e t ,  h 14,592 b y t e s  
s e t  jmp. h 1,883 by tes  
setupapi  . h 102,381 b y t e s  
share.  h 735 b y t e s  
she l1ap i .h  94 b y t e s  
sh1guid.h 4,786 b y t e s  
s h l  o b j  . h 132 b y t e s  
signal . h 2,027 b y t e s  
smpab.tr ' 130 b y t e s  

. smpms.h 130 b y t e s  
smpxp . h 130 b y t e s  
snmp. h 116 by tes  
spo rde r  . h 122 by tes  
s t a c k .  h 4,666 b y t e s  
mcx. h 126 b y t e s  
mem. h 5,395 b y t e s  
memory. h 14,057 b y t e s  
mgmtapi . h 122 by tes  
m i  d l  es . h 120 b y t e s  
mmreg . h 118 by tes  
mmsystem. h 155,068 by tes  
mmsystem.inc 60,237 b y t e s  
moni k e r .  h 92 b y t e s  

5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02  am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 

Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue M a r  25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
T u t  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tuc Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
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rnsacm. h 
msacmdl g . h 
msfs. h 
tnspab. ti 
mspst . h 
insvi d d r v .  h 
msvi deo. h 
v a r a r g s .  h 
v a r i a n t .  11 
v c r ,  h 
vdmdbg . h 
vector.  h 
ver.h 
vfw. h 
w32sut.  h 
wdbgexts.  h 
wfext  . h 
wi nbase .  h 
w-i ncon.  h 
wi ncrypt  . h 
windef .h  
windows . h 
windows.inc 
s t d a r g  . h 
s tdcomp.  h 
stddef . h 
s t d d e f s .  h 
s t d e x c e p . h  
s t d g e n .  h 
s t d i  0. h 
s t d i  ostr. h 
s td l  i b .  h 
s tdmutex h 
stdwi nd .  h 
s t o r a g e .  h 
s t r e s s  h 
s t r i n g .  ti 
s t r s t r e a .  h 
s v c g u i d .  h 
reconci I , h 
ref .  h 
regexp.h 
regstr .  h 
ri chedi t h 
ri chol e .  h 
r p c .  h 
rpctlce.  h 
rpcdce2.  h 
rpcclcep. h 
r p c n d r  + h 
rpcnsi . h 
rpcnsi p .  h 
r p c n t e r r . h  
rpcproxy . h 

ROM-BOS d i  r e c t o r i e s  

58,547 byte!; 
124. b y t e s  
928 b y t e s  
130 b y t e s  
130 b y t e s  
124 b y t e s  

:b2,008 b y t e s  
938 b y t e s  

92 b y t e s  
1.26 b y t e s  
1.20 b y t e s  

33,059 b y t e s  
85 b y t e s  

140,054 byl:@'s 
2,1.40 bytes  

136 bytes  
09 bytes  

122 b y t e s  
120 bytes 

13 4.02 b y t e s  
7,736 bytes 

I57 b y t e s  
66,650 b y t e s  

917 b y t e s  
34,095 bytes  

9,500 bytes  
6,604 b y t e s  
4,767 b y t e s  
4,:114 b y t e s  

20,553 bytes 
2,272 by.tes 

24,876 b y t e s  
6 ,693 b y t e s  
7,253 bytes 

92 b y t e s  
121 b y t e s  

80,737 bytes  
4,657 b y t e s  

122 bytes  
136 b y t e s  

2 ,393 b y t e s  
2 , 566 bytes  

132 bytes  
29,965 b y t e s  

134 b y t e s  
172 bytes  
120 bytes  
1 2 2 by t e s 
122 bytes  
1.85 bytes 
120 bytes  
122 bytes  
124 bytes  
124 bytes  

13 

5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:  02 arn 
5:02 am 
5:02 am 
5:b2 am 
5:02 am 
5: 02 am 
5:02 am 
5:02 am 
5:02 am 
5:0% am 
5:0% am 
5:02 am 
5:02 am 
5:02 am 
5:0% am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:0% am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5302 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 atn 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 

Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
T u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
7ue Mar 25 97 
7ue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25.97 
l u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
'rue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
'rue Mar 25 97 
rue Mar 25 97 
Tue Mar 25 97 



scode. h 
mswsock. h 
nb30. h 
nddeapi . h 
nddesec. h 
new. h 
nspapi  . h 
n t s d e x t s . h  
numer ic .  h 

, o a i d l  . h  
o b j  base. h 
o b j i d l  .h  
o c i d l  . h 
o1e.h 
o l  e l c l  s .  h 
o l e 2 . h  
ole2dbg. h 
w i  nsvc.  h 
w i n t r u s t .  h 
w i  nuser .  h 
w i  n v e r  . h 
w i  nwl x .  h 
wownt 16. h 
wownt32 + h 
ws2atm. h 
ws2spi .  h 
w s 2 t c p i p . h  
wsh iso tp .  h 
wsipx.h . 
wsnetbs. h 
wsnwl ink.  h 
wsvns. h 
wsvv. h 
wtypes. h 
xcmc. h 
xcmcext . h 
xcmcmsx2.h 
b i 0 s . h  
b i  t s e t .  h 
b i v b x . h  
bwcc ..h 
c d e r r  . h 
c g u i d . h  
checks.h 
cob jps .  h 
cogui  d. h 
c o l  o r d l  g. h 
commctrl  . h 
commdl g . h 
complex. h 
c0mpnent.h 
compobj h 
con io .  h 
d v o b j .  h 

88 bytes 
4,228 bytes 
116 bytes 
122 bytes 
122 bytes 

2,059 bytes 
120 by tes  
124 bytes 

7,608 bytes 
197,688 bytes 
30,607 bytes 

200 bytes 
244,801 bytes 

84 bytes 
123 bytes 
143 bytes 
123 bytes 
120 by tes  

11,279 bytes 
122 bytes 
120 bytes 
132 bytes 

4,644 bytes 
9,891 bytes 

120 bytes 
18,641 bytes 

124 bytes 
3,503 by tes  
2,171 by tes  
2,296 by tes  
9,543 bytes 
1,289 bytes 
116 bytes 

30,031 bytes 
128 by tes  
134 bytes 
136 by tes  

5,383 by tes  
18,074 by tes  
8,250 bytes 
4,894 by tes  

88 by tes  
118 by tes  

8,808 bytes 
121 bytes 
121 bytes  
95 bytes 

81,049 bytes 
92 by tes  

50,132 by tes  
2,606 by tes  

92 by tes  
8,848 bytes 

88 bytes 

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02  am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25  97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
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errno. h 
e r r o r .  h 
e x c e p t .  h 
exchext  . h 
exchform,h 
e x c p t .  h 
f c n t l  .h 
f l o a t .  h 
f s t  ream. h 
f t s i f a c e . h  
f unc t i on .  h 
g e n e r i  c . h 
graphi  cs ,  h 
httpext . h  
h t t p f i  1 t h 
ol  e 2 v e r .  h 
01 eauto .  t i  
01 e c t l  . h 
o l  e c t l  i d  h 
o l  ecll y . h 
01 egu i  c l .  t i  
o l e i d l  . h  
o l e n l s .  h 
p b t .  h 
pcrt32. h 
pdh. h 
pdhnisg . h 
pd kver. h 
penwi n. h 
genwoem. h 
p l  an32. h 
i d P . h  
imageh1p.h 
ime.h 
i tr iessage. h 
imm. h 
i n i t g u i  d. h 
i n i  t o i d .  h 
i n t s h c u t .  h 
i o . h  
i omani 11. h 
io.5tream. h 
i sguids.  h 
i t e r a t a r .  h 
1 i m i  t s  . h 
1ist.h 
Im. h 
drle . h 
dcfeml . h 
dcfraw. h 
dcqi1e.h 
' d i  gl' t a  I v . h 
r l i r .h  
d i r e c t  . h 

4,915 b y t e s  
130 b y t e s  

2,125 by tes  
134 b y t e s  

1,835 b y t e s  
12,585 by tes  
2,649 by tes  
5,907 b y t e s  
6,612 by tes  

136 b y t e s  
9,790 by te5  
1,884 b y t e s  

16,893 b y t e s  
322 by tes  
124 by tes  
92 by tes  

33 , 256 by tes  
90 b y t e s  

7,072 b y t e s  
132 b y t e s  
123 by tes  
132 by tes  
121 by tes  
12 6 b y t  E! s 
132 b y t e s  
114 b y t e s  
120 b y t e s  
132 b y t e s  

106,710 by tes  
123 b y t e s  
132 b y t e s  
126 b y t e s  

23,680 b y t e s  
8,027 by tes  

136 b y t e s  
126 bytes 

1,481 by tes  
134 b y t e s  
336 bytes 

7,260 b y t e s  
5,124 b y t e s  

35 , 952 b y t e s  
134 b y t e s  

22,157 b y t e s  
36,900 by tes  
24,458 bytes  

112 b y t e s  
84 b y t e s  
88 I3ytcs 

102,393 bytes 
3 0 , 683 b y t e s  
37 , 738 bytes  

5 , 3 97 b y t e s  
1,255 b y t e s  

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am l u e  Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am ?ue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tug Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am 1-ue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am T'ue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am 'rue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am 'rue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tye Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am 'rue Mar 25 97 
5:02 am 'rue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02  aiii Tue Mar 25 97 
5:02 am l u e  Mar 25  97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue.Mar 25 97 
5:02 am Tue Mar 25 97 
5:02  am Tue Mar 25 97 
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d i  r e n t .  h 
d i  spatch.  h 
d i s p d i b - h  
d l  cap i  . h 
d1gs.h 
dos. h 
d p l a y ,  h 
d r i v i n i t .  h 
dsound. h 
cons t rea .  h 
c p l  . h 
c p l  e x t  . h 
c s t r i  ng . h 
c t l 3 d . h  
c t y p e .  h 
c u s t c n t l  . h 
d3d. h 
d3dcaps. h 
d3drm. h 
d3drmdef. h 
d3drmobj. h 
d3drmwi n. h 
d3dtypes h 
dbdaoi d. h 
d b t  . h 
lmaccess. h 
lma l  e r t  . h 
1 ma p i  bu f . h 
l m a t .  h 
maudi t . h 
mbrowsr. h 
mchdev. h 
mconf i g . h 
mcons. h 
merr .  h 
m e r r l  og . h 

lmmsg. h 
lmremut l  . h 
1 mrepl  '. h 
1 mserver.  h 

. 1mshare.h ' 
poppac k .  h 
p r i n t .  h 
process.  h 
p r s h t .  h 
pshpackl  . h 
pshpack2. h 
pshpack4.h 
pshpack8.h 
queue, h 
random. h 

r a s d l  g. h 
r a s e r r o r .  h 

. r a s . h  

ROM-DOS d i  r e c t o r i e s  

3,790 b y t e s  
94 b y t e s  

11,214 b y t e s  
120 b y t e s  
86 b y t e s  

26,973 b y t e s  
10,993 b y t e s  

94 b y t e s  
13,434 b y t e s  
6,218 b y t e s  

84 b y t e s  
132 b y t e s  

35,660 b y t e s  
2,712 b y t e s  
7,687 b y t e s  

94 b y t e s  
18,648 b y t e s  
13,605 b y t e s  
5,566 b y t e s  

14,250 b y t e s  
32,528 b y t e s  

1,336 b y t e s  
32,113 b y t e s  

122 b y t e s  
126 b y t e s  
124 b y t e s  
122 b y t e s  
124 b y t e s  
116 b y t e s  
122 b y t e s  
124 b y t e s  
122 b y t e s  
124 b y t e s  
120 b y t e s  
118 b y t e s  
124 b y t e s  
118 b y t e s  
124 b y t e s  
120 by tes  
124 b y t e s  
122 b y t e s  

1,138 b y t e s  
119 b y t e s  

8,482 b y t e s  
13,029 b y t e s  

1,088 bytes 
1,088 b y t e s  
1,214 b y t e s  
1,212 b y t e s  
6,296 by tes  
3,563 by tes  

124 by tes  
120 by tes  
124 b y t e s  

16 

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar.25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 75 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25  97 
5:02 am Tue Mar 25 97 



r a s s a p i  . ft 
r a s s h o 5 t . h  
recgui ds . h 
mapi fo rm.  h 
mapi y u i  r l .  h 
tnapi hook h 
mapi n l  s . h 
mapi o i  d. t i  
mapi s p i  . t i  
mapi tags  + h 
mapi u t i  1 . h 
map iva l  ,h 
map i w i  n . h 
map iwz+h  
map ix .h  
math . h 
mbctype. h 
mbstring. h 
mci  a v i  . h 
lmsname. h 
l m s t a t s .  h 
lmsvc .  h 
lmuse. h 
l m u s e f l  g h 
1 mwks t a. 11 
1 a a d p e r f . h  
1 oca1 e.  h 
1 s a p i  . h 
l zexpand ,h  
mal 1 oc . h 
map. h 
map i .  h 
mapicodeoh 
mapidby.h 
niapi defs h 
WIN1.6 
WIN32 
SYS 

122 b y t e s  
124 b y t e s  
136 b y t e s  
136 b y t e s  
136 b y t e s  
136 b y t e s  

6,971 b y t e s  
134 b y t e s  
134 b y t e s  
136 bytes 

30,879 by tes  
I34 b y t e s  

15,971 b y t e s  
13 2 t3y t e s  
I30 b y t e s  

12,‘193 b y t e s  
2,960 b y t e s  
7,O 15 bytes  

120 b y t e s  
122 b y t e s  
122 b y t e s  
118 b y t e s  
118 b y t e s  
124 b y t e s  
122 b y t e s  

1,446 b y t e s  
3,438 bytes 

118 b y t e s  
94  b y t e s  

3,835 bytes 
16,755 b y t e s  

128 by te5  
10,606 b y t e s  
24,915 b y t e s  

104,039 byte5 
XD I R> 
<DE Fi:. 
<D I R> 

E : \DL\DEVTOOLS\ I NCLUDE\W IN 16 
* .  . <DIR> 

. .  4 I U J  
cder r  . t i  1,584 b y t e s  
c o b j p s .  h 2,420 bytes 
cogui  d .  ti 3,111 b y t e s  
c o l  o r d l  g . h 1,103 b y t e s  
comrndl g . h 12,600 by tes  

cp l  . h  5,948 b y t e s  
c u s t c n t 1 , h  10,383 b y t e s  

ddeml . h 15,942 h y t e s  
d-i spa tch .  h 46,285 b y t e s  
d1gs.h 5,646 h y t e s  

compobj . h 34.,262 bytes 

dde. h * 5,1341 bytes  

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue M a r  25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Sue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 99 
5:0% am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:0% am Tue M a r  2 5  97 
5:0% am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Pue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Vue Mar 25 97 
1:52 pm Sat  Mar 10 00 
1:52 pin Sat Mar 10 00 
1:53 pin Sat Mar 10 00 

1:52 pm 
1:52 pm 
5:02 am 
5:02 am 
5:02 am 
5 : O Z  am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 

Sat Mar 10 00 
Sa t ,  Mar 10 00 
Tue Mar 25 97 
Tue Mar 25 97 
‘rue Mar 25 97 
Tue Mar 25 97 
Sue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
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d r i v i n i  t . h 
dvob j .  h 
i n i  t g u i d .  h 
1 zexpand. h 
t o o l  h e l p .  h 
v a r i a n t .  h 
ve r .h  
w f e x t .  h 
windows. h 
w i  ndowsx. h 
w i  nmem32. h 
moniker .  h 
o1e.h'  
o l  e l c l  s. h 
ole2.h 
01 eZdbg, h 
01 e2ver.  h 
o l e c t l  .h 
o l e g u i d .  h 
o l e n l s .  h 
penwi n. h 
penwoem. h 
p r i n t . h  
scode. h 
s h e l l a p i  . h  
s to rage .  h 
s t r e s s .  h 

57 b y t e s  
16,277 b y t e s  

1,382 b y t e s  
3,631 b y t e s  

14,609 b y t e s  
10,475 b y t e s  
9,360 b y t e s  
2,914 b y t e s  

159,388 by tes  
68,391 by tes  

1,383 by tes  
9,381 by tes  

25,532 b y t e s  
6,553 b y t e s  

44,686 b y t e s  
. 516 by tes  

256 by tes  
43,472 by tes  

3,855 by tes  
22,377 b y t e s  
26,491 by tes  

2,680 b y t e s  
11,203 b y t e s  
10,763 by tes  
2,870 b y t e s  

13,289 b y t e s  
1,909 b y t e s  

E: \DL\DEVTOOLS\INCLUDE\WIN32 

& c t r l .  h 
a c l  a p i  . h 
a1 phaops . h 
a t a l  kwsh. h 
basetyps : h 
c d e r r .  h 
cguid.h 
c o l  o r d l  g . h 
comndl g. h 
compobj . h 
c p l  .h 
c p l  e x t  . h 
c u s t c n t l  . h 
dbdaoi  d .  h 
d b t .  h 
dde. h 
mapi t ags .  h 
mapiva l  . h 
mapi wz. h 
mapi x .  h 
m c i a v i  . h 
mcx. h 
mgmtapi , h 

ROM-DOS d i  r e c t o r i  es 

<DI R> 
<DIR> 

8,779 b y t e s  
14,236 b y t e s  
43,125 b y t e s  

5,702 b y t e s  
9,173 b y t e s  
2,236 b y t e s  
3,536 b y t e s  
1,471 b y t e s  

28,283 by tes  
552 b y t e s  

8,399 by tes  
2,199 b y t e s  
8,578 b y t e s  
5,110 b y t e s  

10,861 b y t e s  
5,254 by tes  

68,479 b y t e s  
90,211 b y t e s  

2,018 by tes  
28,872 b y t e s  

3,028 by tes  
3,954 by tes  
5,354 by tes  

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5 : 0 2  am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25  97 
5 : W  am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5 : 0 2  am Tue Mar 25 97 
5 : 0 2  am Tue Mar 25 97 
5:02 am Tue Mar 25 97 

1:52 pm Sat Mar 10 00 
1:52 pm Sat Mar 10 00 
5:02 am Tue Mar 25 97 
5 : 0 2  am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25  97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5 : 0 2  am Tue Mar 2 5  97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 2 5  97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
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m i  cil es . h 
mmreg . h 
rnuni ke r .h  
rnsacrndlg . h 
msfs. h 
rnspab. h 
m s p s t .  h 
msv i  d d r v .  h 
nh30. h 
ddeml + h 
d.i s p a t c h  e h 
d’l c a p i  . h 
d1gs.h 
d r i v i n i t  h 
d v o b j  * h 
e r r o r .  h 
e x c h e x t  . h 
f t s i f a c e .  h 
h t t p e x t  . / I  
h t t p f i  1 t . h 
i d f . h  
i tnessaye. h 
imm.  h 
i n i t o  i cl . h 
i n t s h c u t . h  
pd k v e r .  h 
p l  an32. h 
r a s .  h 
r a s d l  y + h 
r a s e r r o r  h 
r a s s a p i  .h 
r a s s h o s t , h  
r e c g u i d s . h  
r e c o n c i  1 . h 
r e g s t r .  h 
r i c h o l  e .  h 
r p c .  h 
r p c d c e .  h 
rpcdce2 .  h 
rpcdcep - h 
r p c n d r .  h 
nddeap i  .h 
nddesec . h 
nspap i  . h 
n t s d e x t s ,  h 
nhjcrror  . t i  
o b j i d l  . h  
0 l c . h  
o l e 2 . h  
01 e 2 v e r .  h 
o l e c t l  . h 
01 edl g . h 
o l e i d l  .h  
p b t  . h 

6,243 b y t e s  
69,352 .byte:; 

552 b y t e s  
1,068 b y t e s  

2,182 b y t e s  
5 , 016 b y t e s  
4,720 b y t e s  

:12,935 byte!; 
:l7,907 b y t e s  

554 b y t e s  
:34.,039 b y t e s  

5,731 b y t e s  
32 b y t e s  

502 b y t e s  
14,376 b y t e s  
30,638 b y t e s  

6,828 b y t e s  
7 ,880  b y t e s  

12,754 b y t e s  
8 , 4 3 9  b y t e s  

20 , 673 b y t e s  
3.,50G b y t e s  

15,l51 b y t e s  
1.20 b y t e s  
SI15 b y t e s  

.32,425 by tes  
6,628 b y t e s  

18,260 b y t e s  
10,676 b y t e s  
4,725 b y t e s  

606 b y t e s  
5,638 b y t e s  

GO ,367 byi:es 
6,713 b y t e s  
2,282 by tes  

4% ,096 b y t e s  
4,480 b y t e s  
5l,717 b y t e s  

76,998 b y t e s  
14,759 b y t e s  
3 I50 b y t e s  

19,062 b y t e s  
1,!j68 b y t e s  

340 bytcs 
331,556 h y t e s  

25,1306 b y t e s  
12 ,!xi5 b y t e s  

664 b y t e s  
20 , 592 by-tcs 
74,840 by-tes 

159,861 h y t e s  
1,4,48 b y t e s  

:17 , 168 byte!; 

i 2  , 922 b y t e s  

5:02  am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5: 02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 atn 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:0% am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:0% am 

Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25  97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Pue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
l u e  Mar 25 97 
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p c r t 3 2 .  h 
pdh. h 
pd hmsg . h 
t 1 he1 p32. h 
t n e f .  h 
t s p i  . h 
un knwn . h 
v a r i a n t .  h 
v c r .  h 
vdmdbg . h 
v e r . h  
wd bgex t  s . h 
w f e x t .  h 
w i  nbase. h 
w i  ncon. h 
w i  ndows. h 
wind0wsx.h 
w i  ngdi  . h 
w i  n i  o c t l  . h 
r p c n s i  . h 
r p c n s i  p. h 
r p c n t e r r .  h 
r p c p r o x y  . h 
sc0de.h 
scrnsave.h 
she1 1 a p i  . h 
shl  o b j  . h 
smpab. h 
smpms . h 
smpxp. h 
snrnp. h 
spo rde r .  h 
s to rage .  h 
svcgu i  d. h 
t a p i  . h 
lmserve r .  h 
1mshare.h 
1msname.h 
l rns ta ts .  h 
lrnsvc. h 
lmuse. h 
l m u s e f l  g .  h 
lmwksta. h 
1 sap i  . h 
1 zexpand. h 
mapi .  h 
mapi form. h 
map1guid.h 
mapi hook. h 
mapi o i  d. h 
mapi s p i  . h 
xcmcmsxt.h 
i sguids.  h 
1m.h 

1,534 b y t e s  
16,379 b y t e s  
8,370 b y t e s  
6,323 b y t e s  

14,339 b y t e s  
41,881 b y t e s  

9,523 b y t e s  
513 b y t e s  

20,278 b y t e s  
13,620 b y t e s  

193 b y t e s  
13,515 b y t e s  
6,570 b y t e s  

155,355 b y t e s  
14,820 b y t e s  
6,901 b y t e s  

73,354 b y t e s  
147,988 b y t e s  
30,577 b y t e s  
14,693 b y t e s  

1,215 b y t e s  
1,569 b y t e s  

17,162 b y t e s  
292 b y t e s  

8,778 b y t e s  
16,941 b y t e s  
95,124 b y t e s  

1,272 b y t e s  
1,931 b y t e s  
3,817 b y t e s  

17,065 b y t e s  
2,008 b y t e s  

513 b y t e s  
16,218 b y t e s  

150,324 b y t e s  
47,846 b y t e s  
10,539 b y t e s  
3,104 b y t e s  
5,318 b y t e s  

13,439 b y t e s  
3,746 b y t e s  

763 b y t e s  
18,383 b y t e s  
11,839 b y t e s  

1,718 b y t e s  
12,097 b y t e s  
28,479 b y t e s  
11,689 b y t e s  
3,047 b y t e s  
2,837 b y t e s  

47,798 b y t e s  
1,855 b y t e s  

786 b y t e s  
2,025 b y t e s  

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:Q2 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 ' 

5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:07 am Tue Mar 75 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 . 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
5:02 am Tue Mar 25 97 
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ln iaccess,  h 
lrnal e r t  . h 
lmapi b u f .  h 
]mat.  h 
1maudit .h 
Imbrowsr. h 
lrnchdev. 11 
1mconfig.h 
1 mcons h 
l m e r r .  h 
lmcrr l  og a h 
lmmsg . h 
lmremutl h 
lmrepl . h 
wi n n e t w k .  h 
w . i n n 1 s . h  
w i n n t . h  
w i  nperf . h 
wi nreg .  h 
wi nspool . h 
winsvc. h 
wi nuser. 11 
winver.h 
w i n w 3 x . h  
ws2atm. h 
ws2tcpi p I h 
wsvv. h 
xGmc. h 
xcmcext . h 
xcmcmsx2 h 

40,890 bytes 
3,779 b y t e s  
1,362 b y t e s  
3 ,644 b y t e s  

1 0 , 078 byt e s 
6,035 bytes 
5,!507 b y t e s  
1 ,764 b y t e s  
13,343 b y t e s  

3 6,493 by t e s 
38,545 b y t e s  

2 , 1 9 1  bytes 
2,1387 b y t e s  
6,792 b y t e s  

22,778 b y t e s  
39,690 b y t e s  

18% ,386 bytes 
28,345 b y t e s  
14,363 bytes 
52 , /13  b y t e s  
19,110 b y t e s  

192,73 1 b y t e s  

22,022 b y t e s  
16,111 b y t e s  

2 ,677  b y t e s  
1 ,695 b y t e s  

14,242 b y t e s  
2,950 bytes  
I , 263 b y t e s  

9,543 b y t e s  

5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:0% am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 

Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
l u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
l u e  Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
l'ue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 

E: \DL\OEVTOOLS\INCLUDE\SYS 
q D I R >  1:53 pm S a t  Mar 10 00 

. *  q D  I R 4  1:53 pm S a t  Mar 10 00 
7 ocki ny h 618 b y t e s  5:OZ am Tue Mar 25 97 
s t a t .  h 4,068 b y t e s  5:02 am Tue Mar 25 97 
t i  meb . h 849 b y t e s  5:02 am -rue Mar 25 97 
t y p e s .  h 587 b y t e s  5:02 am Tue Mar 25 97 

E :  \DL\DEfVTOOLS\BIN 

bCc32 * c f g  
bcc . exe 
b c r e o t  . i n c  
bcc32 + exc 
h o p n h l  p ,  c f g  
b u i l t i n s . m a k  
b rc .  exc 
brc32.  cxe 
b r c c .  exe 
brcc32.exe  
cw3220. d ' l l  
cpp . exe 

+<DI4R> . "*  1:53 pm S a t  Mar 10 00 
cDIR> - 1 : 5 3  pm S a t  Mar 10 00 

48 b y t e s  6:05 pm T h u  Jan 28 99 
851,968 b y t e s  5:02 am Tue Mar 25 97 

15 b y t e s  7:16 pm Wed Jan 6 99 
700,416 byi.es 5:02 alii Tue Mar 25 97 

5,187 b y t e s  6:04 pin Thu  Jan 28 99 
649 b y t e s  5:02 am Tue Mar 25 97 

47,648 bytes  5:02 am Tue Mar 25 97 
47,648 b y t e s  5:02 am Tue Mar 25 97 
45,600 bytes 5:02 am Tue Mar 25.97 ' . 
76,320 bytes 5:02 am Tug Mar 25 97 

229,376 b y t e s  5:02 am 'rue Mar 25 97 
'159,744 b y t e s  5:02 am Tue Mar 25 97 
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cpp32. exe 159 , 744 by tes  
cw3220mt . d l  1 249,856 by tes  
cw3230. d l  1 303 , 104 b y t e s  
t 1 i n k32. c f g  22 by tes  
t l  i n k .  exe 120,874 b y t e s  
t u r b o c . c f g  48 b y t e s  
t l i n k 3 2 . e x e  233,472 b y t e s  
touch .  com 5,528 by tes  
t r i g r a p h . e x e  16,460 b y t e s  
b c 5 2 0 r t l  . d l  1 229,888 b y t e s  
w i  n s t  ub . exe 578 b y t e s  
ned. c f g  580 b y t e s  
p r o t o .  exe 10,448 b y t e s  
dumpdos , exe 16,218 b y t e s  
hex2bi  n. exe 35,174 b y t e s  
1 oc.  exe 98 , 420 b y t e s  
r w 3 2 c o r e . d l l  654,880 b y t e s  
ned. exe 88,930 b y t e s  
promerge.exe 41,074 b y t e s  
r e c u r s e .  exe 10,386 b y t e s  
r t m .  exe 120,853 by tes  
rw32ui  . d l l  1,380,384 b y t e s  
rwaddon. d l  1 167,456 b y t e s  
rwct 1 s~. d l  1 754,720 b y t e s  
rwdes ign .d l1  458,784 b y t e s  
rwimged.dl1 138,784 b y t e s  
rwi n s p c t  . d l  1 308,256 b y t e s  
r w r e s  . d l  1 187,936 b y t e s  
t l  i n k .  c fg  22 b y t e s  
t asm. exe 134,978 b y t e s  
t dmem . exe 16,752 b y t e s  
t d s  tri p. exe 16,920 by tes  
t d s t r p 3 2 . e x e  45,056 b y t e s  
tdump. exe 184,320 b y t e s  
t l  i b. exe 61,440 b y t e s  
cw3230mt.dl l  319,488 b y t e s  
dpmi 16b i  . o v l  50,576 b y t e s  
dpmi32vm.0~1 58,376 b y t e s  
1 o c a l e .  b l 1  95,246 b y t e s  
grep.com * 98:304 b y t e s  

, h c 3 l . e x e  174,439 b y t e s  
impdef .  ex& 73 , 728 b y t e s  
i mpl i b . exe 90,112 b y t e s  
openhel p. c f g  1,071 b y t e s  
make . exe 86,O 16 b y t e s  
maker . exe 72,088 bytes  
makeswap.exe 35,154 b y t e s  
o b j x r e f  .exe 86 , 0 16 b y t e s  
rl i n k 3 2 .  d l  1 53 , 248 b y t e s  
openhelp.exe 311,296 b y t e s  
r l  i nk.  exe 68,368 b y t e s  
showerr.exe 34,914 b y t e s  
s p l i t . e x e  37,672 b y t e s  
dump. exe 8,014 b y t e s  

5:02 am 
5:02 am 
5:02 am 
6:05 pm 
5:02 am 
6:05 pm 
5:02 am 
4:50 am 
5:02 am 
5:02 am 
5:02 am 
6:51 pm 
4:43 pm 
6:45 pm 
6:OO pm 
6:07 pm 
5:02 am 
6:19 pm 
6:OO pm 
6:OO pm 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
6:05 pm 
4:OO am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 

5:02 am 
5:02 am 
6:05 pm 
5:OO am 
5:02 ani 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
5:02 am 
9:55 am 
6:OO pm 

10:08 am 

2:oo prn 

Tue Mar 25 97 
Tue Mar 25 97 
Tue M a r  25 97 
Thu Jan 28 99 
Tue Mar 25 97 
Thu Jan 28 99 
Tue Mar 25 97 
Thu Nov 17 94 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Thu Jan 28 99 
Mon Feb 1 99 
Thu Jan 28 99 
Thu Jan 28 99 
Thu Jan 28 99 
Tue Mar 25 97 
Thu Jan 28 99 
Thu Jan 28 99 
Thu Jan 28 99 
Tue Mar  25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Thu Jan 28 99 
F r i  May 19 95 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
F r i  Sep 16 94 
Tue Mar 25 97 
Tue Mar 25 97 
Thu Jan 28 99 
Wed Feb 21 96 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Tue Mar 25 97 
Wed Feb 5 97 
Thu Jan 28 99 
Thu Aug 18 88 
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b i  n2c. exe l,JlG bytes 12:09 pm Tue Dec G 88 
32r tm.  exe 152,108 by tes  5:02 am Tue Mar 25 97 

1,084 f . i l e 5  Pound 
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6.1.3 List of Removed Extraneous Functions 

'The following is the list of ROM-DOS external commands that have been removed as 
extraneous, Datalight says that RCIM-BOS follows the standard DOS conventions. 

Externill I3OS 6.3 Comminnds Removed 
Command 
ANSI. S Y S 

CALL 
CHKDSM 
CHOII:I:, 

COMMA. ND 
DEFRACi 

ICEYE 

1)escrip tiorn 
A console device driver that allows support of ANSI codes on the local 
screen. 
A I'CMCtA ATA disk device driver. 
Ilisplays or modifies the attributes associated with a file. 
f3acks up a single directory tree to a floppy drive, hard disk, or network 
dri vc , 
Batch file command. Invokes execution or a secondary batch file. 
Checks the integrity of data 011 a disk. Displays information. 
Allows a user to make a processing choice during the execution of a batch 
file. 
Starts a second DOS command processor. 
Reorganizes fragmented disk files to optimize disk space and system 
perfomlance. 
Deletes one or more directory trees or individual files. 
Copies the contents of one floppy disk to another of the same type. 
Ilisplays international letters and symbols, 
I3atch file command. Turns on or off display of batch execution on the 
rnoni tor. 
Font data files for iise with the International video display driver, 

Enable:; expanded memory support for capable systems. 
lnitializes and partitions a hard disk for DOS. 
Works as a Glter to display only lines that contain a specified string. 
13atch file command. Performs one DOS command on a set of files. 
Initializes a disk so that KOM-DOS can access files on that disk. 
Batch file command. Moves control to a specified line in the batch file. 
Lists all available KOM-DOS commands along with brief descriptions. 
Batch file command, Performs a command based on a specified condition. 
Allows instructions in one configuration block to be included with 
iristruclions in arm1 her configuration block. 
AIIows altering of the keyboard layout for a different language or 
nationa lity . 

Keyboard code page data files for use with the International keyboard 
driver, I<EVB.COM. 



External 110s 6.2 Conmrii:inds Removed 
Command Description 
LABEL 
I,ONGIlIR.EXE 

M U  I> EX 
MEM 
MBNUCXILOR 
MENUIIEFATJLT 

Puf EN1 JIT E M 

MODE 
MORE 
MOVE 
NEWFILE 
NUMLOCK 

PAUSE 
POWER 
PRlNT 
REMY( JI TXXE 
RESTORE 
SHARE 
SIJTFT 
SORT 
STACKDEV.SYS 
SLTBMEN J 
SUBS’]’ 
SYS 
TREE 
TTMBLINKSYS 

VDISK 
VERSION.SYS 
XCOPY 

Creates, changes, or deletes a disk volume label. 
Provides a directory listing of files in a single directory including files 
with long file names. 
E~iables the use of CD-ROM drives. 
1 3  splays the used and free memory in your system. 
AIIOWS setting of text and background colors for the startup menu. 
Sets the default menu-item choice and time-out value For making a 
selection, 
Specifies an item to be placed on the startup menu display during system 
boot. 
Modifies the operation ofthe printer, serial port, and active video display. 
Displays a text file one screen at a time. 
Moves tiles and reimmes files arid directories. 
Allows continuation of CONFIGSYS processing from a new file. 
Sets the IWMLOCK keyboard key to 011 or off when your computer 
starts. 
Batch file command, Causes execution to halt until a key is pressed. 
Conserves power on the system that employs an APM BIOS. 
Prints a list of files, up to ten files. 
Terminates the REMSERV program via the serial connection. 
Restores i les  previously saved with BACKUP to the hard disk. 
Installs the capabilities for file sharing and file locking on your hard disk. 
Batch tile command. Shifts replaceable parameters one position to the left. 
Sorts a text file and displays the output io the standard device. 
Increascs the number of stacks available for IRQ handlers and Intl3 h, 
Defines a menu item that represents a secondary menu. 
Allows one drive to appear as another drive. 
Transfer!; the hidden system fYes to a specified drive. 
Displays the path of each directory on a specified drive. 
A non-protected mode program that can allow the creation of Upper 
Memory Blocks using existing RAM areas. 
Allows the we of memory as a simulated disk driver. 
Modifies the version number ROM-DOS reports. 
Copies multiple files and optionally subdirectories. 

. 



6.1.4 Narrative Regarding Use of All Retained Components 

Only a very iiiiriinial si.ibsel of ROM-DOS was loaded and used. 'The disk image in the 
PROM contains only the following files. 

VolLime i.n dri .ve A has no label 
V o l u r n e  Ser ia l .  Number is 2D69-14D7 
D i r e c t o r y  of A: \ 

IUMBlO COM 54,542 07-22-99 6:22a -- Hidden 
IBMDOS COM 74 07-22-99 6:22a -- Hidden 
COMMAND COM 34,099 07-22-99 6:22a 
AUT0E:XEC BAT 73 11-04-99 9:07a 
HIMEM SYS 5,832 09-22-99 6: 22a 

C O N F ~ C  SYS 85 02-08-00 10:16a 
DATA A'I'T EXE 87,608 01-31-00 1 ~ 0 5 ~  

The BIOS functions and thc DOS services functions, which are invoked by software 
interrupts are retained. 

There are several DOS commands that can be invoked from the coininand tine or a batch 
file. Only I he DOS comrn'mcls intcriial to COMMAND.COM are retained. These are listed in 
the following table, Two MS-DOS internal commands (e.g., CHCP and DRIVPARM ) are not 
in the ROM-DOS list of cornrnaricls and these were tested and found not to be internal ROM- 
DOS commands. 

f-UMI3M.SYS to handle extended memory is also retained as an external DOS command. 



Command 
CXIDTR (also CD) 
CLS 
COPY 
('TTY 
DATE 
DEL 

ERASE 
EXIT 
LOADtJIGI-I 
MKDR 
PATH 

111 R DIliecto ry . 

PROMPT 
RMDR (also RM) 
REN 
SET 
'TIME 

TYPE 
VER 
VERIFY 
VOL 

Description 
Clianges the current directory (also CD). 
Clears all information from the monitor's screen. 
Copies files from one storage location to another. 
Changes the default termiiial interacting with ROM-DOS. 
Displays the date from the system's internal calendar. Allows revision, 
Deletes specified filcs. 
Lists contents of a specified directory. 
Erases specified files (same as DEL). 
Used to exit nested running of ROM-DOS within another program. 
Loads a program into the upper memory area, if available. 
Creates ti new subdirectory. 
Displays current command search path(s), A new path line can be 
specified. 
Resets the appearance of the system prompt line. 
Deletes il specified subdirectory. 
Renames files. 
Sets environment variables and command processor strings. 
Displays current time from the system's internal clock. Also allows 
revision. 
Displays the contents of a text file on the monitor. 
Display:.; current version of ROM-DOS on the monitor. 
Displays the current VERtFY state or sets the VER[FY state to on or off. 
Displays tlie volume label on a disk. 



Internal 110s 6.2 Comimds for use in CONFIG,SYS Retained 
Command Description 
BREAK 
BUFFFXS 
COUNT R.Y 
DEVICE 
DEVTC'EI-IIGH 
DOS 
FCBS 
FILES 

INSTA X L  

LASTIIIIIVE 
REM 
SMELL 

STACKS 
S WITCIHES 

Turns on or off the ability to stop program execution at a non-I/O point, 
Scts the number of' internal data buffers. 
Designates the country code for displays. 
Installs a device driver inlo ROM-DOS. 
Lmds a device into the upper memory area, if available. 
Installs ROfid-DOS into High Memory Area (HMA). 
Specifies the number of File Control Blocks (FCBS) open at one time. 
Sets thc maximum number of Iiles that can be open at one time on the 
system. 
Loads 'Terminate and Stay Resident (TSR) programs during CONF1G.SY S 
processing, 
Sets the nmxinium number of drives. 
A batch file command for identifying non-executing lines. 
Allows sclections of a command interpreter other than 
CIOMMAND.COM. 
Allows for the use of dynamic data stacks to handle interrupts. 
Allows special CONI:IG.SYS file options. 

External 110s 6.2 Commands Retained 
Command Dessriptioa 
HI MEIVf Manages extended memory and the high memory area in a 286,386, PS/2 

system. 



C)M-DOS s tup Parameters 

l'hc ROM-DOS :j&tP parameters are found in the CONF1G.SY S and AUTOEXECBAT 
files listed in the subsequent section. 

If a CC>NFlG.YYS file is not found, ROM-DOS uses the following as default values for 
the following coininaiids (page 13 of IIOM-IJOS User's Guide): 

BREAK = OFF 
BUFFERS = 15 
COUNTRY -- 001 
FCRS = 4 
FILES -= 8 
NUMLOGK = ON 
SHELL .= COMMANll.COM /P /E:128 
STACKS = 0,0 



6.1.6 Listing of C ~ ~ ~ I ~ * ~ Y ~  and AUTOEXEC.BAT Files 

Copies of the CQWFIC3.SYS and AlJTOEXECBAT files used in the computational block 
arc listed as t'ollows. 



6.11.6.1 CONFXC~.SYS Listing 

DEVICE=~HIMIi;M. SYS 

FILES=G;O 
BUFPERS=2 0 
DOS=€I IGH,  UMB 
STACKS==9 ,256  

Docixmented V ersisrn of C NFIG.SY S 

.) Memory manager for extended memory and the High Memory Area (HMA) 
See page 57 of (he ROM-DOS user's guide , 
There is no evidence in the manual that HIMEM performs a memory check 

DE:VIC:E:==HIMEM. SYS 

Maximum number of files that cart be open at one time 
This value can he between 10 and 255 
The default value is FILES-8 (see page 13 of user's guide) 

3 

3 See page 53-54 of the ROM-DOS user's guide 
F 1: LE S == 6 0 

3 Maximum number of internal buffers used to hold file data 
This value can be between 2 and 40. 
The default value is BUFFERS=15 (see page 13 of user's guide) 
See page 3 1-32 ofthe ROM-DOS user's guide 

i 

. Y  

BUFFERS==_? 0 

7 DOS=IIIGH -3 L,oads ROM-DOS into the High Meniory Area (HMA) 

IIOS-IJMB is not documented for ROM-DOS and is apparently the default condition 
!3ec page 47 of the ROM-DOS user's guide 

IIOS-IJMH ..) Allows DOS to load resident programs into upper memory blocks 
(UMBs) with DEVICEHIGH= and LOADHIGH=. [MS-DOS] 

Y 

7 

DOS=J<LGI-I, UMB 

3 Enables the ctyiiatnic use of data stacks 
Argument 1 r= The number of stacks must be between 8 and 64 
Argument 2 = Size of each stack in bytes must be between 32 ancl 512 
Thc delault value is STACKS = @,@ (see page 13 of user's guide) 

3 !See page 83 of the ROM-110s user's guide 
STACKS-9, 2 5 6  



@ECHO (3FE' 

CLS 
PATH==&: \ 
Data _. Att-exe 

:wr DLKCMD=/O: N 

Version of AIJTOEXEC.HAT 

2 (52 Prevents this line from being echoed to the screen. See page 27 of user's guide 
Prevents future lines from being echoed to the screen. See page 47 of user's guide Y 

@ECHO OFF 

7 Sets the environmental variable DIRCMD. See page 79 of ROM-DOS user's guide 
'This LIIR command option causes the fiIes displayed by the directory command 

to be sorted alpha,bt=tically by name. See page 45 of ROM-DOS user's guide 
5 

9 

SET DIRCMD-=/O:N 

Clear the monitor screcn, See page 36 of ROM-DOS user's guide 
CLIS 

7 Sets the path to the disk image in the PROM. See page 72 of ROM-DOS user's guide 
PATH=A: \ 

I Run the a p p l i c a t i o n  program 
Data A t t .  exe __ 



6,1,7 Memory Map Showing Configuration in All Memory 
rc1s 

The memory coni!tiguration is important to understand for system authentication. The 
following information is provided for clarity. 

e h/feaiory IC information 
0 

0 

e 

MEM /B - ROM-DOS mcmory map of the system, which displays each BIOS extension and 
its size 
MEM /C - ROM-DOS memory map of the system, which classifies the memory usage 
M1:M /R - ROM-DOS mrxnory map of the system, which does a raw dump of the memory 
control blocks (MCB) 

The IWM-DOS MEM command is explained on page 64 of the ROM-DOS user's guide. 
The otttlxit redirection command ''>I' is the same as for MS-DOS and is explained on page 9 of 
the ROM-DOS user's guide. 



rable Showing Available Meniory within 3SXi and Potential Memory Map Locations - - --_I--- __-I--- 1__1. 

ADDRESS RANGE PSIZE TFUNCTION 
i bvtes I I 

I___ __ maps for details 

PROM -- A +@ -$1Mx8 ~”-””” SoEke~~l-Mbyt;mernory; Rtmel, AT27C080 1 
PROM --R 5 12kx8 Ijyte-Wide Socket = 5 12-kb e memor = 27F040 

_~_______1_1 

000006~~l?kFI;F 1 O24k User files 

000000 - 07FFFF 5 12k 1 Jser fiies 

sl _____ ___ -__- I_. 

__ -__ 

-I-- -___I_--- 

G indicates option installed in the computational block 



The following memory maps were made with the 1-Mbyte PROM installed on a 3SXi 
board with two 2-Mbyte DRAM ICs installed. Thc system found and booted ROM-DOS from 
the PROM. 

ROM-DOS ItIEM/B output of 3SXi rmning ROM-DOS version 6.22 with 4-Mbyte DRAM 

liOM-TlO5; M E M  v 6 . 2 2  (Revis ion 3.00.1) 
Copyri-ght  (c) 1989-1999 Data l igh t ,  Inc. 

R i . o s  Ekt -ens ion  at COO0:OOOO 32K (32, 768 Bytes) 
B i o s  Extension a t  D O O O :  0 0 0 0  2K (2,048 B y t e s )  

ROM-DOS MEM/C output of 3SXi rumiirtg ROM-DOS version 6.22 with 4-Mbyte DRAM 

ROM-DOS MEM v6.22 (Revision 3 . 0 0 . 1 )  
Copyri .ght ( c )  1989-1939 Datalight, 1:nc. 

Modu 1. E: A d d  re s s S i z e  

HLMEM 0394 : 0 3K ( 3 , 8 2 4  b y t e s )  
CClMMIIN11) O5FC : 0 OK (256 b y t e s )  
COMMAND 0601): 0 3 K  ( 3 , 7 4 4  b y t e s )  
COMMAN 11) 0 6 1% : 0 OK ( 2 4 0  bytes) 

ME M-R - 070E': 0 UK (8,816 b y t e s )  

- - - - s" _" I s- - s - s- -_ - _- - - I - - I - - - - I - - - s .- - I -- I - - 

MEM E<[) 0708: 0 OK (96 b y t e s )  

T o t d : -  u n d e r  I MI3 626K 28K 598K 

Larges t2 execu tab le  program s i z e  598K (612,096 b y t e s )  
L,arges t free iipper memory b l o c k  OK ( 0  bytes) 
ROM-I)OS i s  r e s i d e n t  i n  the h i g h  memory area. 



RBM-I)OS MEMm output of 3SXi running ROM-DOS version 6.22 with 4-Mbyte DRAM 

ROM-DOS M E M  v 6 . 3 2  (Revision 3,00,1) 
Copyright (c) 1.989-1999 D a t a t i g h t ,  1:nc. 

Address S i g  Owner- Size N a m e  
0303:OOOO M 0008 02F8 SD 
05FC:OOOO M O6OE: 0010 C O M M A N D  
060D:OOOO M 060E 0 0 I3A COMMAND 
OGF8:OOOO M O6OE OOOF ' COMMAND 
0708:OOOO M 0710 0006 MEM RD 

0937:OOOO Z 0000 934 8 Free 
070F:0000 M 0'110 0227 MEM-RD - 

The following rrtemory maps were made without the 1-Mbyte PROM installed on a 3SXi 
board with only one 2-Mbyte IIMA M IC: installed. The system found and booted ROM-DQS 
froin the floppy disk. 

~ ~ -~ - ~~~ 

ROM-IUOS MEM/B output of 3SXi w i n g  ROM-DOS version 6.22 with 2-Mbyte DRAM 

ROM-DOS M E M  ~ 6 . 2 %  (Revision 3.00.1) 
C o p y r i q h t  (c) 1989-1.999 D a t a l i g h t ,  Inc. 

Bios Extension at COO0:OOOO 32K (32,768 B y t e s )  



ROM-11)OS MEMK output of 3SXi running ROM-DOS version 6.22 with 2-Mbyte DRAM 

ROM-DOS MEM v6.22 ( R e v i s i o n  3.00.1) 
C o p y r i g h t  (e) '1989-1.999 D a t a l i g h t ,  Inc. 

Module Address S i z e  

H I PI EM 0396: 0 3K (3,824 b y t e s )  
COMMAND 05FE: 0 OK ( 2 56 b y t e s )  
COMMAND O60F:O 3 K  (3,744 b y t e s )  
COMMAN L) 0 6 FA : 0 0 K (240 b y t e s )  
MEM RD 070A: 0 OK (96 b y t e s )  
MEM-RD - 0711: 0 8K (8,816 b y t e s )  

____I I -. - - - _- I - I..-I -- ..-- - . - _ - I - - _ _ _ _  

T o t a l  under 1 ME3 639K 28K 611K 

Largest.. executable program size 611K (625,376 b y t e s )  
Largest- free u p p e r  memory block OK ( 0  b y t e s )  
ROM-DOS i s  resiclent  i n  the high memory area. 

ROM-DOS MEM/R output of3SXi running ROM-DOS version 6.22 with 2-Mbyte DRAM 

ROM-DOS MEM v 6 . 2 2  ( R e v i s i o n  3.00.1) 
C o p y r i q h t  (c) 1989-1999 Datalight, Inc. 

Address Si.g Owner Size Name 
0303:OOOO M 0008 02 FA SD 
0 5 E ' E : O O O O  M 0610 0010 COMMAND 
O G ; 0 F : O @ O @  M 0610 OOEA COMMAND 
O b E ' A :  0000 M 0610  OOOF COMMAND 
O10A: 0000 M 0712 0006 MEM RD 
071 1 :0000 M 0712 0227 
00:39:0000 x 0000 9686 Free 

MEM-RD - 



6.1.8 Intcrru t Vector Locations and Values 

The 256 interrupt vectors are located in the first 1024 bytes [000-31;F] of memory and 
point to interrupt-service routines (ISR) using a 4-byte far address. The interrupt vectors contain 
the SEGhENT:OFFS"T address that execution jumps to following the corresponding interrupt. 
These vectors are stori:d as FAR-pointers, where the 16-bit OFFSET value is stored first in 
mernory followed by the 16-bit SEGMENT value. These 16-bit words are stored with the least 
significant byte (LSB) stored first in memory followed by the most significant byte (MSB)'. 

'These interrupt vectors control prog,ram flow whenever a hardware (IRQ) or software 
(INT) inkrrupt occurs by providing the address for the corresponding ISR, to which execution 
jumps. The last instn.iction the ISR is the interrupt-return instruction, IRIE'T, which pops off the 
stack a far pointer to the locatioii following the last instruction executed before the intempt and 
jumps there. 'Thus, nomial program execution resumes with the next instruction to be processed 
in the absence of the interrupt. Since intenupts unpredictably alter program flow from that 
determined by line-by-line examination, special attention is warranted. This section provides an 
illustrative list of interrupt-vector values from the computational block as an example only. 

The following output is from a stand-alone compiled-version of a Quick Basic program, 
GETVECT.BAS, Since programs often temporarily capture and redirect some interrupts, one 
has to clearly understand these values correspond to the values when GETVECT.EXE rather 
than DATA-ATT.EXE is running. The table contains: 

The vector iiurnber in both decimal and hex 
The address of the location of the first byte of the 4-byte vector in the standard 
SEGMEN'T:OFFSET format 
The jump address is listed as fo'ound in the interrupt vector using the standard 
SEGMENT:BETSET format 
'The jump address is also converted into an offset relative to segment 0 
A brief description of the cause associated with that interrupt vector2 3. 

I* 

o 

-* 

clr 

Note that ihe IRQO-7 internipts overlap some processor interrupts due to historical choices. 

The raw memory dump command, MEM /R, shows that system programs reside below 
05FC:OOOO (OSFCOh). Many intenupts are associated with segment 0089 and point into this 
low-menzory area. COMMAND.COM resides between 05FC:OOOO (5FCOh) and 0708:OOO 
(0708011). The user ~trea (MEM-IXD or GETVECT) resides above 0708:OOO (07080h) in the 
example memory map. This list contains several interrupt vectors captured and redirected into 
the ~tser program (GETVECT.EXE), which point into the user memory area. A few internipt 
vectors paint into the video BIOS located between COO00 and CFFFF hex. Some interrupt 
vectors point into the B[OS image located between FOOOO and FFFFF hex. 

A listing of GETVECT.BAS is also provided. 

I Michael Tishcr and Bruno Jennricfr, PC lntern, Abiicus, page 18, ISBN 1-55755-304, 1996 
Michael 'Tistter and Bruno Jennrich, 1JC Intern, Abacus, page 21-23, ISBN 1-55755-304, 1996 
Frank van Gilluwe, The Undocumented PC, Addison-Wesley, page 282-284, ISBN 0-20 1-47950, 1997 











Cotiipirtutioiral Block Design Uocrmentation Version I .  0 



Computational Block Desigri Docutnentution Version 1.0 



Cimpzrtationtnl Block 12esign Uocumetitation Version I. 0 

Quick B A S I C  program to q e t  t h e  256 interrupt vectors into a file 

OPEN llIvn?ctor.kxtl' for OIJTPUT as #I 
OPEN "Vector.lst" f o r  INPUT as #2 List of I-vector causes 
Cf3.y = 0 I 0 Cause of vector in C$ 
Zero$ = "000000" Zeros t o  a d j u s t  HEX output strings 
HdS = "Vector# Location Jump Addr Abs Addr Cause of Interrupt" 
print #I, Hd$ 
Segment& = 0 
DEE' SEG = Segment& S e t  SEGMENT = 0 f o r  I-vector table 

FOR I = 0 TO 255 Step through all interrupt vectors 
VN$ = Hex$ (I) VNS = Vector number in hex 
ptt = len(VNS) Adjust to 2 hex digits 
i f  M < 2 then 

Q$ = . l .eftS(Zero$, 2-M)+ VNS 
VN$ = (25 

e3ndif 

;r9a = I: .* 4 O f f s e t  o f  1st byte of I-vector 
TIL$ = Vector Location i n  hex 

IWIi I<% = 0 TO 3 ' Read out all 4 bytes of 
E% = J% + K% ' O f f s e t  of I-vector b y t e  
I& (K%) := PEEK(L%) 

NEXT K% 

the I-vector 

~ o t e  integers are stored LSB first  in memory t h e n  MSB 
See Qbasic page 545 PEEK command 

' N o t e  Far-Pointers a re  stored OFFSET f i r s t  in memory and 
SEGMENT second in memory 

I 

I 

I See PC Intern page 18  

Qo$ = HEX$ (Bo&) 
M := LEN (BO$ ) 
IF M < 4 THEN 

US = L E F T S ( Z e r o $ ,  4 
QoS =: QS 

EN13 IF 

OFFSET of interrupt pointer 
SEGMENT of interrupt pointer 

Fix SEGMENT string 
Adjust to 4 hex digits 

I Fix OFFSET string 
Adjust t o  4 hex digits 

M) 4 QoS 

Build Jump address 
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f -$ i= Convext t o  abso lu t e  address  - 1 6  by te s  per segment 
XS == hex$(16*Qs& t Q c ) & )  Absolute address 
M = Len(XS) 
i f  M < G t h e n  

else 

end if 

Adjust t o  6 hex d i g i t s  

AA$ -I I r O : r r  +Left$ (Zeros, 6-M)t  XS 

p$$ = 1'O:rv + X $  

I VCS = Cause of t h e  I n t e r r u p t  f rom the vector  l i s t  file 

line input  # 2 ,  CV$ 
CV$ .= l t r j .m$( ( :VS)  
C f l g  =z 1 ' Cause awai t s  u s e  

i f  C E l g  = 0 t h e n  

enclif 
I;VM$ =: left$ (CVS, 2 )  Vector number 
jA CVN$ = VN$ t h e n  

VC$ = mi.dS (CVS, 6/40) 
C f l g  = 0 Cause  used 

enciif 

I? K 1: NT us ing  " # # # I r ;  1; t a b  ( 5 )  ; 
I? K 1: NT VNS; T A R ( 1 0 ) ;  VL$; T A B ( 2 0 ) ;  JAS; TAB(31); AA$; t ab(4 l ) ;VCS 

YF:INT #1, using "###";:c; tab(5); 
PRINT #I, VN$; T A B ( 1 0 ) ;  VLS;  TAB(20) ; JAS; TAB(31) ; An$; t a b ( 4 l )  ;VC$ 

NEXT I 

s t o p  
end 



'The flow of information into and out ofthe CPU is critical to data integrity. The data 
transfer is often accomplished using subroutines andor intet-rupt driven routines, for which 
source code is often c l i f fh i l t  to obtain or understand. Tabled values of the critical TI0 data can 
be very ~isef~il in understanding both the state of the computer and the transfer software. 



6.1.9.1 IRQ 

When the hardware initiates an interrupt request, one of the interrupt-request, IRQ, lines 
are pulled low on the PC! 104 bus. 'The following table indicates which devices are assigned to 
which IRQ lines of the computational block. IKQs are a means of externally altering program 
flow arid thus memory content. 

Table Show the [Jtilizat 
PORT 
hex 
040 I- 043 

n of Interrupt I_ Re( 
Ivector CAE 
Location 

(IRQ) -- Levels 
FUNCTION 
- 
KOM BIOS clock tick function from 0 

1 
-__ programmable timer 3 

Kevboard interruot 
2 
3 
_- Cascade for IRQ8- 15 

..) DIO COM2 = PG300/PU600 
--.II_- 

108-1 OF 
[2F8 - 
-- 3 F F L  
100- 107- 
[3F8 - 
3 FF] 
278 - 2°F 
3F0 - 3F7 
378 - J7F 

___.__- 

[3SXi Serial Port 2 IRQ disabled] 

-3 DIO (:OM1 = N M C  
[3SXi Serial Port 1 IRQ disabled] 

Reserved for: 2'ld LP'T 
Flomv controller 8-bit transfers 

5 
6 
7 
8 
-_I 

- LPTl = Parallel Port (DMA 1 or 3 possible) 
Reserved for: batterv-backed clock alarm 

9 
10 

__l_, 
Video Controller if Jumper W 1 is On + DIO COM4 = Symmetry - 
-3 DIO COM3 = PU900 11 

12 
-__ 

M6 1 17: Math Coarocessor interface 13 
14 
1s 
-__ 1FO - IF'7 

__l_l- 

IDE hard disk controller - 
I 
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!$om V O  devices can directly access the CPU's main memory without the aid of the 
CPU. This occurs via a direct memory access (DMA) channel. DMAs are a means of externally 
altering mr:rnory content. 
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I I I I tinier 3 I 

M6 1 17: IBE channel #1 (HDCSOJ) 
Reserved for-& Cjoysticks) 
]R&erved foY2" LP?' 

__̂_I___--- 200 - 207 I 
278 - 27F 4 

Port 2 = COM2 [IRQ disabled] 
DIO#O s3 Input bits from Input switches 
DI13#1 Lmused 

___LI - 

- I--- 
l P l l  

J 

M6 1 17: IDE channel #2 (HDCS 1 J) 
Parallel Port (DMA 1 or 3 possible) 
d for monochrome display adapter 

VCA port addresses 
Reserved for Color/Graphics adapter 
Floppy controller 8-bit transfers 
3FG =-M6 1 17: IDE channel # 1 (HDCS 1 J) 
3SXi Serial Port 1 = COMl [IRQ disabled] 
Reserved ____II for battery-backed clock alarm 

-_I--I 

46E8 SVG-2 Standard VGA - port addresses 

- ~ I  

I---_ 

[4] 
8 _-__- 

-- -- 
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The above tablc may not be a. complete listing of port assignments. Possible additions 
might be found in other documentation. For example, information regarding ports 022 & 023 is 
found in the Mtjl14C: data sheet and is specific to the hardware, 

The M6117C has 49 internal configuration registers, which are accessed via port 22 
(index) and port 23 (data). These control the operation of the M6 1 17C and are addressed in the 
data sheetprovided in section 2.3.3. 



I'he M6 1 17C has 49 internal conf3guration registers, which are accessed via port 22 
(index) rind port 23 (data). These internal configuration registek are very important and 
determint: memory banks, memory shadowing, BIOS access, interrupts, and many other I/O 
related ilems. The internal configuration register information is spelled out in the M6117C data 
sheet pagcs 24-52, 'I'his data sheet is provided in section 2.3.3. There is a register summary 
table on pages 39-40 of'tlie data sheet. The register bit definitions are detailed on pages 41-52 of 
the data sheet. Memory addressing is detailed in an MA table on pages 74-76 of the data sheet. 

The timing of' signals lo and from I/O devices is another example of additional I/O 
parameters necessary for operating the computational block. The following is a white paper on 
the timing of I/O pulse:; is provided by Ampro on the Internet at 

http://www. ampro .coin/university/wpapers/I S Atiining .pdf. 
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ISA Bus Timing Diagrams 

Ampro S ISA bus timing diagrams are derived from diagrams in the IEEE 
P996 draft specification which were, in turn, derived from the timing of 
the original IBM AT computer. 

Please note that the IEEE P996 draft specification was never completed 
by the IEEE and is not an  IEEE approved spec. Also, the ‘1atest”IEEE 
draft is known to  contain errors. In the absence of an  approved IEEE 
specification, manufacturers of PC chip sets attempt to meet a “consensus” 
ISA bus standard. This has resulted in minor variations in signal 
interpretation and timing among the various PC chipset vendors. For this 
reason, Ampro recommends that designers of interfaces t o  the ISA bus use 
the minimum number of bus signals needed t o  perform a required 
function (e.g. chip selection or signal synchronization). For example, a t  
least one popular chipset does not drive AEN high during REFRESH. In 
certain instances, Ampraias  added logic t o  improve bus timing and/or 
signal relationships on CPU and peripheral boards. 

1 

Ampro 5 ISA bus timing diagrams include several corrections relative to 
the IEEE P996 draft specification. However, since these diagrams are 
derived from an uncompleted and unapproved IEEE specification, they 
may contain other errors. 

For comprehensive technical details on the ISA architecture and bus, 
Ampro recommends the following book: ISA & ELSA Theory and 
Operation, by Edward Solari; published by Annabooks 
(www.annabooks.com). This book contains a detailed technical exposition 
of the ISA and EISA buses and is written by the principal author of the 
IEEE P996 draft specification. 

1 



ISA Bus 'I'iming Diagrams 

1 Ob 
I oc 
1 Od 
I l a  
I l b  
I l c  

IO 
M,IO 

- M , I O  
M 
IO 

M,IO 

E...- 

-- 
DESCRIPTION 

LA setup to BALE deasserted - 
BALE pulse width 
L& hold from BALE deasserted 
I---ssI---cpy.I 

LA setup to MEMx' asserted 
LA setupta MEMx" asserted 
MEMCSIG' valid from LA 
MEMCSIG' hold from LA 
SA, SDHE' setup to MEMx" 
SA, SBHE' setup to IOX' 
SA, SBt-IE' setup to lox' or MEMx' 
Command width 
Command width 
Command width with EiNDXFR" asserted 
Comniand width 
Read data access 
Read data access 
Read data access with ENDXFR' asserted 
Read data access 
Write data setup 
Write data setup. .. 
Write data setup (even) 
Write data tielup (odd) _-__ 
SA, S B H E "  hold 
Comm:inrl deasserted 
Command deasserted 
Commmd deasserted ~ 

Read data hold 
Writs data hold 
liead command to SD disabled 
ENDXFR' asserted horn command 
IOCS16" asserted from S A  
IOCS16' hold from SA 
IOCHRDY valid from corrlmancl asserted 
lOCHRDY valid from command asserted 
Iocl-II?DY dessserted pulse width 
Command hold from IQCHRDY 
BALE asserted from command deasserted 
Clock (period (Tclk) 
Data setup to IOCHRDY deasserted (8-bit even) 
Data setup to IOCHRDY deasserted (8-bit odd) 
LA hold to  MEMx" active 
LA hold to htlEMx" a c t i v v  

-___ 
--------. 

~ _p._-II_--- 

_-I--.-II 

L_I"__~ 

d' 

- ~ . _ _ _  
-II_ d___ll-"lll- 

--.I_ 

--"-I__- 

---=--- 

_------ 
-- 

-__I.I_ 

-_I.- 

__l._l""--- 

~ 
-___m 

ENDXFR" setup to SYSCLK falling edge 
ENDXFR" hold frotn SYSCLK falling edge 

.=--̂-- 

_--".---. 
LA setup to ENDXFR' asserted 
SA sotup to ENDXFR" asserted 
_--- I- 

.I_I_p_ 

'I'aibie ' I .  Nicrtiury and I/O Timiny 

4 

2 



-i 24t- 
SY SC LK 

-_ 

MEMR* 
MEMW" 

SDcl5..02 --__ 

I SA46. .0> SBHE" j 7  T j I 

- 4 4 2 6  

BALE 

\ 
LAc23.. 17> 

, , \  

+ - 
MEMCSl6* \i I 

\ I 

"\ / Notel  
'\ I 

IOCHROY 

Note 1: IOCHRDY timings apply if deasserted. See Figure 4. 
. L----I 

Figure I .  16-bit Memory Timing 

3 



ISA Bus Timing Diagrams 

,OR', ,ow* 

BALE 

Figure 2. 76-bit I/O Timing 
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. .  

BALE 

- i~ 

~ ~ 

MEMCSIG" ' ,/ 
\ / 

.-. 

'! 
'ti Note1 
, I  
!..--.-I 

IOCHRDY 

Note 1 : IOCHRDY timings apply if deasserted. See Figure 4. 

Ftggure 3. 8-bit Memory and I/O Tlming 
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Figure 4- 10CHRDY Timing 
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7 ENDXFR' 

I 

LA<23..17> I 
4 3 7 c  

I?&-, :--- MEMW* 
MEMR* 

- 
P 

- S D 4  5.02 

I 0 CH R DY 

Note I: Assertion of ENDXFR* within the maximum time from command is only 
required for a 16-bit cycle with zero wait states. Otherwise, ENDXFR* may he asserted 
at any time during the cycle while command is asserted. 

figure 5. ENDXFR" Timing 
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1SA Bus Timing Diagrams 

-_I__ 

13 ES C R I PTl C3 N 

DACKn", AEN setup t o  IOR* 
DACKn", AEN setup to IORW' 

Address setup to MEMW*, I O N *  

IOR* setup to MEMW* 
MEMW* setup to IOW* 

Data access from IOR* 8116bit 
Data access from MEMI?" l f ib i t  
Data access From MEMI?* 8bit 

Data setup t o  IOW" unasserted 

Read command hold from write 
GO m ma nd 

SBHE", address hold 

Data hold from read cornmmd 

ICICHRDY deasserted from '16bit 
memory conimand 
IOCHRDY deasserlecl from 8bit 
memory command 

TC bold from command masse 

IQR* pulse width 
MEMR" pulse width 

ICIW", MEMW' width 

DACKn" hold from !OW* 
DACKn* hold from IOW" 
AEN hold from command 

--- ..P-llpll.-_ 

I --------__- 

------- 

--.- -..-- 

--------p__--- 

l-l_--_l_ll___-l.--.-- 

Illl----_LI--_.ll.l- 

~ 

I 1 9  141 4- Tclk 15600 T'clk 15611 

DREQ inactive frorn lox* 
IOCHRDY law width 

"--___-..l_.ll__- 

TC sbtup to comrnand unasserted 51 1 500 
-II- 

Table 2. DMA Timing 



Nates 1 and4 

DRQn g\ 

DACKn* 

\ \ 

4I4t I I i ' . t  
I 

i 
I 
I ! 
I .  
I 
I 

S A 4  6..0> 
SBHE 
LA <23.. .17> 

I 

I 

low*, MEMW* 

I 
I 
I 
I 

TC 

- 
Note 2 i l5 1 

1 
I : 
'L------f 

'$$ 

\ i 
IOCHRDY 

E N  

Note 1: DRQn may be deasserted any time after DACKn* during a block mode DMA 
transfer . 

Note 2: IOCI-IRDY may be deasserted to insert additional wait si.ates. Additional bus 
wait stales a re  added in units of two bus clocks. 

Note 3: The DMA controller activates TC during the last cycle of a DMA request. 

Note 4 :  DMA transfers may be broken up into multiple back-to-back cycles where the 
DMA controller removes DACKn" and optionally releases the bus to  allow 
higher priority cycles to occur. In this case, DACKn* will be temporarily 
deasserted even though DRQn is still asserted. 
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Figure 6. DIVA Timing 

PI_. 

REF 

__y. 

1 

2 
L_-- 

3 

4 

5 

--I 

_(__- 

-_ls_p 

I1 ES C R I PTI ON I DRIVER 1 RECEIVER 

MEMR* pulse width 

SAiO ... 7> setup t o  MEMR* 

SA<0 ... 7> tiold from MENIR" 

IOCHRDY deassertecl froiri MEMK" 

--------lll--llll-ll_-__- 

-I_ - - l ~ . ~ _ l l l l l _ ~ -  

--- 

MEMW deasseried from IOCHRDY 

REFRESH* setup to ILIEMR* 

f?EFRESH* hold from MEMR* (Note I )  250 239 

-- 
-.---- 

SA<11 ... 0> tri-state from MEMR* high 

IOCHRDY width 
-_-lg__l-"--__"__ll_II--- 

AM ownership delay (Note 2k 

BEN asserted to  REFRESHc ,active 

AEN hold to REFRESH* inactive I 11 I I 0 1  

REFRESI-1" asserted to SA<0 ... 7 >  valid 

REFRESH* hold from §A*: 0...7> valid 
-- . ~ - - -  

Address and Control disabled to 
REFRESH * a :is e rt e d ---- 

Table 3. Refresh Timing . 
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REFRESH* 

i. MEMR' 

IOCHRDY - 

-1 -11 12 1 

Note 1 : The temporary master may exceed the maximum REFRESH" hold time in 
order to  conduct another refresh operation, 

Note 2: The temporary master, if the current master, must tri-state the address and 
command signals prior to  driving REFRESH* high (I) .  

Figure 7. REFRESH Timing 
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6.1.10 ROM-I)OS User's Chide Manual 

The WM-DOS tJser's Guide is il. booklet included in the purchased ROM-DOS Sofnvare 
Development Kit. It dcstxibes KOM-DOS commands that a typical user would encounter. The 
following is a copy for the ftOM-l)OS LJser's Guide that was printed from the Datalight Internet 
site at: 



M-DOS’”6.22 

User’s Guide 

, 



Datalight ROM-DOS” User’s Guide 

Copyright@ 1993 - 1999 by Datalight, Inc. 

A11 Rights Reserved 

Datalight, Inc. assumes no liability for the use or misuse of this software. Liability for any warranties 
implied or stated is limited to the original purchaser only and to the recording medium (disk) only, 
not the information encoded on it. 

THE SOFTWARE DESCRIBED HEREIN, TOGETHER WITH THIS DOCUMENT, ARE 
FURNISHED UNDER A LICENSE AGREEMENT AND MAY BE USED OR COPIED ONLY IN 
ACCORDANCE WITH THE TERMS OF THAT AGREEMENT. 

. 

Datalight0 is a registered trademark of Datalight, Tnc. 
R O M - D O P  and FlashFXTM are trademarks of Datalight, Inc. 
Microsoft@ and MS-DOS@ are registered trademarks of Microsoft Corporation. 
All other trademarks are the property of their respective holders. 

Part Number: 0200-01 10 
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ROM-L)OS i5 a disk opcrating systetn that can be loaded in Read Only Memory (ROM) and cat1 
run entirely from withiii ROM and also from a hard or floppy disk, such its in a desktop qystem. 
ROM-DOS is fiinhonally equivalent lo other brands of DOS and can run programs that are 
executsble under a standard DOS (which executes from RAM). With ROM-DOS, the cxccutablc 
program rcsides on a disk or ic placed in ROM along with ROM-DOS. 

Conventions Used in this 
This manual uses several notation conventions to denote specific actions and types of 
inform at ion. 

a Key combinatioiis, where two or more keys must be pressed simtiltaneously, are shown 
with a plus sign. For example, SIiift-i-Fl. 

Cornmand line ciitries and clisplaycd messages are shown i n  t h l s  font. For exaniplc, 
DEI, IYYLETTER. D C K  

C:oinmnnd line entries indicated by italicized lowercase letters represent information that 
you supply. For example, 

indicates a need to enter the name of the file to be deleted. 
DEL < f 1 Icnatnei 

Co~nmand line entries enclosed within square brackets represent optional inforniation. 
For example, 

indicates the rrlessage pcxtion may be omitted from the PAUSE command. 

Coninland line entries that include mutually-exclusive options separate those options with 
a vertical bar ( I ). In the following exanrple, anything tilore than the BREAK command 
must Ire either the ON or OFF. 

PAUSE [nicssagel 

BREAK [ON I OFF1 

YOII itiiist press the Enter key for ROM-DOS to accept your command line data. The 
conitxiand linc entries shown in this manual do not show the Enter key. 

Terminology Used in this 
Computer files arc stored either in the computer’s internal meniory (RAM and ROM) or on 
magnetic media, typically dishs. Regardless of whcre the files reside, all information is stored in 
bytes. A byte can storc a single character of data The following terms describe the si7e of 
niemoty, filcs, anti dl5k space: ‘* 
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KB (kilobyte)--One kilobyte equals 1024 bytes, although the number is often rounded to 
one thousand bytes. 
MB (megabytej-One megabyte equals 1,048,576 bytes but is usually thought ofas  one 
million bytes. 
GB (g igaby te tone  gigabyte equals 1,073,741,824 bytes but usually is thought of as one 
billion bytes. 

Random Access Memory (RAM) 
RAM can be written to, read from, erased, and rewritten. RAM is your computer’s electronic 
workspace during operation. RAM is also called volatile memory. Its storage ability is 
temporary, only holding information while the power is on. When the power is turned offor 
interrupted, everything stored in RAM is lost. 

Within limits, you can change the amount of RAM in a system. Typically, etnbedded systems 
have 512KB, 640KB, or IMB of RAM. Greater amounts of RAM are also possible. In desktop 
systems, 16MB to 128MB are common. 

Read Only Memory (ROM) 
ROM is more permanent than RAM. Data is programmed into a ROM device before the device 
is installed in the computer. Information stored in ROM remains intact whether the system 
power is on or off. 

Disks and Disk Drives 
Computer disks are classified into two basic groups; rotating media such as floppy disks and hard 
disks, and memory disks such as those formatted in RAM, ROM and flash memory. 

Floppy Disks 
A floppy disk is a disk-shaped piece of magnetic material much like audio recording tape. The 
inforrnationls storedjn concentric tracks that are subdivided into sectors. Typical storage space 
on the 3.5-inch disk is 1.44MB. 

Hard Drives 
Hard drives work much like floppy disks but are fixed in the computer chassis and have a much 
higher storage capacity. ROM-DOS 6.22 is capable of utilizing hard drives of up to XCB. 
Larger drives need to be partitioned into two or more drives. 



Portions of RAM ciin be made to behave like disk drives, complete with tree-structured 
tlirectorics, When ii disk drive is created in RAM, it can be read fi-otn and written to in  the same 
nianiier iis the physical disk mi l ia .  IHocwver, when system power is interrupted, all information 
on the drive is lost, unless the drive is formatted on static RAM. 

ROM Disks 
Portions of ICOM can be made to behavc like disk drives, complete with tree-structiircd 
directories. ROM drivcs differ l'roni RAM drives in that they are written to only once. 
Thereafter, they caii only be read from, much like a write-protected floppy disk. Also, ROM 
disks arc non-volatile, in  that thc information is not lost when power is lost. 

Flash Memory Disks 
Both I-'CMCIA cards (1'C cards) and on-board (resident) flash arrays can serve as disk drives 
when rised with flash tilt: system software such as Datalight's FlasliFX for on-board flash 
Iiieiiiory. IJnlike ROM disks, Ilash meniory disks support both the reading and writitig of data. 
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Naming Files 
A file i:, a defined set of related information that your computer stores electronically. A file may 
be stored on a floppy disk (also called R iloppy), on a hard drive, on a CD, or may reside in 
conipiiler memory (RAM or IKlbl). To maintain control of interaction between various computer 
files, each must have i ts  owii IiCjtiie that both you and the computer can recognize. 

Filenames 
Files used in the ROM-DOS environment have two-part names separated by a pcriod. The fiist 
part is tlie ftlcnatne; the second part is the filename extetision. For example, tlic comnianci 
intet-preter file provitied with ROM-L)OS is nanietl COltlMAND.COrV1, where COMMAND is 
lhe filciiaiiie and .COM is the fllenarne extension. 

FiIenames range Liotn one to eight ctiaracters i n  length and consist of any combination of letters, 
numbcrs, ;inti the follov~ing syinbols: 

iindcrscort: ampersand CQL 

caret A hyphen 

dollar sign $ braces { )  

tilde Y parenthesis 0 
cuclamation point ! at sign fi$ 

pcrcent sign YO 

ntinihsi sign ii apostrophc 

IF 1 I en a tn e I, xten sion s 
The second part ofthg lilgname is the filename estension. The filename extension has one, two, 
or thritl: chaiacters and niay me the satlie symbols as the filename. A tilename estetision is not 
reqiiirt:d, although filename extensions can be hclpfiil in identifying the type of file. Commonly 
used Iilename extensions include .DOC for documents, .DAT for data, and .TXT for test files. 

You may us: any filenmie extension you choose. However, certain filename extensions have a 
special meaning to ROM-DOS atid should only be used when appropriate. 'These include: 

.COM--uscd for executable files 

.EXE---t~sod for escctitLible files 
~ . r \ l ' - -u icd  ihr hatch I i lcc 
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Some application programs, such as word processors, may use or require particular filename 
extensions for output or input files. It is best to follow the application instructions regarding 
proper filename extensions for that particular program. For example, a file named LETTER1 
may include a filename extension such as LETTER1.DOC or LETTERl.TXT. 

It is possible to have several files with the same filename but different extensions. ROM-DOS 
searches for and accesses the filename extensions in the following order: .COM, .EXE, .BAT, 
and then all others. For example, you could have an executable file named MYPROGEXE and a 
batch file call MYPROG.BAT in the current directory. When you enter MYPROG 011 the 
command line, the file MYPROG.EXE is executed. If you want to execute the batch file 
MYPROG.BAT, you must specify the .BAT extension when entering MYPROG on the command 
line. 

Tree-Structured Directory System 
ROM-DOS uses a tree-structured directory system. In this system, each branch of the directory, 
called a subdirectory, is either attached to the main or root directory or is attached to another ' 

subdirectory. The following diagram illustrates the directory system and shows two levels of 
subdirectories under the root directory. 

SUBDIRI 

SUBDIR2 

SUBDIR3 

SU BDIR3 1 

SUBDIR32 

SUBDIR33 

SUBDIR4 

Naming Subdirectories 
You can create any subdirectory structure you choose, giving each subdirectory the name of your 
choice. The naming of subdirectories is similar to the naming of files; there is an eight-character 
limit and the same character-choice limitations as for filenames (letters, numbers, and symbols). 
A subdirectory name can also have an extension. For more information on creating and deleting 
subdirectories, refer to the MKDIR and RMDIR descriptions later in this manual. 

Moving around the Directory Tree 
When the computer is first turned on, ROM-DOS boots into the root directory. From the root, 
you can change to any other directory by means of the CD (CHDIR) command. At any given 
time, ROM-DOS considers you to be in a specific directory, referred to as the current directory. 
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You can malo: tht: computer automatically move to a diffdrent directory upon system startup by 
adding the C'D command to your AUTOEXEC.HA'1' file. Refer to the description oftliu CflDlR 
command rm pagc 33 for niorc infoimation on changing the current directory. 

Drive Specifications 
Siiice KOM-DOS can store and retrieve inforination from more than one disk drive, disk drives 
are given unique niinies such as A:, E:, C: ,  and so on. By convention, floppy disk drives are 
identified as drive A: anti drive a:. On systems having only one physical tloppy drive, ROM- 
DOS can treat the one drive as either A: or R:. 

The hard drive, if your system has one, is identified as drive C:. Hard drives can be partitioned 
(divided) into sinaller sections with the FDISK utility. Disks exceeding 8GB must bz partitioned 
into Lwo or more :ireas, with a niaximuni size ol'SGB pcr partition. A separate drive letter 
idcntifics each hard-drive partition. 'i3ie first partition is drive C:, the next drive D:, and so on. 
The highest available drive identifier is the letter Z. 

'1'0 refer to the C: drive, enter on the cotnmancl litre 
C :  

Note: 'Ilie drive iiimie may bc entered in eithsr uppercase or lowercase. _____--__ ---_ ~ - - ~  

Using Wildcard Characters 
7'0 simplify a task performed on a large group of similarly named files, use wildcard characters. 
Wildcard characters allow you to reference groups of files without entering the complete tilename 
for each file in  the group. A wildcard character can substitute all or part of a filename or 
extension. l'he ttvo wilclcard diaracters are the asterisk (*) and the question inark (?). The 
asterisk reprzsents an ctitire natne o r  a group of characters found within a name. 'The question 
mark represents a singie character. The following table lists sotiie exatnples of wildcard 
character usage. 

Example Description 
-----...---- 

Lists a11 files in thc TEST directory having the estcnsion . E X K  

Lists all files in the current directory that start with the IettGr D. 

Copies all filus with a .BAT extension from the C: drive root tlirectot>f 
onto the D: drive. l'he tiles on the B: drive will havc an estension of 
.f3AK. This csainple backs up a group of files with a single command. 

DIR L)* ~ ir 

COPY C:\4.BAT U:\*.BAK 

I,ists all the lilcs on the U: drivc that havc exactly four chatactcrs i n  thc 
filcttamc but havc any extension. 'I'hc question mark substitutcs for  :I 
single ch;ir:ictcr. 
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Example Description 
The ? can also be used to match a single specific character in a filename. 

System Prompt 
After the execution of each command, ROM-DOS displays the system prompt indicating that it is 
ready for the next instruction. Unless you define the system prompt otherwise with the PROMPT 
command, the prompt includes only the current disk drive designation followed by a right angle 
bracket. For example, 

One common choice for prompt line configuration is to include the current path in addition to the 
drive designation. For example, 

For more information on configuring the system prompt, refer to the PROMPT command 
description on page 16.  

A:> 

A:\MY-FILES> 

Command Line 
Your keystrokes appear to the right of the system prompt on the command line. You can use the 
following keys to edit the contents of the command line: 

Key Editing Function 

PI Displays one character at a time from the command line buRer. The right-pointing 
direction key works in the same way. 
Displays entire contents of command buffer. 
Allows insertion of one or more characters in the command line. 

Allows deletion o f  a character from the command line buffer. 
Cancels the current command line and returns you to a new, empty line. 

Deletes to the left. Allows backing up on the command line. 

F3 

Ins 

Del 
Esc 
Backspace 

I The last command entered on the command line isstored in a command line buffer. You can 
recall and edit the contents of thk buffer as a way of reentering the command to repeat it or make 
changes to it. For example, if you intended to enter CHKDSK but accidentally entered CEIKDSI, 
a message appears indicating that CHKDSI is a nonexistent command or filename. Rather than 
reentering the entire string of characters, press F3 to recall the string and use the Backspace key 
to back up and make the correction. 

You may also make corrections to the beginning of long command line entries. For example, 
suppose you enter the command 

CPY DATA1.DAT A:DATAlBAK.DAT 
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where the command is niisspelled (COPY is missing the 0). To correct the command line, press 
F1 to dkplay the firTt character. Then press Ins followecl by 0. 

You can now entct'the rest of the comniancf by pressing F3 once 

edirecting Input, and Output 
Certain conventions dictate where kach ROM-DOS command receives input data and where it 
sends output data. I-lowever, by using the riglit angle bracket (') and the left angle bracket (<), 
you can redirect the input and output. 

Input Redirectisri 
The syntax for changing standard input source from keyboard input to tile input is 

< rilename 

Wien this is added at the c i d  of tlic coininand line, ROM-DOS receives its instructions lion1 the 
tile rianied ii'icnanie. 

_ ~ - - - - - - - " ~ - - -  

Caution: If input redirection is used and the input file is incomplete, the system will hang and 
refuse to accept information from the keyboard (except for Ctrl+Alt+I)el to reboot). 

1111111111111111111 

Output Redirection 
The syntax for redirecting output to a file is 

> file~1ll;lrnr 

Whcn this is added to the end of the command line, standard output is temporarily directed to the 
file named filename. If the named file already exists, its contents are replaced with the ROM- 
DOS fimctioii's output. Otherwise, a ncw file is created to hold the output. Output can also be 
reciirccted to a device such as PKN (the printer). 

'To append oifiput to the receiving file, rather than replace its contents, use >>. 

>> filename 

This  adds the ROM-DOS function's output to the existing contents of the iiarned file. If the 
named file does not exist, RQM-DOS creates the file. 

For cxnmplz, if you want to savc a list of the current directory contenis to a file, you can redirect 
the nIlc coriiinaiid's output to it file by etitering: 

D J R  > E I Y ~ 1 R . l h ' T  

. 1;; I IS tllc! lA'llIlC L l f t l l G  I-ilL ) U l l  \\ai1t to LOi lLI l l l  i l l C  i l l 1  
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A batch file is a standard text M e  containing it list of coninlands that can be submitted tu ROM- 
DOS for automatic sequential execution. Using batch files helps you avoid unnecessary retyping 
of cornniaiicl sequences that are coriimonly repeated, complex, or difficult to remember. 

The ROM-DOS coniniarid processor provides full batch file processing, compatible with standard 
DOS version 6.22. Batch files can include internal DOS commands, external DOS conitnands, 
batch file commands. names ofother executable files or programs, or even the names of otho; 
batch files. 

Batch Filenames 
When n m i n g  batch files, use thc .HAT extension on the tilename. This extension tells ROM- 
DOS to execute tlie batch file when its nanie is entered on the command line. The name ofthe 
batch file cannot be the nanie of other internal commands. € o r  example, COPY.RhT is an 
invalid batch filename. 

To cxecute the batch file, enter the filename 011 the conitnand line. You need not iuclude the 
.BAT extension unless a file with the same filename and a .EXE or .COM extension is present in  
the samc directory. 13atch file execution begins when you press the Enter key. 

Creating a Batch File 
You can create a hitch file by using any word processor or text editor that saves output as 
tinformatted (ASClT) text. Or you can create them by typing directly fiom the keyboard into a 
file. This is done with the cornniand 

COPY CON fileriame. BAT 

This tells ROM-DOS to copy tlie output from the console (keyboard) to the specified file. Once 
you have entered the above command, you may enter the contents of your batch file. 

At the completion of each line, press Enter. As you enter each line, you can make corrections 
usirig Backspace arid rebping. If you enter an incorrect line or wish to discontinue without 
saving your work, press CtrlcC. 

When you have fiiiisherl entering all the lines in your batch file, press CtrlcZ and then Enter to 
complete the file and return to tlie command line prompt. 

I ** 

Batch File Command Line Parameters 
Abatch file in;iy iisc parameters placed on thc conimatid line. 1nset-t these parameters as 
ctiguriitxt!, io1 w m i i i d I i d h  01 in\Li i l c l i o n ~  ~6 i t h i 1 1  t i i t :  t~atcii 1iAc. 1 CII c . u i i ~ p k ,  tile iu!jowiiig I i d t d i  

filc, named AKCIILVE, accepts ;I comtnand h e  parameter: b 
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PRINT %I 
COPY %1 \ARCHIVE\*.* 
DEL $1 

Execute the ARCHIVE batch file by entering 

The % I  parameter takes on the name THISFILE.DAT, and the batch file executes the following 
to make a copy of THISFILE.DAT in the ARCHIVE subdirectory: 

’ ARCHIVE THISFILE.DAT 

PRINT THISFILE.DAT 
COPY THISFILE.DAT \ARCHIVE\*.* 
DEL THISFILE.DAT 

Note: %I represents the first parameter in a batch file command. If a command has multiple 
parameters, they are represented by %2. %3, and so on.. . -  . .  

Batch File Commands 
In addition to the standard ROM-DOS commands, there are other commands specifically for 
batch files. Refer to CALL, CHOICE, ECHO, FOR, GOTO, IF, PAUSE, REM, and SHIFT in 
‘Chapter 5 ,  Command Descriptions.’ 

For example, you may often nin a program named MY-INFO1 followed by a program named 
MY-INF02, both of which display a screen of information. After running each of these 
programs, you always clear the screen before proceeding. Your normal keystroke sequence is: 

MY-INFO1 
CLS 
MY-INFO2 
CLS 

You could create a batch file named INFO containing the following commands: 
MY-I NFO 1 
PAUSE 
CLS 
MY-INFO2 
PAUSE 
CLS 

After executing MY-INFO1 (by entering INFO on the command line), the system pauses. When 
you press a key, the batch file clears the screen and executes MY-INF02, then pauses again. 
Press a key to return to the command line. 

Note: You can bypass some or all of the commands in your AUTOEXECBAT files during 
system boot. Refer to ‘Bypassing CONFIG.SYS and AUTOEXEC.BAT Commands ’ on page 16. 

, 



a s k  Configuration 
Certain standard settings for your :;ystell1's operation can be stored in a f?le named 
CONFIG.SYS. Yoti may create or edit your own CONFIG.SYS file using a word processor or 
ttie COPY CON commarid. (See 'Creating a Batch File' oil page 11.) 

TCOM-DOS offers three levels of CONFIGSYS processing: DOS 3.3  I compatible, DOS 5.0 
compatible, and 1:)OS 6.22 cornpatible. The level of processing available is determined when 
ROM-110 !; is configured. 

ClOS 3.3 I coniparible coininands incluck BREAK, RIJFFERS, COTJNTRY, DEVICE, 
l-'CnS, F1I J i S ,  12AS'FDRiVII:, NEWFILE, REM, and SHELL. 

]:)OS 5.0 icvel processing includes all ofthc commands available with DOS 3.31 plus 
1:lOS, INSTALL, and STACKS. 

DOS 6.22 cotnmantls include tliose fimn both the DOS 3.3 1 and 5.0 levels, plus 
lNCl,IJDE, RrlENUCOI,OK, MENUDEFAULT, MENUITEM, NtJMLOCK, SET, 
SUBMENU, and SWITCI-IECS. 

P 

You must place ttie COWFIG.§YS file in the root directoiy ofthe drive that is used for system 
startup or bbot. If a CONFIG.SYS file is not found, the following defiiult values are used for the 
followiiiy coininarids: 

BREAK = OFF 
D U F F J i R S  = 15 
COUNTRY I= 001 
E'CBS = 4 
FI1,ES = 0 
MUXLOCK = OM 
S H E L L  = COMXI\ND.COM / P  / E :  128 
;TACKS =- 0 ,  0 

Ex amp1 t! 
A typicid CONFIGSYS file might look like this. . -  

EREAK - ON 
FILES = 15 
D U F F E R S  = 15 
DEV1::E = f: \ R C l M I l ~ ~ \ U T I L S \ i I ~ I ~ l E ~ ~ l .  SYS 

si PT g Mu 1 ti p I e-tf se r Con f i CJ ur a t i o n s 
Your C'@NFICr.SYS filc can be used to define nitiltiple system configurations. This is handy 
\\ hcti suveral people sti,tre a computer and require different working cnvironmcnts. It is also 
useful for boutitig yoiu own computet using cliffel cnt device drivers, paths, or settings, depcnclins 
o i l  liic i i i i i  iiu,d ci i l ik l i t i iL i  t'L*,l.> 
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To define multiple configurations within the CONFIG.SYS file", you first need to define a startup 
menu. Each menu item represents a different system configuration option. Then, for each item 
on the menu, define a configuration block. Each configuration block contains the specific 
commands to be implemented as the system completes booting. 

The  menu-item definition and all configuration blocks are marked with a block header. A block 
header is a descriptive label enclosed in square brackets ([ I). The start of the menu items must 
be marked with the block header [MENU]. Each configuration block may have a unique label of 
your choice. This label can be up to 70 characters long and can contain most printable 
characters, including spaces, backslashes (I), forward slashes (0, commas (,), semicolons (;), and 
equal signs (=). Square brackets ([I) cannot be used in block names. 

The menu block (or submenu block) may contain only the following commands (A full 
description for each command can be found in the Command Descriptions section in chapter 6): 

Menuiteni 

Menudefault 

Menucolor 

Submenu 

Numlock 

Note: Although NumLock may be used outside of a menu/submenu block, it is typically used to 
enable the keypad for menu-choice selections in the menu btock. 

A sample menu block might look as  follows: 
[MENU] 
menuitem=Research, Research and Development 
menuitem=WP, Word Processing 
menuitem=Games, Games 
menucolor=8,5 
menudefault=WP, 1 D  

When the system boots, the following menu displays 
ROM-DO$ 6.22 Startup Menu 
1. Research and Development 
2. Word Processing 
3. Games 
Enter a choice: 1 

Each menu item has its own configuration block. Items that are common to all menu choices can 
be placed in a Configuration Block labeled [COMMON]. All instructions in the common block 
are carried out along with the specific instructions for any menu item. The [COMMON] block 
can also be placed at the end of  your CONFIG.SYS file so that applications can append 
commands into this area as  the application installs. You may have as many common blocks as 
you want. The instructions found in the common block(s) are processed in the order they are 
listed in the CONFIG.SYS file. 

WIieii the WiVl~Iti,SYS iilo is proccssed by I<~ltl-L)OS, it fit-st displays tile startup nicii~i that 
was defined in the [MENU] configuration block, and then waits for your response. The choice 



made from the niemi determ incs the configiiratiori block whose commands are to be executed. 
After tlie nicn~t sekction, p r o c w i n g  starts with any instructions i n  CONFIG.SYS prior to the 
nienu block. 'Then, instructionr in the selected contiguration block (including instructions addctl 
in  via an INC1,UDE statement) and all coininon blocks are processed in the order thcy are listed 
i n  CONF1G.SYS. KOM-DOS ignores the instructions in any nonselectcd configuration blocks or 
stibmenus, 

To continue the above esample, the configuration blocks might appear as follows: 
[ COMM@N] 
dcvice=c : \romclos\h i h e m .  :jys 
dos=hi  g h 
b re a k-o n 
[RESEARCH I 
files=20 
buffers=50 
device=vdisk. sys 128 / e  
[WPl 
f iles-13 
hu E f er  s== 10 
1 a s  td r i  ve==m 
d e v i c e x  : \network\:Loadnot . s y s  

i il c 1 ucl e - = w p  
devic:e=moase. s ys 
[ COMElOM 1 

[GAMES] 

If choice number 3 is made, selecting [GAMES], the instructions in the [COMMON] 
configuration block are processed first, followed by the instructions in the [GAMES] 
configuration block. The [GAMES] section makes use of the INCLUDE command. All of the 
instructions provided for the WP menu choice also apply to [GAMES]. If any instrtictiotis are in 
the final [COMMON:/ configuration block, they are processed last. 

Extending Menu Items to AUTOEXEC.BAT 
1 he detined name of the menu itetn you have chosen becomes the value of the environment 
variable CONFIG. Foi rxamplc, if you choosc number 3 ,  GAMES, froni the preceding menu, the 
variable CONFIG is set to GAMES. 'The CONFIG environment variable can then be used in 
your AUTOEXECBAT tile to fut ther customize the startup sequence. This environment 
variable is referenced by %CONFIG% i n  your AU'TOEXECBAT file. 

An example of an ALJTOEXEC.BA'T tile that continues the customization process from the 
preceding MENlJ may look l i l y  this. 

' 

p r o m p t  SpSy 
se t  t e m p = < . :  \ m y : j t u E l  \ t e m p  
c:\v~rus\s,canit.com 
rem Go to sectLon tha t  riatrhes menu 
rem ciio L C C ~  macle 111 LONE 1 C .  SYS 
goto :conf igpi 
: RESF9RCII 
path c * ' \ h i n ; c :  \POMDOS;c:\ROMDOS\ut~ls;~: \BOPLAEIDC 
r r i  \?otli,o:3 
t e r n  S>.1p o t h e r  sect ion?  ditd move to end , 
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pa th  c:\bin;c:\ROMDOS;c:\wp 
WP 
rem Skip next section and move to end 
goto end 
:GAMES 
p a t h  c:\bin;c:\ROMDOS;c:\gamedir 
cd \gamedir 
gamelist.bat 
goto end 
:end ’ 

Bypassing CONFIG.SYS and AUTOEXECBAT Commands 
ROM-DOS offers the capability to bypass some or all of the commands in your 
AUTOEXECBAT and CONFIGSYS files during the boot process. This feature may be useful 
in tracking system problems that may be related to one or more commands in either of these two 
files. 

To bypass the instructions in both your AUTOEXEC.BAT and CONFIG.SYS files, follow these 
steps: 

1.  Turii on, or restart your computer if it is already on, and wait for the following message. 

2. As the above message is being displayed, press the F5 key or hold down the SHIFT key to 
display the following message. 

Starting ROM-DOS... 

ROM-DOS is bypassing your CONFIG.SYS and AUTOEXEC.BAT f i l e s .  

Your system then continues the boot process using the basic default configurations. You inay 
notice differences in the way your system behaves. For instance, installable device drivers and 
memory device drivers are not loaded, and system prompts and path have default values. If the 
command interpreter COMMAND.COM is not in the root directory, ROM-DOS may not be able 
to locate it. 

Stepping Through CONFIG.SYS and AUTOEXEC.BAT 
Commands 

If  you suspect that one or more commands in either the CONFIG.SYS or AUTOEXEC-BAT files 

follow$: 

1. Turn on, or restart your computer if it is already on, and wait for the following message. 

. . are causing problems in your system, you can choose to process or bypass each command as 

Starting ROM-DOS.. . 
2 .  

3. 

As the above message is being displayed, press the F8 key to display the first command in 
the CONFIGSYS file. 

For each command, ROM-DOS displays a [Y,N]? prompt. To process the instruction. 
press Y. To bypass the instruction, press N. ROM-DOS then moves to the next command 
111 tlic coNr:c’i.sYs file. 1’0 bypa3s ilic confir ii inticti i  pruuipt fur tiiz iciiiaining 
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instructions in the CONFICi.SYS file and skip the AUTOEXEC.BAT file, you can press 
the F'5 key at any [Y,N]? prompt. 
-- ------_--- 

Note: You can prompt for a single CONFIG,SYS command by itsing the question mark (?) 
command prior to the equals sign (=.) i n  the command line. For a complete description of each 
CONFI(;.SYS command, refer to the ROM-DOS 6.22 Comtnand Descriptions starting on page 
r\? 

When ICOM-DOS iinishes all of the  commands in the CONF1G.SYS file, i t  prompts with: 

Press Y to selcctively process the coninlands in AUTOEXEC.HAT, otherwise press N to bypass 
all coiiiniatids in  the AU'fOLXF;C.HAT file. 

Pr 'OCeaS AUTOEXEC.BAT [Y, N] 

Environment Variables 
A block of' sy5tcni mcmory is rcwrved fbr the definition of cci-tain stririgs, called environment 
variable.;, to be uscd in the coimnand pioccssoi environment. These include the settings you [nay 
establish with the PATH and PKC)MP I commands as well as COMSPEC, which is automatically 
defined by KOM-UOS at system startup. Environment variables may be defined using the SET 
comniand ihat is cxplaincd in the Commancl Descriptions section in chapter 6. 

Configuring ROM-DOS for International Use 
You can configure ROM-DOS to conform to local conventions for date, time, and currency 
formats by giving the COUNTRY- command. You can also use the COUNTRY command to 
select an international character set (known as a code page) that determines the sort order. Any 
code page can also be shown on EGA and VGA displays by loading DISPLAY.SYS. You can 
t m a p  a keyboard to provide support for various languages and layouts by running I<EYB.COM. 

ROM-DOS uses a cotintry code to identify the country conventions that are to be used. In most 
cases, the country code is the same as the international long distance telephone dialing code. 

A code page i s  a set of 256 symbols, i k l u d i n g  letters, digits, punctuation, and graphic 
charactcrs. The first I28 symbols ii l  a code pagc are the standard ASCII characters and are 
identical in a11 code pages, Thc last 128 symbols vary depcnding on the code page. These 
symbols include the graphic, line-drawing ctraracters, pltis many international letters, currency 
symbols, atid other assorted symbols. A ntimber, such as 437 identifies each code page. 

A computer display has one hardware code page built into it. Typically, this is code page 337, 
which is the standard lJS code page. CGA and monochrome monitors can only display the 
IiaidwaIe code pagc in tcxt mode. I X A  and VGA monitors display the hardware code page 
unlus\ 1 ott lond spwial software (like DISPLAY.SYS). Each country suppot-ts a default code 
pige anti an altrrn,tte code page. 'I'he following table lists the valid conibinations. 
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Country 

Australia 

-~ 

Code Code Page 

06 1 437 

Belgium 1 032 
~ -. 

Brazil 

Canadian-French 

055 

002 

~- 

850 

850 

863 

- ~~ 

France 

Germany 

Hungary 
Italv 

Alternative 
Code Page 

43 7 

850 

~~ 

03 3 

049 

036 

039 

Czech Republic I 042 I 852 I 850 I 

~~ ~ 

Russia 

Spain 

Sweden 

Sw i tzerland 

United Kingdom 

United States 

Denmark 1 045 I 850 I 437 I 

~ 

007 

034 

046 

04 1 

044 

00 I 

Finland 1 358 850 

850 
850 

852 

850 

~~ 

437 

I Japan I oai  I 932 I --- 
Latin America I 003 1 850 I 431 I 
Netherlands I 031 I as0 I 437 I 
Nonvay I 047 I 850 865 I 
Poland I 048 1 852 I 850 I 
PortuRal I 

~. ~ 

1351- I 850 860 

437 

850 

43 7 

437 

437 

850 

850 I 
I Yugoslavia I 038 I 852 I 850 

Changing Country Conventions 
The command to instruct ROM-DOS to  use German conventions, for example, is 

The COUNTRY= command requires COUNTRY.SYS to be present in the root directory of the 
boot drive. Setting a country code affects 

COUNTRY=OQ 4 

Date and time formats 

The symbol used to denote currency 

If CJU oill> bpecify ii ~ i l t ~ i [ i y  ~ur ic ,  RO;II-DOS U S ~ S  tile clsf;i\~lt cU& pgt :  f'u~ h'il ~ ~ t ~ i i t l ' y .  '~ 'OLI  

can choose the alternate code page by including it in the COUNTRY= command. This command 



tells I<OM-DOS to use ( k rman  conventions for things such as date and time but using code page 
437 instead of850, the tlefault codr: page. 

Setting :I systeiii code page affects 

couIl'rPY-0 4 9 , 4  37 

E '\'he sort order for alphabetizing 

'The rules for converting internationai letters to uppercase. 

The individual application progratrrs determine whether they make use of these conventions. For 
example, [)OS uses the date fortnaf for displaying directories and for showing and getting the 
current (fate and time. Some programs niay choose to ignore the country infomiation and 
continut: to display date!; in a spccilic format, 

Displaying Different Code Pages 
To display a code page other than the liardware code page, you tnust load I)ISPLAY.SYS in 
C'ONFIG.SYS. The following conitnand sets the display to show code page 850, assuming bot!i 
the L)ISJJl,AY.SYS clriver ant1 the IIGA.CPI font file are located in the C:\DOS directory: 

The available font files itre named I?GA.CPI and EGA3.CPI. They are both ~ised for EGA and 
VGA systems. 

I fyou  h ; w  an EGA or VGA system, the character fonts are immediately switched to the 
requested code pagc. Some characters niay look different after you load DISPLAYSYS becausc 
ROM-DOS uses its own font for all 256 characters. For example, your hardware font niight use a 
square-like zero character, but KOM-DOS might use il round zero character. The differences are 
minor. 

DI. :VICE=C: \DOS\IIISPLAY.SYS 850 C: \DOS\EGA.CPI 

Printing Diiferent Code! Pages 
At this timc, ROM-DOS does riot support printing code pages other than those stored in the 
printer hart.lw are. 

Changing the Keyboard Layout 
To alter the keyboard layout, issue the KEYR command from within DOS. You can do this by 
running KEYR in  AIhOEXECBA'T or directly from a DOS prompt. Use this following 
commnrtd to 5witch to 51 German keyboard layout, for example: 

Each countiy has two valid code pages. If you do not specify a code page, the default code page 
i.; used. T'he €allowing table lists thc valid combinations. 

KEYB (2R 
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Australia 

Belgium 

Brazil 

Canadian-French 

Czech Renublic 

Country I Code Page I I Country I Identifier 
~~ 

au 437 850 

be 850 43 7 

br 850 437 

cf 863 850 

cz 852 850 

Hungary 

Italy 

Japan 

Latin America 

1 Denmark I dk I 850 I 865 I 

-- 

hu 852 850 

it 850 437 
--- 93 2 --- 
la 850 437 

I Finland I su I 850 I 437 I 

Russia 

Spain 

Sweden 

Switzerland 

United Kingdom 

United States 

I France I fr I 850 I ,437 I 

~ 

N 866 437 
SP 850 437 

sv 437 850 

S f  850 43 7 

uk 437 850 

US 437 850 

Germany - 1  
- 

I gr I 850 I 437 

I Netherlands I nl I 850 I 437 I 
1 Nonvay I no I 850 I 865 I 
I Poland I PI I 852 I 850 I 
I Portugal 

~ 

I PO I 850 I 860 1 

I Yugoslavia I YU I 852 I 850 I 
After you have loaded KEYB, your keyboard layout reflects the country you chose. You can 

. .. switch back to the US keyboard layout at  any time by pressing Ctrl+Alt+Fl (Alt+Lefi-Shift from 
Russian and Czech Republic keyboards). You can return to the modified keyboard layout by 
pressing Ctrl+Alt+F2 (Alt+Right-Shift from Russian and Czech Republic keyboards). You can 
also switch to a completely different layout by running KEYB again and specifying another 
country identifier. 

Appendix F includes diagrams of the different keyboard layouts. The diagrams show native- 
language kcyboards that tend to have different layouts from US keyboards. KEYB does its best to 
map the available hardware keys to the desired layout. Some symbols may not be available when 

* using a LIS kcgboxd and a non-TJS layout. 111 ttic tliagrarn;, symbols appcaring i n  the lower right 



comer oFa key are activated by pressing the AltGr key along with the desired key. On keyboards 
without a right AltGr, prcssing Ctrl+Alt represents the AltGr key. 

_ _ 1 - . 1 - 1 - - - ~  

Note: The AltGr kcy is tiot found on a standard IJS keyboard. 
.----lllllll-l-_l-l 

Some keys are prefix keys that don't generate any symbol by themselves but modify the following 
keystroke. For example, on most European keyboards, the apostrophe key (I) causes the next 
letter to be accented. To prodiicc an apostrophe alone, press the apostrophe key followed by the 
space b:tr. Other keys that may beliave as prefixes, depending on the current keyboard layout, arc 
the backcvard apostrophe ('), tilde (-), and caret ("). 

Some keys rcpresent symbols that are not available in all code pages. For example, the Gertnan 
keyboard can produce a capital A with a caret above it. In the default German code page (850), 
that symbol is repri:sented by the o d e  182. I-Iowever, i n  the alterriate German cocle page (437) 
there is tio such syrnbol. I fyou are tising the German layout and code page 437, and yoii try to 
produce a capital A with a caret above it, you get a caret character followed by an uppercase A 
(AA)* 

Note thiIt tlic keyboard code page could be set nor to match the display code page. This can lcad 
to confusion, as the kcyboard may produce characters that appear on screen as other symbols. 
Contiinling the above example, if' you are using the Certnari layout with keyboard cocle page 850, 
but your display code page is 437, and you produce an uppercase A with a caret above it, the 
screen displays a box drawing character. 

c 

Configuring Your System: an Example 
To completely configure your system, you need to include commands in your CONFIGSYS and 
AUTOEXFCRAT files. The following sample tiles set up a computer to w e  German 
conventions: to use code page 850 for sorting, uppercase conversions, and the display; and to 
switch the keyboard layout to Ciernian. COUNTRYSYS is assumed to be i n  the root directory of 
the boot drive, arid DISPLAYSYS, EGA.CP1, KEYB.COM, atid KEYBOARDSYS are assumed 
to be in the C:\DOS directory. 

CONFXGSYS AUTOEXECBAT 
BIJFFERS=ZO @ECHO OFF 

F I L E ; S = ~  o , PROMPT $ P $ G  

CGUMTRY-04 9 PATH C:\DOS;C:\UTILITY 
nEVrCE-C:\DOS\DIsPLAY.SYS 8 5 0  C:\DOS\EGA.CPI KEYYB GR 

v -  
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Command Summary 
Following are brier descriptions of all ROM-DOS commands, including batch file commands. 

Command Descriptiori 

'? 

@ 

CONFIGSYS cotntiia'nd. It directs ROM-DOS to pause for confirmation before 
processing ii cornmand. 

lJst:d to suppress the display of a single batch-file coninland line. 

Identifies noiicsecuting lines. 'lhc sanie as thc I<EM command. 

A console device driver that allows yo11 to support Ansi codes on thc local screen. 

A tlC:MCIA ATA disk device driver. 

Displays or motlilics thc attributes associated with a ilk. 

Backs tip a single directory trcc to a floppy drive, hard disk, or network drive. 

Turns on or o f [  the ability to stop program execution at R non-U0 point. 

Sets the niiinber of internal data buffers. 

Batch file command. Invokes cxccution of a secondary batch tile. 

Changes thc current directory (also CD). 

Checks the integrity of data on  tidisk. Displays infomiation. 

Allou-s R tiscr to make a processing choice during thc execution o f a  batch file. 

Clears all infortnation from the monitor's screen. 

Starts a secotid DOS command processor. 

Copies files from onc storage location to another. 

Designates the cotintry coclc for displays. 

Changes tlic default terminal interacting with ROM-DOS. 

1)isplays the date from the system's intcrnal calendar. Allows revision. 

Rcorganizcs ~raginented d 

Deletes spccificd files. 

tfcletes one or more dircctory trccs or individual f i les. 

Installs a devict: driver into IEOM-DOS. 

1 ,o& a device into the upper trietnory area, if available. 

DIRectory. I,ist.; contents o r a  specitit:d directory. 

files to optimize disk space and system performance. 

ii.., \ ; I C  i'iiiliiiii;. o I ' o i . i ~  ilu1)i>j. ~ ! i s i \  10 c t I i c , t i i < i '  ~ I ' r l  
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Command Description 

Displays international letters and symbols. DISPLAY 

DOS 

ECHO 

EGNEGA3 .CPI: 

EMM386 

ERASE 

EXIT 

FCBS 

FDISK 

FILES 

FIND 

FOR 

FORMAT 

GOT0 

I-ELP 

HIMEM 

IF 

INCLUDE 

INSTALL 

KEYB 

KEYBOARD/ 
KEYBRD2.SYS 

LABEL ' 

LASTDRIVE 

LOADHIGH 

LONGDIR.EXE 

MCDEX 

MEM 

MENUCOLOR 

MENUDEFAULT 

>,:rxt!i I r:,: 

Installs ROM-DOS into High Memory Area (IIMA). 

Batch file command. Turns on or off display of batch execution on the monitor. 

Font data files for use with the International video display driver, DISPLAYSYS. 

.Enables expanded memory support for capable systems. 

Erases specified files (same as DEL). 

Used to exit nested running of ROM-DOS within another program. 

Specifies the number of File Control Blocks (FCBS) open at one time. 

Initializes and partitions a hard disk for DOS. 

Sets the maximum number of files that can be open at one time on the system. 

Works as a filter to display only lines that contain a specified string. 

Batch file command. Performs one DOS command on a set of files. 

Initializes a disk so that ROM-DOS can access files on that disk. 

Batch file command. Moves control to a specified line in the batch file. 

Lists all avaiIabIe ROM-DOS commands along with brief descriptions. 

Manages extended memory and the high memory area in a 286,386, PSI2 system. 

Batch file command. Performs a command based on a specified condition. 

Allows instructions in one configuration block to be included with instructions in 
another configuration block. 

Loads Terminate and Stay Resident (TSR) programs during CONFIGSYS 
processing. 

Allows altering of the keyboard layout for a different language or nationality. 

Keyboard code page data files for use with the International keyboard driver, 
KEY B.COM. 

Creates, changes, or deletes a disk volume label. 

Sets the maximum number of drives. 

Loads a program into the upper memory area, if available. 

Provides a directory listing of files in a single directory including files with long 
file names. 

Enables the use of CD-ROM drives. 

Displays the used and free memory in your system. 

Allows setting of text and background colors for the startup menu. 

Sets the default menu-item choice and time-out value for making a selection. 

Spccifit:; n:i itcln to bc placcd on tlic startup mcnii display during syslem h m t .  
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Corrimand Description --- 
Crt:ates a new suhdirrctory. 

Modifies the operation of  the printcr, scrial porti and act ivz video display. 

Displays a test tilc otic screen at a tinie. 

Moves f i lcs  nnci renames tiles and directories. 

i‘\llows coiitintmtion of CONFIGSYS proccssing from a new file. 

Sets the NUhlLOCK keyboard key to oti or oll‘when your computer starts. 

Displays current continanil search path(s). A new path line can be specifiecl, 

Ililtch file cornrnand. Causes csccution to halt until a key is pressed. 

Conscrses p o w r  on the system that employs an APM BIOS. 

1’rint.s a list oililes, tip to ten files. 

Resets the :tppearancs of the system prompt line. 

A batch file coli-iinand for identifying non-executing lines. 

Tcrtninates the 1:Rh.ISERV program via the scrial connection. 

Renames f i les. 

Restores fi1i.s previously saved with BACKUP to the hard disk. 

IMctcs a spccifkd subdirectory. 

Scts environment variables and command processor strings. 

Installs the capabilities for file sharing and filc locking on yotir hard disk. 

Allows selections of a command interpreter other than C0Mlc.IAND.COM. 

Batch f i l e  command. Shifts replaceable parameters oiic position to the leli. 

Sorts a text f i l e  and displays the output to the standard device. 

Increases thc number of stacks available for IRQ 1tandlt:rs and Int 13h, 

Allows for tlic use: of dynnmic data stacks to handle intcrrupts. 

13cfiiics a menu item that rcprcscnts a secondat? nicnu. 

Allows one drive to appear as another drive. 

Allows special CONF1G.SY.C; tile options. 

Transfers tlic hidden system files to a specified drive. 

Ilisplays ctirrcnt time from the system’s intcrnal clock. Also allows revision. 

Ilisplays the path or  each direclory on a specified drive. 

1)isplays the cotitents o f a  test file on the mottitor. 

11 nun-protected inoilc progi-nm that can allow the creation of Uppcr Memory 
Dlocks using exisling R A M  m x s .  

!)isplays currcnt version of KObl-UOS nit thc nionitor. 
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Command Description 

VERIFY 

VERSIONSYS 

VOL 

XCOPY 

Displays the current VERIFY state or sets the VERIFY state to on or off. 

Modifies the version number ROM-DOS reports. 

Displays the volume label on a disk, 
Copies multiple files and optionally subdirectories. 

Command Descriptions I 

The following pages provide a complete description of each ROM-DOS command, incltiding 
batch file commands. Each entry includes a description of the command’s purpose, command 
entry syntax, remarks, and examples as appropriate. Each command also has a label to designate 
whether it is an internal or external command. 

Internal commands are part of the command processor program COMMAND.COM. 
These hnc t ions  are only available while COMMAND.COM is running. 

External commands are stand-alone utility programs. A special notation is also made for 
those internal cottilllands that are unique to  CONFIGSYS processing. These commands, 
labeled Internal/CONFIG.SYS, can only be used inside a CONFIGSYS file. 

For on-line help information and syntax descriptions, use the /? option with any command. For 
example: 

DIR I ?  

Note: The file COMMAND.HLP must be available in the root directory on the boot drive to 
access help information for internal commands. 

3 
~ ~~ 

Internal Command 

The question mark (7) command directs ROM-DOS to pause and ask for confirmation before 
pocessirrg the command. Place it on a command line in the CONFIGSYS file €allowing the 
actuaf command. 

Syntax 
[command]? = command_arguments 

Remarks  
The command can he any of the following standard CONFIGSYS commands. 

BREAK= BUFFERS= 
I,E\’ICE= rms- 
DO’S= INSTALL= 



1:lIJS:z: 12ASTDRlVE= 
Sl-)iC'KS- SWITCHES= 

cnnnnand_srgurncrlts can tx any ofthe available options defined for the command. Refer tct thc 
individual command description for completc instructions. 

The question Inark (7) shoiiltl bc placcd just before the equal sign (=) in the command line 

Example 
DKVtCE? 4 K J I X K .  SYS 64 /I!: 
Causes IIOM-DOS to pause ;mcl ask for confirmation before installing the VDISK. If Yes (Y) i s  
answered, tlie instnllatioit will continue. I fNo (N) i s  answcrzd, thc dcvicc wil l  not he loaded :inrl 

processing inovtx on  to ttte next CONFIG.SYS command line. 

Thct @ sign conirriand prevents a single command in  a batch file from hcing echoed to thc scrccii 
as the batch file i!j being ~1111. Place tlie @ sign in front of the command whosc display i s  to he 
suppressed. 

Format 
@ [batch IiIe conrtnand] 

Remarks 
The batch file conimand argument can be any executable line in your batch file. 

Examples 
@COPY FILEL. HAT F I L E 1 .  SAV 
Gxecutcs tlii: COPY instruction, but the instructions are not echoed to the screw as the batch tilc 
r ti tis. 
@ECHO OE'F 

The ECHO OFF command differs from tiic @ sign irr that it causes all subsequent commands not 
to be displayed on the screen. To prevent the f:CI-IO OFF command from displaying itself. place 
the @ sign in  front of the command. 

I 
- _I_____^_--- 

lnternal Cornmatid 

'I'ht: sciiiicolon (;) comniaiid has two pirposcs: to allow comments in  a hatch or CONFIG.SYS 
tile, arid to temporarily disable a command without physically deleting the cominand from thc filc. 
Rei'er also tu tlic R E M  conirnand. 
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Syntax 

Remarks 

; (any text here] 

Use the (;) command to functionally remove a command from the CONFIG.SYS fife without 
actually deleting it from the CONFIGSYS file. 

Examples 
;C: \BIN\VDISK.SYS 64 / E  

Prevents the VDISK command from executing until the (;) command is removed. 

ANSISYS 
Installable Device Driver 

ANSISYS is a console device driver that allows you to support ANSI codes on the local display. 

Syntax 

Remarks 

Device=ANSI.SYS [options] 

ANSISYS supports standard ANSI escape sequences. 
ANSISYS writes directly the screen when using text video mode. 

Options 
The K option forces use of the extended keyboard BIOS calls which sense F11 and F12. 
The /X option lets you redefine the extended keys independently. 
The /S option disabla the keyboard redefinition feature. 

The ITM option indicates that the video mode nn i s  a text mode. By default, modes 0, 1, 2, 3 and 
7 are text modes. 

Examples 
DEVICE=ANSI.SYS 

This example loads ANSLSYS with default settings. 

Load ANSISYS with mode 54h as a video test mode and disable keyboard redefinition 
DEVICE=ANSI.SYS /T54 / S  

ATASY S 
Installable Device Driver 

ATASYS is a PCMCIA ATA disk device driver. 

Syntax 
DEVICE = ATASYS [IAXXXX] [OXXH] 
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Remarks 
ATt\.SYS rcquircs an Intel 82365 or compatible coiitroller. The I'CMCIA controller carrl itself is 
always mnpped to aildrzsscs 3EOh and 3 E l h .  These are fixed addrcsses and can not be changed. 
This driver supports only 5-volt ATA cards. Up to two drivcs can he supported with thc driver. 
Usc Ihc Datalight. FORMAT ciiniriiand to forrnot an A'lh disk, if it is not already forniatted. 

ATA Card:: tested: 
P 

P 

6 

I 

Integral 184 I PA 17h4B ATA card GGOKB/s write, 690KB/s read 
Toshiba Tf-IGSS IG0201AA 2OMB ATA card 900KB/s write, 1200KB/s rend 
SaoDisk SDCFB 4MB CompactFlash'card 300KB/s write, lOOOKD/s rcad 
SariDisk SDP3D 2MR ATA card 275KB/s writen 1000KB/s rcad 

Controllers tcstcd: 
Vadeni VG-465 
hitel R2365SL rcv A 

Options 
The /AXX,YX option scts the memory window that thc ATA card gets mapped to for use. ?'his is a 
4liB window. The defatilt is C1OOO. Ikplacc XYXY with the correct tnemory segment window for 
your installation. 
l'he 1Isssx options sets tlie 1/0 address whcrc thc AI'A card is mapped to by thc controller, The 
dt:faiilt 110 address is 24011. The metnory usage for this is 16 bytes starting at the given addrcss. 

Examples 
DEVICE = ATA.SYS 

1,oiirl ATA.SYS with the default memory xgment and 110 address settings 

Load A Th SYS using manory segment address DOOOh and I/O address 290h 
DEVICE-ATA.SYS /AD000 /I290 

External Command 

'1 hc A~Il'RIB coniniancl cither displays or nioditks the attribute o f a  file. 

Syntax 
* A'lTRIU [I- I -I[ r~pption]/[rlrive:][path][fiJename] 

Remarks 
The fi le ;itiributc:s dcfinc the characteristics of'a file. They dctcrmine if a file may bc hcletcd 01 

modified, or if  it .  is archivcd. IJsa tlie ATTRID conitnand to manage these file attributes. 

Wilclcard characters may be used in the A.'I"IZLB filename. 
The ATTRIR commanrl modifies tile attributes ifrnodify commands are given to ATTRIB. The 
modi@ coimnatiils :irc 

Option Description 
.~ 

4 i- Add( I ') o r  remove(-) attribute inscrtcil h z r m  e d i  option. 
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Option Description 

A Archive attribute 

C Clear all attributes 

H Hidden file attribute 

R Read Only attribute 

S System file attribute 

If  ATTRIB h d s  no modi@ commands, then it displays the files in the specified directory along 
with the filenames and their current attributes. 

Examples 
ATTRIB +r myfile.dat 

ATTRIB -a -r *.dat 
Adds the Read Only attribute to the file myfile. dat .  

Removes the Read Only attribute and the Archive attribute of all files with the .DAT extension. 

Displays the attributes of all files with the .DAT extension. 
ATTRIB *.dat 

BACKUP 
-~ ~~~ 

External Command 

The BACKUP command backs up a single directory tree to a floppy drive, hard disk, or network 
drive. 

Syntax 

Remarks 

BACKUP <srcpath> <dstdrive> [/A] [/HI [L[:<lognarne>l] [IW [/SI [A'] [/?I 

The complement program, RESTORE, restores a backup set to hard disk. Backup creates one or 
more backup volumes in the form of DL970507.001, where the year, month, and day compose the 
name, and the volume number is the file extension. 
The.<srcpafh> (source path) can be any legal DOS path, with an optional file mask, such as 
D:\SOURCE\* .C. 
The <dsfdrive> (destination drive) can be any legal DOS drive. 

Options 
The A option appends the data to an existing backup file. 

The /H option backs up hidden files as well as normal files. 
.fhe /L option writcs a .LOG file in ASCII text form. If  no log filenilme is specified, BACKUP 
creates a .LOG file in the current directory. 



The /M option b x k s  lip only filcs that (lo not have the archive bit set. BACKUP automaticnlly 
clzars the archivc bit for ciich file i t  backs up. Use Datalight ATTRID to viewiset the archive bit 

Thc i S  option biicks up thc entire trce, riot .just thc onc directory. 
l h e  PI' option allows Bh(:'liUt' to opctate i n  batch liles with no user input (affirmative is given 
for all prompts). 1-Iowevcr, if the backup set requires multiplc floppies, UACKIJP prompts for al l  
tloppies after the first one. 
Note: BACKUP operates much faster whilc using any disk cachi: program. 

I l l  an t1alI y . 

Example 
The rollowing cornrnand backs up all files in the C:\DEV\IZObiDOS directory, including 
subdircctorics, to the B: tlrivt:. 
BACKUP C :  \ l lEV\ROf4ROS €3: / S  

I_ .___-.--l_l_l 
BREAK 

Internal Cornntand 

1'112 131U1AK ciinimantl espands the list of' opcrations that can bc stopped by pressing Ctrl+C or 
Ctrl-kBrcak. itltcrnativcly, returns to the default setting of a limited iiumber of brcak-able 
operatims. 

Syntax 
BIZE4K [ONIOFF] 

Remarks 
I n  the nnrrncti defairlt condition, the BREAK switch is off. In the off mode, the stop cominancls, 
Ctrl+C and Cltrl+li3rcak, affect activities that read from or write to the keyboard, the screkn, or thc 
printtx. I?._)M-UC)S does riot. look for these stop commands during any other activitics. 
With the UIZEAK switch set to ON, ROM-DOS looks for Ctrl+C and Ctrk+Urcak during activities 
siicli as disk read:< and wiles. 

Examples 
i3REAK GN 

Expands the BREAK list. 

Returns to limited BREAK list. 

Displays ihc ciirrcnt U H E K  setting. 

0 
8REAK OFF., .\ 

BREAK 
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BUFFERS 
CONFIG.SYS Command 

ROM-DOS has internal buffers to temporarily hold data read from the disk, Increasing the 
number of internal buffers speeds system performance. 

Syntax 

Remarks 

BUFFERS = nunlber 

Each buffer used by ROM-DOS requires 512 bytes of Ubi. The BUFFERS command increases 
or decreases the amount of RAM used by the operating system. 

The minimum number of buffers is two, and the maximum number is 40. When the number is 
less than two, the ,number of BUFFERS is set to two. When the number is larger than 40, then 
BUFFERS is set to 40. The default number of buffers is calculated using a scale. The ratio is I5 
to 640KB. Consequently, a system having 640KB of conventional memory will have 15 buffers. 
Ifthe calculated number is less than two, then two bufkrs is used. 

Example 
BUFFERS = 10 

Causcs ROM-DOS to have ten buffers. These tcii buffers use 5 120 bytes of RAM, 

CALL 
Batch File, Internal Command 

The CALL command invokes execution of a secondary batch file without exiting the primary 
batch file. When the secondary batch file is done executing, control is returned to the primary 
batch file. 

Syntax 

Remarks 

CALL batchfiIe [batchfile arguments] 

Paameters for the secondary batch file may also be included, if appropriate. 
e 

Examples 
CALL BATCH2 

Executes the batch file BATCH2.BAT. 

Executes the batch file MYBATCHBAT. The arguments passed to MYBATCH.BAT are 
CALL MYBATCH F I L E X  F I L E Z  

$1 = F I L E X  
$2 = F I L E Z  



~~ 

Internal Command 

The CIIDIII command changes the currznt directory. 

Syntax 
(:I IIIIR fcl~ivc!:][p;ithlsiibilir 

CL) [ drivc:f[path] sti bdir 

Remarks 
Sirbdir is thu  iiainc ofthc i m v  current subdirectory. Yoti may use Ci) i n  plncc of CWDIR. 
The  new directory that is lo becomc the current dircctory tnust already exist. Refer to MKDIR for 
i n  Ibrmation on the crcation of'subtlircctories. 
A scrics oflwo periods (..) rnay be tised to indicatc a niove hack to the next-higher or parent 
directory. 

Specifying only the hacksliish (\) for the srrbrfir argunicnt n i o ~ e s  yoii to the root dircctory ol'tlir 
currriil drive. 

Examples 
C H D L K \TOOLS 

Moves you into tlic subdirectory nnnied T'OOI,S, whose parent directory is the root of the currcnl 
drivc. 

Di:;plays the current directory on drive A:. Any valid drive letter can be substituted to get the 
currcnt directory oii that drive. 
'The following examples usc this directory tree structure: 

CD A:  

TEST- NEW c WORDPROC D:\DRIVE f?QOT 

CD D:\TEST\NEW 
blove:; you into the subdirectory namCd-NEW, located on the D: drive, under the parent directory 
'IISST. 

Moves you back to the parcnt directory of the currcnt subdirectory. t fyou were in the cliiectory 
l>:YTESIlNEW (froin the previous example), this ClIDIR cointnand moves you from NEW back 
into thc TEST directory. 

r\.lo\~cs you back ti) the parent directory atid then into a subdirectory named WORDPROC:. 11: you 
start in the 'TESl directory, yoti wi l l  riiove back to the ROOT directory untl then into the 
WCfI:I>Pr:i)C s uhd i rccto '1'. 

C H D I R -  .. . 

CD . . \wonnPnoc 

C D  \ 

..*A 
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CHKDSK (CHecK DiSK) 
External Command 

The CHKDSK command checks the disk directories and File Allocation Table (FAT) and displays 
a disk and memory report. 

Syntax 

Remarks 

CHKDSK [dr~ve:]lpath][filenamel[~Cl [El EN1 

CWKDSK examines a disk and determines whether it has any errors in the File Allocation Table 
(FAT) and optionally fixes errors. ' 

Options 
The /C option allows CHKDSK to correct errors without user confirmation. This option can be 
used along with the /F option for corrections to be made without user confirmation. 
The /F option causes CHKDSK to fix FAT or directory errors on the disk if any are found. If /F is 
not specified, thcn CWKDSK acts as i f fking the disk, but no corrections are writtcn to the disk. 
If errors are detected, you are prompted with a message similar to the following: 

15 lost allocation units found in 5 chains. 
Convert lost chains to files? 

If you answer Y for Yes, each lost chain is written to a file in the root directory of the current 
drive. Each file will have the name FILEnqnn.CHK. nnnn will be a sequential number. The first 
chain will be in F1LEOOO.CHK. These files can be verified to see if'they contain valuable 
information, and then deleted if desired. If you answer N for No to the above prompt, CHKDSK 
still makes the corrections, however, the lost chains are not saved to the disk. 
'I he /V options causes CHKDSK to display each path and file as it is processed. 

If a file specification is specified, then CHKDSK displays all tiles matching the specification that 
have noncontiguous data areas on the disk. Piles that are stored in noncontiguous areas, 
especially .EXE files, have slower disk access times. If CHKDSK reports a large number of files 
with this problem, you should use a utility program that optimizes the files and frces space on 
your disk. 
After checking the disk, CHKDSK displays any error messages followed by a report on the state 
of  the disk that was checked. An example of the report is shown below. 

Volume 'ROM-DOS created June 1,1999 1:OOa 
Volume Serial Number is 190E-4AA2 

362496 bytes total disk space 
bytes in 1 hidden files 

6144 bytes in 2 user files 
356352 bytes available on disk 
655360 bytes total memory 
595360 bytes free 

. .  0 

CIlKDSK does not wait for a disk to be inserted before the checking is initiated, nor does it repair 
any errors. 

Examples 
CHKDSK a: 

Checks the integrity ofdrivc A:. 'l'he report is printed to the console. 
CHKDSK d: >drive-d.rpt 



Checks thc integrity of h;ird drivc disk D The report is saved i n  a tile rinrncd DRlVE-D.RP r 

QICE 
External Command 

1 hc CI IOICE command allows a user to select between diffcrent options during the processing ot 
a batch file. 

Syntax 
[drive: Ilpath]CI iOICE (/C(:]keysI liNf [/SI [K[:] c m l  [Prompt Text] 

Remarks 
/C] , : ]kqs  specifics the allo~vctl ltcys for the user prompt. 'I'he colon is optional 'for the command 
syntax. ' I h C  clcfiiiilt sclzction for the keys is YN, Morc than two key choiccs rnny bc cntercd. 
/N prevznts display oftlic user prompt. The selected keys arc still valid, hut thcy are not 
tlisplayctl i n  11ie prompt iiicssagc. 

/S selects casc-scositivity regarding thc prompt. With the IS switch. yot i  iniist cntcr the response 
in thc exact case used wi th  thc lC option, 

,T[:]c,m scts a tinie delay. CHOICE pituses for the specified number of scconds waiting for ;I 
req~onsc. If now is givcri, the default key choice is used. The argument c is the clcfattlt-key 
choice character. The iirj argutnctit specifics the number of seconds to pause. Valid numbcr 
sclectioris tire from 0 to 99. A 0 setting produces no pause. 
Prompt Text for the prompt is optional. You can display different output by using the text ficld, 
or not, and by using or removing the M switch along with the test. 

Examples 
When the following CHOICX contrnand is used 

ywi  will sa:: 

If the test argument is atlded 

thc displa>J will tie: 

if the kcy choice prompt: Is left off 

only thc following appcars (notc kcy choice of YN is tlefaaull) 
Cont inue r e a d i n q  f i . lc?  

A cotnplrtz batcli file example fbllows. Each proiiipt selection relurns an crrorlevel thilt can bz 
tr;1ppcdd. The errorlevel corrcsponds to the orilzr of the kcy choice. For esainple, with k:tco, t 
rciurns I ,  c return:; 2, and o returns 3. 

C:HOICE; /c: ync 

[Y, N, C l  ? 

CHOICE / c : y n c  Pl.ease s e l e c t  Y e s ,  No, o r  Continue 

Pl.ease select Yes, No, o r  Con t inue  [ Y , N , C I ?  

CHOICE /n Continue r e a d i n g  f i l e  

@?Cho  off 
171s 

r t .ho .  

c+.:Iio E F:uii k h p . 1 0 ~ 2  
~ c h o  0 I?un Tit,IE--OU 



36 Chapter 5, Command Descriptions 

echo. 
choice /teo /t:t,5 Please select option 
if errorlevel 3 goto timeout 
if errorlevel 2 goto update 
if errorlevel 1 goto timein 
: timeout 
tmout. exe 
goto end 
:update 

goto end 
: timein 
tmin, exe 
goto end 
:end 

’ updat . exe 

CtS (CLear Screen) 
Internal Command 

?‘lie CLS coininand clears the monitor to display a blank screen. 

Syntax 
CLS 

Remarks 
CIS  clears the screen, and then redisplays the DOS prompt and cursor in the upper left-hand 
corner. There are no additional options for CLS. 

COMMAND 
External Command 

The COMMAND command starts a new command processor. 

Syntax 
COMMAND I /e:numberl [/k fl~enamel [/PI [/c strhg][/msg] 

.. 
Remarks 

Use this command to start a new instance of the ROM-DOS command processor, the program that 
contains the internal ROM-DOS commands. 
Starting a new instance of the command processor also produces a new environment. The size of 
the environment is 128 bytes by default but can be changed using the /e switch. Thc environment 
size may be larger if this is a secondary copy of COMMAND. 
Command and its arguments can also be used in a SHELL= statement in your CONFIG.SYS file. 
Refer to the dcscription of SHELL for more details. 
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Options 
'lhc /c:ntiinbcr switch scts thc cnvirontnent s i x .  Numbcr rcprescnts the size ot' the etlvirollnlctlt 
iri bytes. A ' I I u I ~ ~ ~  must bc in the rangc IYoiii 160 to 32,768. 1\11 other vitltics arc ignored and 
rcplaced with thi: tlcfatilt valuc of 256. I<OM-UC)S rounds up the valuc entered to the rlearesi 
mtiltiplc of- 16. 
The ik filename option tells the command processor to run the spccificd filenarne arid then displiiy 
thc ROM-T)@S command prompt. It is not rccommcnrled that this option be used in a 
CONlTG.SYS S1 LELIA= !;tatcnictit. 
'Ihc /p switch causes COICIMAND not to exit but to remiin permanent. Use thc /p switch only 
when CXXvlMAMI3 is used in a CONFIC.SYS SHELL statcmcnt. 
l'lic /c string switch ca~iscs I:OI\~IhIAND to execute the cornrnand in slririg and thcn tcrinirinte. 
Thr: string coininand can I-ie any internal or external command. 
'lhc / m g  option cawcs all crror messages to be stored in  memory. This option is rscommcndcd 
only for floppy disk-baed s>/stetns. ROM-I)OS keeps many of its ctror messages in the 
nonresident portion of CCXvMANL).COM lather than itsing valuable memory to stcire them, If' an 
error mcssagc is ncedccl, and yoit have loaded ROM-DOS from a floppy disk, the message will 
otily be :ivail:iblt: if the boot disk is still in the drive. By tising the imsg option, thc message is 
avai1:ihle in nieiricrry tit dl times. The /p option must be uscd along with the /insg ctption. 

Examples 
COMMRIII) / C  DIR C;: 

Cituscs a ncw copy ofCORIlh/LANL) to be executed. I t  performs a DIR command on the C:: drivc 
and then exits back to the previous Comtiianrl Processor. 

Loads a permnnent copy of COMMAND with an environment size of256 bytes. 
SHELL,=C: \COMMAND.COM / P  /E:256 

internal Command 

The COPY command copies a file or set of files to a specified destination: another disk, another 
subdirectoiy on the current disk, or on a completely different drive. COPY may also be used to 
altcr the filename within the current directory. In addition, this command can be uscd to direct 
comniunication betweeri files and devices (for example, file contents to a printer or keyboard 

1 input to a lile). 

Syntax 
This command has several possible formats. The essential structure of each cctnimantl is 

COPY source tnrgct option 
'lhr: sotircc is tho copy from filcnamc o r  dcvicc, and the target is the copy tu fileriarrie or rlcvicc. 
Following arc various contigurations of the COPY command format. 

C:OPY [ rlrivc;] [path:] filcriatiic [ /option] [ rlrive:] [path]  filcnamc 1 /optior~] 

\\'liere the first filmanic iritliciites the so~ii'cz fileis) to he copied. arid the secorid filrriarnc 
iiidi.'htc; tl 

C'OPY [drivc:] [path] filcnsmc [ /opf jon] + [ driw;] [ p a t h ]  filcriat~~r [ /opriori] 
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[drive:] [path] filename[ /option] 
As shown, several source filenames may be listed to be copied into the target filename that is 
listed last. The source files are concatenated into the target file. 

COPY [drive:] [path]  filename [ /option] device 

COPY device [drive: 1 [path] filenamc [ /option1 
The target device is a console or printer (PRN). 

The device is the source such as a keyboard or console, the output of which is directed to the 
target filename. 

Options 
The /A and IB options represent ASCII and binary, respectively, and act as switches that allow 
each of these file types to be copied. When /A or /I3 is used, it applies to the preceding filename . 
The option remains in effect for any filenames following in the command line until superseded by 
another /A or /B. 

/A and /B options are only needed when combining ASCII and binary files. 
/A treats the file as an ASCII file (text file). When used with the source file, everything is copied 
up to, but not including, the first CTRL+Z end-of-file marker. When /A is used on the target file, 
a CtrlcZ is added as the last character i n  the tile. 
/B treats the file as a binary file. When IB is used with the source file, the entire file is copied 
regardless of any Ctrl+Z characters. When /B is used with the target filename, no Ctrl+Z end-of- 
file marker is added. 
/H copies hidden files. 
/V is not implemented in ROM-DOS for code size reasons. It is included to maintain command- 
line compatibility. 
N copies the current file(s) over the existing file@) of the same namefs) without confirmation. 
'This option overrides the setting made by the COPYCMD environment variable. 
/-Y confirms the copy of one file over the existing file of the same name. This option overridzs the 
setting made by the 'COPYCMD environment variable, 
Set the COPYCMD environment variable with the SET command. This allows you to set 
confirmation on or off for the COPY command. If you always want to be prompted for 
confirmation when a tile will copy over an existing file, set COPYCMD= /-Y. To automatically 
overwrite without confirmation during a copy instruction, set COPYCMDt N. For proper usage, 
refer to the SET command. 

Remarks 
When no filename is specified for the target, the new copy is given the same name as the sourc? 
filename. 
When no drive or path is specified for the source, the current drive and directory are assumed. 
When no drive or path is specified for the target, the current drive and directory are assumed. 
Lfa drive name only is specified without a path, the current directory for that drive is assumed 
Both source and target fifenames may include wildcard characters (*) and (7) to specify a set of 
several files. 

Examples 
id1  'i LSTTER. T::T F.. 



Copies the lilc tETTER.TXT' (in your current drive arid path) to thc current directory 011 the disk 
in drive A:. 

Copies all files in the currcnt dircctoty with an extension of .DOC to the default directory of drivc 
A:. 

Cream a backup copy, IM"AUACK.dOC, from the file DATAORIG.DOC. 'Hie acw tile is 
1ocatt:d iri the current dirsctory. 

Copies the files JAN.DAT, FEELUAT, and klAR.DAT in scquencc into the single tile, 
(?TI< I .DhT. 

Sets up your console (keyboard) tu input dircctly to NE:WFIL,E.TXT. Ctrl+7, followed by Entcr 
closes tlic filc and returns lo nornial command line operation. 

COPY * . D O C  A: 

COPY DATAORIG. DOC D A T A H A C K .  DOC 

COPY JLN.  DAT + I?EB: DAT + MAR. DAT QTRl . DAT 

COPY CON MEWFILI':. TXI' 

COUNTRY 

ROM-DOS wpparts tnultiplt: country tot mats For time, L h k ,  and currency, and other basic 
country-sgecitic iiiforination. A country is identified by a three-digit, international telephone 
cotllltfy code. 

Syntax 
COIJNTRY = co~mtrynumher [codepage) 

Rerriarks 
1 h e  file C'OUN'I'IIY.SYS must br: present in the saiiie directory as your CONFIGSYS file. 
I f  you do not specify a code p<igc, ROM-DO7 t15es the defaault code page for the chosen countiy If 
n codc page is spccifietl, it iiiust be either the dcfiiult or alternate code page for the chosen 
country. 
This corninand affects the ROM-DOS DATE mil TIME commands. Applications that use DOS 
furictions to deteriniiic thc date, time or currency format, or requcst that DOS provide character 
sort order or uppcrcasc iIiformation, are affected as well 
Refer to the table provided on page 18 for a list ofthe currently supported countries. 

Examples 
COUNTRY= (149 
COUMTliY = 049,  4 3 1  

1 he next time you start ROM-DOS with either of these COUNTRY romniands, the DATE and 
'WVE wili be displayed follows. 

DATE 
current date is bled  2 0 . 0 6 . 1 9 9 8  
E n t e r  riew da te  (dd.:an.yyyy) : 

C u r r c n t  tim? I S  1 6 : 3 9 : 5 4 , 4 5  
TIWE 
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The first COUNTRY command above uses codes page 850, by default, for sorting and case 
conversion. The second COUNTRY command example iiscs the specified code page 437 instead. 

CTTY (Change TeleTYpe) 
Internal Command 

The CTTY command directs input and output to a different device other than your computer's 
standard keyboard and monitor. 

Syntax 

Remarks 

C7TY device 

Use CTTY for any situation requiring interaction with an alternate console. 
The C?TY command only affects communication with ROM-DOS and with programs that work 
through ROM-DOS for input and output. For example, BASIC uses standard keyboard input 
regardless of previous CTTY command usage. 

Examples 
CTTY COM2 

Sets the device on COM2 as the input/output device. 

Returns control to the standard keyboard. 
CTTY caN 

DATE 
internal Command 

The DATE command displays the current date (day, month, year) as known to ROM-DOS and 
also allows you to change it. 

Syntax 

Remarks 

DATE [ mm-dd-m] 

The date set by this command is used, among other things, for date stamping your file rcvision 
dates, This information is displayed when you execute a directory listing of your files. 
You may want to include the DATE command in your AUTOEXECBAT file, so you can set the 
date during boot. If your computer has an internal, battery-operated clock, you won't need to do 

The format ofthc datc cotnninnd is also dependent on the country specified in CONFIG.SYS 
'lhe date is displayed according to local standards for the specified countv. 
Refer iilsn to the TIME command 

so. 
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Examples 
W h e n  entering this command without specifying mm-dd-,yyy, the current date as k1icwii to 
1ZOh.l-DOS is displayed, arid you arc prompted to cnter a new date. 

Current date  is Sat: 6-10-1989 
Enter  new d a t e  (iim-.dd-yyyy) : 

If y o u  do not want to change the date, prcss Enter. Otherwise, key in the current date and prcss 
Enter. 
Alternatively, yoti tnay skip the display and proiiiptirig by entering the ciirrcnt date on the 
comnian(1 line. To enter June I O ,  1999 (iissurriing IJS country support), cnter the DATE 
cnmiiiand as follows: 

Valid entries fbr months, days, and years are 
DATE 6- lo - - -  1 3  3 9 

Innl=: 1-12 dd= 1-31 yyyy= 19so-2099 

ROM-DOS calctilates tlic day o f t l i e  week; (lo not includc i t  in your cntry. 

1 he DEFRAG coiiimantl rcoiganiics fragmented files o n  hard and floppy disks to optiniiLe disk 
sp:tcc and systan pcr'forniance. 

Syntax 

Remarks 

UEFRAG [drive:j [[&I I /I: I IU] [/S[:]order] [mj] 

l o  tlcfiagrnr:nt filcs on your disk, quit all other programs prior to running DEFRAO. 

Options 
Option Description 

[clrive:] 

IT) 

/D Optimize directories only. 

/U 

IS 

--__.I__-- ~ 

Drive letter of thc disk to be optimized. 

Rcboot the system when defraementation/optimization is complctcd. 

1)t:fragnieIit files m r l  optirnizs directories (default option). 

Sort files kiy specified order. Use R hyphen (-1 stiffis lo reverse the order. 
N = by name (alphabetic) 
E = by extension (alphabetic) 
t) = by date &. time (earliest first) 
S = hy size (smollcst first) 
-. revwic previous sort order. 

iC1 l'rcvcnts prompting for conhtiation. DE'IFRAG does riot prompt for confirmation 
u-ticn run h n i  il hatch 171~. 
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Example 
The first example defragments drive C, places the files in reverse alphabetical order, and reboots 
thc system when finished. The second example defragments files on the current drive, optimizes 
directories and sorts in the order of increasing tile size. 

DEFRAG c:/s:n-c-h 

DEFRAG /u /ss 
or 

DEL (DELete) 
Infernal Command 

The DEI, command deletes a specified file or set of fjles. 

Syntax 
DEL [drive:] [path]  fiIenarne [/PI 

Remarks 
The DEL command and the ERASE command are functionally identical. 
When no drive is specified, the default is assumed. When no path is specified, the default path is 
assumed. 
Global filename characters ? and * (wildcards) can be used in the filename, This should be done 
with caution as it is possible to delete multiple files unintentionally. 
When the filename *.* is used to delete all files in the specified subdirectory, a verification 
message is displayed: 

Enter Y to delete all files in the specitled Subdirectory. 
DEI, deletes files within a subdirectory, not the subdirectory itself For subdirectory removal. 
refer to the RMDlK command. 

A r e  you sure (Y/N) ? 

Caution: No ROM-DOS command can undelete a file, Although utilities exist that can 
attempt an undelete, certain factors can cause the deleted file to be partially or totally 
lost. The DEL command should be treated as a permanent deletion. 

. 

Options 
The /P option causes DEL to pause and prompt you before each file is deleted. This option is 
most useful when deleting files with wildcards. A sample prompt is shown below: 

<Filename> Delete (Y/N) ? 

Examples 
DEL A:*.DOC /P 

Deletes all files on the A: drive with a .L)OC cxtcnsion. Before cach file is deleted, you are 
prompted to dcterniine if that file should be deleted 

Deletes the file MYLETTER.DOC from thc current dcfault subdirectory. 
LJLL L L ~ Z A A G r . . - ' U b  
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13EL *.DOC 

Dcletes all  liles in the ciirrent subdirectory with a .DOC file eatension. 

-~ I--_ _l.--l_____l_ 

External Comniand 

'The DEL'IILEE command ciclctcs one or more directory trees or individual files. 

Syntax 
IX1,TREE [/U] [rlrive:lpath jjdrive:jpath[ ... 1 1  

Remarks 
/Y prcvents DIX'rIUX from prompting bcforc deleting. 
[tlIivc:]path indicates the niiilie(s) of the file($) or directory trcc(s) to delctc. Wilclctirds arc 
allowed. 

Examples 
Datalight DELTWE dclctes one or mor? directory ti'ees. For example, to delete all files and 
directories i n  the tree C:\l'EblP, enter 

You can also use DELTREE to delete individual files, one at a time, using wildcards. 1:or 
esa1np\e, to delete selected tiles in thc c~irrcnt directory, enter 

TIELTREE then prompts you Cor cach tile it -finds, allowing you to choose whether to delete them. 

DELTREE C: \TEMP. 

OELTREE * . * 

~ - ~~ 

Caution: 'rake care when using wildcards with DELTREE. DELTREE deletes all 
spccified files and subdirectorics regardless of their attributes. Multiple files and/or 
subdirectories may be specified. -__-..--. 

_____. ___I_pp---...__I . CONFIGSYS Command 
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Example 
DEVICE=C:\BIN\VDISK,SYS 120 /e 

Installs the ROM-DOS RAM disk driver, VDISKSYS, via thc DEVICE command and dedicates 
120KB of extended memory to the RAM disk. 

DEVICEHIGH 
CONFIGSYS Command 

The DEVICEHIGH command loads an installablc device driver into the upper memory area, if 
available. 

Syntax 
DEVJCEHJGH = [drive] [parb] driver name [arguments] 

Remarks 
A device driver allows ROM-DOS to access hardware that is not common in all PCs. A device 
can be loaded into the upper memory areas if they arc available and there is enough free upper 
memory to accommodate the driver's nccds. 'I'o make high memory available, the EIvlM386.EXE 
and HIMEMSYS utilities must be loaded. Ifthese utilities are not loaded or thcrc is not enough 
upper memory available, the device is loaded into conventional memory. 
The full drive path and filename of the device must be specified. The arguments differ depending 
on the device driver. 

Example 
DEVICEHIGH=C:\BIN\MYDEVICE.SYS /20 /M 

Installs a driver MYDEVICE with its command line arguments as specified. The device is loaded 
into upper memory, if available. 

DIR (DIRectory) 
- ~~ 

lntefnal Command 

The DIR command displays a list of the files that are in a specific directory. 

Syntax 
DIR [ drive: I [ parhl [ filename] [loption] 

Remarks 
Use the DIR command to list all the files in a directory or to show the directory entries of specific 
files. 'The standard directory display format includcs columns for filenames, filename extensions, 
tile sizes, and the dates and times the files were created. 

Options 
The /A option causes the 131R command to display only the files that match the specified fihnanie 
and have the given attribute. The ibllowirig list shows the legal attribute descriptions. 
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Attribute Description 
----...-- l.-l__ 

A 

1) 1lirzctoric.s 

11 Hidtlcn files 

K 1Pe:tcl only filcs 

Arch i ye-rziidy for archiving 

S System files 

X Show attributes 
r <  l hc mintis sign can bc u5ed to negate listed attributcs For eumplc,  
to select all files that do not have thc archive bit set. iisc /A-A option 

Tlic /B or tiarc option caiise~ the filenamcs to b e  displayecl without volutne lahel. date, tinie, o r  
size information. 
The /I, option causcs thc lilcnames to be displayed iii lowercase 
l 'hc /P option scltxts page mode, which niakes ROM-DOS pause thc display each time the screen 
is i i i l l .  I'rcss any key to go onto the nest page ofentrics. 
'l-tic /O option causes the tilcrianies to be clisplayed i n  sortcd order. 'The sort order cw conlain 
one or more of'thc following attributes. 

Attribute Description 

n 13y date and tirne, newest first 

E Alphitbetic order by extension 

ci Directories grouped bcf'ore files 

N Alphabetic order by mine 

s Size sinal lest tlrst 

The mintis sign can precede the sort option to reverse the sort ordcr 
f:or esaniple, to sort all files in the directory i n  reverse alphabetic 
order, use /O-N option. 

The /S option causes the display to include files in subdirectories also. 

The /W option displays the list in a wide format without date, time, o r  size. 
'i'hc DIRCNID eryvironmenl variable can be used to set the default prcferences for the DIK 
carnmand. 'The SEC corninand assigns the values to an environnient variable. Refer to thc S I 3  
command for proper usage. For exainplc, to always have the /P  option sct for DIR, use the 
statcment SET DIltCMD=/P. You can override the default settings in DIRCMD by using thc 
minus sign (-) preceding the option. To cancel the paging for a singlc use ofthe M R  cominrtnd, 
enter DIR /-P. 

'Thc llI1ISI%E environnient variable is usefill for nonstandard screen sizes. As with the DlRCklI> 
variable, the SET command assigns thc valucs. The syntax is 

SET UIIZSILE r.or.t~sl.coluiiir~s] 
'Yhr v;iIucs lor I'O\C:S a n d  colrrnins only have an affect \vhcn  yo11 itsc tlic il' or /I,\' options \vir11  hi- 
L)lR coiiittiat~d. 'l'ht: /I' (p;igiiig) option uses rows to display thc correct number of  lines br(i)rt: 
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pausing. The /W (wide display) uses the columns argument to display the correct number of 
columns across the width of the screen. 

Examples 
DIR 

Lists the directory entries of all tiles in  the current drive and directory. 

Lists all files in the subdirectory MEMOS on drive B:. 

Lists the directory entries for all files in drive A: with the extension RF'T, displayed one screen at 
a time. 

Lists all files sorted by filename order. 

Lists all hidden files. 

Lists all tiles with a .DOC extension without file sizes or volume labels. 

DIR B:\MEMOS 

. DIR A:*.RPT/P 

DIR /ON 

DIR /AH 

DIR *.DOC /B 

. .  DI S KCO PY 
External Command 

The DISKCOPY command copies the entire contents of one floppy disk to another. 

Syntax 

Remarks 

DISKCOPY +W?l:> <drlVeZ:> [loption] 

The first drive speciftes the source disk, and thc second drive specifies the target disk. 
The disks that may be copied are 3GOKB, 720KB, I .2MB, and I .44MB disks. Both the source 
disk ahd the target disk must be of the same type. If the target disk is not formatted, or is 
formatted with another format, then it is reformatted before copying. 
If any problem occurs during the copy process, DISKCOPY indicates the side, track, and sector 
where the problem occurred. 
The source or the target disk may not be a RAM or virtual disk. 
DISKCOPY copies only floppy disks, not hard disks. 

Options 

Examples 

The N option verifies the copy after completion. 

DISKCOPY A: B: 
Duplicates the contents of the disk in drive A: onto drive B:. Drive B: must support the same type 
of disk LIS drive A:. 

Duplicates the CQP!CI?~S of tlic disk in drive A:. You ai'? proinplecl for svnpping t!ic mti rcc nncl  
target disk as nccded to perform the entire copy. 

DISKCOPY A :  A :  
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-______I__ I.__- ~ _ _ _ . ~ _ l _ _ l _ _  

Instal/ab[e Device Driver 

DlSPLAY is ii dc-vice tlrivcr that allows yoii to view intcrtiational letters and symbols (code pagcs) 
on ECi.4 ant1 VGA displays. 

Syntax * 

tlcvice =[drive:][pa thjUIS %AY .SYS corle~agelfbntfilename 1 
Re ma r’ks 

I)ISI’I.,i\Y inimecliatcly reconfigtircs your video adapter to display characters from the selected 
code page instead of  tliose char:rcters built into the hardware. 
Thc  cockpage argtimcnt specilks the cock page yoii wish to display. ROM-DOS supports code 
pages 437, 850, 852, 860, 863, 865, and X66. 

’I’he foiitfilcnmc wgtimenl, when incltitlcd, tells ROM-[)OS where to find tlic 1XA.CPI or  
F,C;,A3.CPl font filc. EGA.CI’1 is the dcfiiult file choicc. If EGACI’I is in the siiiiie directory ns 
CONFlCi.SYS, this can bc oniittccl. 

Curl-znlly, lbnt information Cor all countries other than Russia and Czechoslovakia can be foiiiiil in 
1:GACI’I. Rtissirr’s arid Czechoslovakia’s information is contained in BGA3.Cl’l. 

F o r  niorc information on 13ISPLAY, see the section on ‘Configuring ROM-DOS for lntcmntional 
LJse’ on page 17. 

Examples 
device-1)ISPLAY. SYS 8 5 0  
ciev.ice=(I: \DOS\DLSPLAY.SYS 850 C :  \DOS\EGA.CPI 

Ttiese esaniples configure thc video adapter to display code page 850. The second example is 
tiscd ifthe 1XSPLAY.SYS a n d  EGA.CPI f i l es  are in the C:\DOS directory instead ofthe same 
directory as CONFIGSYS. 

___l_---l_”_l.ll__l-l_-_I 

CONFIG. S YS Command 

KOM-DOS can be loadctl into an uppcr portion of memory referred to as die IIigh Memory Aisa 
(HMA), frcein:, more of conventional (lower 6SDKB) DOS memory for use by applications, 

Syntax 
DOS=MICiI I 

Remarks 
‘l’hc DOS=iTIGH command frccs up inort: of the standard DOS memory for nsz hy applications. 
i his comm;ind only works on 286 and higher CPlJs with extended mzmory and Datalight’s 
iIi,VI;bI.SY!; IIigh Memory bfanagcr, 01- equivalent, installcd. I t  \vi11 not work o n  standard XT 

1tcLL.r also lo the tllMEM device clrivrr ticscription on pxgd 5 %  

r /  

c I: I<O’.l-!>[.)Y i:,  i i i  !:911. 
b *  
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Example 
DEVICE=HIMEM.SYS 
DOS=HIGH 

Loads the high memory area device driver and then loads ROM-DOS into the Hh4A for increased 
conventional memory. The high-memory-area device driver must be loaded tirst, before 
DOS=HIGH. 

, 

ECHO 
~ 

Batch File, Internal Command 

The ECHO command controls whethcr ROM-DOS commands and other messages are displayed 
during batch file execution. ECHO also allows you to create your own mcssages for display. 

Syntax 
ECHO [ONIOFF] 
ECIIO niessage 

Remarks 
The ON option is the default ECHO setting. It causes commands in a batch file to bc displayed as 
ROM-DOS executes them. Typing ECHO OFF turns off such display, after which the ON option 
switches it back on again. 
The ECHO command alone, entered without the ON or OFF option, displays the current ECHO 
setting. 
The message option is a string of characters, such as a warning or a reminder, that you want 
ROM-DOS to display. Althoiigh your message displays whether ECHO is on or off, the message 
display is useful only when ECHO is off. 
To create a message, enter ECHO followed by your message. If your message is more than one 
line long, the ECHO'commarid must begin each line of the message. 
The @ symbol can be used to suppress the echoing of a single command when ECHO is on. 
Place the @, symbol first on the command line. Refer also to the description of the @ command 
for additional information. 

Examples 
ECHO This batch file moves files 
ECHO to another directory. 

ECHO OEE 
A batch file message with more than one line. 

Sets the ECHO to OK 
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-___ 
GA.CPIIEGA3.CPI 

I-- -~ 

Support files 

EGA Ct’I and ECM3 CI’I are font data files for use with the International video display drivel, 
DISPLAY.SYS. These files contain alternate font sets to display in place of the 1iardw;rre code 
page built into thc EGA or VGA display monitor. 

Syntax 

Remarks 

Refer to the instructions for DISPl,AY.SYS for usage 

Currently, font information fur all countries other than Russia and the Czechoslovakia can bc 
found i n  the file IXX.CPI. Russia’s and (:7echoslovakia’s information is containcd in 

; .CPI. 

lnsiallable Device Driver 

The I34bf386 device driver enables expanded memory support for systems capable of supporting 
expanded ti-ieniory such as the 386 and higher CI’Us. HIMEM.SYS, or another extended memory 
spccifications (XMS) managcr, inust be installed prior to EMiM386. 

Syntax (in GONFIGSYS) 
device=[drivc:j @at111 HIivfEM.SYS 

dcv-icc=[dzjve: I [path] EMM386.BXE { I-xssx-yyyy } { X=xxxx-yyyy} ~IUME=seg[,memK]] 

and yyyy define a range ofmemory. I= includes UMBs (,Upper Menlory Blocksf in that 
rangc. XI= csclucies UMDs in that range. ROM= creates ROM shadowing in that rangc. 

Remarks 
‘The MIMEM.SY S driver must be loaded far the EMM386 utility to function properly. Datalight’s 
fiMM386 supports Expanded bfemory Scrviccs (EMS), Upper Memory Blocks (UMB), Virtual 
UbYA Services (.VnS), Virtual Control Prograrn Interface (VCPI), and ROM shadowing. 
MS-DOS checks for the presence of an XMS UMB provider after it loads any device. If  such a 
rlcvice is found, it :tllocates all available UMBs, builds MC13 chains within them, and rccords the 
fact that an upper rrizmory chain is available in its SDA, Flowever, ROM-DOS does not function 
in this ntanner. ’l‘he Dataligbt EhIM386 driver builds its own MCB chains within its allocated 
IJMHs and scts up the previoiisly-inentioned data structures with the help of the DOS kernel. 
(lonsccpently, X M S  LJMRs that arc macle available by programs such as MS-DS\OS’ 
17bfh,fj86.EXE arc not recognized by ROM-DOS. 

‘The I-x.Y,Y,Y-!~~ option tells BMM386 to includc UMHs in the range specified by xxx,\--xpy. ‘lhc 
x= y option tclls iihlM386 to e.xcItidr. (ir tint to mukc LlhTfUs i n  a spccilieil range. 
I:Mh4386, by dcl;uilJ, attcn1pts to iriahc Ililllls i n  thc r a n g  froin C800-1-‘8(10, excluding iirc:is 
already occupied \$ KOh.1 or tlN\.I. U p  I O  cight ranges can be specified. The range can bc 
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specified as an exact range, for example, DO00 to DFFF or as the starting and ending marks for 
the range DO00 to E000. 
The FRAME= option defines the starting segment for four 16K pages that can be mapped in and 
out at will. The optional meniK argument specifies how much memory to reserve for EMS. ?‘he 
default behavior is to allow all XMS memory to be used as EMS but also to share it, if not in use, 
with other processes such as Windows or Datalight’s WinLight. The EMS memory is simulated 
using extended memory. The segment must be on an even 16K boundary. For example, 

The above CONFIG.SYS statement allocates 512KB of extended memory to be used as EMS 
memory, with four Windows into that memory at E000:O. By default, EMM386 uses memory as 
requested for EMS up to the maximum in the system. 
The ROM= option specifies a region of ROM to be supported by shadow RAM. This can speed 
up system performance i f  the BIOS resides in ROM and does not do its own ROM shadowing, As 
with all memory ranges, the range must begin and end on 4KB boundaries. 
The D= option specifies the amount of RAM in kilobytes (specified as a base-IO number) that is 
to be reserved for a VDS buffer. The default value is zero. Values for the D= option must be 
between 16KB and 256KB and are rounded up to the nearest 4KB. 
The MAX=memk option specifies the ma?timum amount of EMS memory in KB. 
The LOWargument prcvents the relocation of EMM386 into the first UMB with sufficient size to 
hold it. EMM386 remains in conventional memory, using Rpproximately 20KB, but reserving 
UMB areas for use by other drivers. 
The fS2 argument forces EMM386 to use the PS2-style (port92h) A20 line control. 
The RAM argument is  included for compatibility and has no effect on the function or setup for 
EMM386. 
Datalight E m 3 8 6  contains auto detection of BIOS extensions. EMM386 automatically searches 
for UMBs in the range of C8OO-FS00, similar to MS EMM386. It supports VCPI, VDS, and all 
Int 67H functions, shared XMSIEMS, and works with both Datalight WinLight and MS 
Windows. Datalight’s EMM386.EXE is significantly smaller than other extended memory 
managers. 
Datalight’s EMM386 does not support reallocation of EMS pages. Only four map-able pages are 
supported. EMS handle 0 is not supported. LIM 3.2 contexts obtained through Int 67h function 
47h share eight storage slots with EMS handle names. 

DEVICE = EMM386.EXE FRRME=E000,512 

Examples 
DEVICE EMM386.EXE I=C800-F000 

Maps RAM from extended memory into the address C8OO:O to just under F000:O and defines an . 
Upper Memory Block region there. The range could also have been specifled as CSOO-EFFF. 
. When no FRAME= option is supplied, neither EMS nor VCPI services are provided by EMM386. 

DEVICE EMM386,EXE I=CBOO-D7FF I=FOOO-F7FF FRAME=EOOO, 1024 
Maps in RAM from extended memory into C800-D7FF and into FO0O-F7FF and define Upper 
Memory Block Regions therc. Also, EMS support is allowed with four I6KB pages starting at 
EOO0:O with 1024KB (IMG) worth of 16KB pages. 

Specifies an address range for EEvlM386 to use for shadow RAM. The ROM represented by the 
addrcss range is copied into RAM. The RAM area is remapped into the ROM addrcss space and 
write protected. In this esample, the BIOS that normally occupies the 64KB block at F000:0h is  
copied iiito KAM kind run irom tiicrc. ‘1111s may spccd up your systein il’ it does not  alrcaiiy make 
usc of shadow RAM. 

DEVICE = EMM386.EXE ROMzF000-FFFF 
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DEVICE = EMM386.EXE D-20 
Sets aside 2OliH oimcmory fbr Direct lvleinory Access (DMA). Another clicnt. such as a net\vork 
TSR, c:m thcn titilizc this rnernory buffer ii ir  disk 110. 

Internal Commanc! 

The ERASE coininand dclztes a specified tile or set of files. 

Syntax 

Remarks 

ERASE [ drive: ] [path] fileriarne [/PI 

Thc DEL command and the ERASE cominand are functionally idcntical. 
Wlicn 110 drive is specified, the dethult tlrive is assuined. When no path is specified, thc dcfault 
path is assuincd. 
Globnl filcrianic charactors ? mid * can be uscd in the filename. This should bc done with caution 
as it is possihle to dclcte muftiple files unintentionally. 
Whcn thc filenamc *.* is used to clclctc all filcs in  the specified subdirectory, a verification 
message is  displayed. 

Enter Y to erne (delete) all the filcs in the specified subdirectory. 
Caution: REM-DOS has no conimand to urierase a file. Although utilities exist that can attempt 
an unerase, CCI tain factors can caiise the erased file to be partially or totally lost. The ERASE 
corninand shotild be treated as a permanent erase. 
ERASE dcli:tcs filcs within a subdirectory, not the subdirectory itself. For subdirectory rcnioval, 
c .f. 1-1 - to thc IU1K~fl t  command. 

Are you fitire (Y/N) ? 

Options 
'rhe N option causcs ERASE to pause and prompt bcforc cach file is deleted. This option IS most 
useful when delctlng tiles with wildcards. A sample prompt is shown below. 

Fileorime, Erase (Y/N) ? 

Examples 
ERASE MYLETTER. DOC 

Erases the file MYLF,TTER.DOC kotn the current defhtilt subdircctory. 

Erases all lilcs til the curicrtt subdirectory with a .DOC file extension 

Erascs all files o n  the A: drivc wi th  a .DOC extension, Beforc cach file is erased, you are 
proniptztl to clctcrniine whether that file should be erascd. 

ERASIS * .DOC 

E-SE A:+.DOC /P 
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EXIT 
Internal Command 

The EXIT command exits a secondary nested ROM-DOS operation and returns control of the 
system to the primary program, 

Syntax 
EXIT 

Remarks 
The EXIT command has no affect i f a  secondary COMMAND.COM command processor has not 
been loaded since the primary COMMAND.COM is. always loaded in a permanent mode. A 
secondary COMMAND.COM is affected if it is loaded without the /P permanent option. 

FCBS 
CONFIG. SYS Command 

The FCBS command allows you to specify the number of File Control Blocks (FCBs) opcn 
at one time. 

Syntax ' 

Remarks 

FCBS = number [,minimum number] 

Number specifies the maximum number of FCBs open at any given time. The default for this 
value is  4. The value for number must be in the range from 1 to 255.  The minimum number 
specifies the minimum number of FCBs to be open at all times. The minimum number argument 
has the same default and range value as the number argument. 

Example 
FCBS = 8 ,  4 

Sets the maximum number of FCBs to 8 and leaves at least 4 open at all times. 

FDISK 
External Command 

The FDISK command initializes a hard disk for ROM-DOS to use. FDTSK allows you to specify 
the number of logical drives that are available using a single or multiple physical hard disks. 
FDISK can be run from its menu or by command line arguments. FDISK supports drives that 
require LBA support. 
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Syntax 
FUI-SK [tirive:] loptioris] 

Optiorrs 
The drive option specifies the BIOS drive number to use with other coininand line arglilll~tlt~. 
For hard clrives, this nuinher is 8011, 8111, and so on, depending on the nuinhcr of hard drives and 
partitions i t r  the system. 
The /U option crcates a FAT16 partition and forces the update of the inaster hoot record code. 
The /C option Causes FDISK to procccd without contirmation messages 
The /I# argument crcgtes a Super-boot partition with an identification (ID) number of#. 98h is 
tht: default value for #. 

The /N option przvetits writing ofthe master boot record code for the Super-boot partitions. 
l'hc A i  option refreshes the master hoot rccord code only 
Thz /Si/ option scts thc partition size in Ivfl3. 'The default setting creittes a partition as large as 
po ss i I) 1 c , 

'I'hc / V  argument displays thc current partition information then exits. 

Retrrarks 
The FDlSK coniinand, when entered with no cnriiniand line arguments, prompts with the 
comtllalld menu: 

V) View pr i r t i t j -on  ( t i )  
R )  Raw di : jp lay  of p a r t i t i o n  sectors  
C) Create  110s p a r t i t i o n  ( 5 )  
P )  Creatc Super-boot p a r t i t . i o n  
1)) Dc:lcte a p a r t i t i o n  
A )  Delete a l l  p a r t i t i o n s  
?') TocggLc hoot s t a t u s  
t-1) Write Master Boot Code 
a )  Q u i t  w i t h o u t  sav ing  
S )  Save changes ( and  r e b o o t )  

Enter the lettcr that corrosponds to your choice. It' you make a mistake, press Bsc to return to the 
prcvious menu. 
Initialization of a hard disk is usually performed when it is first setup for use. Do this by using 
choict: C (or possibly N). Choice C displays a description of available disk spacu and a 
recommendation for using that available space. Follow these recommendations to initialize a hard 
disk with iis many 2GB partitions as possible. 
If choice c' i@icat.es that the hard disk has partitions already, then they may b&eleted ifnccdccl. 
The only reason for deleting partitions is to build smaller-sized partitions or fcwer larger-sized 
partitions. 
'Thc M choicx wriies the code for the master hoot record. By dcfault, PDISK only writes the disk 
partition information. If IT)ISf( finds that the Boot Code is invalid, it aulotnatically writes the ' 

boot record. If the existing h o t  Code appears valid. it is not rewrittcn unless you select the bf 
option. 
Aftcr complcting all dcsitcd rriodificatioiis and/or additions, select S 10 save changes. (7nce 
FDISK has nioditicid the disk, the following message appears. 

,Art~-r r(+nn1iii!r. ciicli I I ~ Y V I ! ~  it-iiti:l.linxl clrive trii irt be Ibriniiltrti prinr to tisi'. Forinat oiit!. ihow 
drivcs that are new or havc bcen resized. Formatting destroys any existing data. 

. .  

Press  a n y  k e y  and i?OM-DOS w i l l  r eboot  

I 
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If no changes were made with FDISK, or you wish to abandbn the changes made, select Q to quit. 

Examples 
F D I S K  81 / R  /C 

Rcfreshes the master boot record code on drive 81h without confirmation. 

Creates a SMB’Super-boot partition with an ID of 98h and without confirmation. 

Crcates a partition that is as large as possible. 

FDISK 80 /I98 / S 5  / C  

FDISK 80 / S  

FILES 
~- 

CONFIGSYS Command 

The FILES command specifies thc mauimutn number of files that may be open at one time. 

Syntax 

Remarks 

FILES = number 

The number of files includes the standard files, stdin, sfdout, stderr, srdprn, and stdaux. The 
minimum value is 8, and the mmimum is 255. All other values are ignored. 

Example 
FILES = 10 

Specifies the maximum number of open files to ten. 

FIND- 
External Command 

The FIND command displays lines, within a disk file, that contain a specified string of characters. 

Syntax 

Options 

FIND [/option] string [ plename] 

The /C option displays only the count of lines found with the specified string, 
The /N option displays the line number of the line found containing the siring. 
The /V option displays the lines that do not contain the string. 
The string argument specifies the string of characters to search for. 
‘lhc fifename argument specifies the file or group of files to search in. The complete drive and 
path can be specified. Wildcard charactcrs can be used in the fifename. 

d 

Examples 
F I N D  p r i n t f  junk.c 
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Displays each linc in the file JUNKC that contains the string printf. 

Displays each line in a clirectory listing lhat contains a DIR. The command first executes a DOS 
DIR corninand with the output piped into the FIND command. The FIND command then displays 
each line that contains the DIR strjng. 

d i r  I FIN]? DIR 

I'LND /C ROM-DOS NANUAL. TXT . . . . i"lANU1lL. TXT : 10 5 
Displays a count of the lines in  the file MANUAL.TXT that contain the string ROM-DOS. 

FOR 
--- I-- -_l...-_llp 

Batch File Command 

1 he FOR comniaiid allows repeated execution o f a  I<OiVl-DOS command applied to a set of film 

Syntax 
FOI< ",vclriab/c IN (!,et) DO comniand : ?, variable 

Rcnrarks 
During exccution, this corninand attaches the variable as an identifier to each filz i n  the sef of 
files described; it then applics the conimarid to each of these identified files. Thc set may lie an 
exact list of complete ti1enamt:s or a global file specification using wildcard characters 
The FOR subcommand can bc used directly on the comniand line and within a batch file, 'lo iisc 
011 the contmand line, substitutc a single percent (%) symbol for the double percent signs (%%) 

Exatngfes 
EOR %%N IN ( Q l . T X T  Q2.TXT) DO PRINT %%N 

Prints only the files Q1 .TXI' ~ n d  QXTXT. 

Prints all files in the current default directory with a .TXT extension. 
F'OR %:iM IN ( * . T X T )  DO P R I N T  % % N  

. 
External Command 

The FORMAT cornmantl initializes a disk so ROM-DOS can access files on that disk. A disk 
must bc formatted before RQM-DOS car1 iise it. 

Syntax 
FORMAT I drive;] [ loptior~s] 

Remarks 
FORMAT ii-iitializes the disk and directory of thc specified drive. The size of the forniattecl disk 
is thc Inrgcst possible size that the specified drive supports, unless a tliffcrent size is sptcilietl viii 

:I conimaiiil linc option. 
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Options 
The 14 switch causes the floppy disk to be formatted as a 360KB disk even ifthe drive is a 
1,44MB, 2.88MB, or 1.2MB drive. 
The /7 switch causes the floppy disk to be formatted as a 720KB disk evcn if the drive is a 
1.44MB or 2.88MB drive. 
The IB option causes FOIWAT to used BI0S.Int 13h calls. By default, FORMAT checks the 
DOS version, and if it is DOS 5.0 or higher, it uses the floppy dcvice driver to do the format. 
Using the /I3 option forces FORMAT to bypass the floppy or hard disk controller and use BIOS 
calls. /El makes FOIWAT device independcnt. 
l h e  /C switch causes FORMAT to format one disk without operator input. The disk is assumed 
to be in the specified drive, and FORMAT exits immediately when the format is complete. This 
switch is useful in batch files or programs that require a formatted disk without user input. 
The /F;:size option spccities the size of the floppy disk to be formatted. Available size values are 
360, 720, 1.2, 1.44, and 2.88, and are entered as F:size. For example, F.1.2. 

The RI switch causes the system files not to be hidden or write-protectcd. 'Ihis can be used along 
with the /S option. 
The /I option forces FORMAT to use IOCTL calls and never use BIOS calls. Normally, 
FORMAT first trics to access the device driver IOClL calls to format thc disk. If this fails, BIOS 
calls arc used (unless the /B option is specified). BIOS calls are always used for DOS 3.3 and 
earlier. 
The /Q option causes.FORMAT to do a quick format. A quick format reinitializes the disk, 
deleting each file and subdirectory from the disk. A quick format can only be performed on a 
previously fully formatted disk. 
The / S  switch causes FORMAT to copy the ROM -DOS system files, ROM-DOS.SYS and 
COMMAND.COM, onto the disk. The file ROM-DOSSYS is renamed and stored on the disk as 
files IBMBIO.COM and IBMDOS.COM, which are stored as hidden files, unless the /H option is 
used. 
The N:LABBL switch causes FORMAT to place a volume label on the disk, If the volume label 
i s  not provided on the command line, you are prompted for the volume label once the format is 
complete. 
The /[ switch causes FORMAT to run without display of the sign-on message. 
If FORMAT encounters an error, the exit code returned to DOS indicates the type of error. The 
error codes are listed in the following table. 

Error Level Type of Error 

0 No error encountered 

1 Invalid drive 

2 Unsupported drive format 

3 

4 Write-protect error 

Attempted hard drive format (unsupported) 
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Batch File, lnteemal Cotntnand 

The GOTO subcorninand transfers control to another line of the batch file. 

Syntax 
GOTO * label 

Remarks 
The label is another line i i i  the batch file consisting o f s  string up to eight characters long. I he 
lnhul may be an environment variable. 
Ifthe specified Mid is not found, then the batch file terminates with the error message 

Label n o t  foiincl. 

Example 
GOTO MESSALE 

This command iiioves thc coiilrol of execution within the batch file to a line that says 
:MESSAGE 

Note: A batch tile label must be preceded by a colon (:), 

HELP 
Internal Command 

' ihc  HELP command providcs on-line help of each ROM-DOS command. 

Syntax 
f 1EL.P <coinmand 3 

Rem arks 
' The COhllMANI).11L13 file twist he availahlc (Le,, in the path) to use this command. If it is not 

available, 
IIELP serves as a memory aid. For complete informtion about ROM-DOS cornmancis, always 
consult this ~nanual. 
HELP fiirkach command caii also be displayed by entering a /? following the command iianie 
All available kttcli file cnnimntids are also listed by I IELP. 

error message occurs, indicating that COMMAND.HLP cannot be found. 

Exarnplles 
HZLP DIR 
DIR / ?  

130th commands list the hclp of the DIR cortmand 

.- . 
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HIMEM 
Instailable Device Driver 

The HIMEM.SYS.device driver manages extended memory and the High Memory Area (HMA) in 
a 286,386 or greater, or PS/2 systems, HIMEM prevents programs from simultaneously using the 
same area of memory for two different purposes. HIMEM supports the Extended Memory 
Specification (XMS) 2.0. IllMBM is installed as a device driver in CONFIGSYS. 

Syntax 

Remarks 

DEVICE = [d:] bath] HIMEM.SYS [/machine: n] [/A20[+]] [PS2] [/CONTROLA20:OFF] 

The HIMEM driver can be used to allow KOM-DOS to run in High Memory. 
HIMEM supports a default of 32 handles. 
HIMEM should not be used with older versions of Datalight's VDISK. Current versions of 
VDISK use XMS memory if.it is available. 
HIMEM recognizes PS/Z-style A20 line control and determines whether to use the PSI2 A20 ' 
control or the AT A20 control method automatically by calling Int 1511, function COh (get system 
configuration). This automatic detection can be overridden with the Machine: n, /A20, A20+, or 
/PS2 command line switches in the event that the auto detection on a given system fails. 
&lachine:l and /A20 both designate the PC AT A20 control method. These switches instruct 
HIMEM not to wait for the A20 line to settle. 
/Machine:2 and /PS2 both designate the PS/2 control method. 
/A2W is similar to /A20 but instructs HIMEM to wait for the A20 line to settle. 

Machine3 designates support for the Phoenix Cascade BIOS A20 control methods. 
Alternately, /CONTROLA20:OFF instructs HIMEM to not detect the control method for the A20 
line and assumes the A20 line is always on. 
The /BIOS switch forces the use of BIOS Intljh, Function 87h, for data transfers to and from 

The /QUIET switch forces HIMEM to remove the sign-on message when loading. 
. XMS memory. 

Error Conditions 

. r  
No Extended Memory-An extaded memory error condition can occur if the BIOS (via Int 15H, 
function 88H) notifies HIMEM that there is no extended memory. In this situation, HIMEM 
displays q appropriate error message and does not install. 
Failure to Control the AZO Line- When HIMEM installs, it attempts to control the A20 line; 
which controls access to the HMA. HIMEM tirst attempts control via the AT method (using the 
8259 keyboard control). If that fails, HIMEM then attempts control via the PS/2 method (using 
110 port 60H). If both methods fail, IIIMEM assumes it can't control the A20 line and displays 
the message 

I f  either of these errors occur, try using the /A20, /AZO+, or /PS2 in the HIMEM command line. 
A Z O  Control (OFF) 



Note also that soiiie oliler programs assunie that thc machine is a 1MB 8086 and so rzyitire that 
thc A20 line to be disabled (OFF) while they run. Current programs typically do not require that 
thc A20 line he disablcil. 

Examples 
Device = HIMEM. S Y S  

Installs the XMS device driver. Once this driver is installed, accessing the I1Mh and Bstctided 
Menioiy (XMS) memory fireas are Icgal. The Estcnded Memory arca can contain u p  to 2GB of 
tiieinory. 'l'ypical systcms have 4, 8, or I6MB o C X M S  mctiiory installed. 

11evic:c = HIMEM. :;YS ' /machine:  1 

Forccs the iisc o f  the AT-style 1\20 line control, 
The IfIMI'M driver fails to load cvhen either the inachitte does not have meinciry above the IIv113 
boundary o'r thc 13105 docs not provide support for it. It also fails to load when hnother XMS 
managcr has been previously installed. 

IF 

Thr: IF subcommiuld allow; conrlitioiial execution nf commands. 

Syntax 
IT: [NOT] condition conimancl 

Remarks 
The condition may he any one of the following: 
E R KORL V E 1 n m b e r  
stririgi == string,? 
EXIST [ dricie:] [ yatb]filenantc 
If the condilion is true, thcn the cnnirnnnd is executed. Othenvise the command is bypassed, and 
the nest crmimantl in the batch file is excctited. The [NOT] option tcsts the opposite of any 
coridii.ioii. 

'The ERROIILEVEL nrrrnhw is t rm if thc last progratn to execute had an exit c d e  equal or 
greater' than riirmber.. Usirig the [NOT] option with this condition te$s if the exit code is less thnn 
the nqrnbei:argunient. *. 

'The condition sfi-ingl =;- strirrg2 is only true when string1 and string2 are identical. The strings 
must rnatch exactly; irppercnseilowercase mismatches are not allowed. Applying the [NO?'J .. 
option cre:ites a condition that is true only whcn tlic strings are not identical. 
Tht: EXIST condition is triic if the specified filenarne is found. Wildcard characters are allowcd 
it1 tlic filertsnie. The WOT] EtXIS1' condition is true when the filename cannot be found. 
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IF NOT EXIST OLD COPY CONFIG.SYS OLD 

Copies CONFIGSYS to OLD if a file named OLD does not exist. 

INCLUDE 
~ 

CONFIG. SYS Commarid 

The INCLUDE command includes the contents of one configuration block into another. The 
instructions from the originating instruction block, as well its the included block, are carried out. 
This command can only be used within a CONFIGSYS configuration block. 
INCLUDE = blOCkr?anlc 

Remarks 
This command is useful for scts of instructions common to several system configurations. The 
commands are defined once in a single configuration block and then inserted into other 
configuration blocks via the INSEICr coininand. For additional details, refer to the section ' Using 
Multiple-User Configurations' on page 13, 

Example 

[MISCI 
device=mouse.sys 
device=c:\netword\loadnet.sys 

[WORDPROC] 
f iles=ZO 
buffers=lO 
set parh=c:\bin;c:\wp;c:\dict 
INCLUDE=MISC 

When you choose WORDPROC from a CONFIGSYS menu, the instructions in the configuration 
block labeled [WORDPROC] are curried out. The instructions in the INCLUDED block labeled 
[MISC] are also implemented as part o f  the [WORDPROC] block of instructions. 

INSTALL 
CONFlGSYS Command 

The INSTALL command loads Terminate and Stay Resident ('ISR) programs during 
CONFIG. SY S processing. 

Syntax 
INSTALL = [d;\][pafb] TSR-Program TSR-Arguments 
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Remarks 
The TSR program is loaded the same as if loaded from AUTOEXEC.BAT, except that an 
environment is no1 crcatcd. 't'hc lack ofiin environment may cause some prograins to execute 
incorrectly. 'l'hesc prograins must be loaded from the AUI'OEXEC.BAT file. 

Example 
INSTALL = C: \BIM\M@USE. COP1 

Loads a mouse driver from C:ONFIG.SYS using INSTALL. Cotrimand line arguments can be 
i tic1 tided. 

~~ 

External Command 

'Thc KEY13 command allows you to alter the keyboard layout for a different language or 
nationality. 

Syntax 
KEYFk 

KEYR courtfryid 
KEYn countryid, [codcpage] [,keyboard filename] 

Remarks 
KEYEi is a terminate and stay resident program (TSR). Running KEYB with no arguments s h o w  
the current setting:; of a resident copy ofKEY13, if there is one. 
'Iht: countryId argument is a two-letter code that specifies which country, region, or language is to 
become cur rei1 E. 

When no codepgc is included, KEYB iiscs thc default code page for the comtryid. You can 
specify cithcr the default or thc alternate cock page for any countryid. 
The ktlyboard filename argtimcnt tells KGYB where to find its data tile (KEYBOARD.SYS or 
liEYBRD2.SYS). When no keyboard filename is givcn, KEYB first looks for KEYBOAIIDSYS 
in the ctirrerit directoiy, then in  the directory containing KEYB.COM. 
Cuircntly, keyboard data for all countries except Russia and Czechoslovakia are found in 
KEYBOAElD.SYS. The tile KEYBRD2.SYS contains the data for Russia and Czechoslovakia. 
Refer to*the tab1e.m page 20 for a list of the supported coiintryid codes, along with their default 
and alternate c&e pages. 
If a copy' of KEYU has already been run, it  is recbnfigured to the new specifications. While 
KEYU is active, you can switch back to a U.S. layout at any time by pressing Ctrl-+Alt+l~I 
(Alttl,eft-Shift for Riissian iintl Czech Republic keyboards). You can toggle back to the alternate 
layout by prcssing CtrltAltW2 (Alt-+Right-Shift for Kussian and Czech Republic keyboards). 

Examples 
EEYR C;P. 
KEYB G R ,  317 
EE'fR tR, , C :  \TOOLS\lKEYBOARD. SYS 
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Each ofthese commands establishes a German keyboard layout. The first and third use code page 
850, while the second uses code page 437. In thc third case, the KEYBOARD.SYS file is located 
in the C:\TOOLS directory. 

KEYBOARD.SYS/KEY BRD2.SYS 
~- ~~~~ ~ ~~ 

Suppoft Files 

KEYBOAFUSYS and KEYRRDUYS are keyboard code page data files for use with the 
International keyboard driver, KEYB.COM. 

Syntax 
Refer to KEYELCOMERASE for usage instructions: 

Remarks 
Currently , keyboard date for all countries except Russia and Czechoslovakia are found i n  
KEYBOAFUXSYS. The file KEYBRD2.SYS contains the data for Russia and Czechoslovakia. 

LABEL 
External Command 

The LABEL command sets or deletes a disk volume label. 

Format 
LABEL [drive:] [vo~unie string] 

Remarks 
The volume label may be up to 11 characters in  length. LABEL only uses the first 1 1 characters 
of a volume label. The characters that are acceptable in a volume label are the smie as those for a 
filename. 
LABEL prompts as follows. Enter the new label and press enter to modify the existing label. 

? Volume in drive C is xxxxxxxxxxx 

volume label (11 characters, ENTER for none)? 
If a volume label has previouslx been assigned to a disk, and you do not enter a new volutne label, 
the following message is printed. 

If the disk did not have a volume label prior to running the LABEL command, the above message 
will not appear. 

Delete current volume label ( Y / N ) ?  

Example 
LABEL a: 

LABEL displays the volume label of drive A:, if one exists, and allows it to he modified or 
de l e td .  



~ ~- 

CONFIG.SYS Cornmand 

'Tlie L,AS1'I)IWH command scts the tnasimum number of drives. 

Syntax 
1,ASI'DRIVE == letter' 

Remarks 
lertw may be any charactcr be:t\cccn h and L arid i s  the last drive letter that ROM-DOS cat1 
access. Thc clcfault value for letter is E. 
The minimum nutnber for LASTDIZIVE is the number of drives in your computer. I f  letter' is lcss 
th;m tiuriiber of drives in yviir coiiiputcr, then the LASTDRIVIi command is ignored. 
LASTDRIVE is often used to cause ROM-DOS to make more space for nonstandard drives that 
are not i n  your system Ttiese drives may be CD-ROM drives, flash disk drives, or network 
drives. 

Example 
1,ASTDIIIVE =: H 

Causes KOM-DOS to allocate space for eight drives. If the computer has five drives installcd, 
there is room for throe additional nonstanclard drives. 

---_*- --_..-..--.---- 

CONFIGSYS, Internal Command 

'The LOAIX~IGH cominancl loads an eseculable or TSR program into the upper memory area, if 
available. K,OADIIIGII can be run as a batch file command or from thc: DOS cornmand linz. 

Syntax 
LOADHIGI-I = exccutablc /arprncnfs] 

LIE = executable [argtmniertrs] 
-0P 

Ren1a;ks 
An csecutattle or 'FSK program can be loaded into the upper memory areas when they are 
availahle and h a w  eiloii~h free upper memory to accornniodate the program's needs. To make 
liigh memory available, the EMM386.ESE and HIMIMSYS utilities tilust he loaded. If thesc 
utilities are not loaded or therc is not  enough upper memory available, the program loads into 
conventional iiietnory. 

'Chi: full drive path and filciinii-ic ot'the device must be specilied. The arguments are different 
rlepentling on thc clcvicc driver. 

Ex2 ~n p? e 
Izs?AUi11Gti==C: \apps\checkit . exa /p  
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Installs an executable named CHECKIT with its command line arguments as specified. The 
program loads into upper memory, if available. 

LONGDl R. EXE 
External Command 

The LONGDIR.EXE command provides a directory listing of files in a single directory including 
files with long file names. 

Syntax 

Remarks 

LONGDIR [*] [*x*]p3recfory nameWe name mask*’] 

The LONGDlR command operates only ifLong File Name support is enabled within the KOM- 
DOS kernel. This option is included at development time and cannot be added without the ROM- 
DOS Development Kit tools. 
Subdirectories and paths are not supported with LONGDIR, escept within the name mask syntax. 

Options 
The * option causes LONGDIR to display all files and directory names in the current directory. 
Both long and standard file named files are displayed. 
The *x* option is used to find files or directory names within the current directory that hove the 
character “x” in  the name. “x” should be replaced with any valid character. 
The “directorynameV?/c name mask*” option is used to find files that begin with the “file name 
mask”. If no directory name is provided, the files in  the current directory are searched for 
matches. A drive letter can be used as part of the directory name. If an * is used for the 81e name 
mask, all files in the named directory are listed. 

Examples 
LONGDIR * 

Lists all files in the current directory, including those with long file names. 

Lists all files in the current directory that have the letter “v” in the file name. 

Lists all files in the “a:\Long>ile Named Files” directory that have a file name starting with 
“test”. ‘ 
The directory name need not be a long file name, it can be a standard name. 

Lists all files in the subdirectory “temp” (one level below the current directory). 

LONGDIR *v* 

LONGDIR “a: \Long File Named Files\test*” 

LONGDIR “ temp\ * “ 
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EM 
_ - _ _ ~ ~  _I___I 

External Conimarid 

?'he MEM cornmantl displays the used and free memory in your system. 

Syntax 
MEM [/BiosExtensionsl liClasssify] [Raw] 

Remarks 
Options Ilescriptiori 

IR 
-l--ll--_llll 

Ilisplays each B1OS extension and its size. 

IC Classifies the memoiy usage. 

I R  Ilocs raw dump of the MCH chain. 

MEM disp1;iys a list of the DOS nicniory contents, what free space is availablc, and how much 
rncinory is i n  conventional memory, uppcr mctrtory, the HMA and cstcnded memory. This 
program is uscful to line tune the system to have as much free memory as possible for 
applications. 

Options 
The /U option displays FHOS extensions in the range from C0OO:fl to F800:O. 
The /C option shows program, ?'SI<, arid device driver sizes. 
Thc /I< option shows a low4evel DOS listing of hKBs (Memory Control Blocks). 

CONFIGSYS Conimarid 

The MENIJCCKOR comnimd allows you to set the text and background colors for the startup 
menu. This command can only be used in a menu block within your C0NFIG.SYS file. 

Syntax 

Reniaiks 

MENUCOL,Ol~ := . text-calor- [, background-color] 

The rctxtcoior argument selects the display color for the screen text. 'l'hc color numbers 0 to I5 
can be sclected h n  the list below for thc text color. 

The backjirocriiQsofor argument is optional. If a value is not entered, the default color 0 ( U k W  
i s  uscd. Be sure to specify different colors for background and text, and separate the numbers 
with a comma. I!or best rcsults, choose contrasting colors. Otily the color nuinbers 0 to 7 can he 
tisetl xs the kJXkgl'OUfld color clesignaticm 

::lich D:tt:~.!iyht's i i i inill l(F 
the standard CONI:IG.SYY inenti cointn:itids, 

, 

!IC, IT, ! ic i~c-  ! I I O Y  <iw' n ~ t  rlirrctl!,~s~.~jlllnl.t 3 ~:iklco ilispl 
hich rely 011 UIOS screen support, are unusable. 
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To use these commands, the color number sequence of 0 for text-color and the default 
background color (black), or 0,O for text and background colors can be selected. These numbers 
rspresent a color choice of black text with a black background, which is an unusable choice for 
screen vicwing. Using the blackhlack combination in the MENUCOLOR command line signifies 
to ROM-DOS to display the startup menu in TTY mode without using BIOS screen/cursor 
positioning or color changing commands. 
Color Values: 

0-Black I-Blue 2-Green 
3-Cyan . &Red 5-Magenta 
&Brown 7-White &Gray 
9-Bright Blue I &Bright Green 1 I-Bright Cyan 
12-Bright Red 13-Bright Magenta 14- Bright Yellow 
15-Bright White 

Examples 
MENUCOLOR=14,1, 

Displays the menu text in bright yellow on a blue background. 

Displays the menu text in magenta with a default background of black. 
MENUCOLOR=5 

. .  

MENUDEFAULT 
~ 

CONFIGSYS Command 

The MENUDEFAULT command allows you to set the default menu-item choice and a time-out 
value for making a menu selection. This command can only be used within a menu configuration 
block in the CONFIGSYS file. Refer also to Using Multiple-User Configurations' on page 13. 

Syntax , 

hENUDEFAULT = blockname[,rjmeour] 

Remarks 
The blockname argument specifies the default menu item. The value for blockname must match a 
configuration block name defined elsewhere in your CONFIG.SYS file. 
The optional time-out argument represents the number of seconds ROM-DOS waits for a user 
input selection before'initializipg your system with the default configuration. The time-out period 
can be set to a value between 0 and 90. If you select 0. the default menu item is automatically 
implemented without a wait. If you do not entcr a time-out value, ROM-DOS will not continue 
until the Enter key is pressed. 
If your system BIOS does not support a video display directly, such as Datalight's niiniBIOS, 
please refer to the MENUCOLOR command for special instructions. 

* *  

* *  . 

Example 
[MENU 1 

m e n u 1  tern-Word-Proc, word Processing 
mer. d 1 r a-:! : :L o L l. , ?!e ::.DL 
menuitem-Research, Research and Development 
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menuc:olor:=15, 1 
menucle f a u I. t=wo rcl_-Froc, 2 0 

Mnlics thc Word__Proc contiguration block the default menu item. If yoti fail to make a sclcctiori 
within 20 seconds, the Word-Proc block is proccssed. 

--.--.--- 
CONFIG.SYS Command 

The AKNIJL E M  cominand allows you to speciijl an itetn on the stailup inenu. This command 
can oiily be used \+itliin a rnerin configuration block in the CONFIG.SYS tile. Rcfer also to 
'Using Multiple-User Configurations' on page 13. 

Syntax 

Remarks 

M E N U  ITEM = hlockname [,rncnti-textj 

The hlocknante algiinienl i \  a user-defined Icibel given to a configuration block defincd elsewhere 
in the COWVGSYS tile [ f a  user selzcts tlic menti itcm, all comrnands in thc selected 
contiguration block are piocessed, along with the instructioiis that arc common to all menu 
choices (dmoted hy block he&r [COMMON]). Thc blockname can be up to 70 characters Irmg 
and may contain inost printable characters, including spaces, backslashes (\), forward slashes ( I ) ,  
cornmas, sernicolans (;), equal signs (=). Square brackets (0) cannot be used in block names. 
The mciiii-tcxt option is a dcscriptive stiiterneiit that defines the blockname. The menu-text IS 
displayed on the screen as a line item in the startup menu. The ~~lenu-texT argument can bc up to 
70 characters long and can contain any characters. If this argument is left off, the hlockname is 
used for the startup menu display. 
If  your hyystcm BIOS does not support a video display dirrclty, such as Datalight's miniUIOS, 
please refer to the MI>NUCOI,OR command for special instructions. 

Examples 
[MENU] 
menu Ltern= Word-Proc, Word Processing 
menuiCem=Network, Nctwork 
menu 1. tern=.Research, Research and Development 
menudcf ault=Word-Proc, 20 

* 
13clines threo nicnu items: Word-hoc, Network, and Research and Development. Each of thcsc 
has descriptive text and,a set of commands defincd later in the CONPIG.SYS fils. At boot time, 
thew menu items are displayed in the startup iiietiu as follows: 

ROM-1)OS 6 . 2 2  STARTUP MENU 
1. Wold P r o c r s s i r ~ g  
2 .  N e t w o r k  
3 .  Research and DeveLopmcnt 
E n t e r  a choice :  t 
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MKDIR (MaKe DIRectory) 
Internal Command 

,The ivfKDIR command creates a new subdirectory. 

Syntax 
MKDIR [drive:] [path]  subdfr 
bfD [drive: ] [ parh] siibdir 
where subdir is the name of the new subdirectory to be created. Note that MD may be used 
instead of MKDIR. 

Remarks 
If no drive or path is specified, the new subdirectory is created within (one level below) the 
current default directory. 
If drive and/or path i s  specified, everything specified must exist or the command displays an error 
message. 

Examples 
MKDIR TEMPDIRl  

Creates a new subdirectory named TEMPDIRl within the current default directory. 

Creates a new subdirectory named TOOLS within UTIL, assuming the subdirectory exists. 
MD C:\UTIL\TOOLS 

External Command 

The MODE command modifies the operation of the printer, serial port, and active video display. 

Syntax 
MODE LPIlr)[:]%OM#[:] 
MODE COM &baud[ ,pariffi,databits[ ,stopbits[ , p1 ] ] ]  
h D E  <video mode> 
MODE <display lines> 

Remarks 
The first syntax above redirects line printer output to the serial port. 
The second syntax above changes the operation of the specified communications port. The 
options that can be modified are listed helow. Invillid values for any of the options are flagged 
with an error message. 

baud 110, 150, 3 0 0 ,  6 0 0 ,  1200, 2400,  4800, 9600 
p a r i t y  N - None, 0 - odd, E - Even 
d a t a h i t s  E i t h e r  7 or 8 
s topbiLs  Either 1 OL 2 stop blts 
P P r i n t e r  P o r t  



Chapter 5, Command Descriptions 69 
-ll-lll--I1-_ - ~ l _ l  ---- 

Using the P option as the last argtimcnt causes output to be sent rcpeatedly to the printer port 
until successfully received. Without the P, output is sent only once, causing a critical error if 
itnsuccessf~il. 
'the third syntax changes the active video mode for the display terminal. The valid choices for 
this version o f  thc MODE conitnand are as follows: 

il&lncticates 40 characters per line. 
5&-Indici\tes 80 characters per line. 
hw4&--For ;i color graptiics adapter with color disabled and 40 characters per linc. 
bw8@-l:or a color graphics dapter  with color disabled and 80 charactcrs per line. 
co40---Indicates a color niotiitor with color enabled and 40 characters pcr line. 

co80---Indicates a color monitor with color enabled and 80 characters per line. 

morio----~For a monochrome display. Assumes 80 characters per line. 
The final syntas !iets the number of display lines. Valid values includcd L25, L43, and I S O ,  
-~ -~~~ 

Note: A serial t>ort skould be initialized before an LPT device is redirected to it. 

Examples 
MODE COML:9600,n,8,1 

Mndilies the settings for thz C:OMl device tu a baud rate of9600, no parity, eight data bits, and 
onz sfop bit, , 

Redirects the output from LP'1'2 to the COM2 serial port. All following output to LPT2 actually 
goes to the COM2 device. 

Indicates. a monochrome display adapter. 

MODE LPT2:=COM2 

MODE XflOnO 

MORE 
External Command 

The M ) R C  comniand displays a text f i le onc screen at a time. 

Syntax 
MORE [fift?name] 

or 
<cufn/narid> I MORE 

Remarks 
T h e  input to h.1OR.E may cottit; from a file, or it may be piped in from another filtsr or a DOS 
cornmand. lfthc filenanjc is present. then the iile IS E iwcd;  otherwiaie MORE reads lrorn the 
Stand:trd I q i u t  
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Once a screen has been viewed, a line is displayed on the bottom of the screen indicating the 
percent of the file that has been viewed. At this point, there are several options for the next lines 
of text to be viewed. 

B 
<enter> 
T 

Spacebar 
P Exit MORE 

Display the previous ful l  page. 
Display just one more line. 
Display starting at the top of the file. 
Display the next full page of test. 

Examples 
DIR I MORE 

Displays a directory one screen at a time. 

Displays the file READ.ME one page at a time. 
MORE READ. ME 

MOVE 
lnternal Command 

The MOVE command moves files and renames files and directories, 

Syntax 
To move one or more files: 

MOVE [/Y I /-Y] [ drive:][parh]fllenarne1 [, ...I destination 

MOVE [N I /-Yl [drive:][path]djmamel dimarne2 
To rename a directory: 

Remarks 
[dr.ive:][path]filenamel specifies the location and name ofthe file or files you want to move. 
destfnation specifies the new location of the file. Destination can consist of a drive letter and 
colon, a directory name, or a combination. If you are moving only one file, you can also include a 
filename if you want to rename the tile when you move it .  

[drlve:][parb]dlmamel specifies the directory you want to rename. 
d1mameZ specifies the new name of the directory. 

. *  . Options . -  

N suppresscs prompting to confirm creation o f a  directory or overwriting of the destination. 
/-Y causes prompting to confirm creation of a directory or overwriting of the destination. The /Y 
option may be present in the COPYCMD environment variable. This may be overridden with /-Y 
on the command line. 



Installable Device Driver 

‘The Datalight CU-ROM tlriver enables CD-IZObf drives 

Syntax 
MSCDEX [options] 

Remarks 
Options Description 

lD :<:Naiiic> 

/L:~:rAtt:r> 

/M:.cNumbcr; 

J X  

CD-ROM dcvicc name (default MSC002) 

Specifies the drive letter for CD-ROM drive 

Spccii?cs the ntimber of scctor buffers (default 4) 

IJse exlencleci inernory for CD-ROM buffers 

A low-level (ti-ivtx from thl: CD-ROM drive nianufacturcr interfaces to thc acttial CD-ROM 
tiardware while the Ilatalight CD-ROM driver provides the interface betwezn ROM-DOS mtl that 
hardware driver. ‘This interlhce is called the Microsoft CD-ROM extensions (or bISCLXX). 

For each tinrdware driver loatlcd, tise the i D :  option to specify the name ofthat driver. The default 
name is lvISC002. 

’The ,&: option specifies the drive letter to use for the CD-ROM drive. The default driver letter is 
the next available. To increase the number of availablc drive letters, use the LASTDRIVE 
cotntriatid in CONFIGSYS. 

The f i f :  option specifies the number of buffers to use to speed up CD-ROM drive access. 
Thc TX option puts those btiffcrs in cxtendccl memory rathcr than conventional memory. 

EXampleS 
MSCDEY /D:MSCOO:I 

Installs the C:L>-IIOM drivcr iisirig MSCD003 as the device name. 

Installs the CD-ROM drivcr using G as drive icttcr. 
MCCDEX / L :  G 

MSCDEX /M: 6 /x 
Installs the CD-ROM driver wing six buffers allocated in XMS. 

EWFILE 
CONFIG.SYS Commartd 

The NEWFILE command allows yoti to continue CONFIG.SYS file processing from a new filc.. 
Ttic frlz cat1 bt: located iii ariotltcr dircctory o r  even on a diffcrent drive. 

Syntax 
i.: E PI b~ L & = filename 
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Remarks 
The NEWFILE command is especially useful when the CONFIGSYS file is located on an 
inaccessible drive or in ROM. Additional device drivers or instructions can be added easily to the 
new file and is processed along with the main CONFIG.SYS file upon starting the system. 
When the NEWFILE= instruction is processed, control passes from the present file (the one 
containing the NEWFILE instruction) to the file specified in the command. Any commands 
placed after the NEWFILE instruction in the original file are not processed. 
If the specified filename cannot be located, CONFIGSYS processing returns to the original 
CONFIG.SYS file and the next instruction is processed. The next instruction can even be a 
second NEWFILE= statement, allowing flexibility for systems which may have a variety of drives 
installed or not installed at boot time. The first successful NEWFILE statement is processed, 
transferring control to the specified filename. The remaining instructions in the original 
CONFIGSYS file, including NEWFILE= statements, are not processed. 
NEWFILE commands can be nested. That is, your original CONFIGSYS can call a second set of 
instructions via the NEWFILE command. The second file can, in turn, call a third file by using 
the NEWFILE command, and so on. Be sure that each filename in the successive steps has a 
unique name, otherwise, you will creatc an infinite loop as control is passed back to the same file 
repeatedly. 
When NEWFILE is used, it is also created as an environment variable, retaining the value 
assigned by the NEWFILE= statement. This can be used in an AUTOEXEC.BAT file for further 
boot-up dccision-making. 

Examples 
NEWFILE=C:\BIN\NEWCFG.SYS 

Causes instructions in the file NEWCFGSYS, located in the CABIN directory, to be executed as 
part of the CONFIGSYS file. The contents of NEWCFGSYS may include any of the commands 
listed in this section. 
Also, the environment will contain the following entry: 

Verify this by running the SET command with no parameters. 
NEWFILE=C:\BIN\NEWCFG.SYS 

NUMLOCK 
~~ ~~~ 

CONNG.SYS Command 

The NUMLOCK command sets the NumLock key on the keyboard to ON or OFF when your 
computer starts. 

Syntax 

Remarks 

NUh.ILOCK=[onloffl 

Selecting ON designates that the NiiinLock kcy is set to on when DOS boots. Selecting OFF 
designates that the NumLock is off when DOS boots. In either case, you still have the ability to 
nmnially turn the NumLock key on and off aRer booting with the NUMLOCK command. 

Example 
NUMLOCK=on 
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Sets the NumImk key to or1 whzn the systciti boots. 

Internal Cotnniand 

The PATE1 comniand sets the search path for coniinand files that are not in the current dircctory. 

Syri tax 
Phl'H [ dfive;] [p&i] [ ; [drive:] [ p a t h ]  ] 

Remarks 
Without a specified search path, ROM-DOS looks for an external cornrnand tile (one with a 
.BAT, .COM, or .EXE extcnsion) only in the current directory. The PATH cornrnand tells ROM- 
DOS which i>tlter directories to search arter searching the current dircctory. 
To append orie 0 1  more additional directories to the PATH. use %Pt\TI-I% for the current path. 
For exainplc, to add C:\DOS to the currcnt path, entcr: 

at the cornrnaiitl prompt. 
Bntcr PATH without paranictcrs to display thc ciirrcnt path. 
To cancel previously-set command paths, eriter: 

o r  

. 
PATH %PATH%;C:\DOS 

PATH .= 

, ETATH :e; 

Example 
If your application programs rcside on a tixed disk, the PATH command enables yoti to start any 
nl'thern froin any tirive or directory. To access u t  
suldirrctories C:\[JTIL,, C:\WP, and C:\123, sct the path command as follows: 

CS, a word proci:ssor, and a spreadsheet i n  

PATH C: \UTI :L;C:  \WP;C: \ I 2 3  

I- -I_-.- _-1-11_-._11---~- 

Batch File, Internal Command 

The PAUSE command suspends the execution o f a  batch file and resumes operation when any I c q  
i s  pressed. 

Syntax 
PAUSE 
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After you perform the appropriate action, or make a decisioi, striking any key other than the 
combinations Ctrl+C or Ctrl+Break resumes the batch job. 

If  you press Ctrl+C or Ctrl+Break at this point, ROM-DOS displays 

Responding Y ends the batch job. Strategic placement of the PAUSE command, working with 
this query, allows you to divide the batch file into sections so you can end it at some intermediate 
point. 
The message.option allows you to display a reminder on the screen during the pause. Your 
message precedes the “Strike a key” message. Note, however, that your message appears only if 
ECHO is on. 

Terminate batch j o b  ( Y / N ) ?  

Example 
PAUSE Place blank d i s k  i n  drive A: 

Prompts the user to insert a disk and’suspends operation until a key has been hit. 

POWER.EXE 
Installable Device Driver 

POWER.EXE eonservcs power on a system that has APM (Advanced Power Management) by 
shutting down various subsystems (screen, disk drives, etc.) that are not being used. 
POWER.EXE can be used in an INSTALL command in CONFIG.SYS, in AUTOEXEC.BAT or 
on the command line. 

Syntax 
From command line or AUTOEXECBAT, enter 

@a fhh]power [ options] 
From CONFIGSYS, enter 

Install=[pa~~]power[optfo~s] 

Remarks 
The system BIOS must support the following APM functions for POWER.EXE to work 

Function Description 
__ ~~ - 

00 APM Installed 

01 Connect 

04 Disconnect 

os CPU idle 

06 CPU busy 

07 Set Power State 

08 Get PM Event 

For each device, you can specify the length of time that the device tnust be inactive before i t  is  
turned off, 11’ y o u  specify a Icngtli o i  zero fur a dcvicc, 1’OWLR.EXE disables power mariagemcnt 
for that device. 
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The (#) argument for each command option defines thy number of seconds the device call reliiain 
inactive before i t  is powered down. 

Options 
'l'he lC# optioii sits the inactive timi for the CUM ports. ?'he default value is two seconds. 

The ID# option scts the inactive time for the disks. The default value is 30 seconds. Currently, 
ail disk drives are treated as a single device. 
The /IJ# option sets the inactive time for printers. The default time is two seconds. 
The / S B  option sets the inactive time forth? scrcen. The dcfault titile is nine seconds, 
The /H oplion displays a uscr help screen. 
'Thc /K options sets tlie keyboard time. 
The /ADV:MM argument provides the minirntim (most responsive) power reciuction. 
'fhi IN)V:REG iirgiiment provides the standard power reduction. 
The /ADV:biAX argument provides the rnaxiintini (Icast responsive) power redtiction, 
The /STU argunient providcs the standard power reduction. 

rgtirrient turns power management off. 

Iiuns I'OWER, turning off tlie screen after 20 seconds of inactivity, never turning off the COM 
ant1 printer ports, anti uses the default inactivity period for thc disk drives (30 seconds) and 
key briord. 

PRINT 
.__-m_c~----- 

External Command 

The PRINT cominand prints a single tile or a list ofliles. 

Syntax 
I'RINT [idrive:] [filename] [/options] 

Remarks * 

' 
PRINT allows you to enter lietween one and 32 files for spooling to the printer. Thc tiles arc 
output @.the device in a spooled manner (while yop perfon other operations). 
Ifl'KmT is entcrcd without any parameters, it displays all the files that are in the queue. 
The first time PRINT is used, the operator is prompted with this message fbr the device to 
perform the operation. 

Thc legal devices for printing are I,PTI, I,l'T2, LI'T3, LPT4, COMI, COMZ, CUM3, CObl1, 
AUX! or PRN. 

Flame of  l i s t  device  [PRMI : 
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Options 
The /B option sets the buffer size. The default buffer size i s  5 12 bytes. A larger buffer size 
causes print to operate faster. The maximum buffer size is 32KB and the minimum size is 256 
bytes, This option is only allowed the first time PRINT is run. 
The /C option cancels only the filenames listed after the /C command. 
The /F option sets the maximum number of files to be queued up at one time. The default 
number of files is ten. The minimum is two and the maximum is 32. Support for more files is 
often useful when using wildcards in filenames. This option is only allowed the first time PRINT 
is run (or until the next system reboot). 
The /p option causes all files listed after this option to be submitted for printing. This is the 
default for filenames encountered on the PRINT command line. 
The /T option cancels all the l-iles from the print queue (list). 
The /H option displays the help screen. 

Examples 
PRINT FILE1,TXT FILE2.TXT FILE3.TXT 

Puts three files into the print queue. The first file prints after the command ends. 

Removes file FILE2.TXT from the print queue. All other files in the queue print normally. 

Cancels all tiles in the print queue. Printing may continue for a short time because ofthe buffer 
in your printer. . 

PRINT /C FILE2.TXT 

PRINT /T 

PROMPT 
lnternal Command 

The PROMPT command changes the ROM-DOS command prompt. 

Syntax 
PROMPT [text] [$character] [$character ...I 

Remarks 
The-prompt that ROM-DOS normally displays is the letter of the current drive followed by a right 
angle bracket (1) (the greater-than symbol& By using the PROMPT command, you can change 
this prompt io include any combination of a message, the current directory, the date, the time, and 
some other feature;. 

Code Corresponding Prompt 
$T Current time 

$D Current date 

$P Current drive and path 

$V ROM-UOS vcrsion numbcr 
SN Current drive 

$a The character 



-- 

EM (REMark 
.___s_l.--- I -ll__-l_ll.--- 

Batch File. Internal Command 

The REM cortiinnnd has t\co ptirposcs: to allow coninicnts in a batch or CONI'IGSYS tile, 3 n c I  to 
tcniporarily tlisablt: a command without physically deleting the cotnmand from the filc. Sce :ilso 
the (:) conmiand. 
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Code Corrcslxmding Prompt 
--_----^---.~-_--- 
FL, 'I'lic .f character 

$R 'l'he I character 
$Q The = sign 

5H h backspace (which erilSeS the previous 
c ti aract a) 

ASCII code ior Escape ( X  1 B') 

Start a new line (carriage return) 
$E 

rfi_ 
3 :F The  $ charactcr 

Exarnples 
, q  1 o s h o \ ~ ~  thk  prompt 

Current d i r e c t o r y  i s  drive: \path; 
Ready f o r  <command> 

PROMPT Current  d i r e c t o r y  i s  $ P ;  $-Ready for $Lcomiand$G 
enter 

To show the chte, time, and citrrent directory on separate lines follo~ved by the greatcr-than 
character ancl a space, enter: 

where <space> refers to pressing the spacebar once. l'he restilting proiupt is 
I ~ R O M P T  $ D $ ..-$ 'F 5'-5' P rj G.: spnce> 

Non 6-26-1989 
10:17:45.99 
A : \ >  .... 

Remarks 
'I'hc REM corninand provirics information but l i s  no afYect 011 thc execution of the batch fie. 

Thz comment rnny consist of any set of characters. You may also create a blank line by omitting 
the niessagc portion of thc line. 
IZEM can also be used to leinporarily disable a corninand in a batch file or CONFIC.SYS withwit 
having to dcletc the line from thc file. 

Examples 
- .~ !,!:>I ' rhi s ba:c!h f i  1 e c r e a t e d  h y  
kk:H JcifiE D<)$! 
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These lines may be added at any point in a batch file as user information only. 
DEVICE=HIMEM.SYS 
DOS=HIGH 
REM DEVICE=TES' - -:V.SYS / P  

Temporarily removes the DEVICE=TESTDEV.SYS statement from these CONFIG.SYS 
instructions. This statement is not processed again until REM is removed. 

REMQUIT.EXE 
External Command' 

The REMQUIT command terminates the REMSERV program via the serial port. This command 
allows the host machine to terminate the program running on the target without accessing the 
target machine directly. 

Syntax 

Remarks 

REMQUIT 

This program only terminates the REMSERV program and does not work in reverse to terminate 
the REMDISK program. 

Examples 
REMQUIT 

Terminates the running REMSERV program when run from the remote system attached via a 
serial connection. 

REN (REName) 
Internal Command 

The FEN command changes the name of a file. 

Syntax 

. Remarks 

REN [drive:] [path]  filename1 filename2 
.c 

REN renames files within a directory; it docs not move a file to a diffcrent drive or directory as 
part of the command. 
The wildcard characters * and ? may be used to rename more than one file at a time. 
ROM-DOS does not allow you to give a file a name that matches the name of an existing file in 
the same directory. 

Examples 
REN B:NOTES.DOC P.EPORT.DOC 

Rcnamrs the file NOTES D O r  in drive R .  to RFPORT DOC 
REN * .DOC *.TXT 
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Assigns thc extension .TXT to all files with the current ehtension .DOC 

_I___ --__-I_ .__--__-_l l_-_l_ 

External Command 

l l ie  l<ESTORE comrnancl is the complzmcnt program to BACKUP. It restores files prcviously 
saved with BACKUP to thc hard disk. 

Syntax 
RESTOIX <srctlrivc> [t/stpath] [options1 

Remarks 

Clption Description 
~ ~ ~ ~ ~~~~~ 

in 
I P  

Show directory of files i n  backup volume(s). 

Prompt only if destination file already exists and is a hidtlcn, system, or read- 
only fill:, or is tnarketl as chnngetl. Do not prompt on unchanged exisling files. 

i s  Kestor,c all subdirectories. 

/Y hnswcr Yes to all prornpts. 

l h c  +xixirive> is the drive to restore from and may include an optional file mask. For exrunpie, 
RESTORE A:*.C restores only those filcs ending with .C from the backup set in drive A:. 

The <:dstpatlP must be a 110s destination path. If no destination path is given, KESTORE 
assumes the current directory. The destination may contain wildcards (which override wildcards 
p h x d  in the <srrdrive> option. 

Options 
'l'ht: /D optionjust displays a directory of what files are in the backup sct, similar to UIR. l l ~ i s  is 
useful i f  yoti are not sure what filcs or datesitimcs are in the backup sct. 

1 he /S option restores from subdirectories as weil. 

The /Y option is  iiseful when running RESTORE from a batch file. Any entirc set from another 
hard drive or nctwork drive can be rcstored without user input. 

_ .  

- Examples 
XESTORN A: / D  

Displays.files in  the backup. 

C~.tinplete~ restort:, with subdirectories, of all files whose filenames begin with fx and have il .fh 
file extension. 

1Eestort.s only filcs with a .C lilc cstension to thc current directory. 

RESTORE A: D:TEMP\fx*.Ph /S 

RF;STCIP,E R : * . c  / S  
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RMDIR (ReMove DIRectory) 
lnternal Command 

The RMDIR command removes (deletes) a specified empty subdirectory. 

Syntax 
RMDIR [ drive:][path]subdir 
RD [drive:] [path]  subdir 
subdir is the name of the subdircctory being deleted. Note that RD may also be used. 

Remarks 
I f  no drive or path is specified, RMDIR looks for the specified subdir within (one level below) the 
current default directory. If a drive or path is specitied, everything specified must exist or ROM- 
DOS displays an error message. 
RMDIR does not remove a subdirectory unless it is empty. An error message is displayed when 
you attempt to remove a subdirectory that still contains files or other subdirectories. 

Example 
RD TOOLS 

Removes the TOOLS subdirectory from the current directory, assuming TOOLS is an empty 
directory. 

SET 
Internal Command 

The SET command sets, displays, or removes environment variables. 

Syntax 
SET I variable = [sfrlngl I 

Remarks 
Use the environment variables to control the behavior of programs and batch files and also the 
behavior ofROM-DOS. Use this command in the AUTOEXEC.BAT and CONFIG.SYS files and 
on the DOS command line. The environment variables that can be defined with the set command 
inctude, but are not limited to, PATH, COMSPEC, PROMPT, and user-defined variables. 
Using SET variable = with no argument string clears the current environment string for the 
named variable. 

, 
' 

Ex amp I e s 
SET PROMPT - SpSg 

Sets the prompt, although the prompt can also be set with the PROMPT command. 

Clears any previously set prompt settings and rcturns the prompt to its default state. 
S E T  PROMPT = 

t 



External Command 

l h e  SHARL command installs the capab cs for f i l e  sharing and file locking on your hard disk. 

Syntax 
SflARE [ I L :nn ]  [ / ( I ]  

Or from CONFIGSYS 

lNSlALL,-~ d:] [ pa thIS1-IARE.EXE [:options] 

Remarks 
The SI-IAIU~ utility is most commonly uscd in a network or multitasking environmertt where file 
sharing is ni:ccssary. When SHARE is loiuletl, DOS iitilizcs thc SHARE utility to validate rcad 
arid writc rcquests from application programs and users. 

Options 
The /I,:nn option specilies the riiasiiiium n m b c r  of liles Lhat can be locked :it one timc: 'L'hc 
clclkult number is 30. 

'The / I J  option unloads the slinre utility a h  frees the memory. W A R E  does not unload if other 
TSRs have beeii loaded on top of it. The other TSRs must be tinloaded first before trying to 
unload StlAlUi. 

Examples 
SHAF.E 

Loads the SHAIU!, program from thc command line. 

Installs SHARE from thc CONFIG.SYS t l l e  and changes the maxiinurn number of locked files to 
30. 

Unloads SIIAIW and frces tlic used memory. 

INSTALL-C: \UTILS\SHARE.EXE /1: 3 0  

SHARE / U  

CO NFIG. S YS Command d 
1 .  

'I he SIIELL cotnniand allows you to specify a command intcrpretcr othcr than the default 
COMMANII.COM or to load COMbtANT).COXt with non-default arguments (paratneters). 
ROhl-DOS boots this n w  prograin, \.c ith arguments, instead of that specified internally. 



82 Chapter 5, Command Descriptions 

The cmd-interpreter can be any executable program. Thc full path, including drive letter, should 
be specified if the program is not in the root directory of the default drive. 
Argiments are optional and program-specific and vary depending on the cmd-interpreter being 
executed by the SHELL command. 

, Examples 
SHELL=C:\COMM?iND.COM /E:512 /P 

Boots the standard Command Processor but sets the environment space to 512 bytes (up from the 
default 128). The /P parameter tells COMMAND that it is permanent (cannot terminate). 

Boots a program named MYPROG.EXE, located in the directory TEMP, instead of the standard 
Command Processor. 

SHELL = C:\TEMP\MYPROG.EXE 

SHIFT 
Batch File, Internal Command 

The SHIFT command moves each replaceahle parameter for a batch file one position to the left. 
Exccution of the SHIFT command allows use of more replaceabIe parameters in a batch file 
beyond the standard set of %O through %9. 

Syntax 

Remarks 

SHIFT 

This command moves the string or value stored for each replaceable parameter one position to the 
left. Upon execution of SHIFT, the %O argument assumes the value of the %1 argument, the %I 
argument then assumes the value of the %2 argument, and so on. 

The following batch file reads in a list offiles (provided as arguments on the command line) and 
displays each one to the screen. After displaying each one, the SHIFT command copies the next 
file in the argument list into the %1 slot, verifying the existence of the file, and continues. 

Example 

Command l i n e  argument: 
TYPEIT autoexec .ba t  c o n f i g . s y s  n e t . b a t  
TYPEIT.BAT batch file: 

: r e p e a t  
i f  EXIST $1 goto d o i t  
goto end 

: d o i t  
type %1 
pause 
s h i f t  
goto  repea t  

:end 
@echo All Done 
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External Command 

The SORT command sorts a text file and displays the output to the standard device. 

Syntan 
SORT [ /oprions] [ f i lm~amc]  

Remarks 
SORT norrrially :;tarts its comparisons at thc lirst character in a line 
The input to SORT may c m i e  from a file, or it may be piped i n  from another lilter or R DOS 
corn rti and. 

Options 
The /.til option causes SORT to  begin its alphabetical sorting slarting at the 11 th position in thc 
string. 
The /r optioii c;itises SOIz1' to sort i n  the reversc alphabetical order. 

Examples 
SORT' NAMES. I S T  

Sorts the file NAMES.LS'1' and displays the output to the screen. 

Produces a directory and then sorts the directory by file size (the file size in a directory display 
starts on thr: 14th position in cach line or string). The output display is then shown one screen ;it 
a time using the MORE coiumatid. 

DIR I SORI' /+14 I MORE 

The STACKDEV.SYS command is used to increase the number of slacks available for IliQ 
handlers anti Int l3h.  The statidard SlACKS= command for ROM-DOS increases stack space for 
t h c :  uos stacks only. 

Syntax 
DEVICE-STACKDEV.S Y S 

Remarks 

. -  

I_Jntier various conditions, a stack overflow error occurs while booting ROM-DOS, ~isunlly during 
tlic CONPIGY.SVS or AlJ'TOEXBC.RAT lile processing. For example, soiiie other program inn!' 
scrvicc an intcrrupt and not provide its own stack for that purpose. If, inside its interrupt hancller. 
tht: program coiisiiiiizs a lot of stack space by allocating many automatic vtiriablss, calling other 
interrupt handler:;, or by tlceply iicsting sub-routines, then the interrupt handler may overflow thc 
stack of thc pmgrani that it  intcrrtlptzd. This situation usually rcsults in a system crash. 
m: w j ~ . ~ - ! m  Y'.S.YS 
support. S'I-ACK IYY i n c r w m  tlie stack space available for IKQ hantllcrs and lntl31i by 

<upport siiniI:ir IO klS-li(>,C' in!crn:!l St:!c.li:., 



84 Chapter 5, Command Descriptions 

switching to a local stack each time an interrupt occurs. STACKDEV does not ellocate the 
stacks from a pool, instead, cach interrupt on the list is given exactly one stack with a fixed stack 
size of 128 bytes. 
STACKDEV differs from the internal STACKS= support with ROM-DOS in that the STACKS= 
command is used to allocate stack space for ROM-DOS' own internal stacks and does not add 
additional stack support for IRQs. 

Examples 
DEVICE = STACKDEV.SYS 

Loads the STACKDEVSYS device driver during CONFIGY.SYS processing. This driver should 
be loaded early in the file so that it can handle the IRQ stack needs of other device drivers or 
programs. 

STACKS 
~~~~~ ~~ ~ 

CON FIG. S YS Command 

The STACKS command enables the dynamic use of data stacks to handle hardware and software 
interrupts that use large amounts of stack space. You may use this command only in your 
CONFIGSYS tile. Use the STACKS command if the system crashes or encounters a stack 
overflow during the boot or at runtime. 
STACKS uses more RAM for the DOS stacks, which you can calculate with the formula (number- 
of-stacktstack-size). The maximum extra DOS stack size is 32KB (64*512). 

Syntax 
STACKS = n.s 

Remarks 
n specifies the number of stacks. Valid values for n are 0 and integers in the range 8 through 64. 

s specifies the size (in bytes) of each stack. Valid values for s are 0 and integers in the range 32 
through 512. 

SUBMENU 
CONNGSYS Command 

The SUBMENU command defines a menu item that represents a secondary menu when selected. 
This command may only be used within a menu configuration block in the CONFIGSYS file. 

Syntax 
SUBMENU=blocknarne [ , menu-fextl 

Remarks 
'Thc blockname argument defines the name of the secondary menu block of commands. The block 
tnenu must he drtined elsewhere in the CONFIG SYS file. otherwise. ROM-DOS leaves this item 
off of the btartup menu. The label can be up to 70 characters long and can contain most printable 
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characters, including spaces, backslashes (\), forward +shes (/), commas (,), semicolons (;), and 
equal signs(-). Square brackets (a) cannot be used in blocknames. 
'llie optional menti-texl argument specifies the text that IZOM-DOS displays fbr this tnelllt item 
on thc startup rncriii. If this argunient is letc out ,  ROM-DOS displays the blocknarnc! its ttte test. 
'The miiLi-.tt'Xt can be up to 70 characters long and niay contain any character. 
The submenu can be defined with any user-provitled descriptive label. It need not have tile 
[ILIBIW] label. 

Example , 

[ McNU I 
men II j. t en:==Wo r d-P roc , W o r d P r  oce s s i ng 
ii?enLi.i. t e m = N e  twork, Network 
siibmenu=P.esearch, Research and Development 
meniicolor=15,1 
mcnudcfaul  t=Word--Proc, 20 

[WORD PROC] 
E i. 1 es =S 0 
buff  e r s = 1 0 
las tdr ive=rn 
device-c: \ne twork\ loadnet .  s y s  

[NETWORK1 
iricl.iide-Word_Proo 
nurnlock-off 

[RESEARCH] 
inenuitetn==proj1., Project 1 
meriuitcrn-proj2, P r o j e c t  2 
inenudefault-pro j 1 
[ P R O J l ]  
€iles=SO 
buff  e r s =2 5 
numlock-on 
[ PRO 32 1 
fi les=lO 
buff ers=20 
device::vclisk.sys 61 / e  
nurnlock=off 

In thi: prccccding example, a submenu is defined as one of the startup inenti choices. Whcn yo11 
select Research and Development from the first nienu, a secondary menu is displayed, offcring thc 
choices of  Project 1 and Project 2. The actual commands for Project 1 and Project 2 are defined 
in thc configuration blocks labeled PROJ1 and PKOJ2. 

I-_- __ "l-.--l___ll -__ __.- 

S 
--I 

External Comqand 

The SIJBSI' command allows one drive to appcar as another drive. This is useful for creating a 
consistent drive letter H I I L ' I I  the dribe and/or path may change. 

Syntax 
SLJf3S I Id: [drivf.path 1 /D 11 
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Remarks 
SUBST without any options displays the currently substituted drives. The path may be any legal 
DOS path, including network drives. 

Examples 
SUBST e: b:\subdir 

SUBSTitute drive E: to use B:\SUBDIR 

Displays all SUBSTituted drives. 

Drive E: is no longer SUBSTituted. 

SUBST 

SUBST e: /D 

SWITCHES 
CON FIG. SYS Command 

The SWITCHES command allows special CONFIG.SYS file options. 

Syntax 

Remarks 

SWITCHES=[/k][/n][/fl 

The /k argument makes an enhanced keyboard behave like a conventional k e y b o d .  

The /n argument prevents the use of the F5 and F8 function keys to bypass the startup commands. 
The /f argument instructs ROM-DOS to skip the delay after displaying the “Starting ROM- 
DOS ...” message at boot time. The delay allows you time to use the F.5 and F8 options to alter 
the processing of the CONFIGSYS and AUTOEXECBAT files as described in page 16. 

Example 
switches = /n 

Prevents you from using the F5 and F8 keys at boot time. 

SYS 
__ 

Extefnal Command 

The SYS command copies the ROM-DOS system files’ROM-DOSSYS and COMMAND.COM 
from the disk in the default drive to the disk in the specified drive. The file ROM-DOS.SYS is 
renamed and stored on the disk as files IBMBIO.COM and IBMDOS.COM, which are stored as 
hidden files. 

Syntax 
SYS drive: [/options] 
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Remarks 
Use the SYS cotnrnand to transfer the ROM-DOS system f i les to a fioppy disk or h;trci ciisk. Thc 
disk can lw 11 formatted blarik disk or can contain files; it is not  necessary for the system files to 
be thc first files OH the disk. ‘[he only requirement is that there is enough contiguous fice space 
on tht disk for tlic: new system files to be placed. lfthe disk already contains systcm filcs, 
installing the new systetn files deletes the esisting files. 

The command processor, COMMAND.COM, is also transferred to the disk and does not need to 
bc copied into the same contiguous space as the systetn tiles. 
You can rim S Y S  three diRixnt ways. The first i s  to boot and run your system with IZOM-DOS 
When yo11 run the SYS coniiriand this way, S Y S  copies the IZOM-DOS system files and 
CCXv1MAND.CtIM from the root directory of the dcfhuWcurrent disk drive. 
The st:conri mcthod is to run S Y S  from the root directory o r a  disk drive that has been prcvioiisly 
prepared with the SYS command, hut isn’t booted and running. For example, you can run SYS 
from ii bootable floppy disk to copy, the f j les to the hard disk without actually booting from the 
iloppy disk itself. 
?‘he third mctiiod uses the tilc ROM-DOSSYS, the equivnlent of the hidden system files 
IBMI310.CWvI and 1BFLZDC)S.COM. ROM-DOS.SYS should be present in the same directory 
with COMMANT).COM and SYS.COM. ‘lhese thrcc files can be placed in the root directwy or 
subclirectoty on a floppy disk (that need not be booted o r  bootable), or in a subtlircctory on thc 
hard drive. Run tlie SYS command from the directory where the files reside to transfer the 
systcni filcs to the dcstination drive. 

Options 
Thc /C option prevents confirination before transferring system files. 
The /I{ option shows the rrewly transferred system files on the destination disk. 
The /I option prevents display of the sign-on message. 

Example 
SYS B :  

Copies the RObf-DOS system files to drive B:. 

-_.__I- _ s _ ~ ~ . - -  -- 
Internal Command 

‘Fhe.I’lME command displays the current time as shown 0.n thc system’s iritcrtial clock. Allo\.\;s 
resding af the crock. 

Syntax 
’I’IkE [hfi:m~rn:ss] [pm/am] 

Remarks 
The time set by this comniand is iiscd, among other things, for time stamping your tile revision 
dales. ‘ihis information is displaycd when you cxeciite a directory listing of your files. 

Y ~ J I I  rnity want to incltidc thz 1’JMI: cornrrmnd in your /\IJTOE.XEC.ORT filc tu set thc datc al 
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The format of the time command is also dependent on the country specified in CONFIGSYS. 
The time is displayed according to local standards for the specified country. Refer also to the 
DATE command. 
If you just want to check the time maintained by ROM-DOS, enter the TIME command alone. 
ROM-DOS displays something like this 

Current time is 3:00:02.48p 
Enter new time:- 

After which you press Enter to return to an empty command line. 
When you want to change the time, you can include the desired time on the prompt line after the 
word TIME. Or you may enter the command with no option (as you do to check the time) and 
enter the new time before pressing Enter. 
ROM-DOS displays the time according to the 24-hour clock with the a or p indicator to show AM 
or PM. The AM / PM indicator can be entered as a or p or as am or pm. The time may be 
entered in a 24-hour format or a 12-hour format with the AM or PM designators. 
The allowed options for hours and minutes are 

hh = 0-24 mm = 0-59 indicator = a, p, am, or pm 
ROM-DOS displays time to hundredths of seconds. When entering time, however, you needn’t 
enter seconds or hundredths; ROM-DOS assumes a value of zero if they are not specified. 
You may skip the display and prompting by typing the current time after the word TIME on the 
command line 

ROM-DOS accepts your entry as the current time. 
TIME 23:24 

Examples 
To set the time to I 1 : 15 p.m., enter 

To set the time to 9% a.m., enter 
TIME 23:lS or TIME 11:15 p 

TIME 9:26 or TIME 9:26 am 

TREE 
External Command 

The TREE command displays each subdirectory and, optionally, the files within them for a 
specified drive. 

Syntax 
TREE I drive: 1 t /options] 

Remarks 
The TREE command displays the full path of each subdirectory on a specified disk, 
drive. specifies the drive that TREE displays the subdirectories from. This argument must be 
specified. 

Option 
I he it. option causcs ll&.h to display thc iilcs 111 cnch subdircctoiy. 



Examples 
TREE C :  

Displays all suhdirectorics on drive C:. 

Displays al l  subdirectories on drive 11: along with the files lrithin each subdirectory. 
TREE A:  iF' 

Internal Coniirrmd 

T'hc ' I 'YIT command displays the contents of a text file on the screen 

Syneax 

Remarks 

TYPE idrim: 1 [path]  fi'lrnarni! 

If it file conlaitiing fbrtnatting cocks or other nonalphanumeric characters is displayed with TYPE, 
unintulligiblc cl-iaracteis arc displayed. This does not Itarm the system. 

Exatnple 
TYPE A :  AUTOEXEC. HAT 

Displays the AlJ7'0EXEC.lM.T file on drive A. 

Config. SYS CO!?JnJafld 

lJMt3LINK builds upper memory blocks (UklBs) which have a distinct MCB chain and may or 
may not bc linked into tlir: DOS MCB chain. UMBLINK can be used on soinc systems where 
Eh1111386 can not be uscd. 

Syntax 
DlWI CE=U M l3 LIN K. EXE [ x-mmmm -nnnn] 

. Remarks 
I UMBLJNK allows for the conversion of various RAM memory regions into DOS UMBS int i  

which device drivers and TSRs m a j  be loaded. UMBLINK is a simple: device drivcr that, oiice 
installed, docs nothing but filter tlir lnt2lh, Function 5803h calls to link and tinlink the UMB 
arena front lhc normal DC)S MCI3 chain. UivlULINK inlist appear before any DCVICEFIIGTI lines 
in your C0NFIG.SYS File. 

Unlike EMM336.E:XE, UMBLINK.EXE is not a protected mode control program. I t  finds certain 
kiiids of nicn~oiy that already cxists in thc adapter spacc and links that rncnioiy into thc DOS 
tippcr mernory chain. i t  then Ixcorries resident and, like Datalight's EMIvl386, becomes the IJMU 
T,INli handler iitr CO;Lf-.T)OS. The rriernory types that lMf3LINK ciin recognize arc S-ICE.EXE 
CiMBs (,cliniin:tting mcgn's UMU.SYS), XMS Us, and prc-csisting M h . 1  that 
i5 ; t i i L , d )  c;;lici pii) ;ill) L i J d i c , d l c  \i i t i t i n  tli 
program is riin.  

P l i l '  b[J<liG .ll L!iC Lill lC t l l i  
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Options 
The x=mmmm-nnnn argument specified a hex segment range of existing RAM to be excluded 
from the UMB conversion process. Both mmmm and nnnn, must be in the range C000:Oh to 
F000:Oh. 

Examples 
DEVICE4JMBLINK.SYS X K O O O  - C800 

Load UMBLINK.SYS and exclude the range from C000:Oh to C800:Oh from the UMB creation 
process. 

VDISK 
Installable Device Driver 

VDISK i s  a device driver that allows you to use RAM as a disk. 

Syntax 
device = VDISK [slze [secsIdirsl]] [/E] 

Remarks 
VDISK partitions some of your computer’s memory as a disk. This disk is called a RAM disk or 
virtual disk and is much faster than either a floppy or hard disk. The RAM disk can use either 
standard DOS program memory or extended memory (above 1MB) for the disk. Any data on the 
VDISK is lost when the system power is turned off. 
The slze argument specifies the size of the VDISK in kilobytes, The default is 64KB. The 
memory selected is allocated from the DOS memory pool, decreasing the amount of memory 
available for programs unless the extended memory switch is  used. 
The secs argument specifies the sector size in bytes. The default is 5 12 bytes per sector. This 
value must be 128,256, 5 12, or 1024. All other values are not valid, and the default of 512 bytes 
is used. 
The dirs argument specifies the number of root directory entries. The default value is 64 
directory entries. There may be any number of root directory entries between 2 and 1024. If an 
odd number is given, it is rounded up to the nearest multiple of 16 to t i l l  the entire sector. 
The /E argument causes VDISK to use extended memory (memory above the 1MB boundary) 
instead of DOS program memory for the disk. 
The VDISK driver increases the resident size of DOS. * *  

Note: Interrupts are turned off during the transfer of data from extended memory to conventional 
memory. 

Examples 
device = VDISK.SYS 

Builds a 64KB RAM disk in DOS memory. 
device = C:\DOS\VDISK.SYS 220 / E  

t 
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Build:; a 22OKB L2M disk i n  extended memory. The VDISK devicc driver is loaded from the C: 
dr iw and thc \DOS directory. VDISK ;1wtnizs the default 512 byte sector size and 63 directory 
en tries. 

Builds ;I 4JKR I Z A M  disk in  DOS memory. There are 128 byte sectors and 18 root directory 
entries. 

davice  = VDISK.SYS 4 5  1 2 8  18 

Internal Command 

'The VEK comrnartd displays the version number of the ROM-DOS in use and allows revision of 
this version nunibcr. 

Syntax 
VT,:K [ IJ .Wl]  [ / R ]  

Remarks 
I f  it new version tiumber is specified, two digits after the dscitiial are required. Note that this 
corninand rcviscs only the record of the DOS version number; it  does not change thc actual 
operating system loadcd in thc computer. 

Thz version conmiand shows both the version ofthe VER command itself and the version of DOS 
in operation. 

Option 
l 'he /I< option shows the full version an? revision number o f  ROM-DOS. 

Example 
VER 5.0 

Changes thc record ofthe current DOS version in iisc to DOS 5.0. Any programs that arc 
executed, following this command, recognize that DOS 5.0 is runnitig. 

The VERIFY command displays or inodifies the VERIFY state. 

Syntax 

Remarks 

VERIFY [ON 1 OlT] 

The VERIIY coriirnand does not perform any data wrification (samc as the COPY /V option). It 
is incliitlcd to provided batch file compatibility. - 
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VERSION.SYS 
CONFIGSYS Command 

VERS1ON.SYS modifies the version number that ROM-DOS reports. This device performs the 
same function as the Internal VER command. The difference is that VERSION.SYS allows the 
change to occur during CONFIG.SYS processing so that version-specific device drivers can load 
properly. 

Syntax 
DEVICE=VERSION.SYS n.nn 

Remarks 
Specify the new version number, n.nti, with two digits after the decimal. Note that this command 
revises only the DOS version number record; it does not change the actual operating system 
loaded in the computer. 
The vcrsion number change can be verified after booting using the VER command. 

Example 
DEVICE=VERSION.SYS 5.0 

Changes the record of current DOS version in use to DOS 5.0. Any programs that are executed, 
following this command, recognize that DOS 5.0 is running. 

VOL 
~~ 

Internal Command 

The VOL command displays the volume label on a specified disk. 

Syntax 
VOL <drive:> 

Remarks 
If you do not specify a drive, the current drive is assumed. VOL does not allow the setting of 
volume labels. Refer to the LABEL commgnd on page 62 for instructions on setting the volume 
labels. 

Examples 
VOL 

Causes ROM-DOS to display the volume label on the default drive, which is thi: A: drive. 

Causes ROM-DOS to display the volume label on the C: drive. 
VOL c :  



- 
XCX3PY 

____-l_ls 

External Command 

'fhz XCOPY command copies multiple fYcs and, optionally, subdirectories from one disk to 
another. 

Syntax 
XCOPY [sour'ccl [ mgctl [/options] 

Remarks 
Usc the XCOPY oommand to copy multiplc files and subdirectories, if they exist, 

The SOLI~CC aiid the target parameter arc comp!ets drive-path and file-specification descriptions. 
Ifyo.11 do not specify a pathl XCOI'Y assimes the defkult path. If a filename is not specified, thcn 
* ,+ is as:;utned. 

l 'he AIl'IIlH command 111iiy be used to modify the archive bit for thc various XCOPY options that 
check the archive status of files. Refer to the ATI'RIB command on page 28 description for 
instructions. 

Options 
Thi: /A option copies only source files that have the archive bit set in them. The archive is not 
reset. 
The /Dcmtn-dd-yy> opiioir copies ortly those files with a tlatelater than that specified. 
'f'hc /E option creates subdirectorics 011 the target even if they are empty. 

The /iM option copies only those source files that have the archive bit set, Once the sotircc tile is 
copied, thc archive bit is m e t .  
The P option prompts before each file is copied. The prompt appears as I'ollows; enter Y lo copy 
the f i le: 

The /S option copies filcs in subdirectories ofthe sotirce directory. 
The /V option verifies each write to the disk. 
The /W option waits bcfore starting to copy files and prompts with the following mcssage. 

C : \COMMANU. COM ( Y  /N) ? 

Press any key t o  b e g i n  copy ing  f i l e ( s )  

Example 
XCOPY \b i l i \ * . ex i?  a :  /a 

Copies a11 files in the BIN subdirectory to the A: drive that have an .EXE extznsion and that haw 
thr: atchivc bit set. 
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'TRANS[:f32 is a file-exchange utility that allows embedded systems to upload and downloact files 
over a serial link using the XMODI<M protocol. The program running on the host system may 
be either the COMM terminal program, another of Datalight's serial communications utility, or 
another insrance of TRANSFER. Refer to ' Appendix B, The COMM Progratn' for information 
rcgardins the C,OMM program. 

TIWNSIER may be used with the Datalight BIOS to TRANSFER files by means of the console, 
in cases wliere the console is implemented by tneans of a serial port. In this case, TRANSFER 
use., UIOS Int IOh liinction E and k i t  16h functions 0 and 1 .  In systems having a BIOS that does 
not siipply a remote console, TRANSFER may also be used to transfer files over the same serial 
lirik as that used Ibr the CTTY cotisole. A specific serial port (COMI,  COMS, and so on) can 
also be specified for 7'IZANSl;lX to use for file transfers. 

To inove a tile between :iystetI>s, run TRANSFER on the target system. Either TRANSFER or 
COMM m:ty be run on tlie host PC. If COMM i s  iunning on the host IT, press the PgUp key 011 

the Pc' for COMM to semi a file to the target system. COMM prompts for the f k w n e  and the 
protocol lbr I'RANSFEK; specify the Xinodein protocol. If you are using TRANSFER on the 
ho5t IJC, select the COM port, the baud rate, and specify either send or receive. 

Run TRANSFER ac: follctws: 
A>TRANSFER [ O p t l o r i s  I FileName 

The MlpNarnt.: parameter specifies the file to bc uploaded or downloaded. A path and drive letter 
may precede thc filename. Wildcards are not allowed in the FileNanic parameter. 

Thc option:; for 1'RANSI:ER are listed i n  the following table. 

Optiorr Descriptiori 

i s  Sends a iilc. 

!R Receives a file. 

lB#. Sets the tiatid rate. 'I'ltc rate number may bc 300, 1200, 2400, 4x00, 9600, 19200, 38400, 
57600, or 1 I5200. TIie default rate is  9600. 

Specifyirg the baiirl rate causes TRANSFER to use a serial port rather than the default 
console. 

'fhc d?fault port is'CObIl; it can be changed using the /COM option. 

.L!scs the nI0S console IO transfer files (instead of CTTY). 

'ihe /(.:OM# tells TRANSFER to not Disable use of the console and allow the user to sclect 
the c : m I  11ort. 

iHC 

iCOhfti 

'The COM tiiirnbzr (#I) may bc either I ,  2, 3 or 4. 

This option (as well 21s /B#) ciiiises TRANSFER to use interriipt driven scrial 1!0. 

A I I  rhb8250, 1(~45(!,'I(,j:X u I  somlxttibk L A k I  is i~ssiii~icil at st:tiid'1iLi I'L aiiiii 
)I 
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Option Description 

Ifthe baud rate option i s  not used along with the KOM option, the default baud rate is 
9600. 

Prevents the display of the output to the screen. 

Allows changing ofthe COM port IRQ yalue from the default setting. The default values 
are IRQ4 for COMl and COM3; IRQ3 for COM2 and COM4. 

/Q 
ARQ 

When transferring files over the console, TRANSFER uses DOS calls, by default, to allow 
operation with CTTY. On some smaller systems it may be preferable to use a BIOS console 
interface to achieve higher throughput. The /BC option tells TRANSFER to use the BIOS' 
console interface rather than that of DOS. 

TRANSFER Program Examples 
The following example receives a file via the console. The data of the file is placed on drive B: . 
in a file named filedat. 

A:>transfer /r B:file.dat 

This example sends the file JUNK.ABC over COM4 at 1200 baud, using IRQ 1 I .  
A:>transfer / s  / S l Z O O  '/Cot44 /IRQ11 junk.abc 

The following two examples show the use of TRANSFER on both the host PC and the target 
system. The file ED.EXE is sent from the host PC to the target system. The file received on the 
target system is named VI.EXE. 

Target system command: 
A:>TRANSFER /f B:VI.EXE 

Host PC system command: 
A:>TRANSFER /s C:\BIN\ED.EXE 



The COhlM comm~micat  ions program provides the ability to communicate with a remote ROM- 
DOS system. COMM supports Xmodem file transfcr, autodialing, Zmodem, and terminal 
emulation and time zones. 

' Command Line Opticrns 
All comrtiaizd line option:; must be separated by a space. 

Option 

In# 
-_--- 

lCOM# 

18N 1 
17E1 
/8NZ 
1801 
/8E 1 

Description 

Srts the baud rate to ti on staitup. The available baud rates are 300, 1200, 
2400, 4800, 9600, 19200, 38400, 57600, and I 15200. 
Seis the comrritinications port to COMl or COM2; both are supported. 

Scts the serial port to 8 data bits, no parily, one stop bit. 
Sets the serial poi? to 7 data bits, even parity, one stop bit. 
Scts the serial port to 8 data bits, no parity, two stop bits. 
Sets the serial port t o  8 data bits, odd parity, one stop bit. 
Sets the serial port to 8 data bits, even parity, one stop bit. 

.__I_-- I_ ---I_ -_ I 

You can reverse the placement o f t h e  parity and data bits on the command line. For example, 
/8N 1 is equivalent to /N8 1. 

Environment Variabiies 
The environment variable COMM is supported, which may set certain communications 
parameters. The switches are identical to the conitnand line options, for example: 

Causes COMM to start using COM2, at 2400 baud, with 7 data bits, even parity, and I stop bit 
I fnew options are specified on t!)e command line, they override the environment variable 
settings. Invalid opi ions are ignored. 

An additional environment variable for time zones is also supported. The T% variabte allows you 
coinpetisate €or time zone differences when sending and receiving files and when the t ime stamp 
on a received file is critical. This variable only affects transfers done with the Z-modem protocol, 
X-modem transfers are not affecled, By default, if no time zone is set, the Datalight utilities 
COMM and RSZ as!juti1e Greenwich Mean Time (GMT). 

Setting the TZ variable is not neccssary when using all programs. If you are transferring t l e s  
bcttveen t w  Datalight utilities, the file time stamp is not affected. Some utilities, such as 
Winclows flyper-terminal, autoiliatically convert the t i m e  stamp on the file to GMI'  and awimes 
tlidt the ieceiving ptogiani will adjust the titile to the coirect local tiiiic tipon iccclpt. 

SET COMM= /Cot42 /B2100 / l E L  
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The syntax for the TZ  environment variable is: 

SET TZ= <abbreviation> +I- value 

Abbreviation represents any three-letter abbreviation for the chosen t ime zone. The variable 
serves as a reminder to the user. For example, if setting the time zone for Pacific Standard Time, 
the variable could be set as PST; and for Eastern Standard Time as EST. The abbreviation is 
only a placeholder in the syntax for the TZ  variable. There are no  incorrect abbreviation choices 
as  long as  only three letters are used. 

Value represents the number of hours this time zone varies from GMT. For example, the west 
Coast of the United States is -8 hours relative to GMT. This value may have to be adjusted to 
compensate for daylight savings time. There should be no spaces between the abbreviation, plus 
or minus sign, and the value. Some examples are: 

SET TZ=PST-8 
SET TZ=CMT-3 
SET TZ=GMT+2 

If an incorrect format for the time zone is entered, the default of GMT is used. 

On  a desktop PC running Windows programs, such as Hyper-terminal, determining the t ime 
zone is par& of the setup of  the operating system. However, if COMM is run from a DOS box, the 
TZ variable still will need to  be set on the target machine. 

COMM Commands 
Enter most commands by pressing an Alt-key combination. Some commands take effect 
immediately (such as  changing the baud rate), while others require further information (such as  a 
filename) before continuing. 

If you do not want to  execute a command, or want to stop a command while it is running (such as 
a file transfer), press the Esc key to  return to terminal mode. 

Command Description 
~~~ 

Alt+B Sets the baud rate. This command toggles between all the available baud rates. 
Continue to press AIt+B until the desired baud rate appears on the status line at the 
bottom of the display. 

A l t K  Clears the display. 

Alt+D Autodial allows entry of number to be dialed. Press Enter to redial the previous 
number. 

Toggle echo (duplex). Press Alt+E to toggle the duplex between full (echo off) and 
half (echo on). 

Hangs up if the modem is capable of hanging up with an ATHO command. 

Toggles through the available parameters allowing settings to be made. Esc cancels 
the command. 

\\'lw ctxhlccl, piZSSir\g tliz Cnici l.cy gciiciatcs a ClrJLF ins!cnd ofjust  a CR 

Alt+E 

Alt+H 

Alt+P 

Altt?'  



Command Description 

Alt+X 
~_LII -- l..llllll 

Exits the progrim. This conirniind docs not drop the carrier, so w e  this conimarld i f  
yoti nccd to d o  MS-DOS operations while online. You can run  COMM again without 
losing the carrier and continue with teleconitnunications. 

Sends a filr: to il rcniotc computer, giving you the option of either Xmodcm o r  ASCII 
lilc transfer protocols. Esc cancels at any tinic during the transfer. 

Rcccires a tile using the Xtnotlem or ASCII file transfer protocol. Press E x  lo cancel 
at any time during tlic transfer. 

PfUP 

PgDn 

'Terminal Ewt ulatian 
Currently, COMM supports a subset of the ANSI escape codes that compose the only terminal 
eiiiulation availabltx. Thcse escape codes, A, B, C, D, 11, J, and K, should meet most needs since 
the ern dation includes sticli features as cursor positioning and erase to the end of the line andioi 
page. 

File Transfer Recovery with Zrnodern Protocol 
The Zmodeni file transfer protocol has the ability to restime a set of file transfers at the point of  
interruptiou, such as  in the case o f a  call hang-up or disconnected cable. In the event of a failed 
Zinodern upload or download, riin COMM as follows to resume the file transfer: 

Press the Pgl ln  key to initiate a receive-file operation 

Select %modem ia the file transfer option list. 

Select Y to enable the ZMOUEM crash recovery option. 

Auto downloads do not tise crash recovery. 
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RSZ.EXE is a Zmodetn file transfer utility used to transfer files over a serial port to another 
machine running the Zniodetn file transfer protocol. RSZEXE can be uscd in place of the 
COMM program aiid can be started from within a DOS batch file to send and receive files I n  
addition, RSZ.EXE does not require that the system have a video display as does the COMM 
program. RSZ.E:XE uses approximately 24KH of RAM. The syntax for RSZ is: 

RSZ /Pn /Bn k In  /Fn /JRI[S file1 [file2 .,.I]] 
Some exantples of KSZ usage include: 

RSZ / x  
R S Z  / P 3  /R115200  /I12 / C  /EO / S  a ? . b  1mlo.p z . *  

Si! Program Options 
All cornmancl line options must bc separated by a space. 

Option De!;cription 

Pori number:n = I ,  2,  3, or 4 for C:OMI to COM4 (defatilt setting is 1 for COh/ll) 

Baud mtc:n = 50,110,300,..115200. 

Always NYl when changed. If this option is not specitied, program uses the current port 
parameters, 

IRQ Numbers - valid IRQ selections arc 3 - 15. Dcfault value for COM2 and COM4 is IKQ3; 
the clcfault valtie for COMI and COM3 it is IRQ4. 

flandshaking options. 

130th sides must use the Same value: 0 = none (deljuit), 1 =: software, 2 = hardware. 

Fili: nianagenicrit options (all files arc binary): 

0 :zz ?kip ~ I =. resume, 2 == rnake duplicate, 3 = replace (default) , 

licceive tiles specified by sender using Zmodem protocol. 

Send the specified 'riles using Zniodein protocol. Wildcards are allowcd. 

Verbose switch forces the status display to ON when thc console is rcdirectcd to a scqond 
'COlvt port, and allows the Esc liey to break out o fa  transfer. 

Esr: will not work whcn RSZ is using the same COhl port as the rernotc consolc. 

Do not displayiscrid status information whilc transferring files. 'lhis option is automatically 
selected when rtinning CTTY or when running ROM-DOS on the Dutalight BIOS to pteverjt 
errors due to the placertwit at' status data i n  the transt'cr d a b  stream. 
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Fife Transfer Recovery 
For Zmodem file transfer recovery to work after a failed transfer, you must use RSZ with the /F1 
option on the receiver command line. This option selects the resume file management option. 

Time Zones 
An additional environment variable for time zones is also supported. The TZ variable allows you 
compensate for time zone differences when sending and receiving files and when the time stamp 
on a received file is critical. This variable only affects transfers done with the 2-modem protocol. 
X-modem transfers are not affected. By default, if no time zone is set, the Datalight utilities 
COMM and RSZ assume Greenwich Mean Time (GMT). 

Setting the TZ variable is not necessary when using all programs. If you are transferring files 
between two Datalight utilities, the file time stamp i s  not affected. Some utilities, such as 
Windows Hyper-terminal, automatically convert the time stamp on the file to GMT and assumes 
that the receiving program will adjust the time to the correct local time upon receipt, 

The syntax for the TZ  environment variable is: 

SET TZ= <abbreviation> +I- value 

Abbreviation represents any three-letter abbreviation for the chosen time zone. The variable 
serves as a reminder to the user. For example, if setting the time zone for Pacific Standard Time, 
the variable could be set as PST and for Eastern Standard Time as EST. The abbreviation is only 
a placeholder in the syntax for the TZ variable. There are no incorrect abbreviation choices as 
long as only three letters are used. 

Value represents the number of  hours this time zone varies from GMT. For example, the west 
coast of  the United States and Canada i s  -S hours relative to GMT. This value may have to be 
adjusted to  compensate for daylight savings time. There should be no spaces between the 
abbreviation, plus or  minus sign, and the value. Some examples are: 

SET TZ=PST -8 
SET TZ=CMT -3 
SET TZ-GMTt2 

If an incorrect format for the time zone is entered, the default of GMT is used. 

On a desktop PC running Windows programs, such as Hyper-terminal, determining the time 
zone is part of the setup of the operating system. However, if COMM is run from a DOS box, the 
TZ variable still will need to be set on the target machine. 



The NED editor is a menu-based text editor available for use with ROM-DOS. This editor is 
similar to other desktop editors but has special functions designed for use i n  editing C-source and 
assembly cod<:. 

Starting the Editor 
To start the editor, enter 

NED may lie initiated with or without filename argutnents. Wildcard file specifications are 
allowed. 

NED [ f i l e n a m e ]  [€ilcnarne] 

Up to teu f3es can be entered on the. command line. IfNED is run without arguments, it loads 
all files accessed during the last editing session, returning you to  the exact position in the file. 
You can switch between thc opeti files. 

You can also c n k r  

where errfile is the name of your compiler error output file. NED loads all files that had errors 
and allows you to niove between errors. 

Once NED is running, you may load files into inernory by using the FileiOpen menu command. 
FileiReload replace5 the current file with a new file or reloads a new copy of the same file. 
FiMReload confirnis before replacing an unsaved file. 

NED @err file 

Basic Editor Operation 
NED uses the standard Windows interface for cut, copy, and paste operations. Del and Shift+Del 
both move the selected block to the clipboard. There is no true tindo command, but Ctrl+V or 
Shift+Ins nray be used to paste the clipboard contents to the current cursor position. Table I lists 
the a11 the default shortcut keys. 

If a search string is all lowercase, NEB treats it as case-insensitive search. If a search string 
contains any uppercase letters, it is case sensitive. The replacement string is inserted exactly as 
entered. Repeating a Search command repeats the last Forward or Backward Search operation, 
not the last Replace operation. 

There is one booknmk for all files. Once the bookmark is set, going to the bookmark returns you 
to the tile and position where you set it. 

The Indt.tit and Rcinove-indent (tcfcrred to as Undent in the OptionsiDo Command) comninrlcis 
woi-k on tab? Indcnt inserts a tilt) at the beginning o f t h e  current line, or i f 4 b l o c k  is active, at 
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the beginning of each line in the block. Remove-indent removes the first tab from the current 
line or from each line in the block. If there are no tabs, Remove-indent has no effect. 

Toggle case inverts the case of the current character if no block is active. If a block is active, 
Toggle case sets the entire block to uppercase if the first character was lower and to lowercase if 
the first character was uppercase. 

Tabs are currently set to 3 for .C, .H, .CPP, .HPP, and .T files. They are set to 8 for all other 
files. 

Fi lepr int  prints the current block if there is one, otherwise it prints the current file. NED 
prompts for a device to print to, which may be a filename. Tabs are expanded to spaces. 

The Options/Do Command is intended primarily for debugging. This command allows you to 
execute any editor command by choosing3 from a menu list. 

The macro commands (Record MacroFlay Macro) allow you to define a sequence of keystrokes 
that can be repeated repetitively. Select Record Macro (ALT=), enter the keystrokes, then press 
ALT= again. The macro sequence can be played by selecting Play Macro or by pressing ALT-. 
Keyboard bindings are saved in NED.CFG in the same directory as NED.EXE. NED,CFG also 
contains the list of active files and positions. 

If  you record and play a recursive macro, it plays continuously. 

If you press an invalid key on a menu, NED operates as if you pressed enter. 

If you run out of memory, such as when you have more than 300KB of files open, NED returns to 
DOS. 

Remote Editing 
NED will operate as a full-screen editor, even through a serial port, this using ANSI Escape 
codes. Any communication program capable of emulating an ANSI terminal will work with 
NED in remote mode. 

NED automatically detects if the console is redirected through a serial port, either via CTTY, or 
.when using the Datafight BIOS with a serial console. NED does not support ANSI key codes, so 
the use of PC function keys and stanifard PC cursor keys is supported through control keys. To 

* use the special contr,oI keys, copy the NEDREMdT.CFG to  the name NED.CFG in the same 
d i r e c t o j  that NED,EXE is run from on the target system. This NED configuration file was 
created using the Option Map a key ... fiinction, and can be modified in the same manner. , 

Always use the Esc key to get to the menus. Use Ctrl-K to enable/disable blocking mode when 
selecting text. The remote key mapping is provided in the following list. 

' 

Ctrl-A Left arrow 

Ctrl-B Find backward 
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Ctrl-(J 

(:tsl-D 

Cti I-1: 

ctri-1: 

Ctrl-G 

Ctrl-H 

Ctrl-I 

Ciri-l 

Ctrl-K 

Ctri-I, 

Ct r i -h4 

CtrI-N 

C t rl -0 

Ctrl-1' 

Ctl I-(> 

rtr1-R 

C'trl-S 

Ctrl-'C 

Ctrl-U 

Ctrl-V 

Ctrl-W 

C!rl-X 

Ctri-Y 

Ctrl-% 

C:trl-[ 

' Ctrl-] 

Ctrl-\ 

copy to cllph0:Ud 

Go to inark 

Ilclete to end of line 

Find forward 

Go to line nutnhet 

Iklete previous character (samc as Backspace) 

insert tab (same ils Tab) 

Page down 

Toggle block rriode (for cutting to clipboard) 

1)cIetc the entiic linc 

Inscrt rcttirn (samc as Enter) 

I'oggle inwt/ovcrwrite mode 

Opcn a tile 

1 ogglc through prcvious 3 positloris 

I Ionic 

SearchiReplacc 

Right arrow 

'Top o f  docuinent 

Page up 

Inscrt clipboard at cursor 

t Jp at row 

13elete to clipboard 

End of document 

Down arrow 

tvienuiCance1 qxratioti (same as Bsc) 

Brace match 

110 ii cornmand (opens a nienu with all NED commands) 

'Troubleshoot,ing Remote NED 
If nothing appears on the terminal screen, check the baud rate of the terminal program, check the 
serial cable (should noriiiitlly be a null-modem cable), and check that the terminal program is set 
to emulate ANSl escape codes. 
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In some cases, it is possible for the remote auto-detect to fail. In this case, run the program 
NEDREMOT prior to running NED. NEDREMOT sets a word at 40:ESh to inform NED to 
operate remotely. 

Default Hot Keys 
Many o f t h e  editor commands can be accessed directly by pressing key combinations. For 
example, press Alt-X to exit the editor and save any open files. The following table lists the 
default hot keys. You can redefine the commands and keys using the Bind HotKey command 
available on the Options Menu. 

' 

Key Function 

Alt-Q 
Alt-X 
Ctrl-A 
Ctri-B 
Ctrl-C 
Ctrl-D 
Ctrl-E 
Ctrl-F 
Ctrl-G 
Ctrl-I 
Ctrl-K 
Ctrl-L 
Ctrl-M 
Ctrl-N 

Ctrl-P 

Ctrl-Q 
Ctrl-R 

Ctrl-S 
Ctrl-T 
Ctrl-u 
Ctrl-V 

Ctrl-W 
Ctrl-X 
Ctrl-Z 
A l l  - 

Quit without saving 
Exit, saving as needed 
Search again 
Search backward 
Copy the block to clipboard 
Find the mark 
Erase to end-of-line 
Search forward 
Go to a line number 
Indent the block 
Toggle block. mode 
Delete line to the clipboard 
Set the mark 
Read a file into a new buffer 

Move to the previous position 

Quote the next character 
Replace text 

Switch to the next buf€'cr 
Toggle the case of character(s) 
Remove indent from the block 
Insert the clipboard 

Delete word to the clipboard 
Delete block to the clipboard 
Cancel the selected block 
Sldi Liciicl raxrrding iiiilci'u 

Key Function 

F1 
F7 
F9 
FIO 
Left- Arrow 
Right-Arrow 

Down arrow 
Home 
End 
Page Up 
Page Down 
Center ( 5 )  

Ctrl-LeR- 
Arrow 
Ctrl-Right- 
Arrow 
Ctrl-Up-Arrow 
Ctrl-Down- 
Arrow 
Ctrl-Home 
Ctrl-End 
Ctrl-Page Up 
Ctrl-Page 
Down 
Ins 
Del 
Backspace 
cu I-111s 

u p  arrow 

Help 
Load file into current buffer 
Save file 
Exit asking for save as needed 
Left one character 
Right one character 
Up one line 
Down one line 
Beginning of line 
End of line 
Up one screen 
Down one screen 
Center the cursor onscreen 
Left one word 

Right one word 

Up one C function 
Down one C function 

Scroll toward beginning of file 
Scroll toward end of file 
Beginning of file 
End of file 

Toggle InserVOverwrite mode 
Delete character 
Delete character backward 
Copy block to clipboard 



Backspace 
Shil't-1 tis Insert the clipbiiard 
Shill-Del Dclcte block to clipboard 
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The remote disk progiam allows you to access a disk drive on a remote system via a serial cablc 
and standard PC-style (SZjOUART) serial port. Remote disk allows added flexibility for diskless 
s y s t e m  anti systems tight on available space. 

In a remote disk setup, one systein, the one that shares its drives, is termed the server. The other 
system, the one thal accesses an? uses the remote drives, is called the client. The serial ports on 
both systems must be connected via a null modern cable. ReiiidisWRemserv works across a 
standard 3-pin serial cable, similar to other Datalight serial I/O utilities (COMM and 
TRANSFER)). The cable does not require the CTSRTS DTSIDTR pins. 

Server Program 
The server system runs the program REMSERV.EXE that can make a single drive on the server 
system available to the client. The availablc drive can be changed at any time by quitting the 
REMSERV progratn antl then running the program again with a new drive letter. The syntax of 
REMSEKV.EXE is 

REMSEKV.EXE d: [/ijrtrlnnI [ + I - ]  [ /COMfll  [ /Tnnn] [/SI [/HI 

where d: represents the letter of the drive the server makes available to the client. 

Option Description 

/Bnnnn Selects the baud rate for transmission. Available baud rate:; arc 300, 1200, 2400? 4800. 
9600, 19200, 38400, 37600, and I15000. The default baud rate is 115000. 

I he plus sign (-tj specifics paclict-style transmission and is recomniended for ;my baud ratc 
over 19%00. The default setting is to include + for packet transmission. U S ~  the minus 
sign (-1 lo specify polling operation under Windows%. 

Sclects the coniintinication port. Available ports are I and 2. COMl is  the default port. 

Scr the IRQ for the communications port. Valid settings &re 3 - 15. Pefault is IRQ3 for 
COM 2 anti CQitiJ, and IRQ4 fur CObll and COM3. 

Scts the time-out in the range o f2  to 3,640 seconds. 

-. +I- 

COMn 

IIRQn 

iTrinn 

is instruct!; REMSERV to run without any (lisplay output. ( .  

/H Sclccts hardware handshaking for flow control. To select drive R: as the availriblc scrvcr 
drive ;it 114000 baud, packet transmission, using COIz/Il, enter REMSERV B: 

To set drive C: as the server disk at 9600 haud, without packet-style transmission, on 
L’Obf2, cnter: REMSERV C :  /B960Q /COM2 

7 h c  scrvcr prograrii can be terminated at any time by pressing the Esc key. The client can then 
no longer i\ccess thc server’s drive tintii the REMSERV program is run again. 
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Client Program 
The program REMDISK runs on the client system and creates a new drive letter for the client. 
REMDISK uses the next available system drive letter. For example, if the last assigned drive was 
D:, RErnISK creates drive E:. This drive acts like any other drive, except that it requires the 
serial port. REMDISK.EXE can be loaded by a DEVICE= command in the CONFIG.SYS file 
can be entered at the DOS prompt. The syntax for REMDISK is: 

REMDISK [/VI [/HI [/Bnnnnl [ + I - ]  I/Tnnnl [/COMnl 

/u 

/H 

Bnnnn 

+I- 

Rnnn 
ARQn 

COMn 

* Option Description 

Unloads REMJXSK from memory, thereby disabling the drive letter and freeing the memory 
occupied by REMDISK. This option can only be used when REMDISK is installed from the 
DOS command line. A remote disk installed via CONFIGSYS cannot be unloaded. 
Selects hardware handshaking for flow control, 
Selects the baud rate for transmission. Available baud rates are 300, 1200, 2400, 4800, 
9600, 19200,38400,57600, and 115000. Thc default baud rate is 1 15000. 
The plus sign (+) specifies packet-style transmission and is recommended for any baud rate 
over 19200. The default setting is to include + for packet transmission. Use the minus sign 
(-) to specify polling operation under Windows95 
Sets the time-out in the range o f2  to 3,640 seconds. 
Set the IRQ for the communications port. Valid settings are 3 - 15. Default is IRQ3 for COM 
2 and COM4, and IRQ4 for COMl and COM3. 
Selects the communication port. Available ports are I and 2. COMl is the default port. 

To install the REMDISK program from CONFIG.SYS at 19200 baud, on COMI, using packet- 
style transmission, insert the following line in CONFIC.SYS and then reboot the system 
(remember to include the full path to find REMDISKEXE if not tocated in the root directory). 

To display a help screen for REMDTSK from the DOS prompt, enter 

To install REMDTSK From the DOS prompt or from a batch file (such as AUTOEXECBAT) at 
9600 baud, without packet-style transmission, on COM2, enter 

To unload the REMDISK installed from the batch fiIe or the DOS prompt, enter 

DEVICE=REMDISK.EXE /E19200 + 

REMDISK / ?  

REMDISK /B9600 /COM2 

REMDISK /V 

Using the Remote Disk 
To use the remote disk, both REMDISK and REMSERV must be running on their respective 
systems and must use the same baud rate and packet or nonpacket-style transmission. After 
starting both programs, you can access the new drive on the client system. You can change the 
default directory to this new drive, copy files to and from the remote drive, and also run utilities 
such as CHKDSK on the drive, The remote drive on the server system can be used as any other 
i i r i k  e 011 the clieiit :ysteiii. 

I 



The following keyboard clmrts represent several countries supported by RObf-DOS. If you need 
a keyboard layout not ciispltlyed in this Appcndis, please contact Datalight 

Denmark 

Finland 
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France 

Germany 

Italy 
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Noway 

Spain 
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United Kingdom 

United States 
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ho\c to tiso in a batch file, 13 

, sign 
using in a batch tile, 29 
using i n  CONFIG.SYS, 29 

? synllol 
o h g  lo pirise CONFIG.SYS coinnianrfs, 28 

(3 

(3 sigii 
using to suppress conim;uid echo, 29 

n 
A20 line control 

ANSLSYS, 30 
APM BIOS 

liaiidling by HIMEMSYS, 60 

how it fits in the power nianagernexit 
scheme, 76 

Aichive files 

A*rA.SYS, 30 
APTKIH command 

hiiTOEXEC. BAT 

changing with ATTRIB, 3 1 

using to mana$e file attributes, 31 

bypassixg commands in, 18 
C(3NFIG envimninent variable, 17 * 
trot; hleshooting commands in, 1 8  
iising to estend.menii itenis, 13 

29 
disabling with a, 29 
conditional execution with IF, G I  
disabling with REM, 79 
displaying batch file commandsimessage~, 

displaying while executing, 50 
.5 0 

executing a secoridary batch file, 34 
pausing processing ofwith PAUSE, 75 
repeating the execution of with FOR, 57 
SHIFT, E4 
shifting parameters, E4 
transferring control with GOTO, 59 

froni withirig another batch tile, 34 

crcnting with REM, 79 

bypassing commands in, 18 
clearing the display, 38 
commands that can be used in, 13 
disabling the user prompt, 37 
how to create and use, 13 
parameters, 13 
preventing echo with @, 29 
selecting available user options, 37 
specifying allowable input keys, 37 
comment test using, 29, 84 

necdcd for advanced power management, 76 

stepping through AUTOEXEC.BAT. 18 
stepping through CONFTG.SYS, 18 

Bootntble disk 
how to created using SYS, 88 

BREAK cominnnd 
tising to expand Ctrl+C operations, 33 

BUFFERS conimand 8 

using to set buffer memory, 34 
Bypassing ATJTOEXtXBAT coinmnnds 

how to, 18 
Rypmsing CONFIG.SYS commands 

how to, 18 

Batch file execution 

Batch file messages 

Batch files 

BIOS 

Boot time problems 

C 
CALL corntnmd 

tising to start a hatch Gle, 31 
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CD command 

CD-ROM drives 

Changing the command tine 

CHDIR command 

CHKDSK command 

CHOICE command 

using to switch directories, 35 

using MSCDEX.EXE to support, 72 

using specific keys, 8 

using to switch directories, 35 

using to fix disk errors, 36 

using to set time delay, 37 
using to set users promptkeys, 37 

changing with the TIME command, 89 

using to clear the display, 38 

loading different with DISPIAY.SYS, 21, 

Clock settings 

CLS command 

Code page 

49 
Code page numbers 

Code pages 

Colors 

for different countries, 19 

using for different keyboards, 19 

setting text and background with 
MENUCOLOR, 67 

COM ports 

COMMAND command 
changing ~ ~ n f i g ~ ~ ~ t i ~ n  with MODE, 70 

using to start the command processor, 38 

loading other than COMMAND.COM, 83 

batch tile parameters, 13 
how to edit the contents of, 8 

using PROMPT to canfigure, 78 

. Command interpreter 

Command line 

Command line prompt 

Command processing 

Gommand processor 
description of, 38 
how to start, 38 

COMMAND.COM 
loading u din'erent command interpreter 

than, 83 
transferring to floppy disk, 88 

summary of, 25 

bypasxng commands in, 18 
U " I G  z ~ ~ l ~ ~ n i u c n t  ~a : ;a !dc ,  17 

bypassing commands with ?,28 * .  

Commands 

CONFIG SYS 

* 

setting the processing level, 15 
settings for muItiple users, 15 
troubleshooting commands in, 18 
using the COUNTRY command, 4 1 

changing how CONFIG.SYS executes, 88 
changing ROM-DOS version number, 93 
disabling with a, 29 
configuring ROM-DOS for international 

dynamic use of datu stacks, 86 
executing from a secondary file, 73 
install programs to high memory, 65 
loading ROM-DOS in high memory, 49 
loading TSR programs, 62 
pausing during command processing with ?, 

setting number of open files, 56 
setting the display colors, 67 
setting the highest driver letter, 65 
setting the number of data buffers, 34 
speci@ing the number of FCBs, 54 
the prncessing of, I5 
use of the SUBMENU command, 86 
using INCLUDE for multiple-user setups, 

using to install device drivers, 45,46,65 
using to set for multiple users, 68, 69 
using to set the command interpreter, 83 
using to set the NumLock key, 74 

using, 29 

using for multiple con$yrations, 15 

example of using in CONFIGSYS, 17 
including for multiple configurations, 62 
using for multipte configurations, 62 

for multiple users, 15, 68, 69 
with CONFIO.SYS, 15 

using to create new disk tiles, 39 

using in CONFIG.SYS, 41 
using to select character set, 19,20,4 1 

for Australia, 22 
for Belgium, 22 
for Brazil, 22 
for Canadian-French, 22 
Tor C/ocli Rcpublib, 22 

CONFIGSYS commands, 29 

use, 4 I 

28 

62 

CONFIO.SYS comment text 

Configuration block 

Configuration blocks 

Configuring ROM-DOS 

COPY command . . . 
COUNTRY command 

COUNTRY identifier 



for Denmark, 22 
for Finland, 22 
for France, 22 
for Ciemiany, 22 
t;m I [ungary, 22 
fot Iralv, 22 
l'or Latin America, 22 
for Netherlands, 22 
for Norway, 22 
for Poluntl, 22 
for Portugal, 22 
for Russia, 22 
for Spain, 22 
for Sweden, 22 
for Switzerland, 22 
for United Kingdotn, 22 
for linitctl States, 22 
for 17ugoslavia, 22 

CTTY command 
using to rcdi rect in putioutpu t, 42 

Cutrim t. directory 
dotinition of, 6 
using CD or CHDIR to establish, 35 

D 
Danish kcyboard lriyont, 115 
Data btifkrs 

setting the number nf, 34 
DATE: cottimand 

itsing to display/set the date, 42 
UE;FIUW comrnanti 

usin!; to optiniizc disk space, 43 
DE:- ctrmniantf 

using to erase disk files, 44 
DEJ-'I'.REB cammarid 

using to erase disk files, 45 
DF.VICE camtn:ind 

using to displrqdset the date, 45 
Device drivers 

d J W t  I>Isfb\>'.sYs,d9 
inst:illable, 45,46, 49, 5 1,60, lis, 72, 76, 92 
inshiling in higtimeinory, 46 
tising to support CD-ROM drives, 72 

using to install device drivers, 46 

xtting list size, 47 
setting nptians with DII<CMD, 4'7 
using tu  list disk files, 46 

DE~VVICEITiGII command 

IXR cimirn:md 
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DIRCMD atvironment variable 

Directories 
using to set 13IR conimand preferences, 47 

about the directory system, G 
rccnvering with RESTORE, 80 
saving with BACKUP, 32 
using CD or CHDIR to switch to, 3 j 
tising DEI,TREE to delete, 45 

Directories and subdirectories 
changing from one to another, 6 
creating with MKDIK, 69 
definition ofthe current directoly, 6 
deleting with MKDIR, 8 1 
itaming conventions, 6 

Directoriesisubdirectorics 
using TREE to list, 90 
using XCOPY to create, '34 

13 rectorias/xubdirectory 
how to delete, 81 

DIRSTZE environment variable 
using to set DIR command preferences, 47 

Disk, 46 
Disk drives 

accessing remote with 

checking with CHKDSK, 36 
creating a volume label, 64 
creating multiple with FUISK, 54 
displaying a volume label, 94 
forniattirig floppy with POIWAT, 57 
f~~rmattindinitial izing with FDISK, 54 
setting the maximum nnmber of, 65 

description of, 2 
naming conventions, 7 

REMDISK/IUZMSERV, 1 11 

Disk drives used in computers 

Disk drives, using SURST to map drive 

Disk files 
letters, 87 

checking free disk space, 36 
creating and chenging with NED.EXE, 105 

displaying directory contents, 46, 90 
displaying text using MORE, 71 
displsying the contents of, 90 
how to transfer over a serial link, 97, 99> 

locating text within using FIND. 56 
locking by loading SI-tAREKXT, 82 
mitking hidden with ATTRIB, 31 
iiiaking red-unly with ATTRIR, 3 1 
managing with directnrics, G 
wcor,t~tii:g i', ill; RF?TC~I~.I'~ :<'! 

. clefiqitiun of, 5 
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saving with BACKUP, 32 
sharing by loading SHARE.EXE, 82 
sorting text within using SORT, 84 
specifying the number of open with FILES, 

using COPY to create, 39 
using DEFRAO to optimize disk space, 43 
using DEL to delete, 44 
using DELTREE to delete directories, 45 
using DISKCOPY to create, 48 
using ERASE to delete, 53 
using in place of keyboard input, 9 
using MOVE to relocate or rename, 72 
using PRINT to printcopies, 77 
using REN to rename, 80 
using to receive system output, 9 
using XCOPY to create, 94 

creating with FDISK, 54,57 

using to create new disk files, 48 

setting text and background, 67 

using to display a different code page, 21 
using to display code pages, 49 
using to display international characters, 49 

Displaying file lists 
using DIR to list, 46 

DispIaying subdirectories 
using TREE to list, 90 

DOS command 
using to load ROM-DOS, 49 

Downloading files 
using COMM and a serial link, 99 
using RSZ and a serial link, 103 
using TRANSFER and a serial link, 97 

using XCOPY to create new, 94 

using COPY to create new,% 
using DlSRCOPYto create new, 48 

56 

Disk partitions 

DISKCOPY command 

Display colors 

DISPLAYSYS 

Duplicating directories/files 

Duplicating files , 

E 
Echo batch file commands 

preventing with @, 29 
ECHO commnnd 

using to display batch file 
niessagesicommltnds, 50 

Editing text files 

EGACPI, 5 1 
EMM386.EXE 

Environment, 78 
Environment variables 

CONFIG.SYS, 17 
DIRCMD, 47 
DIRSIZE, 47 
PATH, 74 
setting PATH and PROMPT, 19 
setfing with SET, 82 

using to eraqe disk files, 53 

using DEL to delete, 44 
using DELTREE to delete directories, 45 
using ERASE to deleto, 53 

using to terminate a nested ROM-DOS 

with the NED.EXE text editor, 105 

using to support expanded memory, 5 1 

ERASE command 

Erasing files 

EXIT command 

session, 54 
Expanded memory 

Extended memory 
using EMM386.EXE to support, 5 1 

using HIMEM.SYS to support, 60 

F 
F5 key 

using to bypass CONFIGlAUTOEXEC 
commands, 18 

F8 key 
using to step AUT0EXEC.BAT commands, 

using to step CONFIG.SYS commands, 18 

specifying number oftile control blocks, 54 

using to format a hard disk, 54 

specifying the number of with FCBS, 54 

how to create using wildcard characters, 7 

creating and changing with NED EXE, 105 
displaying the contents of, 90 
t k k g  errors with CHKDSK, 36 
how to transfer over a serial link, 97,99, 

locating text withiti using FMD, 56 

18 

FCBS carnmand 

FDISK command 

File control blocks 

File names 

Files 
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locking by louding S H A R I L E ~ , ,  82 
making hidtfen with A 
ninking rcacl-only n i t h  ATTKU3.3 1 
itmini; convcntions explained, 5 
i ecovering with RESTORE, 80 
:saving with BACKT.JP, 32 
:;haring by loading S1- IAKE.E~ .  82 
:mting text within tising SORT, 84  
wing COPY to create, 39 
iising TIEL to delete, 44 
rising 1.lELF.RAG to optimize dirik space, 43 
using L?EL.?’REE to delete, 45 
using DIR to list directrxy contents, 36 
tising DTSKCOPY to create entire disk, 48 
using ERASE to delete, 53 
using in pliice of keyboard input to the 

using MOVE to rolocatc or rentimc, 72 
using PRINT to print copics, 77 
using REN to change tlie ~iarite ol: 80 
using to receive display/piinter dah, 9 
wing XCOPY to create, 94 

specifying number of ftlc control blocks, 56 

using to search within disk filcs, 56 

system, 9 

FII>Es ~ ~ i ~ l t l l ~ l l t ~  

FlNLr cornniand 

Fitinis11 keyboard layout, 115 
Flash memory 

FOR cimtnand 

FCX..MAT comrmnd 

French kqboard layout, 116 

using as a disk drivc, 3 

using to repeat batch filc coinmands, 57 

wing to format n floppy disk, 57 * 

G 
Gernian keyboard layout, 1 16 
WT(3  command 

using to ti-atisfer control in batch files, 59 

H 
HELP t:ornmand 

Flclp inforination on RI~tvi-DOS 
ti$irig to obtain KOM-DOS help, 59 

ilisfJl:iying vith the IIELP comnimd, 59 

rnakiiis so with A’I7’RIB, 31 

ti+iinS EMM.3XG.EXH tit stlpport, 5 I 

’ Hitldw files 

High mcmury 

using F1IMEM.SYS to support, GO 

using the DOS command to lond ROM- 
High mctnory area (HMA) 

DOS, 49 
HIMEM.SYS 

COMM program, 99 
RSZ program, 103 

using to support extemded memory, 60 

I 
IF command 

conditional execution of batch file 
commands, 6 1 

1NCLUDE cornmmd 

INSTALL command 

International nsc 

Italian keyboard layotit, I16 

itsing to include configuration blocks. 62 

itsing to load TSK prognnns, 62 

configuring IIOM-DOS for, 19, 4 1, 63 

K 
KEYn 

using to select a different keyboardlcotintry, 
21 

K E M  comniand 
using to alter keyboard layout?, 63 

Keyboard input 
how to redircct froni a fiie, 9 

Keyboard layout 
Dentnark, 1 15 
Finland, 115 
France, l lG 
Germany, 116 
Italy, 116 
loading different countries with KEYB, 21 
Norway, 117 
setting for different countries, 2 1 
Spain, 117 
Sweden, 117 
United Kingdom, 118 
United Stabs, 118 

altering with KEYB, 63 
Keyboard layoats 

KEYROAIUISYS, 64 
Keyboards code pages 

using for different keyboards, 19 
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KEYBRD2.SYS, 64 

L 

LABEL command 

LASTDRIVE command 

LOADI-IIGH command 

using to creote/delete a disk label, 64 

using to set the highest drive letter, 65 

using to install programs'in high memory, 
65 

Loading programs 

LONGDIR.EXE. 66 
installing in high memory, 65 

M 
MD command 

69 
using to create a new dircctory/subdirectory, 

MEM command 

Memory configt~ration 
using to display the amount ofmemory, 66 

using expanded memory, 5 1 
using extended memory, 60 

creating a RAM disk with WISK,  92 

using for multiple configurations, 16,62 

using to define menu items, 86 

example ofusing in CONFIGSYS, 16 

using to set tcdbackground colors, 67 

example ofusing in CONFIGSYS, 16 

using to set default menu, 68 

bxample ofusing in 6ONFIG.SYS: I6 

using to specify startup menu, 69 

using to create a new directory/subdirectory, 

Memory disk 

Menu blocks 

Menu configuration block 

Menu color 

MENUCOLOR command 

Menudefault 

MENUDEFAULT command 

Menuitem 

MENUIThM command 

MKDIR command 

I 

' 

69 
MODE commmd 

using to change a COM podprintcrldisplay, 
70 

MORE command 
uuing when displaying test files, 7 1 

Index 

MOVE command 
using to movdrename new files/directories, 

72 
Moving files 

MSCDEX.EXE 
using MOVE to relocate/rename, 72 

using to support CD-ROM drives, 72 

N 
Naming conventions 

for batch files, 13 
for disk drives, 7 
for disk files, 5 
using wildcard characters, 7 

using REN to rename existing, 80 

using to oreatelalter test files, 105 

using to switch from CONFIOSYS, 73 

Naming files 

NED.EXE editor program 

NEWFILE command 

Nonvegian keyboard layout, 117 
NUMLOCK command 

using to set the NumLock key, 74 

P 
Parameters 

Partitions for disk drives 

PATH Command 

PAUSE command 

for batch files, 13 

creating with FDISK, 54 

using to set the environment variable, 74 

halting execution of batch file commands, 
75 

POW ER.EXE 

PRTNT command 

Printer ports 

Printing files 

Processing AUTOEXECBAT 

wing to implement power management, 76 

using to print files, 77 

changing configuration with MODE, 70 

using PRINT to output copies, 77 

commands 
how to, 18 

Processing CONFIG.SYS commands 
how to, 18 

Programming 
through the use of batch files. 13 



PIK)MI’T command 
using to :tltei the comniiitid line prompt, 78 

R 

RAM disk 
creating a mritiory-~):isect disk, 92 

Random Access Memory (RAM) 
dcfrnitioti of, 2 

I i l )  command 
using to delete a ilirecto~’!;ubdirectory, 8 1 

Read Only Memory (ROM) 
ricfitiition of; 2 
wing as a disk dt-ive, 3 

niaking so \villi A’TTRIB, 3 1 
Re:id-,otily files 

Kerlirccting input/o~itpiit 

to, 42 
REM coni m a i d  

KEMUL SK’REMSIIRV 

k<ernotc disk drives 

Rctnotu disk utility 

l<EitlQIJIT.EXE, 79 
I E N  comniiind 

I<BS?’ORE command 

RMIXR cortimand 

K M  IllfVRLI ronltnnlld 

ROICI-110s 

iiiscrting coniments in hatch files, 70 

iising to access remotc dish- drives, I I 1  

i~i:cessing nit11 RGMDISKiKEMSERV, I 1  1 

using to :i(:ccss rcmcvtc disk drives, 11 1 

using to rename disk riles, 80 

ti.<ing to tecover w v e d  tiles, 80 

using to delete a dircctory!subdirectory, 8 I 

iisitig to delete an empty directory, 81 

cliaigiiig the displayed version number, 93 
ccmfiguring for intetnational use, 19,41,63 
configuring fbr r~itiltiple ~ I S I : ~ ,  15, 68, 69 
so~itigiring with (:ONFlCr.SYS, 15 
tfc~riitioti!descnptioil of, 1 
clisp1;iying the version nuniber of, 93 
transferring system files, 81; 

Kobl-1X~S nieinary cotiteIits 
displnyirig with MEM, 66 

SET command 
using to set, remove, display environment 

v:iriable, 82 
SHARE command 

SI-IELL command 

SHIFT command 

SORT command 

Spanish keyboard layout, 117 
STACKDEV.SYS, 85 
STACKS command 

SUBMENU commands 

SUBST command 

Swedish keyboard layout, 117 
SWITCI-IES ctrmmand 

using to control CONPIGSYS execution, XS 
SYS (System) command 

usitig to copy systeni files to a disk, 88 
System files 

changing with ATTRlB, 3 1 
System output 

how to redirect to a file, 9 
System dcfitiition prompt and contents of, 8 

using to allow file sharing, 82 

using to start a command interpreter, 83 

using to shift batch file parameters, 84 

itsing to sort contents of tcd tilos, 84 

using to set dynamic diita stacks, 86 

using to dcfinc memi items, 86 

using to stibstihite disk drivc ictters, 87 

T 
Terminal emulation 

using COMM, 99 
Terminate and stay resident prograins 

loading with INSTALL, 62 
TIME command 

using to sct$e internal clock, 89 
‘i’irne settings 

changing with tlie TIME commmd, 89 
tmnsfcr, 97,99, 103 
TRANSFER program 

TIEE command 

TSR, 62 
TSR progranis 

‘WI’E cotrimmid 

how to transfer files using, 97 

using to list directories/stibrfirectories, 90 

loading with INSTALL, 62 

using to display the contents oftcst file.;, 90 



122 Index 

U W 
U.K. keyboard layout, 118 
U.S. keyboard layout, 118 
UMBUNK.SYS, 91 

V 
VDISKSYS 

VER command 

93 
VERSIONSYS 

93 
VOL command 

Volumc labels 

using to create a RAM disk, 92 

using to display ROM-DOS version number, 

using to display ROM-DOS version number, 

using to display a disk label, 94 

how to create and delete, 64 
how to display, 94 

Wildcard characters 
using to create hie nanies, 7 

X 

XCOPY command 
using to create new directoriedfiles, 94 

Xmodem file transfcrs 
using COMM, 99 

2 

Zmodem file transfers 
using COMM, 99 
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copy. 
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enclosure. 
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ROM disk, which the eomnputationd block uses. 
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ROM-DOS 6.22, a work-alike of MS-DOS Version 6 . 4  is specifically designed for embedded 
and rriobilc computing environments. ROM-DOS allows a devcloper to easily create an 
embeddcd system with DOS functionality using Read Only Memory (ROM), flash, or hard disks. 
Support for variotts devices is easily added using software device drivers. ROM-DOS works 
cqualfy well on ii minimaI system with limited hardware resources; or a completc system with a 
hard disk, CD-ROM disk, flash disk, PCMCIA drive, floppy disk, display and keyboard. ROM- 
DOS operatcs in conjunction with a standard PC-style Basic Input Output System (BIOS) or with 
the Datalight BIOS for diskless embedded systems. ROM-DOS nins on the AMD ELAN and the 
Intcl 38(1EX, as well as on work-alike CPUs such as the NEC V-series, and Chips and 
Technology’s PC: chip. 

For a rugged and low-cost system, you may choose to eliminate floppy disks and hard disks. 
!<OM-DOS stippurts thc usc of memory disks, like ROM disks, in place of physical disks. The 
ROM-DOS SDK includes a variety of utilities for placing an application in ROM as well as fiill 
sotircc for all device drivers. IIDM-DOS, providcd in library and executable form, offers the 
following advankages: 

* . 
8 

I . 
1 . 
. 
.. 

Fully DO.’; 6 . s  compatible, 
Executes directiy from within ROM. 
Uses a minirncirn of menrory (as little as 50KB ROM, l0KB RAM). 
Configurable both at compile time and rim time (via CONFIGSYS). 
Per copy royalty is a fraction of‘the price of MS-DOS. 
Designed specifically for the cmbedded system developer. 
Does not require COMMAND.COM to boot and run the target program. 

Supports installable device drivers via CONFLGSYS. 
Directly suppork LS- 120 drives without the need for drivers. 

Full source code available. 
ROM-DOS makes no assumptions about hardware, and performs all access through the 
BIOS. 
New Ccntury Date Rollover - Some BIOSs do not handle date rollover from the year 1999 
to 2000. KOM-DOS now automatically detects and corrects the wrong date problem. To 
correct this problem for older ROM-DOS or MS-DOS system, you can request a TSR 
driver narned RTC2000.EXE from Datalight. 

ROM-DQS Target System Requirements 
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The target system is the hardware in which ROM-DOS will be running. At a minimum, ROM- 
DOS requires that the target system include (additional memory may be required for a BIOS 
and/or a emulated disk drive): 

any Intel x186 or compatible CPU. 
a minimum of 50KB ROM (if in ROM environment). 
a minimum of I O U  RAM. 
as few as eight BIOS calls (depending on configuration). 

No special hardware or software, other than that specified above, is required by ROM-DOS. 

ROM-DOS Development System Requirements 

To configure and build a version of ROM-DOS for installation in your target hardware, you’ll 
need Borland TASM and TLINK version 5.2. Compiling source code for device drivers or 
features such as the mini-command interpreter may also require Borland’s compiler BCC. These 
tools are included in the Datalight Software Developer’s Tool Kit (SDTK) 

Requesting Technical. Assistance 

If you encounter a problem in configuring, building, or programming ROM-DOS, please: 
Attempt to resolve the problem by referring to this manual. You can use the table of 
contents and the index to locate information. 
Check the README file located for any late-breaking changes or additions to the product 
not covered in the manual. 

You can contact Datalight: 
via telephone at 800.221.6630 
via email at support@dataiight.com 
via the web at www.datalight.com 

In any communication with Datalight, be sure to include the version information from the 
original ROM-DOS SDK installation disks. If you have comments or suggestions about ROM- 
DOS or documentation, please contact us. 



Datalight had thrw goals when designing ROM-DOS: compatibility, flexibility, and affordability. 
A compatible DOS rcninins the key goal for'ROM-DOS. If you find a program that docs not run 
correctly wider ROM-DOS, but runs under MS-DOS 6.22, please contact our Technical Sopport 
Department. 

Whether your hardware is PC-compatible or not, with ROM-DOS, your opcrating system will be 
cornpiltible. The only requirements for ROM-DOS are RAM, ROM and an 80x186 or higher 
CPU (including the NEC V-series). ROM-DOS can take f d l  advantage of all hardware in your 
system, including large hard drives, CD-ROM drives, flash memory and PCMCIA cards. 

ROM-DOS performs all interaction with the hardware through device drivers. These drivers, 
provitlcd in fill1 source, work as you'd expect from a desktop UOS, whether your systcrn is a 
srrialf crnbedded computer, palmtop, or a workstation. ROM-DOS provides a DOS platform on 
virtudly any system. 

Thc l-bllowing sections describc thc various software coniponcnts that make up a complete system 
using ROM-DOS. This includes a general description of' DOS-based computer system, as well as 
some design ideas to aid in hardware selection. 

'The Major Software Components 
At a minimum, ROM-UOS requires a 1310s and a comrriand interpreter to boot the system. The 
cornrnand interpreter can be Datalight's COMMAND.COM (which provides the familiar CP 
pronipt), or just an application that ROM-DOS runs directly. This program is typically run from 
a ROM disk on disklcss systems, or from a floppylhard disk on systems that have them. 

The BIOS gains control as power i s  applied to the computer, initializes hardware and RAM, then 
passcs control to ROM-DOS. ROM-DOS then detcrmincs what hardware support is available 
through its dcvicc drlvers and loatls your application or a command interpreter to complete the 
boot 1 recess. 

The 1310s always resides in KOM (or soine 0 t h  non-volatile memory). The ROM-DOS kernel 
can reside and run in ROM, or be loaded from a disk. The command interpreter, 
CXNIMAND.COM, or the applioatioii program resides on a disk, either floppy, hard, ROM, 
RhM,  flash (Datalight's FlashPX), CD-ROM or any other disk that DOS can access. * 

The following illustrations show thc locations of the software components in a typical embedded 
system and in a desktop PC. 
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The following illustration depicts the interaction of software components. The user application 
communicates with the command interpreter andlor ROM-DOS. These operating system 
components then communicate with the nppropriatc dcvice drivcrs. The devicc di ivers 
communicate with the BIOS which then makes requests to the system hardware. 



I ROM-DOS kernel I 

LIzI1?-zl System hardware 

QoftwarelHardware Hierarchy 

BIOS 

BKOS is an acronym for Basic InpuUOutput System. All 110 in a system goes through the BIOS, 
unless the application ties directly to the hardware. The BIOS program is placed in ROM in 
every desktop computer and any system that can run DOS. It acts as the interface between DOS 
and the hardwart:, as well as pcrforming such important issues as starting the computer from a 
powcr off state. Other functions of the BIOS include initializing any hardware required for the 
system to tun (such as disk drives, the monitor, and so on) and loading DOS. 

ROM-DOS performs 811 I/O operations through its device drivers. 'The device drivcrs in turn use 
BrOS calls. Whether ROM-DOS is writing to the disk or printer, reading from the keyboard, 
getting the amount of available RAM or time of day, ROM-DOS uscs BIOS calls. By using 
BIOS calls to cominyiicate with the hardware, ROM-DOS does not need to be aware of hardware 
details. 

&?oat standard PC motherboards include a BIOS specifically configured to operatc with the 
hardware on the mothcrboard. However, if yoii are developing proprietary hardware, you can use 
the Ihtalight BIOS which includes SUJJPOI? for ROM-DOS 

~ 
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The ROM-DOS kernel is the heart of ROM-DOS. The kernel provides file and directory 
management, input and output through character devices (console, serial port, and printers), 
along with time and date support. The kernel also provides the ability to load and execute 
programs, manage memory, and make country information available to applications. 

The primary purpose of the kernel is to provide the DOS call services (Int 21 h) to programs. The 
kernel also processes the CONFIG.SYS file during its initialization process and loads the initial 
program run by ROM-DOS. This program is by default the command interpreter, 
COMMAND.COM, although it may be any application program. 

The ROM-DOS kernel, like the BIOS, can execute directly from ROM and does not need to copy 
its code into RAM. Like the command interpreter and other programs, the ROM-DOS kernel 
can also load from disk and run in RAM. On disk-based systems the ROM-DOS kernel files are 
named 1BMBIO.COM and 1BMDOS.COM and are hidden from view. You can list these hidden 
system files at the command line prompt with the following DIR command. 

. 

C:\>DIR /as 

Command Interpreter 

The ROM-DOS SDK includes a program known commonly as the command interpreter or shell. 
The program, named COMMAND.COM is, in most cases the first program loaded by ROM- 
DOS after boot up. COMMAND.COM provides the C\> prompt interface, batch file processing, 
DIR, ERASE, and other commands. COMMAND.COM allows the user to enter commands using 
a keyboard and shows the results of the commands on the display. 

The primary duties of the command interpreter are processing the AUTOEXEC.BAT batch file 
as it is starting up, executing internal commands, loading user programs, and executing batch 
(.bat) files. The internal commands include DATE, DIR, COPY, TIME, TYPE, and many 
others. 

COMMAND.COM is not the only command interpreter available. The Norton UtilitiesTM, for 
instance, provides a replacement command interpreter named NDOS. The command interpreter 
is loaded by an entry in the CONFIGSYS file such as: 

Datalight also offers a smaller version of COMMAND.COM called mini-COMMAND. This 
command interpreter requires only 4KB of ROM or disk space, as opposed to the 34- of 

ROM-DOS can boot directly into any compatible program without the need for a command 
interpreter. Because ROM-DOS systems are sometimes dedicated to a single program, it makes 
sense to load that program directly, without the additional overhead of COMMAND.COM. 

SHELL=NDOS.COM 

. Datalight’s furl command interpreter. 

Using a ROM Disk 
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On systems that liitve no physical rotating or solid-state disk, a ROM disk can bc used to stlpport 
ROM-DOS. ROM-DOS contains a built-in ROM disk driver along with the more familiar floppy 
anti hard disk drivers. A ROM disk utility, named ROMDISK.EXE, creates memory images that 
incltides the files you specify. TO iisc the ROM disk utiljty, specify a directory tree and 
ROMDISK.EXE creatcs an image file suitable for your PROM programmer, complete with all 
the files and the directory structure contained in the directory tree. This ROM disk image can be 
placed in the same or different ICOM as ROM-DOS. 

A KOM disk in a disklcss system usually contains COMMAND.COM, user applications and data 
files. From the point of view of ROM-DOS, the ROM disk is nothing more than a fast write- 
protected floppy disk drive. 

Another type of disk is a menioty disk. Many MS-DOS developers have used RAMDRIVESYS 
or some other RAM disk equivalent, such as Datalight's VDISK, to speed development. A ROM 
disk i:; just a read-only RAM disk. Both RAM and ROM disks are meniory disks which, with 
some special sofiwtve (a memoiy disk device driver), appear to DOS as a conventional disk drive 
The directories and files for the disk ale located in memory rather than on rotating magnetic 
media. 

OM-DOS in a ROM 

There are three scparak ROM files - the ROM-DOS kernel, ROM disk, and BIOS -that may 
be programmed into the target system KOM before attempting a boot. When placing ROM-DOS 
in  ROM, its kernel must be configured to execute from KOM. The ROM-DOS SDK contains a 
utility, EWILD.EXE, to configure the ROM-DOS kernel for a ROM or disk environment. 

If the system requires a ROM disk, run the ROMDISKEXE utility to create the ROM disk 
image. Lf thc ROM disk is being progratnnied into ROM, the ROM-DOS ROM disk driver works 
as-is for ROM disks placed within the IMB real address space. If your ROM disk is to be placcd 
abovc the IMB boundary or your hardware is designed for memory paging, a customized memory 
disk rlrivcr must be crcated to correctly access the ROM. 

If the system requires either the Datalight BIOS or a custom BIOS, then this ROM must be 
crmied and placed on the system. 

The following ROM memory map diagram shows a typical memory layout for embedded ROM- 
DOS system. 
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DOS on a Disk 

ROM-DOS does not require any reconfiguration for use on a standard PC platform. A new 
bootable disk can be made using either the Datalight SYS.COM or FORMAT.COM utilities. 
The SYS.COM and FORMAT.COM utilities place the hidden system files IBMBIO.COM and 
IBMDOS.COM on the bootable disk along with the command interpreter COMMAND.COM. 

Note: To run SYS.COM or FORMAT.COM, you must boot your system from a disk that 
contains the hidden system files or you can build a ROM-DOS.SYS file (which is equivalent to 
the hidden system files) as described in ‘Chapter 4, Building ROM-DOS’ and use it to create a 
bootable disk. .+ 

Using ROM-DOS with Flash Memory 

ROM-DOS supports the two basic types of flash memory, PCMCIA cards and on-board flash 
arrays. ROM-DOS does not directly support PCMCIA cards of any type since this is handled by 
the BIOS in conjunction with DOS loaded device drivers (generally available from BIOS 



vendors) called card and socket scrviccs. ROM-DOS siipports all popular PCMClA card and 
socket services device drivers. Onboaid flash arrays can be used as a programmable linear 
mcmory area or its a disk with readwritc capabilities, when used in conjunction with a flash file 
manager such as FlashFx. 

ROM-DOS's ROM-disk device driver and ROM-disk building program are suitable for creating 
an image to place in a linear flash memory and then reading the image as a read-only ROM disk 
(a ROM disk works with either ROM or flash). The disk image must he programmed into the 
flash memory using a ciistom flash loader utility (typically provided by the hardware vendor) or 
using a PROM programmer capable of' programming flash devices. 

The use offlash inemary differs somewhat from ROM. However, there can be advantages. Flash 
memory can be lcss expensive and faster than standard ROM, sometimes even faster than RAM. 
The high spccd of flash is advantageous for software such as RXE's (executable programs 
ntnning in-placc in  ROM, a feature of ROM-DOS) and when runnmg the ROM-DOS kcmel 
from ROM. Sortie hardware is even set LIP so that the flash can be reprogrammed on-board whilc 
in thc fieid, offciing qtiick and easy updating, 

In addition, KOM-DOS includcs an ATA ctcvicc driver named ATASYS that supports a variety 
ofA7'A cards. J(efer to the tile RQM-DOS User's Guide for more information on this driver. 

4 



‘This chapter provides an overview of the process for installing KOM-DOS on a development 
systcm and nitining on a targct plaefomi. It also contains several examples of creating ROM- 
DOS to run on different systems. To create a version of ROM-DOS that nins on any system, 
follow these steps (described in detail in subsequent chapters of this manual), 

a Select the hardware platform. 
* Selcct the 1310s. 

BUILD (configure) ROM-DOS for that system. 
Create a KOM disk (diskless systems). 

Program PROMS and install them (tli.&less systems), and reboot. 

I n s t a I I at i CJ rp F’ ro ce d 11 re ( d eve Io p m e n t s y s t e m 1 
‘I’hc developrneni system is used to install the ROM-DOS files from the distribution CD-ROM 
and then configuie and build RDM-DOS to your target system specifications as described i n  the 
following chapters. 

To install the ROM-DOS SDK software on your development system: 
1 ,  

2. Choose Start/l<un arid enter 
Place the CD-ROM in CD drive. 

<ClI--l.Om d-l.ilPX setup 

3 .  Follow the onscreen instructions presented by the setup program to install the required 
components. 

We strorigly recommend you install all Datalight software under a DL directory tree. 

You should also install the er1closc:d Datalight Software Developer’s Tool Kit (SDTK) in thc 
same manner. When the installation is complete, modify your path statement to include the 
C:\DT,\DEVTOOLS\BIN directory. This path allows the ROM-DOS BUILD utility to locate all 
necessary tools. # 
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Installed Files 

. '  

When installation of the ROM-DOS SDK and the SDTK software is complete, ROM-DOS and 
the Tool Kit software exist on your development system in the following directories/folders. 

<root> 

DEVSRC 
MEMDISK 
MlNlCMD 
SUPRBOOT 
UTILS 

DEVTOOLS 

SYS 
WIN16 
WIN32 

16BIT 
32BIT 
COMPAT 
STARTUP 

~ R o M ~  

ROM-DOS Considerations 
ROM-DOS runs on most x86 hardware platform, including the 186,286,386,486 or Pentium, as 
well as the NEC V-series and the growing number of work-alike processors. Companies such as 
NEC, Vadem and Chips and Technologies offer all the parts of a PC in a single piece of silicon. 
ROM-DOS contains no hardware dependencies, 

Selecting the BIOS to use depends on the availability of a BIOS for the hardware and the ROM 
space requirements for the BIOS. If a BIOS is already available for your hardware, use it, When 
selecting the BIOS, consider not only the availability, but the features of the BIOS. The BIOS 
should recognize the basic hardware you intend to have available in your system. It is generally 
the responsibility of the BIOS to support PCMCIA cards (at least SRAM cards) through the 
BIOS disk Int 13h. The BIOS should also support extended memory on those CPUs that can 
address RAM beyond 1MB. 

Building (or more appropriately, customizing) ROM-DOS for any given system requires a 
minimum of effort. Building ROM-DOS can be as simple as answering a few prompts that the 
BUILD program displays and then placing ROM-DOS on disk or in ROM. A chapter is devoted 
to running the BUILD program later in  this manual. 

When building ROM-DOS, consider such issues as which drivc letters you want associated with 
the disk drives. Will drives A: and B: be assigned to thc floppy drives, as ordered on a desktop 
system? Or will the ROM disk be drive A:, a PCMCIA disk drive B:, followed by floppy and 
hard disks? ROM-DOS makes no restrictions in this area, so choose what best suits your systcm, 
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You may nced to rttakc adjustments to the file SYSGENASM described under ‘Ordering Floppy 
and IIard Disk Drives’ on pagc 53 to order the drive Ictters. 

If a ROM disk is needed, either for booting; or as another disk on the ROM-DOS system, use the 
ROMD1SK.EXB prograni to create this disk. A ROM disk driver, which searches memory for 
the ROM disk, is built into ROM-DOS. 

If ROM-DOS will be placed in ROM, the final step is to program the ROMs and place them in 
tlic target rnachirte. At this point, the system can be booted using ROM-DOS. 

Systems running ROM-DOS directly from a hard or floppy disk do not nced to program any 
ROMs. Run FORMAI‘ or SYS on the disk and reboot. 

Example I : Creating a Bootable Version of ROM-DOS on a 
Floppy Disk 

This example crcates a ROM-DOS on a floppy disk that can be used to boot your system. To 
begin, insert a foonnatted floppy disk in drive A. It  doesn’t mattcr if there are files on the disk, os 
long as there is cnough free space for ROM-DOS and its command intcrpreter (about 8OKB). If 
you do not have a formatted floppy disk, use the Datalight FORMAT.COM program to format 
thc floppy. 

Change to the ROMDOS directory on your hard disk [or whichever directory you chose to create 
during the INiTALI,) and nin the Datalight SYS program located in the UTILS subdirectory. 

C:\ROMDOS\WTILSsBYS A: 

The S Y S  utility crcates a bootable disk, creates a special boot sector, and copies the ROM-DOS 
kernel file!; and ihc command interpreter (COMMAND.COM) onto the disk. SYS uscs the 
singlc file ROM-DOSSYS, produced by BUILD, to generate the two system files, IBMBIO.COM 
and IBMDOS.COM. These two files are placed as hidden files on the bootable disk. To verify 
the cxistence of these files, you can usc the DIR command with the system file attribute options 
as follows: 

t : \ s I l I R  A: /AS 

The SYS program requires that both KOM-DOSSYS and COMMANI).COM arc available in th‘e 
current directory, or that Datalight’s IBMBIO.COM and IbMDOS.COM arc in the root directory 
of a currently booted floppy or hard disk. If you cannot find the file ROM-DOSSYS, you can 
easily create it using the Quick-13i.iild selection of the BUILD.EXE program. Refer to the 
following examples for niore ilifrmnation on the building process. If SYS cannot find these filcs, 
i t  ptoriipls you Lor a piitti fit1 thcir location. 

You c:m also IISC thc FORMAT utility to both format a disk and add the system onto it as follows: 
C:\>I”ORMAT A :  / S  
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Example 2: Creating a Version of ROM-DOS in a ROM 

This example uses a standard PC with a ROM card to produce a version of ROM-DOS (in ROM) 
that may be used on any desktop PC/AT. In this example, ROM-DOS processes CONFIG.SYS 
and loads COMMAND.COM from the floppy, but boots and executes from ROM. The system 
files IBMBIO.COM and IBMDOS.COM are not required to be on the floppy disk. 

The BUILD.EXE utility is the tool used to create a ROM version of ROM-DOS and prompts with 
a number of questions during the custom-build session,described below. The Quick-Build is 
usually more appropriate and much easier to run through, but in this example we are booting 
from ROM but loading CONFIGSYS from floppy disk. 

The following list shows the output that BUILD provides showing the prompts (explained in 
‘Chapter 4, Building ROM-DOS’) and the appropriate responses for this example. The 
recommended responses are in bold letters. 
C:\ROM-DOS\BUILD 
Build Utility for ROM-DOS v6.22 (Revision 3.00) 
Copyright ( c )  1989-1999 Datalight, Inc. 

Will ROM-DOS boot from Floppy/Hard disk? 
Copy ROM-DOS to RAM? 
where in ROM shall ROM-WS code reside 
Where shall ROM-DOS data reside 
Can a Floppy DOS superscede KOM-DOS in ROM? 
Do you want to include the FloppyIHard disk driver? 
Always believe the BPB information? 
Include the Generic Memory Disk Driver? 
Include the built-in ROM-DISK driver in ROM-DOS? 
Do you want to change the default ROM-DISK search segment? 
Read CONFIG.SYS from a specific drive letter? 
Read CONFIG.SYS from which drive letter: 
what level of CONFIG.SYS processing (None, 3 ,  5 ,  6)? 
DO you want ROM-DOS boot diagnostics? 
Include the Boot Menu? 
Use Real Time Clock Exclusively? 
Create Binary or Intel HEX file(s) as output (B/H): 
Split the output into Odd byte and Even byte files? 

N 
N 
DO00 
70 
PI 
Y 
N 
N 
Y 
N 
Y 
A 
6 
Y 
Y 
N 
B 
N 

TASM.EXE /DBCHECK=l /DBEXT-l /DBOOTDRV=O /DBOOTMENCT-l /Mx SYSOEN.ASM; 
Turbo Assembler Version 4.1 Copyright (c) 1988, 1993 Borland International 
Assembling file: SYSGEN.ASM 
Error messages: None 
Warning messages: None 
Passes : 1 
Remaining memory 412k 
TLINK.EXE QROM-DOS.LNK 
Turbo Line Version 7.1.32.2 Copyright (c) 1987, 1996 Borland International 
Warning: No stack 
COMPRESS ROM-DOS 
LOC @ROM-DOS.LOC 
DATALIGHT BOX86 Locator v2.0 
( c )  copyright 1988-1992, Datalight Inc. 

Program entry point at D000:0025 
The file ROM-DOS.IMG has been created. 
ROM-DOS has now been Built to boot from ROM. This 
version of ROM-DOS requires 54k (54928 bytes) of ROM and 

53k ROM at DOO0:OOOO is 99% full (File ‘ROM-DOS,img’). 
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can r e s i d e  a t  any addrescr hctwecn COO0:O and F000:O. 
The ROM-I30S data  will reside a t  70:O. 
ROM-DOS is 1 0 0 %  r e l o c a t a b l e  so the  PROM can be moved 
t o  any address  without  burning another  image. 
Howi:ver, ROM-I)OS 111 ROM hoots  v i a  B I O S  extension so 
it FIUST residt? between t h e  addres s  of COO0:O and F000:O 
an ii 2K boundary for the BIOS t o  recognize i t .  See 
the  manual about B I O S  e x t e n s i o n s .  

The preceding example assumes you have a KOM board to plug into your desktop PC/AT, an 
EPROM programmer and a ROM large enough to hold ROM-DOS (54KB). We rccornmend a 
27CS 12 EiPKOM (64K11 x 8). 

Program the ROM-DOS.IMG file into an EPROM, plug it into the ROM board and set the 
address to D000:O. Plug the board into your desktop PCIAT, place a floppy in drive A: with 
Datalight's COMMA1\1D.COM on it and apply power. ROM-DOS proceeds to check for a 
CONPIGSYS filc and COMMAND.COM 011 drive A: (the floppy). At the DOS prompt, type: 

A>VER /r 
Data l igh t  KOM-DO:; Versioii 6 . 2 2  
Copyrigh: (c) 1989-1999 I I a t a I igh t ,  Inc  
Kernel Revis ion 3 . 0 0  
Kerilel Resides i n  RAM 
Corninand Revision 3 . 0 0  

The VER commaid (with the rcvision option) displays the ROM-DOS version and where it is 
running (ROM, RAM o r  high memory area). 

If you want to boot from the DOS on your hard disk, and bypass ROM-DOS in ROM, it is not 
iieccssary to remove the ROM card. Hold down the Alt-key while the system boots and ROM- 
DOS displays a menu OF boot options. (Select Yes to the boot menu option during BUILD to 
activate this feature.) Choose the inenu option to boot DOS from hard disk. 

Example 3: Creating a Diskless  System with ROM-DOS 

This example placxs the Datalight BIOS, ROM-DOS and a ROM disk into ROM on an AT 
motherboarti. The console is suppoi-tecl via the COMl serial port by the BIOS. The example 
assunies the AT motherboard has 128Kl3 of ROM space. The Datalight BIOS, the ROM-DOS 
kcmel, and a ROM disk are placed in the ROM. The ROM disk contains the files 
COMMAND.COM, TRANSFEIIXXE, VDISKSYS and CONFIG.SYS. This example creates 
binary images for input by'fhe PROM programmer. The image files can be Intel hex files or split 
files, clcpeiiding on the needs otyour programmer. 

The BIOS rzquires about 28KB of ROM, ROM-DOS requires about 52KD ROM and the ROM 
disk another 58Kl3 for a total of 138KB ROM spacc. These sizes may change as new features are 
atlded to the n10S. ROM-DOS or the command interpretcr 

These three files ate common to most diskless systems. 
t 1 IO s (ULR IUS .IMCi) 

KOM-DC)S kcrnel (ROM-DOS.IMC;) 



Now run the ROMDISKEXE program as shown to create the ROM disk with the files 
COMMAND.COM, TRANSFER.EXE, VDISKSYS, and CONFIGSY S .  
C:\>ROMDISK TEMPDIR 
\COMMAND. COM 
\TRANSFER.EXE 
\VDISK. SYS 
\CONFIG. SYS 
ROM disk Volume 'ROM-DISK ' 
Built from C:\ROMDOS\TEMPDIR\*.* 
Placed in ROM-DISK.IMG 

58624 bytes total ROM disk size 
128 bytes in h o t  sector 
768 bytes in 4 FAT sectors 
256 bytes in root directory 

0 bytes available on disk 
57472  bytes in 5 user files 

128 bytes in each of 458 sectors 
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ROM disk (ROMDISK.IMG) 

Note: The file DLBIOS.IMG is created using the Datalight BIOS SDK. 

The file ROM-DOSJMG is created using the BUILD program as in the previous example. This 
example uses Quick-Build instead of the Custom-Build to simplify the operation shown below. 
Build Utility for ROM-DOS v 6 . 2 2  (Revision 3.00) 
Copyright ( c )  1989-1999 Datalight, Inc. 
Do you wish to Quick-Build o r  Custom Build ROM-DOS: p 
Will ROM-DOS boot from Floppy/Hard disk? N 
Create Binary or Intel HEX file(s) as output (B/H): B 
Split the output into Odd byte and Even byte files?: N 
The file ROM-DOS.IMG has been created. 
ROM-DOS has now been Built to boot from ROM. This 
version of ROM-DOS requires 54k (54480  bytes) of ROM and 
can reside at any address between COO0:O and F000:O. 
The ROM-DOS data will reside at 70:O. 
ROM-DOS is 100% relocatable so the PROM can be moved 
to any address without burning another image. 
However, ROM-DOS in ROM boots via BIOS extension so 
it MUST reside between the address of COO0:O and FO0O:O 
on a 2K boundary for the B I O S  to recognize it. See 
the manual about BIOS extensions. 

BUILD has now created the file ROM-DOS.IMG. Place this file along with DLBIOSJMG in 
your PROM programmer directory. Refer to 'Chapter 4, Building ROM-DOS' on page 20 if you 
have any difficulty during this stage. 

Lastly, create the ROM disk. You can do this by placing the previously mentioned files into a 
directory tree and running the ROMDISK-EXE utility. Use the following DOS commands: 
C:\>MKDIR TEMPDIR 
C:\>COPY COMMAND.COM TEMPDIR 
C:\>COPY TRANSFER.EXE TEMPDIR 
C:\>COPY VDISK.SYS TEMPDIR 

DEVICE=WISK.SYS 6 4  <Ctrl+Z> 
C:\>COPY CON TEMPDIR\CONFIG.SYS 
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The ROMDISK program creates the file ROM-DISKIMG. Place this tile into the PROM 
programmer directory along with I3LBIOS.IMG, ROM-DOS.IMG and ROM-DISKIMG. If you 
have difficulty, scc ‘Chapter 5, Creating a ROM Disk.’ 

There are three KOMs to progmm; one contains the BIOS, the second contains ROM-DOS, while 
the other contains the ROM disk, All ROMs should be 27512 (64KB) devices. 

Run your PROM programmer software and set the appropriate ROM size. Load the file 
DI,BiOS.IMG into thc upper 2XKB of the ROM. The PROM is placed at F000:0, the upper 
64KB ofmemory. 

After the BIOS PROM, load the file ROM-DOS.IMG into the lowest portion of the programmer 
buffcr and program the ROM. This ROM is placed at E000:O. 

After the HOM-DOS and BIOS PROM have hcen programmed, placc a 64KB PROM in the 
progranimcr and program in the KOM-DISKJMG file. Place the ROM disk at D000:O. Your 
incniory MAP should look like the following: 

FFFFFh 

FOOOOh 

EOOOOh 

CIO000h 

7 

ROM device 1 
- (27512) 

ROM device 2 
(27512) 

ROM device 3 
(27512) 

I 
Diskless ROM-DOS Memory Map 

‘The ROM-DISK PROM is placed in physical address D000:O through DOO0:FFFF. The ROM- 
DOS PROnil is located at E000:O through EOOO:FFFF, and the BIOS at F000:O through 
FOOO:FFFF, the high Cnd of memwy. 

If you have configured the BIOS to mn with a remote console for I/O, you can connect a null- 
modem cable frotn CUM 1 on your PC to the serial port on the AT-motherboard (a null-modem 
normally cottnecfs two PCs together). Run the program COMM.EXE (a utility installed with the 
ROM-DOS SDK.) as shown. 

The COMM program defaults to 9600 bd~id,  8 data bits, no parity, 1 stop bit, on COMI. 

C. \;C‘Oi.IPf /B$fiOO 

... 
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Turn on the power to the AT motherboard and the system boots using ROM-DOS. You can type 
commands to ROM-DOS and have it respond back via the serial port. The serial port is 
effectively your console. 

, ROM-DOS is now up and running on a diskless system. This system has a ROM disk as drive A 
and a 64KB RAM disk (with the help of VDISKSYS) as drive B. The TRANSFER program 
placed on the ROM disk allows you to copy programs over the console serial port into the RAM 
disk. 
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Chapter 4, Building ROM-DOS 

Building ROM-DOS is accomplished with the BUILD utility. BUILD allows you to specify such 
parameters as the boot drive for ROM-DOS, where ROM-DOS will run (in ROM or RAM); and, 
if in ROM, what sort of file(s) your PROM programmer requires. 

BUILD operates interactively and prompts for information and option selections, BUILD 
requires an assembler and a linker - we recommend the Borland 5.2 tools provided with the 
Datalight STDK. BUILD also requires a locator and a specialized program that compresses the 
ROM-DOS data. Datalight provides these programs, named LOC.EXE and COMPRESS.EXE, 
with this Software Development Kit. These programs must be available in the current directory 
or in the specified path. 

BUILD performs the following operations: 

. 

Links the ROM-DOS kernel 
Compresses ROM-DOS data 
Locates the ROM-DOS kernel 

Assembles the SYSGEN (ROM-DOS configuration) file 

BUILD creates only the ROM-DOS kernel. In the case of a ROM-DOS kernel that is bootable 
from a floppy disk, the file created is ROM-DOS.SYS. In the case of a ROM-DOS kernel that is 
bootable from a ROM, the file created is ROM-DOS.IMG or ROM-DOS.HEX. 

Most programs, such as the command interpreter and DOS utilities (FORMAT, SYS, and so on), 
never need to be configured; they are standard across all systems. 

Note: Undcr some circumstances BUILD may not be flexible enough to meet the special needs of 
your system. For instance, ROM-DOS in ROM normally gains control via BIOS extension, and 
it may be necessary for ROM-DOS to receive control via a direct jump rather than using a BIOS 
extension. In this case, a manual build of ROM-DOS is required. Refer to ‘Chapter 9, Creating 
ROM-DOS Without BUILD’ for a complete description of manually building the ROM-DOS 
kernel. 

BUILD Command Line Options 

Normally, BIJILD can be run without cnmmand-linc options. BIJILD determines the appropriate 
display coIors, and finds the assembler and linker. BUILD provides several command-line 
options described in the following table. 
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Option Description 

/I, 
-----.-----IIIIll-- 

Causes BUILD to locate ROM-DOS, without assembling or linking. Refer to the section 
'Chaptcr 9, Creating ROIM-DOS Without BUILD' for infomiation 011 the use of this 
option. 

Causes BUIIB to use monochrome. Non-color displays that appear to be color displays 
ta BUILD, such as LCD displays, may dot be readable in full color. 

C;iuses BUILD to pause after running each sub-program. 'This option allows you to 
observe what conxnand-lines BUnD is passing to the asscmbler, linker and so on. 

Cwses BUKI,I) to display in TTY mode rather than graphics. This option is necessary for 
incompatibii: ruonitor types. 

I N  

i P  

rr 

BUIL,D can rerun tht: last session using a configuration file. Each time BUILD runs, it saves a 
list of your keystrokes in a file narned BUILD.CFG. This file can then be piped into BUILD to 
rcpcat the last sesion. For example: 

C :  \ > B U I L D  +tjlJPLD. CFG 

If a titimbcr of stanclard sessions arc planned, copy the file BUILDCFG to some other name. 
Then pipe the new filename into BUILD. 

BUILD also outputs a file narried BUILD.TXT. This file contains a complete list of the questions 
and the answers yoti selected during the last BUILD session and is the same information as on 
BUILD'S final confinnation scrcen. BUILD.TXT can be referenced when calling technical 
support or saved with your project for future reference. 

The third output file from BU1I.D EXE is BUILD.BAT. BUILD.BAT outputs a complete set of 
instmetions for assembling, linlcing, compressing, and locating the version of the ROM-DOS 
i c e d  set up in the previous run of BUILD. Executing the file BUILD.BAT generates a copy of 
the previous ROM-DOS kenlei without running the BUILD program. BUILD.BAT relies on the 
existcnce of two other fiIes, ROM-DOSLNK (linking command line) and ROM-DOS.LOC 
(location configuration file). Both files are generated during the BUILD session. To nin 
BUII,D.BAT, spccify the .BAT' extension, otherwise the .EXE extension is assumed and 
BUIL,D.EXE runs. 

Datalight recornmends saving a copy of BUILD.BAT, ROM-DOS.LNK, ROM-DOS.LOC and 
BUII,I).?'XT under different names or in a separate directory when you successfiilly create a 
worliing ROM-1lOS,kcmel. This ensures that you can always re-create the same working ROM- 
DOS kernel configured for your exact needs. 

Notc: t:ach reviw~ti ot 13Ull.,D iriay change, so don't use old configuration files on a ncw 
13uI t a. 

~L_----l_.'l__--_---- 

---uIpy--II 
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If you want to change the default colors, specify the new colors in a text file named BUILD.COL 
The colors must be listed as four comma-separated integers, on the first line of the file. The 
numbers represent the background, window, error, and question colors. For example, to set a 
gray background with white text, a blue text window with white text, a red error window with 
white text, and a blue question prompt with yellow text, enter: 
C:\rCOPY CON BUILD.COL 
127, 31, 79, 30 <Ctrl+Z> 

BUILD Sample Sessions 

BUILD allows you to create both a floppyhard disk bootable version of ROM-DOS and a ROM 
bootabIe version. You must have the assembler and linker in your path (Borland's 
TASM/TLINK combination) for BUILD to complete its process. If BUILD does not find an 
available assemblerllinker it warns you and gives you an option to proceed anyway or quit the 
BUILD process. A pair of examples are shown below. The output from BUILD is shown in 
block letters. The user-entered responses are shown using large, bold, letters. You can press Esc 
to exit BUILD at any time. 

% 

Example I : Creating. a Disk-Bootable Version 
This example uses the concise Quick-Build (as opposed to Custom-Build) and creates a disk- 
bootable version of ROM-DOS. 
c:\ROMDOSz BUILD 
Build Utility for ROM-DOS'v6.22 (Revision 3.00) 
Copyright (c) 1989-1999 Datalight, Inc. 

Do you wish to Quick-Build or Custom Build ROM-DOS: Q 
Will ROM-DOS boot from Floppy/Hard disk? Y 

TASM.EXE /DBCHECK=l /DBEXT=I /DBOOTDRV=O /DBOOTMENU=~ /MX SYSGEN.ASM; 

Turbo Assembler Version 4.1 Copyright (c) 1988, 1993 Borland International 
Assembling file: SYSGEN.ASM 
Error messages : None 
Warning meseages: None 
Passes : 1 
Remaining memory 412k 

TLINK.EXE OROM-DOS.LNK 
Turbo Line Version 7.1.32.2 Copyright (c) 1987, 1996 Borland International 
Warning: No stack 

COMPRESS ROM-DOS 

LOC @ROM-DOS.LOC 
DATALIGHT 80x86 Locator v2.0 
(c) Copyright 1989 1992, Dataligh: In< 
52K ROM at D000:OOOO is 999 full (File 'ROM-DOS.img'). 
Program entry point at D000:0000 
ROM-DOS has now been built for a FloppyjHard disk s y s t e m .  
I t  take 53K (54032 bytes) of d i s k  space. 



The f i l e s  ROM DOS.SYS and COMMAND.COM (ROM-DOS.SYS was 
created by t h i s  bu i ld ,  COMM?.ND.COM should be found i n  the 
curreni  d i rec to iy)  a r e  used by D a t a l i g h t ' s  SYS and FORMAT 
u t i l i t i e s  t o  c rea te  bootable Floppy/Hard d i s k s .  

Txypc "SYE; A : "  o r  "FORMAT h:/S" t o  make a hootable floppy. 

Example 2: Creating an Executable-within-RBM ROM-DOS Kernel 

This E3UILD example produces a ROM-DOS kernel that resides in (and is executed from) ROM 
at segment CXOO. The exampic uses the Custom-Build option instead of the Quick-Build option, 

C: \R.OMDOS> BUILD 

D o  you wish t o  Quick-Build or Custom-Build ROM-DOS: 
Will ROM-DOS baoC f r o m  l.'loppy/IIard d i s k ?  

Where i n  ROM shal.1 ROM-DOS code res ide  
Where sha l l .  ROM-DOS da t a  r e s i d e  
Can a Floppy DO9 superscede ROM-DOS i n  ROM? 
D o  you wdnt I:(> i n c l u d e  the Floppy/Hard disk dr iver?  
Alw; iys  bel ieve the RPA informati.on? 
Include t h e  Generic Memory Uisk Driver? 
Include the  b u i l t - i n  ROM-DISK d r i v e r  i n  ROM-DOS? 
Read CONFIG.SYS from a s p e c i f i c  dr ive  l e t t e r ?  
Read CONFIG.SYS 'firom which device (ROM, Floppy, Hard)? 
What levlel. of CONFIG.SYS processing (None, 3 ,  5 ,  6)? 
Do you wdnt ROM-[)OS hoot diagnost ics?  
Incl-ude the  Boot Menu? 
U s e  Real Time Clock Exclusively? 
Create Binary o r  I n t e l  HEX f i l e i s )  a6 output ( E / H )  : 
Place an  Extended Address i n  the  I n t e l  HEX f i l e ?  
S p l i t  the  output  i n t o  O d d  byte  and Even byte f i l e s ?  

The f i l e  ROM-BOS.HEX has  been crea ted .  
ROM-DOS has now been Built: t o  boot from RQM. Th i s  
ver-sicn of ROM-DOS requi res  53K (54176 bytes )  of ROM and 
can res ide  a t  any addresri between COO0:O and FOO0:O. 
The ,ROM-DOS data  w i l l  r e s i d e  a t  7 0 : O .  
ROM-DOS is 100% relocatahle so  t h e  PROM can be moved 
t o  any address wjt.hout biirning another image, 
Iiowtrver ROM-DOS i n  ROM boats v i a  B I O S  extension so 
i t  MUST tesicle between t h e  address COO0:O and FO0O:O 
on a 2K boundary f o r  the  B I O S  t o  recognize i t .  See 
the  manual about ElPOS extennions. 

Copy ROM.-DOS 1.0 RAM? 

C 

N 
N 
CEO0 

Y 
Y 
N 
N 
N 
N 
R 
6 
Y 
N 
N 
H 
N 
N 

70 
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Flowcharts for the BUILD Program 

The BUILD program displays decision prompts when creating a ROM-DOS kernel with a brief 
description of ramifications and recommended responses. Flowcharts provided on the following 
pages show the decision prompts for Quick-Build, for Custom-Build disk boot, and Custom-Build 
ROM boot versions of the ROM-DOS kernel. For a complete list of command line options, refer 
to the earlier section, ‘BUILD Command Line Options’ on page 20. 

BUILD 
I 

aulCK BUILD 
I 

BOOT FROM FLOPPY/HARD DISK7 

1 CREATE B l N k Y  OR INEL HEX OUTPUT. FILE7 

a ROM-DOS Is BUILT 

Quick-Build Option Flow Dlagram 



BUILD 
I 

CUSTOM BUILD 
I 

I-- floor FROM FkOPPY/IiARD DISK? 

Q 
I 

ALWAYS BELIEVE BPB INFORMATION? 

INCLUDE HUlLT l i  ROM-DISK DRIVER? 

I CHANGE DEFAULT ROM-DISK SEARCH SEGMENT 

ENTER SEGMENT 

INCLllDEJ GENERIC MEMORY DISK DRIVER? 

WHAT LEVEL OF CONFIGSYS PROCESSING? 

$1- 
DO YOU WANT ROM-BOS BOOT DIAGNOSTICS? 

@ Q  
INCLUDE flOOT MENU? 

USE REAL TIME CLOCK EXCLUSIVELY? 

r - i  

DO YO11 WISH TO CHANGE ANY OF THESE OPTIONS? 
_I 

Custom-Build option, Disk Boot Flow Diagram 
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I 

Creating a Custom Sign-sn Message 

ROM. DOS allows for flexible sign-on messages. The standard “Starting ROM-DOS.,.” message 
can be customized for use with special evaluation kits, or to allow alternative sign-on screens. To 
make your own sign-on, follow these steps: 

1. 

2. 

3. 

Modify thc “starting-msg” string in DOSIGNON.C, found in the root directory of the 
installed SDIC. 
Compile DOSIGN0N.C to DOSIGN0N.OB.J (linking is not necessary), for example 

Place DOSIGNON.OBJ in USER.LIB using Borland’s TLIB command. Refer to 
Chaptcr 6, Including Device Drivers’ for an example of using the TLIB command. 

Run BIJILI) to create a version of ROM-DOS with the new sign-on message. 
The new sign-on replaces the “Starting ROM-DOS ...” message. 

bcc . c (losignon. c 

4. 
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A ROM disk, like a fast write-protected floppy disk, contains all of the parts of a standard disk. 
Each disk consists of a boot sector, a File Allocation Table (FAT), a root directory, and any files 
that are to be included on the disk. From the point of view of ROM-DOS and any application, 
the ROM disk appears as a normal disk drive. 

The ROM disk image is built using the ROMDISK.EXE utility which creates ROM disks from a 
directory tree on your hard disk. The file that the ROMDISK utility outputs is suitable for input 
to your PROM programmer. The ROMDISK utility can create: 

ROM disks up to 32MB. 
ROM disks with directories and subdirectories. 
ROM disks containing programs that can execute-in-place (refer to Appendix C). 

A ROM disk is typically used in diskless systems to hold applications andlor data. A ROM disk 
is similar to a RAM disk used under DOS, except that it is read-only and always resides in ROM 
or linear flash memory. 

For the ROM disk to be recognized by ROM-DOS, a piece of code called the ROM disk driver 
must be included within the ROM-DOS kernel. The BUILD program, which creates versions of 
ROM-DOS specifically for your system, provides the option of including the ROM disk driver, 
Custom memory disk drives can also be built-in to ROM-DOS or loaded by means of 
CONFIGSYS. 

Running ROMDISK To Create a Disk in ROM 

You can run the ROMDISK utility at the command line by entering ROMDISK with or without 
command line options. When run without command line options, ROMDXSK displays a 
summary of the available options. ROMDISK allows you to produce a binary image or an Intel 
hex file, representing the ROM disk. This file is programmed into ROM to create a ROM disk. 
The size of the ROM disk is only limited by the number and size of the files placed on the ROM 
disk. - 
The ROM disk has the contents of a standard disk including a boot record, FAT, root directory 
and data area. The sector size, which defaults to 128 bytes, may be set by entering the sector size 
on the ROMDlSfC command line. There is no limit to the number of files that may be placed on 
a ROM disk, other than the above mentioned limit of 32MB. 

Place all of the files to be included on the ROM disk in a directory (the directory may contain 
subdirectories). The directory that you create becomes the root directory on the ROM disk. All 
subdirectories remain at levels below that. 
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IJse the /S option to transfer subdirectories to the ROM disk. Without the /S option, only the files 
in the root directory are included. The syntax is similar to XCOPY, with the destination always a 
file conhining the RUM disk. The following example places the contents of the TEMPDIR 
directory, including subdirectories, in the image file DISKJMG. 

Example: 
C :  \ROMDOS> ROMDISK TEMPDIR DJ SK.  IMG / s  

\COMMAND. COM 
\TRANSFER.EXE 
\ W I B K  SYS 

\UTI I S  \ FORMhT . COM 
\UTILS\SYS . COM 

ROM D i s k  Volu in~~ ‘ROM-DISK 
Built f roin r: \DL\,ROMDOS\TEMPDIR\*. * 
Placed  i n  disk. IMG 

\CONFIG.SYS 

114944 bytes  t o t a l  ROM disk size 
1 2 8  by te s  i n  boot sector 

1 4 0 8  by te s  in 11 FAT s e c t o r s  
2 5 6  by te s  in rout d i r e c t o r y  
128  bytes  i n  1 d i r e c t o r i e s  

1 1 3 0 2 4  by te s  in 6 user f i l e t s )  
a by te s  available on d i s k  

128  bytes  in  each of e 9 8  sec tors  

The file created by ROMD1SK.EXE defaults to an image file but can also be an Intel hex file. 
The created file must be programmed into ROM and located in the 80x86 memory space. The 
ROM disk must always start on a paragraph boundary. 

FCO MI DISK 0 pt io n s 

The ROMDISK utility has the foIlowing command line options to configure the output file. 

Option Description 

Specifies an IUCE data segment name. The default value for +eg> is DATA. 

Prevents extonded records from being placed in the Intel hex output, These records are 
placed in a Hex file by default. 

Sets the f i l l  bytes. The default is a fill byte of OxPF. The number following the /F option 
is assumed to be in hexadecimal format. 

Prodiices an Intel Hex file. An optional number following the /H option specifies the 
achral address of the start of the ROM disk The start address i s  required for EXE fibs 
that ari: to bc placed in  and executed from ROM. The default address IS 0x000. 

Produces an image filc. The optional number following the /I option specifies the actual 
address of the start of the ROM disk The start address argument is required for EXE 
files that are to be placed in and executed from ROM. The default address is 0x0000. 
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Option Description 

IO Omits the timestamp from the volume label. 
/R# 

IS 

Specifies the RXE interrupt numbcr. The default number is 0x90. 

Includes subdirectories found within the source subdirectory selected to include in the 
ROM disk image. 
Displays statistics on the ROM disk but does not actually create the image or lizx file. 
This is useful when you need to make sure that the required files fit into the available 
space. 

Sets the volume label to something other than ROMDISK. The volume label string can be 
up to I 1  characters and must be in quotes, 
Specifies the sector size of the ROM disk. The default sector size is 128 bytes. Legal 
values for this option are 128,256, and 5 12. 

/T . 

N“str” 

IZ# 

Placing Execute-in-place Files in ROM 

Any Datalight ROM disk (excluding ROM disks compressed with Stacker ) can include 
programs that execute in-place on the ROM disk. This type of executable program is referred to 
as an RXE (for ROM executable). 

Note: Refer to ‘Appendix C, Creating RXE-Compatible Programs’ for instructions on preparing 
your application for use as an RXE. 

When DOS (ROM-DOS or any other DOS) loads an EXE program, certain values within the 
EXE image are changed or altered. These values reflect the location of the CODE and DATA 
within the program. Programs that execute from within ROM cannot be altered, so the altering 
process must take place before the file is added to the ROM disk. This operation is performed by 
the M E  converter program. 

This SDK contains a program named RXE-CVT.EXE. The ROM disk builder, 
ROMDISK.EXE, calls RXE-CVT for each program that is to execute in-place from ROM. You 
must tell ROMDISK.EXE which programs are RXEs and which programs are programs that 
execute from RAM. 

To tell ROMDISK to convert an .EXE program (one that executes in RAM) into an .RXE 
program (a program that executes in-place from ROM), place the .EXE, and its .MAP file into a 
subdirectory which contains all the files for the ROM disk. Then, rename the .EXE file to .RXE. 
This informs the ROM disk builder that the . M E  program should be converted and that its 
.MAP file should not be included in the ROM disk. 

The following example shows all the steps necessary to create a ROM disk with one RXE 
program. 

C:\DATALGHT\ROMDOS> M W I R  TEMP 
C:\DATALGHT\ROMDOS> COPY COMMAND.COM TEMP 
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C : \DATrTIILGIlT\ROMDOS> COPY TEST. EXE TEMP\TEST . R X E  
e .  \DATALGIW\ROMDOS> COPY TEST. MAP TEMP 

\COMMAND. COM 
\TEST.ILXE - -  RXE ( u s e s  i n t e r r u p t  9 0 ~ )  

B u i l t  From C: \ ~ ~ M D ~ S \ ~ ) E V K I T \ T E M P \ ' .  * 
Placed i n  ROM-DISK. IMG 

0 :  \DATATJGIIT\ROMDOSs ROMDISK / f E 0 0 0  TEMP 

ROM d i s k  volume 'ROM-DISK ' 

3 3 1 0 8  b y t e s  t o t a l  ROM d i s k  s i z e  
128 b y t e s  i n  boot; s e c t o r  
512  b y t e s  i n  4 ].'AT s e c t o r s  
118 b y t e s  in root di rec to i -y  

6'784 b y t e s  i n  1 lZXE f i l e s  
251356 b y t e s  i n  2 use r  f i ' l c s  

0 b y t e s  available on d i s k  
128 bytea I n  each  of 261 sectors 

The .EXE file renamed 'rBST.RXE in the TEMP directory (in the preceding example) is 
converted into a true RXE, but is included on the ROM disk imder the name TEST.EXE. The 
file extension milst be .EXEC on the ROM disk so that COMMAND can run the program. The 
.MAP file, TEST.MAP, is not included on the ROM disk. The .MAP file was used to convert the 
'TEST program into art EXE that nins from within ROM, but is not needed to run the EXE. 

When the EXE within the ROM TUIIS, i ts  behavior differs from a normal EXE. COMMAND 
tells ROM-DOS to run the program, but the prograin remains in ROM and is not loaded into 
RAM. 

Each RX13 program uses one inteimpt vector to help the program load and run. The interrupt 
vector is st:tup and used only while the RXE program is actually running, although it can be used 
for other purposes at other limes. Multiple interrupts are used for multiple RXEs; that is, each 
KXE on the ROM disk has its own intermpi. The default intempt is Ox90 for the first RXE, 
Ox91 for thc second, and so on. This default internipt can be changed with the /K# command 
line option. 

It is extremely imporiant to specify the segment (paragraph) address where the ROM disk starts. 
Failure to do this causes the RXE program to fail. Use the following command line template for 
ROMDISK.EXE whenever including EXE programs on the KOM disk: 

or , 

(::\DATALGHT\ROMUO§> ROMDISK /iE000 TEMPDIR 

C:  \DA'TALGHT\ROMBI!Ss ROMDISK /hE000 TEMPDIR 

~ ~ c ~ n ~ ~ ~ ~ ~ i n g  t e ROM Disk Device Driver 

The ROM disk image ptodirced by ROMDISKEXE can be placed in a system in several ways; in 
tnnventional mcmoiy {under the l M B  boundary), paged into a window in the 80x86 address 
space, or in  cxtcndcd mcmory. 

'The standard COM disk device driver provided in ROM-DOS sirpports a ROM disk in 
conventional memory, between the addresses of 40:O and FFFF:O. This standard ROM disk 

I 
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device driver searches for the start of the disk beginning at a specified segment (usually COO0:O). 
The starting search segment can be specified while building ROM-DOS. 

A ROM disk device driver that searches for a ROM disk in paged memory, or extended memory, 
may be developed by using the code templates provided in the MEMDISK subdirectory. Refer to 
‘Chapter 7, Using a Custom Memory Disk’ on page 43 for more details. If the standard built-in 
ROM disk driver must be modified, the code can be found in DEVROM.ASM in the DEVSRC 
subdirectory. 

Compressing ROM Disks 

The ROM disk device driver is capable of reading ROM disks compressed with the Stac 
Electronics STACKER utility which can achieve a disk-space savings of 25 to 50 percent or more 
with little or no speed degradation. A compressed ROM disk is created differently than a 
standard ROM disk in that the ROMDlSK.EXE program cannot be used for the ROM disk. 
Instead, a RAM disk is created, compressed, and loaded with the desired files and programs. The 
RAM disk is then converted with the DISK2IMG (disk-to-image) utility into a binary image file 
for application to your PROM programmer. 

Note: RXE programs cannot be placed on a compressed disk. 

Creating a Bootable Floppy Disk 
The first step for the compressed ROM disk is to make a bootable floppy disk as described under 
‘Example 1: Creating a Bootable Version of ROM-DOS on a Floppy Disk’ on page 13. The 
bootable disk should contain the Datalight RAM disk driver, VDISK.SYS, the Stac utility 
STACKER.COM, and a CONFIGSYS file with the following lines: 

. 

device=vdisk.sys 128 /e 
device=stacker.com d 

The STACKER.COM utility is explained in detail in ‘Appendix B, Stacker Data Compression’.’ 
The Stacker utilities can be found on Disk 2 of the SDK. Run the Installation program to install 
the Stacker utilities on your system. Refer to the ROM-DOS User’s Manual for information on 
the VDISKSYS driver and its options. 

The most significant option for a compressed disk is the size. The disk in the preceding example 
is 128KB when installed. The VDISK size is usually a multiple of the EPROM size used by the 
completed ROM disk. For example, two 64KB EPROMS hold a 128Kl3 ROM disk image. The 
VDISK size does not have to be as large as the sum of the files to be placed onto it since 
compression allows for more available space. The smallest size VDISK recognizcd by Stacker is 
?Om. 

, 

Note: When calculating the size, remember that 1 KB is equivalent to 1,024 bytes. 
Consequently, an image file of 131,072 bytes is 128KB, not 131KB in size. 



Wicn thc bootable disk is complete, use it to reboot your system. Make note of the drive letter of 
the instalicd VDISK. Using the incorrect drive letter with the Stacker commands in the 
following instmctions could cause you1 hard disk or disk partition to bc compressed accidentally. 

Your VUISK can now be prepared in one of two methods: 
Create a non-default disk driver; coinpress the entire disk. Another ROM disk or physical 
drivc must be available for the boot files. A fully-compressed disk cannot be used as the 
dcfault drive. 
Create a default disk drive; coinpress a portion of the disk and install boot files on the 
uncompresscd portion of the disk. This method allows the compressed disk to be the 
ciefanlt drive and contain the corrimand interpreter and AUTOEXEC.RAT files. 

Create a Non-Default Disk Drive - Compress the Entire Disk 

‘Ute paragraphs that follow provide the details of these stcps to create n non-default Rob1 disk 
drive using the Stacker utllitics. 

I .  Comprcss the VDISK. 

2. 
3. 

4. 

5 .  

6. 

Copy files to thc VDISK. 
LJnmount the VDISK (so the real disk is visible). 

Copy disk inrage to hard disk with DISK2IMG. 
PROGRAM image file into ROM or flash memory. 

Boot ROM disk system with a configuration of ROM-DOS that includes the built-in 
ROM disk device driver. 

The next step in creating a non-default drive is to compress the VDISK. To compress the disk, 
nin the following commmds from thc directory where you installed STACKER.EXE, where d: is 
the designation of the VDISK. 

create d: 
s t ac kei- d : 

When t ie  compression process is cctmpletcd, copy all of the files to be included on the 
compressed RUM disk to the compressed VDISK RAM drive. When all, of the files have been 
transferred, tlre VDISK must be unmounted so that it is no longer recognized as a compressed 
disk and the real disk IS visible. To unmount, enter the following command, substituting the 
appropriate drive letter: 

stacker - d :  

Thc unmounted VDISK ciin now be used to create it binary image file for your ROM disk. Use 
DlSK21MG.F,XE to cottvett the ROM disk into a binary image. The syntax for DISKZIMG is. 

D I S K Z I I I G  t i  ctnpaisk.  riny 



Chapter 5, Creating a ROM Disk 35 

where d: is the RAM disk to convert and cmpdisk.img is the name of the binary image file. 

Refer to your PROM programmer documentation for information on programming the image file 
into ROM or flash memory, Most PROM programmers can split your image for programming 
onto a set of EPROMS if needed. For examgle a 128KB image file can be programmed into two 
64KB EPROMS or one 128KB EPROM. 

Note: The DISK2IMG utility can convert any disk to an image file. The Datalight ROM disk 
driver can only recognize a disk image that is created using the instructions in this chapter. The 
ROM disk device searches memory for a specific signature to identify a ROM disk. The VDISK 
device driver uses the same signature for marking the disk. A standard floppy disk does not have 
this signature. 

If not already completed, the next step is to BUILD a version of ROM-DOS that includes the 
built-in ROM disk device driver. ROM-DOS can then be placed into ROM or flash memory or 
onto a floppy or hard disk drive for booting. The CONFIG.SYS file on the default drive should 
contain the following instruction to mount the compressed ROM disk drive: 

The drive letter in the DEVICE statement depends on your system configuration. The drive 
letter may be different from the designated drive used when creating and compressing the 
VDlSK in earlier steps. For example, if you create your VDISK on a PC with hvo floppy drives 
and one hard drive, the VDISK installs as drive D. If the compressed ROM disk is placed on a 
system having no floppy or hard disks or drivers (only another ROM disk), the compressed ROM 
disk is installed as drive B:. After booting, the compressed ROM disk is available for use, 

DEVICE=stacker.com P D: 

Creating a Default Drive ROM Disk 

The paragraphs that follow provide the details of these steps to create a default ROM disk drive 
using the Stacker utilities. 

Copy CONFIGSYS and device files to VDISK. CONF1G.SYS must have Stacker device 
statement. 

1. 
2. 
3. 
4. 
5 .  

6. 

Compress the remainder of the VDISK. 
Copy files (including command interpreter) to compressed portion of VDISK. 
Unmount the VDISK (so the real disk is visible). 
Copy disk image to hard disk with DISK2IMG. 
PROGRAM image file into ROM or flash memory. 
Boot ROM disk system with a configuration of ROM-DOS that includes the built-in 
ROM disk device driver. 

Although the process is similar to creating a non-default drive disk, a few extra steps must be 
taken to prepare a disk as a default drive ROM disk with compressed areas. The first step is to 
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place a CONFIG.SYS file on the VDISK which contains the following instruction to mount the 
compressed ltOM disk drive at boot time: 

The drive letter in the device statement is dependent on your system configuration. Tlie drive 
letter may be differenl from the designated drive used when creating and compressing the VDISK 
in upcoming steps. For cxample, if you create your VDISK on a PC with two floppy drives and 
one hard drivc, thc VDISIC. installs as tirive D:. If the compressed ROM disk will be placcd on a 
system with only another ROM disk (no floppy or hard disks or drivers), the compressed ROM 
disk will be installed as drive B:. 

DEVICE-stackcr.com D I): 

Next, device drivers, auch as STACKER.COM, can be placed on the VDISK, If other devices 
nccd to be loaded prior to the Stacker drivels, they must be placed on the uncompressed portion 
of the VDISK, unless they can be located by an explicit path on another drive available at boot 
time. 

'the device slatements for other devices should be Idaced prior to the Stacker device statement in 
the CONPIGSJ'S file. Thc STACKER.COM device driver can be placed on the VDISK or 
located by ad explicit path ;IS with other drivers. I t  is best to limit the number of drivers and files 
placed on thc uricomprcssed VDlfK since the less spaced used leaves more available for 
compression. 

When woikirig with smaller VDISKs, select a minimum of files for the uncompresscd disk. 
Stacker rcquires a large part o f the  disk to be available for compression and produces error 
messages if the disk is already too full. If this happens, create a larger VDlSK or remove some of 
the files. 

The next step is to comprcss the VIXSK by mnning the following commands from your STAC 
directory, substituting the appropriate drive letter for the example drive d. 

create d :  
s tacker  d :  

After the compression process is complcted, copy the command interpreter COMMAND.COM 
and, optionally, an AIJTOEXEC.RAT file to the VDISK !LAM drive. Any :ipplication or utility 
filcs to be included on the compressed ROM disk should also be copied at this time. When all of 
the files have been transferred, the VDISK must be unmounted so that it is no longer recognized 
as a cotnpressert disk and the real disk is visible, 1'0 unqount, enter the following command, 

s tacker  -d: 

Note: 'Appendix B, Stacker Data Compression' contains additional information on files you 
may want to include. 
-_--̂ -.-IuI-p----.-p111113.-- 

Thc unmounted VDISK caii now be used to create a Binary image file for your KOM disk. To 
convcrl the RAM disk into an image, usc the DISK2IMG.EXE utility. For example, to convcrt 
thc ROM disk cl: to an image file named cmpdisk.img i n  the current directory, cntcr: 

D I S K 2 I M G  d: crnpclrsk. irng 
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The image file is now ready to be programmed into ROM or flash memory. Refer to your PROM 
programmer documentation for programming ROM’s or flash memory. Most PROM 
programmers can split your image for programming onto a set of EPROMS if needed. For 
example a 128KB image file can be programmed onto two 64KB EPROMS, or one 128KB 
EPROM. 

Note: The DISK21MG utility can convert any disk to an image file. The Datalight ROM disk 
drivcr can only recognize a disk image that is created using the instructions in this chapter. The e 
ROM disk device searches memory for a specific signature to identify a ROM disk. The VDISK 
device driver uses the same signature for marking the disk. A standard floppy disk does not have 
this signature. 

If not already completed, the next step is to BUILD a version of ROM-DOS that includes the 
built-in ROM disk device driver. The BUILD option for reading the CONFIGSYS file should be 
set to read from ROM for a ROM system. If ROM-DOS is to boot from a floppy disk but use the 
ROM disk as a default drive, modification to some system files is necessary. Contact Datalight 
for assistance with this procedure. 

ROM-DOS can then be placed into ROM or flash memory or onto a floppy or hard disk drive for 
booting. After booting, the compressed ROM disk is available for use. Note that files placed on 
the uncompressed portion of the ROM disk are not available unless the disk is unmounted. Refer 
to ‘Appendix B, Stacker Data Compression’ for more information on unmounting a compressed 
drive. 

, 



Chapter - 5, Creating a ROM Disk - ~ _ _  ----- 38 ---- 

, *-  



ChaDter 6, Includina Device Drivers 

ROM-DOS communicates to hardware through built-in and installable device drivers. These 
drivers process all the low-level I10 and hardware-related functions such as setting the system 
clock, reading from a disk or writing to the display. This processing frees ROM-DOS from the 
task and, more importantly, from any knowledge of the hardware platform. 

This chapter provides an overview of the device drivers that are built-in to the ROM-DOS kernel, 
a list of required and optional device drivers, as well as the methods for including new or 
modified device drivers in your ROM-DOS installation. This chapter also assumes that you 
understand the term “device driver” and are familiar with how to install a device driver by 
statements in the CONFIGSYS file. 

ROM-DOS Device Drivers 

ROM-DOS includes all the device drivers necessary to start a system from ROM, floppy disk, or 
hard disk. As well as these built-in device drivers, this SDK includes sample device drivers that 
can be installed from CONFIG.SYS or built-in to the ROM-DOS kernel. 

Built-in device drivers are those drivers that have been linked in with ROM-DOS. They are 
initialized before installed device drivers get initialized, and are generally those devices that will 
remain standard and constant on your system. 

Since ROM-DOS does all of its communication to the hardware through device drivers, a few 
built-in drivers are mandatory to start a system. These built-in device drivers include the 
console, the clock, and at least one disk device (either the ROM disk device driver, floppy disk 
device driver, or the hard disk device driver). 

The console is required to display error messages. In systems with no console (or those with a 
serial port acting as a console), the console driver may be modified to display no output. The 
clock driver is needed to update the date and time of files as well as to provide the DOS date and 
time functions. 

A disk driver is required in any system. At least one disk must be available to ROM-DOS to find 
and process CONFId.SYS and/or load the command interpreter or initial application, whichever . 
applies. ROM-DOS halts if there are no disk devices.‘ The other built-in device drivers, listed 
below, can be helpful in many systems, but are not required by ROM-DOS. 

Console (CON) 

Printer (PRN) 
SeriaI(AUX) 
Com port (COM) 

Clock (CLOCK$) 
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0 Null (NIJL) 
u Floppy/harcl disk 

IIOM disk 

The ROM-DOS SDK includes the source code for a variety of configurable device drivers. These 
drivers, such as thosc in the MEMDISK directory, can be compiled and installed in 
CONFIGSYS or built-in to the ROM-DOS kernel to add functionality to the operating system. 
No attcmpt is made in  this section to describe tlic contents of‘ any of these drivers or how they 
opcrate. 

Writing Dewice Drivers 

Typically, the only type of device driver you need to write for ROM-DOS is an installable driver, 
the type loaded from CONFIGSYS. Installable device drivers are the most flexible way to create 
a driver tinder ROM- DOS. Thcre is iio limitation to the size of the code of the device drivcr, 
other tliati available KAM. Chardctcr devices can cvcn override the built-in character clevices by 
usiiig cxaztly the same mine as thc built-in counterpart. 

Thcre is only one drawback to making a device driver installable from CONFIGSYS instead of 
built-in. The driver rmst either be present on one of the built-in disks or on a disk device that 
has been previously installed. The device drivers provided in the MEMDISK subdirectory can be 
used as tcmplates for writing your own custom device drivers. 

If you want to write a built-in device driver (one that is linked in with ROM-DOS and not 
installed through CONFIG.SYS), there are some special considerations: 

a The segment nomcriclaturc must agree with IIOM-DOS. 
Thc total ROM-DOS code must be less than 64KB. 

‘Thc totaf IIOM-DOS data and stack must be less than 64KB. 
Thc rcturn address upon initialization is ignored. Built-in devices cannot allocate 
memory. 

Multiple devices in  one fiIe are allowed, but must be treated specially. 

0 

e 

a 

tr 

= 

The code cannot modify itself in any way. 

ROM-DOS supportcd inatti functions need to be used instead of compilei math function. 
- Refer to ‘Chaptc; 7, Using ;Custom Memory Disk.’ 

One reason fix adding a ncw built-in device into KOM-DOS is to provide a new type of disk 
device from which CONFIGSYS is processed or the starting application is loaded. ROM-DOS 
already has btiilt in  floppy, hard, i m l  Rob1 disk drivers. 

-1 he conimand Interpeter COMMAND COM can typically be loaded froin a disk device installed 
diiririg TC)NPl(’r.SYS proccssing, b o  COMiZ/li\ND.COM does not need to reside on a built-in 
disk 
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Adding New Device Drivers 

Installable device drivers are included in your ROM-DOS installation by using a DEVICE= 
statement in the file CONFIGSYS. For example: 

The standard built-in device drivers are located in the object library file named ROMDOS.LIB. 
When ROM-DOS is built, the linker (TLINK) loads each device specified in SYSGEN.ASM 
from the ROMDOS.LIB file. If you have created your own built-in driver, you can either add the 
driver to the ROM-DOS library or make a new library named USER,LIB. Datalight recommends 
adding new or replacement drivers into USER.LIB to make sure the integrity of the original 
ROM-DOS library file is not compromised. 

If the driver you created is intended to replace a standard built-in driver, ROM-DOS uses the 
driver in the USER.LIB file instead of the driver of the same name in the file ROM-DOS.LIB. 
USER.LIB drivers always take precedence over ROM-DOS.LIB drivers when there are two 
drivers with the same name. 

D E V I C E = W I S K . S Y S  1024 /e 

Note: If you are using Datalight's MEMDISKASM and a client code module, no changes to the 
SYSGEN.ASM file need to be made. Follow the instructions outlined in 'Chapter 7, Using a 
Custom Memory Disk' for creating a built-in device and using the BUILD.EXE utility. For all 
other custom devices, the following instructions should be used. 

The new device driver source files must be compiled or assembled into object files. This can be 
done with Borland language tools and with reference to the compiler manuals. 

Examples: 
T a m  /Mx devprn.asm 

Place the resulting object files into the ROMDOSLIB file using a library maintenance utility 
(TLIB). The next time ROM-DOSSYS is linked, the new device drivers will be included in that 
version of ROM-DOSSYS 

Using Borland's library maintenance utility (TLIB), the following command replaces the ROM 
disk device driver object file,(.OBJ) in the original ROMDOS.LIB file. It also produces a file 
named ROMD,OS.LST that lists the object fifes in the library and all public labels. 

To add DEVROM.OBJ to the USER.LIB library ftle instead, type: 

If the file USER.LIB did not previously exist, TLIB creates it. 

. 
C:\>TLIB ROMDOS.LL8 -+devrom.obj, romdos.lst 

C:\>TLIB U S E R . L I B  tdevrorn.obj, user.lst 

Adding Device Drivers to SYSGEN 
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Once a built-in devicc drivcr has been compiled (or assembled) and added to one ofthe library 
files (ROMDOS.LIB or USER.LIB), update SYSGEN.ASM to include the device driver. If the 
built-in driver is a replacement for a standard built-in driver (such as -comx for COM I -COM3), 
no changes need to be made to SYSGENASM. If the built-in driver is new, such as a special 
built-in disk driver, then SYSGEN.ASM must be informed. To do this, locate the section “A 
NULL Terminated A m y  of Built-in Devices” in SYSGEN that lists all built-in drivers. Add the 
following lines to the appropriate group of definitions: 

extrti -newdiskx:hytre 
dw OFFSEX’ UEVDATA : .-newdiskx 

Substitute the: tlilnle of your driver for _newdiskx. These lines inform the linker (TLINK) that a 
label by the name of,,.newtliskx should bc linked into the ROM-DOS program. This label is 
faund in  either the ROM-DOS or USER library (ROMDOS.LIB or USER.LIB). 
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ROM and RAM disks are the basis of diskless systems and the possible configurations for such 
disks are as varied as the systems using them. A RAM disk may be implemented as battery- 
backed static RAM, a ROM disk as paged EPROMs, or a disk could be created using flash 
memory which can later be updated in the field. 

A ROM disk is necessarily built into a diskless system, enabling ROM-DOS to read 
CONFIGSYS and/or load the first program. A built-in RAM disk may also be required, in some 
cases. Installable devices are desirable for some systems due to the advantage of command line 
options over built-in device drivers. 

ROM-DOS includes complete source code for several types of memory disks. Look in the' 
MEMDISK subdirectory for examples. The examples include a paged ROM disk, a FUM disk, a 
ROM disk, and an extended metnory disk driver. 

The ROM-DOS configurable memory disk allows you to build a custom memory disk device 
driver by modifying only the initialize, read and, write functions. This disk can be configured to 
be either built-in (toaded by CONFIGSYS) or as a terminate-stay-resident program loaded from 
the command line. 

The custom memory disk is made up of two modules, the base module and the client code 
module. The memory disk base module is named MEMDISKASM and handles all of the direct 
interaction with DOS. The client codc modules are named to reflect their function, such as 
MJ3MPAGED.C and MEMR0M.C. 

Creating a Custom-Memory Disk 
Thc process for creating a custom memory disk consists of the following basic steps: 

' 

Review the source code modules of the intended driver in the MEMDISK subdirectory. 
For example, for a fixed address disk, review MEMFIXED; for a paged memory disk, 
review MEMPAGED.C and SC400PAG.C. (SC400PAG.C is an example paging 
algorithm set up for an Elan SC400 platform.) The header of each module describes the 
driver type and uses. Make appropriate modifications to the source code based on the 
commented sections in the beginning of each module. For example, for a paged disk, 
modify the paging routines to match your hardware paging mechanism; for a fixed address 
disk, supply the destination address for the memory disk. 
Review the MAKEFILE section appropriate to the driver you are building. Most sections 
contain two target output files. For example, , there are instructions for building 
IV1EMPACiED.SY.S [the CONFlGSYS installable vcrsion of the driver) and 
MEMPAGED.LIB (the built-in vcrsion of the driver) in the paged memory disk section. 
The target name is MEMPAGED.LIB, howcver, the actual output file is named 
USER.LIB. 



44 Chapter 7, Using a Custom Memory Disk 
__II_-.___I---__.rm___-l 

Switch to the MEMllISK subdirectory and nin Borland’s MAKE utility with the 
nppropriate taiget name. For cxample, to create a built-in paged memory disk, run the 
following: 

MAKE PIEMPAGED L r R  

e To create a stand-alone installable version, run: 
HAKfE MEM,PAGED. SYS 

-- ----1-.”-~ 

Note: If the driver is prepared as built-in, a new USER.LIB file is created in the ROM-DOS root 
directory. If you already had other itenis in  a USERLIB file, you may want to make a copy of 
the original file, You may also have to use the TLIB command to add individual object modules 
into the library file if more than one nietnory disk or other custom code is to be included in the 
USEK.LII3 file. 

ll_-__l-____ 

The BUILD progratn handlcs the remainfer of the proccss. Refer to ‘Chapter 4, Building ROM- 
DOS’ for more inforrnatiori on the BUILD program. Part of the BUILD process involves linking 
in lihrmy inodules. Your new memory disk code will be placed in a library file called 
IISER.I,LLi. ‘The BUILD prctgram will look for this fife at Link time and include your drivers into 
the ROM-DOS kernel. 

When you mn the BUILD program, you arc prompted to include a custom memory disk. Answer 
yes €or this prompt to add the new built-in driver. You must have a USER.LIB file present in the 
same directory as the BUILD program when including a custom memory disk, or errors will be 
generated duiing the compilation processes. 

Memory Disk Base 
The memory disk base niodule is the non-changeable part of the memory disk. The base module 
may bc configured using assembler options. Available options for the base are placed in the top 
lines of code in MEMDISKASM. The makefile already defines the neccssary options for both 
statid-alone and built-it1 versions of the drivers. Additional options can be added to thc makefile 
or entered on the command line. I f  you customize the options, the options set in the MEMUISK 
module must be in agIeenient with the options set in the client code module. Thcse configuration 
options‘all follow the standard conventions of undefined = false or off, and defined = true or on. 

The client code module of the memory disk must be ported to the different environments in 
which it is to be wed. The fitnetions can bc coded in  any language but they must confomi to the 
t:-l,ingti,tgc cdliirg sc t~~~~; i iccs  aiid ~on~ct i t iuns .  1 Iic client L O ~ C  modulc(s) must supply some of 
thc functions listed below, tlependmg on their puiposc. 

A RQM disk recltiires only {he mcrvtinit and memrearl functions while a RAM disk requires 
thcae plus meinwrite. All othcr fmctions are optional. 



Chapter 7, Using a Custom Memory Disk 45 

TSR disks must support memuninit, removable disks must support memchanged, while disks 
that support IOCTL must support the memioctl function. 

meminit 
The meminit function is called once during disk initialization. 

The BIOS parameter block, pointed to by the argument bpb, should be filled in during meminit. 
The cmdline argument is used for parsing the device command line. This pointer points to the 
start of the memory disk file name in the CONFIOSYS device line. The cmdline argument has 
no meaning for built-in devices, but can be useful for devices installed in CONFIG.SYS. The 
return value of meminit is the number of drives. 

The endseg argument, when first called, points to a value that is the next available segment, the 
segment used for a RAM disk if DOS RAM is to be used for the disk. If memory at the endseg is 
being used, eno'seg must be updated to account for the amount of memory used. If DOS RAM is 
not to be used, or this device is to be built-in, then this argument is ignored. 

A built-in FUM disk must allocate memory using the DOS memory allocate function (Int 21h, 
AH=48), in the meminit function. This is how a built-in RAM disk would get DOS RAM for 
disk storage. 

Note: This is used only for built-in devices; not those that are CONFIGSYS loadable. 
Installabte devices should update endseg. 

int meminit(struct BPB bpbl] char far *cmdline, unsigned 'endseg, int drv); 

memread and memwrite 
int memread(1ong offset, unsigned len, char far buffer); 
int memwrite(1ong offset, unsigned len, char f a r  * buffer); 

The memrend and memwrite functions use a 32-bit value, named ofset, to specify where on the 
disk a read or write operation occurs. This value is usually, but not always, a multiple of the 
sector size. The Len argument is a 1Qbit unsigned number that defines the size of the read or 
write in bytes. The bidfer argument is a 32-bit far pointer that defines where the disk data is read 
ftom or written to. The return value from memread and memwrlte is a non-zero for success and 
zero for failure. A failed return value causes a critical error. 

memehanged 
The memchanged function notifies DOS that a removable disk has been removed. 

memehanged is a C-callable device driver media-check. 

The value returned from the memchanged function indicates if the disk has changed or not. A 
return value of - 1 indicates that the disk has changed while a return value of 1 indicates that the 
disk has not changed. If the memory disk is not a removable disk, memchanged should always 

int memchanged(struct BPB *bpb) 
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return I .  I f  the memory disk is a PCMCIA rnemory card that can be removed, this function is 
critical. 

A return vaiiic of 0 from int:mchangcd indicates that the disk may have changed. A 0 return 
value is acceptable but not recornmetided as most modem BIOSs today support a changc-line- 
status-function that retiiins a definite status, {The 0 return value was used on the original PC, 
which did not suppoit such a BIOS call.) 

memunitit and mernioctl 
memuninit and mernioctl have the followirig syntax. 

i d  rnernuninit (void) 
hool memioctl(unsigned category, cha r  f a r  * buffer) j 

Pubtic Fields 
These are RISJ two data fields are dciined in MEMDISILASM that are intended to be used or set 
by the client code. 

unsigned char  m e m  rr ; 
unsigned char merriunit; 

‘I’he client coclc should set menzerr‘ when an error occtirs dtiring any of the memread, memwrite 
or other client fiinctions. tmmerr is ignored if no error occtirs so there is no need to reset or clear 
it. The nt~rizziriit field is set by MEMDISKASM before passing control to the client code. Thc 
unit nutnbcr will be i ~ r  the range of 0 t(J n where n is the number of drives returned by meminit 
upon driver initiaiiz;ltion. 

~el.minate-Ernd-stay-residenit (TSR) Drivers 

You can configure the custom disk driver so that it can load from the DOS prompt or from a 
hatch Glc, i s  well as froin CONFIGSYS. The TSRDEV switch in MEMDISKASM should be 
set to true for this option. A custom disk driver installcd at the DOS prompt can also be 
d o a d e d  frorn memory, tfiereby freeing the memory and drive Ietters occupied by that driver. 
The following functions and data aIc dt:fined only in the stand-alone TSR-enabled custom disk 
drives: 

void ‘car-:;etidstr(char * tsr-.id) ; 
int t;sr:-unlnstall. (void) ; 
i n t  tsr-a:tready-laadt?rl (void) ; 
i n  t t s r--drives-ava j, 1 ah l  e (void ; 

The fiinction tsr-setidstr(char * tst-id) allows your custom rncmory disk to havc a unique 
identifying scqucricc of b y t w  You can also retain the default identification seqirenccs Each 
L i i s t v i r i  rnim)iy didi cli ivei slwultl h‘ivc a tiiiiqnc identiiier. 

Use tsr=_uninstall to rcmovc the latest driver from memory. tsr-uninstall fails if the device 1s 
r i d  found or was loaded froin CONFIG SYS instead of from the command line 
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Use tsr-already-loaded to determine if a previous copy of the custom disk driver has been 
installed. Multiple copies are allowed as a convenience in the event your driver implementation 
needs to check for another disk already resident. 

The tsr-drives-available function returns the current number of drive letters available. That is, 
if LASTDRIVE is set to E: and drives A:, B:, and C :  are used, there are two drive letters 
available @: and E:). 

Memory Disk Math Routines 
For built-in device drivers, ROM-DOS includes a set of  supported math functions. The 
MEMD1SK.H module includes those functions not already built-in to ROM-DOS. The built-in 
ROM-DOS functions, plus the math routines in MEMDISKH, replace the math library normally 
linked in at compilation time. Memory disk client code that will be built-in should not use long 
math but equivalent functions, Tho supported math functions and their definition prototypes 
include: 

/ *  File DOSMATH.ASM * /  
typedef unsigned long ulong; 
typedef unsigned char uchar; 
ulong pascal -1shru (ulong 1, unsigned u) ; 
ulong pascal -lshlu(ulong 1, unsigned u); 
ulong pascal -lmulu(ulong 1, unsigned u); 
unsigned pascal -ldivu(ulong ul, unsigned u); 
void pascal memmove(void *to,void *from, unsigned len); 
void pascal fmemmove(void far *dst ,  void far ‘src. unsigned Len); 
void pascal memset(void *&st, uchar Val, unsigned len); 
void pascal fmemset(void far *dst, uchar Val, unsigned len); 

/ /  Note: Unlike the standard C memcmp, this memcmp returns 
/ /  TRUE if strings are identical, FALSE if different. 
/ /  Same for fmemcmp. 

bool pascal memcmp(char ‘strl, char *str2, unsigned len); 
bool pascal fmemcmp(char far  *strl, char far ‘str2, unsigned len); 
int pascal strlen(char * a ) ;  
int pascal fstrlkn(char far * 8 ) ;  
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Chapter 8, Making Special Configuration Charzges 

While the BUILD program allows complete and easy configuration of ROM-DOS for most 
installations, there may be designs that require you to make changes to SYSGEN-ASM prior to 
ninning.the BUILD program. This chapter covers the areas of system configuration that may 
need special attention to accommodate your design and are described under the following section, 
‘Configuring ROM-DOS Through SYSGEN.ASM.’ 

In addition, this chapter describe how boot-time configuration can be controlled through the 
standard CONFIG.SYS file or by reconfiguring the BIOS to change the way ROM-DOS operates, 

Configuring ROM-DOS Through SYSGEN.ASM 

Thc file SYSGEN-ASM allows you to configure the operation of ROM-DOS at compile time. 
Most of the options in SYSGEN are configured by answering prompts when running the BUILD 
program as described in ‘Chapter 4, Building ROM-DOS.’ The following configuration options 
are described in subsequent sections; you can modify their behavior without having to read the 
source code. 

Assembly defines 
List of built-in devices 
Power save option 

4 CONFIGSYS defaults 
initial environment 
ROM disk search address 

Assembly Defines 

The assembly defines configure ROM-DOS in SYSGEN.ASM. The BUILD program normally 
sets these as it assembles the SYSGEN.ASM file. The defines are described in the following 
table. 

’ ~ 

Option Description 
RT‘HECK= 1 

BEXT=l 

BOOTDEV=id 

Displzys boot dingnos!ics DUILD will sct or c h i  tliis opiitm as ;qipiopiiak 

Boot from BIOS extension; otherwise it will boot from disk. BUILD always sets this 
option. 

ROM-DOS can boot from any device (floppy, hard or ROM disk). The id code 
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Option 

BOOTDRV=n 

BOOTM EN IJ- I 

DATASEG=seg 

FLOPCFG-I 

FLOPCHK=l 

GENEIUC:=I 

FTARDCI-IK= 1 

NOFLOP=I 

RDISK=scg 

Description 
specifies which onc: 00-floppy, XOH==hard, 1 OH= ROM disk. 

ROM-[)OS can boot from a specific driver fetter. Choose the boot drive letter where 
O=A, I=B,Z=C, and so on. 

Display the following nienii upon boot timc. The menu lets the user choose from 
where to load DOS, and/or where to read CONHIG.SYS. 

-..-.-- -~ 

ROM-DOS boot options: 

2. Load DOS off hard  d i s k  
3. Mako floppy default dr ive  
4. Make hard d i s k  default dr ive  
5 .  Mako ROM d i s k  default drive 
6 .  Continue as if A l t  key not  pressed 

1. Load 00s off f loppy  

Hard-code the ROM-DOS DATA segment (no fix-ups). Otherwise LOC will set the 
DATA segment address. Set seg equal to the destination segment in RAM. This 
value can be either hex or decimal. 

Regarclless of boot drive, ROM-DOS looks for CONFIGSYS on the floppy disk 
before going to thc ROM disk. 

A floppy disk DOS can supcrscdc ROM-DOS in ROM. 

Include generic riieifiory disk driver. 

Hootable hard disk partition can supersede KOM-DOS in ROM. 

No floipy or hard disk is needed (ROM disk only). This can save approximately 3KB 
cif KOM. 

No ROM disk is desired 'This can save approximatoly IK!3 oFROMidisk. 

Copy ROM-DOS from KOM LO RAM upon boot for faster execution. Set seg equal to 
the dcstination segment in RAM. Default for B U I L D E X  is 7011. This value can be 
either hexadccimal or decimal. ' 

Choose the segment wherc the built-in ROM disk driver starts searching for the ROM 
disk. 

USERTC.21 llse the real-time clock exclusively instead of the BIOS ticks for the time. 

Thc following example shows the use of some assembly definedoptions. 
TMM /Mx /DUEXT= I /DEOOTMENU=I SYSGEN; 

The BUILD program nutonlatically generates the above assembly command-line given the 
apppropriatc options. Thcre is usiially no decd to assemble SY SGEN.ASM manually.' 

The example configures ROM-DOS to boot from a BIOS extension. It also causes ROM-DOS to 
display a boot menil ifihc user holds down the Alt-key during boot up. 

'Listing Built-in Devices 
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Built-in device drivers can be added to ROM-DOS by placing the name of the device driver 
hcader in a list of block device drivers terminated by a NULL (0) character. A new device may 
be added by placing its PUBLIC label name in the list. 

Note: The block device drivers list must have at least one disk device entry so that the file 
CONFIG.SYS and the initial program can be read from disk at boot time. 

The only disk device required in this list, for an embedded system, is the ROM disk driver. This 
device driver is supplied in source form on the distribution disk. The PUBLIC name for this 
device is - r o m  and it is found in the file DEVROM.ASM. 

The code and data size of ROM-DOS can be decreased by commenting-out external rcferences to 
unused devices in SYSGEN.ASM. If no references are made to a device in SYSGEN.ASM, the 
device will not be linked in from the library. The size of ROM-DOS decreases by the amount of 
code/data space occupied by that device driver. 

The following example shows the list of built-in devices listcd in SYSGEN-ASM: 
public -bui 1 t-in ’ 

built-in LABEL WORD 
; built-in character devices 
dw OFFSET DGR0UP:gulx ; MUST be 1st 
dw OFFSET -DEVDATA:-conx ; MUST he 2nd 
dw OFFSET -DEWATA:_Clkx ; MUST be 3rd 
dw OFFSET -DEVDATA:-COmX ; not required 
dw OFFSET -DEVDATA:qrnx ; not  required 
; warning: while the COM and PRN(LPT) drivers are not required, the 
; absence of them can cause somewhat odd behavior in some programs. 
; built-in disk devices (at least 1 disk required) 

dw OFFSET -DEVDATA:-fdhdx i optional 

dw OFFSET -DEVDATA:-romx ; optional 

IFNDEF NOFLOP 

END1 F 
IFNDEF NOROM 

ENDIF 
IFDEF GENERIC 
dw OFFSET -DEVDATA:-tnemX i Optional 

ENDIF 

dw 0 ; NULL terminator f o r  list 

Note: SYSGEN.ASM has two complete lists of the device drivers. One list is defined with the 
‘dw OFFSET’ syntax as shown in the above liiting. The other list is defined with the ‘extrn’ 
syntax and appears in S;YSGEN.ASM immediately before the above list. You must add or 
remove drivers of the same name in both the ‘dw OFFSET’ and ‘extrn’ lists. 

Power Save Option 

ROM-DOS, when ndt actively performing an application function, spends much of its time 
waiting for user input. During that time, ROM-DOS checks the BIOS for another character, 
performs an Int 28h, and then goes back to checking the BIOS for a character. Even when there 
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is no usci- input, the computer is using electrical power. It is possible to avoid this waste of 
power oii computers that support a static state or a slower processor speed. 

To use the power save option, the BIOS Int 16h, function OOh is modified to switch into low 
power niodc until a lccy Is pressed. hpowersave flag causes ROM-DOS to either poll the BIOS 
or cat1 it and wait. Ifpowersave is 0 then ROM-DOS polls the BIOS (Int 1611 Function 1). If 
p o w e r m ~ e  is set to I ,  ROIM-DOS cals the BIOS and waits (Int 16h Function 0). 

C 0 N FIG .SY S Defa u Its 
This section of SYSQEN.ASM allows you to define the default number of FILES, BUFFERS, the 
status of BREAK, and most options you normally set in CONFIGSYS, However, Datalight docs 
not recommend modifying this section since it is easierto modify CONFIGSYS. If your system 
does not use a CONFIGSYS file, it may bc necessary to set these values in the SYSGEN.ASM 
file. 

One such CONFIG.SYS default is tlic command interpreter COMMAND.COM, the first 
program ext:suted by KOM-DOS. Tho initial program for an embedded system could be your 
application program. SYSGEN.ASM allows you to set the progratn name and the initial 
command line argunient string. Both strings must be null tcrniinated. 

e-pub1 ic 
c-public 
- i.n j. t-. break 
- i n i t _ f  i les 
- inj.t,-buE fers  
- i n i  t.-f,cbs 
- i n i t - l a s t d r i v e  
- in3. t._shaEl 

i n i t b r e a k ,  i r i i t - f i l e s ,  ini t -buf  f e r s  
I n i t  E c b s , i n i t _ - l a s t d r i v e , i n i t _ s h e l l  
db 0- ; BREAKzOFF 
clw 8 ; F I L E S = 8  (O=calc) 
a w  0 , BUFFERS= (O-Calc) 
ciw 2 ; FCBS=2 
dh 'E'  j LASTDRIVE-E 
db "COMMAND .COM /P" , 0 i SHELL=COMMAND, CQM / P  

The lnitial Environment 

Thc initial environment stiing and maximum size (in paragraphs) are set in SYSGEN.ASM. 
Thcrc may be multiple cnvironmenl viiriablcs, each separated by a zero-byte. The end of the 
environnicnl is determined by a second zero-byte. The variable env-pura, is where the number 
of environment paragraphs is specified. This value must be larger than the space required to 
hold the initial environment string. 

c-public eriv-para, env-s t r ing  . 
- envgara  d w  LOH 
- env-string * db ''PATH='*, o 

db "PROMPT=$p$y", 0 
dh 0 

The RQM Disk Start Address 

Thc stad address of the ROM disk is specified with a 16-bit segment value named romdisk. This 
v;rlm rcpressnts the Jirst segment at which the ROM disk driver looks for a valid ROM disk. 
The drivcr se;irchcs ROM for the ROM disk until it finds a valid disk or reaches the end of 
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memory (segment OxFFFF). The following example causes the ROM disk driver to begin its 
search at segment COO0 and search until it reaches OxFFFF. 

IFDEF RDISK 

ELSE 

, ENDIF 

romdisk dw RDISK ; segment of ROM disk 

romdisk dw OCOOOH ; segment of ROM disk 

The BUILD program prompts for a change in the default search segment. Datalight recommends 
that you make no change to the segment in SYSGEN.ASM but let BUILD handle it. 

Ordering Floppy and Hard Disk Drives 

ROM-DOS can support disk drives in almost any order or configuration. For example, ROM- 
DOS can accommodate a ROM disk as drive A to boot the system, a hard disk as drive C, and a 
floppy disk as drive D. Disk drive flexibility allows your system to be configured as needed. 

The following paragraphs describe how to split the floppy diskhard disk driver so that floppy 
and hard drives do not need to be contiguous. The floppyhard disk driver can be split into two 
separate drivers: flopx and hardx. You can add these drivers to the list in SYSGENASM to 
allow floppy and hard drives to appear as any drive. For example, assume your system needs the 
following drives: 

A: floppydisk 
B: floppy disk (optional) 
C: ROMdisk 
D: RAMdisk 
E: hard disk (optional) 

With this configuration, the software can always rely on the RAM and ROM disks, without the 
drive letters changing. To use these new disk drivers: 

1. Copy the FLOPHARD.LIB to USER.LIB. Keep in mind that if other drivers have 
already been placed in USER.LIB, you may need to manually add them again to the 
library using TLIB. 
Update $YSGEN.ASM to include -flopx and -hardx in the driver list. Refer to 'Listing 
Built-in Devices' on page 50 for more details. 
Drivers hre initialized in order, so be sure to place them in the order you want drive 
letters assigned. Also change all other references to -fdhx (in the SYSGEN.ASM file) 
to Jlopx or -hardx, as appropriate. 
Update SYSGEN.ASM to comment-out the fdhdx driver it1 the driver list. 
Run the BUILD program to create ROM-DOS. 
Double-check the .MAP file to make sure there'is a -flopx public, a -hardx public, and 
no -fdhdx publics. 

, 

2. 

3. 
4. 

5. 
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Configuring Through CONFIGSYS 

ROM-DOS supports the standard systcm configuration file, CONFIG.SYS. This file contains 
comrnands that reconfigure thc system during boot-up. The GONFIG.SYS commands stipported 
by ROM-DOS include: 

I3 REI&= MENUDEFAULT= 
BUFFERS = MENUITEM= 
COUNTRY = NEWFILE.: 
D I I V I C E =  NUMILOCK= 
DEVlCEHIGHr REM= 
DOS = SET:: 
V:Cl3S= SHELL:: 
F I L E S =  STACKS:. ' 

I N C L U D E =  SUBMENU- 
I NS'L'ALL-; SWITCIIES= 
LAS'VDR I VE = 
MENUCOLOR= > 

The NEWFIIX command is Liniquc to ROM-DOS and allows CONFIGSYS to transfer control to 
another CONFIGSYY file, possibly on some other drive or iri a subdirectory. Use the NEWFILE 
command as follows. 

N E W F I L E s < f i l  espec+> 

You can use this corninand to pass control to a new drive installed via CONFIGSYS as shown in 
the following example. 

DEVICE-NEWOI SK.SYS 

NEWFILE=E : \ C O N F I G .  SYS 
ElEM N E W D I S K  instolled as dr ive  E: 

The REM comrriand it; irsecl to place remarks in CONFIG.SYS and may also be wed lo 
comnie nt-out corn marid:;. 

When ROM-DOS is configurcd with the BIJILD program, you can select from the following 
thrze lcvcls of CONFIG.SYS processing. 

DQS Level Cornmands Included 

3.3 I 
___I---..-.-- 

Conirnands inclucle: BKEAK, BUFFERS, COUNTRY, DEVICE, FCBS, FILES, 
IASTDRIVE, NEWFILE, REM and SHELL. 

5 .o 

6.0 

Incliides all conmands available with DOS 3 3 I ,  plds DOS, INSTALL, and 
STACKS. 

Includes all commands from both the DOS 3.31 and 5.0 levels with the addition 
of DEVICEI31GH, INCLUJX, MENUCOLOR, MENUDEFAULT, MENUITEM, 
YIJ\,fl OC'T<, q f : l ,  XURhlC?XJ, and SWITcTITS, Llic scnl~colo:~ (,), arid t k  
qucstion mark (?). 
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Configuring Through the BIOS 

Another possible method of configuring ROM-DOS is to change the BIOS to handle new 
hardware while leaving the normal device drivers intact. For example, you could modify Int 13h 
of the BIOS so that that the floppy and hard disk drivers operate on some different disk 
hardware, such a PCMCIA memor) cards. 

The advantage of modifying the BIOS, especially if you have your own BIOS that you're familiar 
with, is the time it can save in writing and debugging a new device driver. In manycases, the 
standard drivers will work normally through a modified BIOS. 

The Command Interpreter 

The command interpreter loaded by ROM-DOS may be specified with the SHELL command in 
the SYSGEN.ASM 01 CONFIGSYS fib. The command interpreter is normally the 
COMMAND.COM program. 

For many embedded systems, a command interpreter may not be required. Any program can 
start at boot time and have full use of ROM-DOS, as i s  usually the case with single-application 
systems. 

By specifying a command interpreter other than COMMAND.COM, the ROM or disk space 
(about 28KB) ahd R h M  space (about 3KB) required by COMMAND.COM can be saved. 
However, without COMMAND.COM loaded, the DOS prompt and the processing of batch files 
(including AUTOEXEC.BAT) are not available. Optionally, Datalight provides a mini- 
command interpreter that supports a limited command line and batch processing. 

The command interpreter loaded at boot time must adhere to the following rules. 

SHELL-COMMAND.COM /p /e:512 

It must never terminate. If it does terminate, ROM-DOS prints a message indicating that 
the command interpreter has quit and then halts the system. 
I t  must handle Ctrl+C if it could occur. If Ctrl+C is encountered and i t  is not handled, 
then the shell program is terminated and the system halts. 
It most handle Int 24h (critical error handler) if it can occur. If a critical error is 
encountered that is not handled, the shell program is terminated and the system halts. 

0' * .  
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The UUlLD program is flexihte enough to cover most systems on which ROM-DOS may need to 
be nrn. Howevci, there may be situations where EiUILD does not meet the necds of the particular 
systcin you are designing. If you rieed an option BUILD does not provide, refer to the 
information providcd in this chapter. IWer also to ‘Chapter 4, Building ROM-DOS’ for 
infonnatiori regat ding the build options provided by the BUILD program. 

There are four steps, described in the foIIowing sections, to tnaniially create a ROM-DOS kernet: 

o Assemble SYS(iEN.ASM 
Link JCOIVRI[-L)OS 

Conipress ROM-DOS Data 

u 1,acate ROM-DOS 

Assembling SYSGEN 

The first step in manually building ROM-DOS is to configure and assemble the file 
SYSGENASM. ‘Chapter 8, Making Special Configuration Changes’ provides a detailed 
description of the options available in SYSGENASM. 

The proper assembly-time defines need to be determined prior to assembling the file. You may 
find it helpful to run the BUILD program and answer the prompts to suit your intended 
installation. 

lll(mlll-~.._l-l_ 
Note: lJse the /k’ option with BUILD to pause the display after each compilation step and rccord 
the options, or rcfer to the file BLIILD.BAT creatcd during the BUILD session. -----.----..-. 

SYSGEN.ASM can be assembled with Borland’s TASM. 
C:\z?’ASM /DRCFIECR-l /DBiZXT=l /VBOOTORV=O /VBOOTMENU=l /DRAMBOOT=070h 

/MX sysgen. asm 

The precccling example configurcs SYSGENASM and asstimes ROM-DOS has the following 
features: 

Boot diagnostics availrtblc 
BIOS-extension boot (rather than from a disk) 
1)cfauit iliivc i b  the A rlrivc 
l’hc boot mcnu option is availablc 
ROM-DOS is copied to RAM addrcss 70:O at nmtimc. 

v 
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Linking ROM-DOS 

The second step to create ROM-DOS is to link the ROM-DOS kernel files together. As in the 
llrst step, the output from the BUILD program can be used as a reference. BUILD generatcs a 
linker response file named I1OM-DOS.LNK. You can use this response file or create your own. 
You can also reference the file BUILD.BAT for a complete listing of the linker command line 
syntax. 

'Thc standard l ink line for €<.OM-DOS is: 
C :  \ > T L I N X  DOSASF'i+SYSGEN+DVSUFG6. ROM-DOS, , ROMDOS .LIB+DOSINIT.I,IB/m/c 

It is also necessary to gcnerate a .MAP file at l i nk  time using the /m option to TLINK. The 
.MAP file is cssential for the locating process explained later in this chapter. 

If you have created Some built-in dcvicc drivers and have modified SYSGEN.ASM to include 
those drivers, tnake siirc they havc been placed in the file USER.LIB. Refer to 'Chapter 6, 
Including Device Drivers' i'or more details, 

The linker comtnand is ('I'LINIC. requircs a @ symbol befbre a linker response tile to process it): 
C:  \>TL'rNX @ROM-[lOS, LMK 

Compressing RO 

The third slcp in  building ROM-UOS, compressing the ROM-DOS data, is optional but highly 
recommended. Running the COMPRESS.EXE program, located in the root ROMDOS directory, 
creates a smaller ROM imnge. 

C :  \>COMPRESG ROM-DOS 

---------. 
Note: COMPRESS i s  a specialized tool for shrinking the size of ROM-DOS data and will not 
work on other programs or data. COMPWSS.EXE docs not compress a ROM disk. For 
compression of applications, see 'Appendix B, Stacker Data Compression' on page 8 1 .  I__-__.-p" 

Locating is the final step in creating a new ROM-DOS kernel. This step converts an executable 
(.EXE) file into a format that can run from within ROM. In addition to the ROM-DOS.EXE file, 
locating ItOM-DOS requites a map (ROR/I-DOS.M/\I') file and a special location (ROM- 
[ ) O S  LOC) file. Also, the executable file must have startup code that can he plsccd IR and run 
from ROM. The startup code is assembled in the file DOSASM.OBJ. 
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Running the Locator LOC.EXE 
The program LOC.EXE translates the ROM-DOS.EXE program into a fully-located DOS that 
can be placed in and run from ROM.' Run LOCEXE with no command line options for a quick 
help screen. Location is performed automatically by the ROM-DOS BUILD program. The 
discussion here is for situations that are outside of the scope of the BUILD program. 

The locator requires an executable (.EXE) file, a map (.MAP) file and a location (.LOC) file to 
produce an output file suitable for a PROM programmer.. The locator can produce Intel hex files 
and binary images. 

Options to the locator may appear on the location command line or may be placed in the 
beginning of a location command file. 

The locator command Iine options that are pertinent to ROM-DOS are described in the following 
table. These options may also be placed in the location file. 

LOC [options1 @loc-file 

Option Description 

ltl Specify the /l~ BIOS extension option during the location process when creating a BIOS extension 
version of a program. This option checksunis the first 2KB bytes of your prograni and adds a fix- 
tip byte into the BIOS extension area so a BIOS will checksum it  to be zero. Tho BIOS calculates 
a checksum of the first 2KB bytes to be zero. 

Specify the /i option when your PROM programmer takes image files as input. If the /i option is 
not used, LOC produces Intel hex output files. 

Specify the /s split option on the locator command line to create two files instead of one. When 
creating ROMs for a 186, or 286 system, the PROMs must be split into even and odd PROMS. 
The files have extensions of .EVN and .ODD. 

Specify the le option to prevent extended addresses horn being placed in your Intel hex files. 

/i 

Is 

le 

Standard Location Files 
There are usually only three ways to locate ROM-DOS. You may locate ROM-DOS 

so that it can boot from a floppy disk, 

to boot from within ROM, but from a standard BIOS via BIOS extension, or 
to start directly from a BIOS that jumps to it. 

* 
The locator requires a special location file that describes the segment location of any program. 
The segments and classes listed in the first portion of the .MAP file provide a framework and 
reference for creating the .LOC instruction file. The following sections describe the location file 
for the three ways to locate ROM-DOS. 

BUILD.EXE generates its own .LOC locator command file named ROM-DOS.LOC. By 
answeiing the prompts displayed by UUILL) as closely as possible to your intended application, 
you create the basis for your .LOC command file. You can also compare the segments and 
classes in the ROM-DOS.MAP file and the .LOC file. Modify the file ROM-DOSLOC to specify 
exact location requirements. 

4 
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Floppy Disk Lacation 

When creating a version of ItOM-DOS that boots from a floppy or hard disk, all ROM-DOS 
kernel code and data is loaded starting at'segmcnt 70 or address 0070:O. The following location 
command file will locate IIOM-DOS.EXE starting at segment 70. 

/ i n€  # Image f i l e  No Fill 
IOlt! - dos,  # Name o f  EXE file, 
rom - clos , # N a m e  of MAP file 
rom-dor, # &)solute PtAP file 
R IO S EX'Y 0 OxF000 + 
CODE @ $ + 
UEVDATA 4 !$ ( 0x70 )  + 
DATA c $ ( $ 1  + 
nss Q ( $ 1  + 
HEAP I ( $ )  I 

4 0 K B  ROM Q OXFOOO -1 

1.OKB RAM 0 Ox70 

f3y means of a text editor, this location file can be created and saved on disk under.the name of 
I<D-FLOI'.LOC. For example, to use the above RD-FLOP.LOC file, enter the following on the 
command line: 

C:\>LVC BKD-FLOI' 
C :  \>COPY ROW-DOS. IMG R V M - D O S .  SYS 
C:\>SYS A :  

ROM Location with BICE Extension 

ROM-DOS can be booted from ROM using a BIOS extension. ,Creating a BIOS extension 
requires a sniall change when assembling the SYSGEN.ASM file and a different location file. 
The location file in the following example locates KOM-DOS at E000:0, a typical address for a 
1310s extension, and silso creates an Intel hex file named ROM-DOS.HEX. 

To make a ROM-DOS BIOS exterision bootable, the variable BEXT must be defined. BEXT is 
defined on the TASM corninand line using the option /dBEXT as shown in the following 
cxitmpie. 

C :  \>TASM /MX /dBEX'C=l SYSGEM. ASM; 

'I'he BIOS extension must be located in the address range of COO0:O to EFFF:O. 
/ e  # Fixup IlIOS Extension 
Torn - do . ~ i ,  # N a m e  of EXE f i l e ,  
rom ~ do s , ti N a m e  of MAP f i l e  
rom-dos, # Al~sol.ute MAP file 
BIOSEX'I' 0 OxEoao + 
CODE B $ -i 

7.?<-1,2. r. .$ I.") .I 

nss (3 ( $ i  .+ 
HEAP 0 i s )  , 

PEVDATA 4 .$ (OX'7O)  + 

4UKB R.OM 5. DXE000 -k 

32KH KP.M 0 0x70 
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After creating a ROM-DOS that boots from BIOS extension, remember to create a checksum 
byte. The whole BIOS extension (which is actually defined to be 2KB) must checksum to zero. 
Some BIOSs do not rely on this checksum, but it is good practice to ensure that this checksum is 
always valid. The A3 option in the LOC file causes LOC to place the checksum in the BIOS 
extension for you. 

ROM Location with BIOS Jump 

ROM-DOS can be booted from ROM using a direct jump from the BIOS or other calling 
program. The TASM option /dBEXT should not be included on the assembly command line (or 
it should be set to 0). The location file displayed below locates ROM-DOS at F000:O. It creates 
32- split image files named ROM-DOS.EVN and ROM-DOS.ODD. 

/I # Binary .(Image) file requested 
/ S  # Create split output files 
rom-dos, # Name of EXE file, 
rom-dos, # Name of MAP file 
ram-dos, # Absolute MAP file 
BIOSEXT 0 OxFOOO + . 
CODE 0 $ +  
DEVDATA 4 $ (0x70) + 
DATA @ s ( $ )  + 
BSS @ ( 5 )  + 
HEAP 4 ($ )  , 
64K ROM @ OxFOOO + 
32K RAM B 0x70 
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Chapter 10, Debugging and Troubleshooting 

ROM-DOS provides standard MS-DOS functionality in the ROM environment. This allows 
most of the actual program development to be performed on a desktop PC running DOS. The 
remainder of the development can be done on the target hardware under ROM-DOS. The 
routines that mbst likely require debugging under ROM-DOS are those device drivers and other 
program segments that access non-standard, non-PC hardware. This chapter provides 
information and solutions regarding problems that may occur during the startup process for 
ROM-DOS on your system. Such problems may also be attributable to your BIOS. 

Print Statements 

The simplest method for debugging your program is running your program with embedded print 
statements at meaningful points. This method of debugging requires a console available on your 
target system. The console may be a serial port or a displaykeyboard combination. 

The program can be uploaded to a target system RAM disk using the COMM or TRANSFER 
programs. The TRANSFER program takes a file from the host PC, across the console, and 
places the file on a RAM disk or other disk device on the target system. Refer to the ROM-DOS 
User’s Guide for more information on the TRANSFER and COMM programs. 

Remote Debugging 
The Borland Turbo Debugger provided in the Datalight STDKcan be used in the remote mode if 
there are COMl or COM2 serial ports available on the system. TD-REMOTE provides an ideal 
interface and flexible debugging. For more information, refer to the Borland online 
documentation. 

Local Debugging 
If your target hardware has a PC-compatible display and keyboard, you can use your normal 
debugger on the target hardware under ROM-DOS. Some debuggers check for and require a 
particular DOS version number. You can use the VER command (refer to the ROM-DOS User’s 
Guide) to change the version number reported by ROM-DOS to that required by your debugger. 

Troubleshooting with Boot Diagnostics 

ROM-DOS has the ability to display special characters at each stage of the boot process. These 
characters provide a method for determining where in the boot process an error occurs. These 
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characters arc referred Lo as boot diagnostics and are included in the ROM-DOS kernel if yo11 
answcr Y to the following prompt displayecl by the BUILD program. 

'DO yoii want. boot Ijiagnostics (Y/N) : Y 

'1'0 perform a rnatiual link of ROM-DOS, assemble the file SYSGEN.ASM with the option 
/DBCHECK=I enablcd. See 'Linking ROM-DOS' on page 58 for details on  rnanually linking 
ROM-DOS. 

The boot diagnostics are displayed (via BIOS Int 1011, function OEh) to indicate completion of 
each step o f t h e  boot process. The bout process steps are listed below. 

Boot Description 
Diagnostic 

B 

0 

I 

2 

3 

4 

5 
6 

7 

8 

1) 

130s prompt 
or applicalion 

start 

13105 e:xtcnsion has gained control. This is only displayed when ROM-DOS is placed in  
ROM. When booted from a disk, this boot diagnostic is not shown. 

lntemupts are enabled, ROM-DOS has control, and the first instructions have been cxecuted. 

!Startup cntle (decompress) has completcd. The startup code copies the DOS data into RAM. 
'The 1305 code is also copicd for a disk boot of ROM-DOS or a ROM boot with the copy to 
KAM feature enabled. '1'0 make room for data decompression, the startup codc relocates the 
ROM-DOS code to the top of memory. The data is decomprcsscd to its full size in lower 
memory. Tttc slack i:; il15o set up and tininitialized data is zeroed. Boot failures at this point 
;ire typically due to insufIicient RAM to accommodate the code and full data size. or an 
incomplete R.OM-DOS image in ROM. 

Minimuni DOS structures allocated. The memory pool is set LIP and the default stnichires are 
at the top of RAM. 'rhc DOS internipts are also set up. 

Interrupts have been initialized. Boot failures at this point may be clue to another proecss 
using an interrupt that KOM-DOS has set up for its own use. An example of this is a 
watchdog tinier that triips Int 2 I h. 

Bnilt-in devices have been initializecl. BIOS interrupt calls are made during the initialization 
(Knt 13h for disk drive support, Int IOh for video). Failures may bc clue to incomplete BIOS 
interrupt support or a Failure to find a disk of any type in the system. 

Root I'SP is now in existence. 

Default drive has been determined. 

The first q s s  of  CONFIG.SYS processing is complete. All CONFIG.SYS statements exccpt 
the INSTALL= are processed (device drivers are loaded). Standard handles such as PRN, 

All internal structures ;itlocateti. TSR programs listed in CONFIG.SYS INSTALL= 
statements arc loaded, Fail& at this point may indicate a faulty TSR program. 

ROM-DOS has been loaded high (if DOS=FIIGH). The DOS buffers have been creatcd and 
copictl to the IHMA area if sufficient space. 

'I'lic stnnclaril handles have been re-opened and thc final prograin Ius been called via I n t  2 I 11. 
This prograin is typically COIZliMAMI~.COR/I or an application program. Failure to reach the 
DOS prompt after boot diagnostic 9 is usunlly caused by not finding the program (not on the 
disk), a corrupted file, a command interpreter from a different operating systenl, or a faulty 
applicxtion program, Failure may also be due to insufficient TiAM to run thc comninnd 

' 
AUX, and COF are opened. , 4m 

. 

. s -  
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Boot Description 
Diagnostic 

interpreter or application program. 

Some Common Problems 
The following paragraphs list some of the more commonly-encountered problems. Refer to the 
Support section on our Datalight website for additonal information, white papers, and links to 
our technical support. 

Problem: During the boot process the following error message appears: 

Solution: The ROM-DOS kernel did not find a disk containing of any sort in the system, Check 
the SYSGEN.ASM file for the block device list. Be sure that there is at least one disk in the list. 

If the system has only a ROM disk, then the ROM disk driver was unable to find it in memory. 
Check the SYSGEN.ASM file for the segment address from which the ROM disk started its ' 

search for. Look at variable -romdisk in file SYSGEN.ASM. 

No D i s k  Devices System Halted 

Problem: During the boot process the foliowing error message appears: 

Solution: The BIOS did not find the ROM-DOS BIOS Extension. This is the message the 
Datalight BIOS provides when ROM-DOS appears unavailable to boot. 

The ROM-DOS BIOS extension must be placed in the addressable memory. If this is not the 
case, the BIOS does not search low enough in memory for the ROM-DOS BIOS extension. 

ROM-WS Not Found, System Halted 

Problem: During the boot process the following error message appears: 

Solution: The <ProgramName>was not found on the default disk or it was not loadable. Check 
the init-prog variable in the file SYSGEN-ASM and check that the file is on the disk. 

BAD or Missing <ProgramNarne> 

. li 
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Chapter 11, Programming ROM-DOS h t o  ROM 

Once all options and devices have been set and ROM-DOS has been linked and located, it is time 
to program ROM-DOS into ROM. There may be up to three files connected with ROM-DOS 
that are programmed into ROM: 

ROM-DOS.HEX - the ROM-DOS kernel 
ROMDISK-HEX - the ROM disk image 
DLBIOS.HEX - the BIOS (optional) 

The three files listed above have the .HEX extension for Intel hex files, but could also be .IMG 
binary image files. The first file, ROM-DOS.HEX, is usually around 54KR unless significant 
device support has been added or removed. The second file, ROMDISK.HEX, allows for booting 
on a completely diskless system and can range from IKB to just under 1MB in size. A practical 
limit is usually 51 2KB for conventional memory installation. 

The optional BIOS is designed to fit in a minimuni of ROM along with ROM-DOS. Although 
the DLBIOS.HEX is optional, ROM-DOS does require a BIOS to run. Since some hardware has 
a pre-installed BIOS, you may not have to program an EPROM with the BIOS. For a pre- 
installed BIOS, it is helpful to know its size and memory location so that you can properly locate 
ROM-DOS. 

A typical BIOS starts searching for a BIOS extension signature starting at address C000:OH and 
then continues the search on every 2KB boundary up to address F000:OH or F800:OH. This 
allows ROM-DOS to be placed in ROM anywhere between C000:OH and F000:OH. Under 
unusual circumstances, ROM-DOS can be placed outside this address range and be initiated via a 
special BIOS extension program. 

As ROM-DOS boots, it searches for Datalight ROM disk signatures in memory (assuming you 
have included a ROM disk driver in your configuration). By defautt, ROM-DOS searches for 
ROM disks within the same search range as the standard BIOS. ROM-DOS searches only on 16- 
byte paragraph boundaries. A 16-byte boundary is represented by an address nnnn:O where nnnn 
indicates a value in the default range of COOOH to FOOOH. However, ROM-DOS is flexible 
enough to allow the search range to be expanded. 

You can specify a new starting point for the search when you run the BUILD program to 
configure ROM-DOS. The ROM disk can be located either above or below ROM-DOS in 
conventional memory or, with the addition of specially modified drivers, in extended or paged 
memory. 
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Chapter 12, Mini-Command Interpreter 

Command. Description 

CD ' Displays or changes the current working 
directory. 

Example 

CD \database\new 
Changes the current working directory to 
DATABASEWEW 

Some ROM-DOS applications run on standard PCs and require full command interpreter 
functionality. Some ROM-DOS applications do not require a command interpreter; such as when 
the application is loaded at boot time and runs until the power is turned off. 

The mini-command interpreter (MINICMD.COM) suits applications that require a limited and 
possibly tailored command interpreter. MINICMD.COM contains only the basic functions of 
COMMAND.COM and is only 4KB as opposed to the 34KB of COMMAND.COM. 
MINICMD.COM supports program launching, limited batch file execution, echo control, and 
environment management. MINICMD.COM can also be used to load applications specified in 
the AUTOEXECBAT file at boot time. 

COPY 

/P (permanent) is the only option to MINICMD.COM. The permanent option causes 
MINICMD.COM to remain loaded at all times and is used by ROM-DOS when initially loading 
MINICMD.COM. The permanent option causes MINICMD.COM to ignore the EXIT command. 
The environment size (E) option is not implemented. The initial environment size can be 
specified when building ROM-DOS using the -envgara variable in the SYSGEN.ASM file. 

Copies one file to another. This is oniy a 
single f i le copy. Wild cxds  iire not 
supported. YOU must provide the full path 
(if not the current directory) and file name 
for both the source and the destination file. 

COPY FILE1 .DAT \BIN\BACKUP, DAT 

Copies onc filc to thc \BIN dircctory with 
the new name ofBACKUp.DAT. 

External Commands 
MINICMD.COM executes applications and batch files in the same manner as 
COMMAMD.COM. MINICMD.COM searches in the local directory for the program or batch 
file and then uses the directories specified in the PATH environment variable. The search 
precedence is .COM file, .EXE file, then .BAT file. 

Internal Commands 
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c 

DEL 

D IR 

ECHO 

Text ] 
[ O N  1 OFF 1 

EXIT 

rF 
PAUSE 

REM 

TYPE 

1' EK 

-. ..-- 
[DRIVE] 

1, 

'3escriptiorr 

Metes a sinj?;lc file. Wild cards are iiot 
,upported. 

lisplays ii list of the files in a specified or 
hc cuircnt directory. 

-I_ 

-̂__I- 

The ECHO command followed by text 
Itsplays the text to thc console. 

rhe ECHO comtnand followed by OFF 
Iisablcs echoing commands and prompts. 
Zornrnands and prompts will not resiinie 
mtil ECITO ON is entrretl 

1 he EC:IIO commaiitl Tollowed by ON 
:nables echoing of coinniands and prompts 
ifier they wric disablecl using an ECHO 
O € F  coinmand. 

Terniinates the mini-coinniand interpreter. 
[f the /I? option was specified to mini- 
command interpreter during spawning. then 
the EXIT cornmalid has no effect 

Transfers coiitrol to ariotlier linc in the batch 
file. 

---.----- 

---.--- 
Allows conditional execution of commands. 

Causes the batch file processitig to stop and 
wait for the user to ~lrcss a key. 

----."--- 

Causes the subsequent command-line 
characters to be ignored; usually used to 
place commcnts in a batch file. a 

Sets, displays, or reniovcs environnietit 
variables. SET without arguments displays 
the current environment variable settings. 

Ikpliiys a text file on the console. 
sIIIIIp--- 

-I- -.---- 
Displays thc version number of 
MNCMD.COM 

Specifies a new current drive with ii single 
l-ll-_--__. 

_pup_- 

~ 

Example 

3EL filel.dat 
Deletes the file nained FILEI .DAT. 

JIR \ROMDOS\DEVSRC 

Displays the contents of the WBVSRC 
dircctory. 

ECHO ON 

Echoes each subsequent coininand, 
causing the prompt and cotntnand to be 
displayed 

ECHO OFF 

Disablcs echoing for each sttbsequent 
command, preventing display of prompt 
and command. 

ECHO T h i s  i s  an ECHO Example 

Displays "This is a ECIIO Example" to 
be displayed regardless of wheher ECHO 
is on or off. 

EXIT 

GOTQ MESSAGE 

Moves the control of execution within the 
batch file to the line labeled :MESSAGE 

Refer to the ROM-DOS User's Guide. 
- 

PAUSE 

REM T h i s  i s  a comment .  

S E T  Path=f : \bj n 
Ini tializes the PATH environment 
variable to F:WN 

TYPE Filel.dat 

Displays the filc FILEI.BA'T on the 
console. 

VER 

A :  
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Command I Description Example 

I I letter followed by a colon. I Sets the current drive to the A drive. I 

Configuring the Mini-Command interpreter 

MINICMD.COM is configurable and commands can be added to or removed from it. After 
modifications, MINICMD.COM must be rebuilt using the Borland C compiler and assembler 
provided in the Datalight SDTK. 

The command-table structure contained in CMDMAIN.C lists the internal commands and the 
associated C-function called when that command is entered on the command line. Removing an 
enby from the comhiand-table structure makes that command unavailable. 

A new internal command can be added by adding the command name, along with the name of 
the C-function into the command-table structure. Each new C-function is phced into a separate 
file so it can be added or removed easily. 

The C-prototype for functions implementing a mini-COMMAND is: 

When an internal command is entered, the function in the command-table is called with the text 
options following the command on the command line. For example: 

The function to implement the DIR command is called with the args option equal to \bin\abc. 

void do-crnd(char *args) i 

C:\>DIR \bin\abc 
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As more and more computers become mobile, batteries become the desired power source. Power 
management is’ a critical issue for battery-powered systems. Power management requires 
cooperation between applications, DOS, the BIOS and the hardware. Intel and Microsoft have 
defined a DOSiBIOS level of cooperation that an application can query. This specification, 
named Advanced Power Management (APM), involves a TSR program (POWER.EXE, hereafter 
referred to as POWER) provided by Datalight which communicates to the BIOS and applications. 

POWER provides a real mode APM 1.1 connection to the APM BIOS and complies with all 
requirements of Appendix D - APM Driver Considerations of the APM 1.2 Specification. ?‘he 
specific functionality of both the application and BIOS interfaces are explained in the paragraphs 
that follow. Copies of the APM 1.2 BIOS interface specification may be obtained by searching for 
“APM 1.2” at the following locations on the World Wide Web: 

. 

http://www.microso€t.com 
http://www.intel.corn 

Operation of POWER.EXE and the Application interface 

As an APM driver, POWER allows application programs to notify it when they are idle and to 
reject requests by other applications, by POWER itself or by an APM BIOS to transition the 
system into a lower power state. POWER also provides a mechanism by which application 
programs can be notified of changes in system power availability. 

POWER interfaces with DOS application programs using a two-phase software interface. This 
interface employs interrupt 2Fh and allows a DOS program to: 

i 

Notify the system that it is idle and initiate a request to reduce the system power level. 
Receive notification of changes in the system power availability. 
Reject requests by other applications, by POWER or by the APM BIOS to reduce the 
system power level. 

While POWER does monitor a number of devices for activity that precludes reducing system 
power availability, it does not provide power management for individual devices. POWER 
always reduces the available power state for the CPU and for all devices which may be controlled 
by the APM BIOS. This feature does not preclude an APM BIOS from reducing the power level 
of individual devices (either automatically or cooperatively), but POWER does not initiate sirch 
power reductions. If  an APM BIOS gencrabs a request tu rcduce it spudiic dwi~c’b  powei level, 
POWER broadcasts the event to any cooperating applications. If no applications reject the device 
specific power down request, POWER calls the BIOS to change the devices power state. 
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Notifying the System that the Application is Idle. 
Applications notify POWER that they are idle by loading the AX register with the value I680h 
and then generating Int 21%. No status is returned by the POWER interrupt handlcr and no 
rcgisters are changed by POWER. 

Note: Int 2Fh is an often-called interrupt that may be used by many programs. POWER cannot 
guarantee that another program in the Itit 2Fh chain will not change any register values. 
_-------yll-p911 

Receiving Notification of System Power Changes 
'To receive notification of APM events, an application must hook Int 2Fh arid proccss calls in 
which the AX register contains thc value 530Bh.. On receipt of such an interrupt, the EX register 
contains an APM event code. POWER acts only on those events listed below. 

Event Event Type Event Code 
~ --sl_-l 1_1_--- 

SY STEM-STANDBY Reyucst 000 1 I1 

SY STEkt-SUSPI~ND Request 0002h 

END-NOIWAL-SUSPENI) Notification 000311 

E N ~ - ~ R ~ r I C A I ~ - S U ! ; P l ~ ~ ~  Notification 0004h 

SA'ITEICY-LOW Notification 000511 

PORXR- STATUS -CHANGE Notification OOOhh 

UPDATE-T [ME Notification 0007h 

CRITICAL-SUSPEND Notification 0008h 

USER,-STANDBY Request 0009h 

lJSER-SUSPEND Request 000Ah 

END_NORh?AL-S1'ANDB Y Notiticalion OOOBh 

POWER responds to each of the above APM events with the actions defined in Appendix D of 
thc APM 1.2 specification. POWER transmits any event code returned by the APM BIOS to any 
APM applicatfons that have hooked the Int 2F chain. Applications and device drivers may 
augment the fiinctionality of POWER by processirtg these additional events and either controiling 
the availability of specific dcvices directly or initiating application-idle signals as appropriate. 

Whenever an application rcccives a notification event or accepts a power change request it should 
pass the evcnt onto the next hantllct in thc lnt 2Fh chain without altering any of the original 
register values. 

; 
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Rejecting Requests to Change the Current Power State 
Applications may reject any of the request event types defined in the table on page 74. To reject 
an APM request event, the application sets the BH register to 80h and immediately returns from 
the Int 2Fh call without altering any other register values. 

It is possible for other APM-aware applications to be running that have early positions in the Int 
2Fh interrupt chain. It is also possible for such applications to have already saved their operating 
state in response to a power-down request before a subsequent APM application rejects the 
request. POWER generates a resume notification event following any rejected power-down 
request to allow any applications, which may have acted on the request, to return to a fiilly- 
operational state. 

The BIOS Interface to POWER 

When POWER detects an APM BIOS that supports version 1.1 or later of the APM BIOS 
Specification, it initiates a version 1 . I  connection to the APM BIOS in real mode. As a client of 
the APM BIOS, POWER acts only on those event codes defined in the tablc on page 74. 
POWER complies with Appendix D - APM Driver Considerations of the APM 1.2 Specification 
and uses the following APM BIOS functions via the software Int 15h interface. 

* 

APM BIOS Function Function Number 
~~ ~~ 

APM-INSTALLATION-CHECK 5300h 
APM-REAL-MODE-CONNECT 5301h 

APM-INTERFACE-DISCONNECT 530431 

APM-SETS0 WERSTATE 5307h 

APM-RESTOE-DEF AULTS 5309h 

APM-GET-P WR-STATUS 530Ah 

APM-GET-PWR-MGMT-EVENT 530Bh 
APM-GET-DRIVERVERSION 530Eh 

All events initiated by POWER are system level power requests, no specific devices are supported 
and consequently, neither is the APM-ENABLED state. POWER monitors the BIOS software 
interface to the disk, serial ports, keyboard, printer ports and display, as ivell as the hardware 
keyboard interrupt, for activity. POWER uses the periodic software Int 1Ch to measure the time 
since the last user activity and to poll the APM BIOS for pending events. If no events occur 
within the least-time-out value specified on the POWER.EXE command line, POWER generates 
a power-down request. 

POWER also generates a power-down request in response to an application-idle request. In 
either case, if no applications reject the power-down request, POWER calls the APM BlOS to set 
the appropriate system power state. 
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- - - ~ ~ ~ - - - - ~ ~  
Note: POWIK only calls the BIOS to reducc the current power availability, never to incrcasc it. 
7 he BIOS is responsible foi increasing the power availability and for notifying POWER (by 
posting an APM eveni) that the powci availability has changed. .-llllllll.ll-lll 

if the systcm power state is initially in the ready o r  f~tll-power statc, POWER attempts to sct thc 
system power state to standby. If the system state is already in the standby state and a time-out 
occurs due to no user activity (or if a subsequent application idle event is received), POWER 
attempts to fiirther reduce the current power state to thc suspcnd state. 

The APM BIOS must mtif:y POWER of any increare in power availability by posting an APM 
event. Whenevcr POWER processcs such events, it automatjcally sets the timer tick count to the 
time kept by the CMOS real-time clock (if one is available). This strategy of directly setting the 
systcni power state is thc only method POWER employs to control power consumption. No 
CPIJ-IDLE or CPLJ- j3USY calls are generated by POWER. 

POWEK transmits any AI'M BIOS evcnt code (supported or not) to any APM applications that 
have chained into Int 2Fh. 110s applications and device drives may extend POWER'S 
functionality by proccssing thcsc additional event codes and either controlling the availability of 
specific dcviccs directly or ycncrating application-idle signals. 

Installation and Usage 

POWER can be loadod either at systcm startup or when the system is ninning. Once loaded, 
POWER remains in memory and active until the system is turned off. POWER can be loaded at 
system startup by placing an INSTALL command in the CONFIG.SYS fife as shown in thc 
following example. 

POWER can also bc installcd by mcans of a statement in the AU'TOEXEC.Bh 1' file. 

Operation of POWIlK ran be configurcd using the following command line options. Thc # sign 
defines the ttiitriber of  seconds that a device may be inactive beforc it is powcred down. 

INSTALL=C:: \BIN\POWEK.EXE 

Set the inactive h e  for COMM ports. 

Sct the ixiactive time for disks. 

Display the basic help screen. 
Scf, the inactive time for the keyboard 
Set the inactive time for printers. 

Sei: the inactivc time for thc display. 

~i-o:-idc Ininiriium p o n ~ i  rccluction (most responsive). 
Provide standard power reduction. 
Provide maximum power recluction (least responsive). 

Provide standard power reduction. 

a 
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/OFF Turn power management off. 

The following example shows power being installed at boot time from CONFIG.SYS. The COM 
ports are not monitored and the disk inactive time is set to 25 seconds. 

INSTALL - POWER /CO /D25 
Note: To prevent a particular device from being monitored by POWER, enter a zero value for 
the inactive time. This feature enables an application to access a device directly without the 
possibility of the device being powered-down as the application was about to use it. 

Systems Without APM 
A system not equipped with an APM BIOS can still take advantage of the ROM-DOS power 
management functionality. The only hardware requirement for implementation of power 
management is a battery-backed real-time clock. 

The most basic of support provided is the placing of the CPU in a static or halt state when the 
system is not in use. This is done by executing a STOP or HLT instruction when requested. 
When the next interrupt occurs, system operation resumes. At this time, the real-time clock is 
read and the BIOS tick count set, so that both of these time bases are in sync. 

Non Standard PlatFormslPen Based Systems 
The Power Management software was written with a standard Palm-Top PC in mind. The power 
management s o h a r e  detects system-idle when no keys are being pressed and there is no other 
activity in the background. 

If a platform is to use a pen-based system without a keyboard, the system appears to not receive 
user input because keys are never pressed. Such configurations require a special idle detection. 

Note: Special input devices generally require more coordination between Datalight and 
individual OEM’s. Please contact Datalight with your specific requirements. 
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Appendix A, Booting with a BIOS Extension 

The actual booting and initialization of the processor is handled by the BIOS. A BIOS will only 
start executing ROM-DOS from ROM if a BIOS extension has set up Int 19h (warm boot) to 
point to ROM-DOS. 

A BIOS performs its own initialization, then searches and executes BIOS extensions, and finally 
executes the warm boot interrupt (Int 19h). ROM-DOS uses the BIOS Extension to install its 
own boot address in the Int 19h vector. 

A BIOS extension is a routine that is placed in ROM and that contains a special header 
recognized by the BIOS. If the BIOS finds a BIOS extension header it calls the code following 
that header. The BIOS searches from COO0:O to F000:O for a BIOS extension header. The 
format of this header is: 

DW OAA55H ; Extension ID 
DB 1 ; Size of BIOS 

; Extension in 512 
i byte blocks 

JMP SHORT start 
DB 0 ; Checksum byte 
start: 
MOV AX,O ; Beginning of Code 

Some BIOSs require the checksum of the whole extension to equal 0. The checksum is computed 
by adding the bytes of the BIOS extension. 

The LOC program can perform the fix-up on the BIOS extension using the /B option to the 
locator. The BUILD program causes LOC to handle this if you are booting from ROM. 
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Appendix B, Stacker Datu Compression 

Datalight has licensed Stacker for the benefit of our customers.. The inclusion of Stacker requires 
a supplement to the standard license agreement and an additional license fee. Please contact your 
Datalight representative for additional information. 

The Stac Electronics Stacker Data Compression utilities allow you to safely double your disk 
capacity. Data compression makes a file use less space by eliminating repetitive bits of 
information. After a disk is compressed, you can adcess the disk as always, but with one 
difference. You wjll have up to twice as much available disk space. 

Datalight provides a subset of the full Stacker 3.0 utilities, the essential programs for 
compressing floppy disks, RAM disks, and ROM disks. If you need a copy of the complete 
Stacker disks and documentation, contact Datalight. 

The Stacker files on your disk are listed below, along with a brief description of their function. A 
complete description of these utilities is included later in this chapter. 

File Name Description 

CREATE.EXE 

SCREATESYS 

SCREXEC.EXE, 
SCREXEC2.EXE 

STACKER.COM 

STACKER.EXE 

~ ~- ~ 

Creates an empty compressed drive from the available free space on a disk. Create 
can be used in an AUTOEXEC.BAT file or directly on the command line. 

The device driver used to compress RAM disks. This device driver i s  loaded along 
with your Ram disk device driver in CONFIG.SYS. 

Used by the CREATE.EXE program. Neither of these two programs should be run 
alone. 

The standard Stacker device driver. When loaded from the CONFIG.SYS file, it sets 
automatic recognition of Stacker drives on your system. After drives are recognized, 
STACIER.COM can be used on the command line to unmount or remount 
compressed drives or obtain system information on available compressed drives. 

The Stacker Anywhere program. This program allows you to access a compressed 
disk even on systems that are not running Stacker data compression. Only a single 
Stacker Anywhere drivo can be installed at one time, 

Compressing a Non-Bootable Floppy Disk 

Compressing a lloppy disk is an easy process. You ciin compress il freshly forniattcd (cmpty) 
floppy disk or one that has information on it. To achieve maximum space availability, it is bcst 
to compress an empty disk since the Stacker utilities only maximize the available fice space, not 
the portions already used for file storage. 
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To compress a floppy disk, insert the disk into the disk drive (drive A: is used in following 
example) and enter the following on the command line. 

CREATE A :  

When the CREATE utility is finishcd, several new files are on the floppy disk. The file 
STACVOL.USK is the compressed portion of this disk. The disk is now divided into two 
portions. What you are looking at is the uncompressed portion. When the compressed disk is 
recognized, you will see only the files that have been placed by you on the compiessed disk. The 
mcornpressed portion will not be accessible until the compressed disk is unmounted. The 
CREAIE program also places a file named READMESTC which contains instructions for 
rnanually installing the cottipressed tlisk. The third new file is the program STACKERXXE. 
This is thc Stacker Anywhere program which allows you to load your compressed disk on a 
system that is not running Stacker already. 

To usc the new conipiessed disk, you must mount it. This can be done two ways. ?'he first is to 
havc thc dcvicc drivci S'I'hC:KER .COM in your CONFIGSYS file. For complete instructions of 
the STAC:KER.COM device driver, rcfer to the complete command descriptions later in this 
chaptei. If you add this statement to CONFIGSYS after compressing your floppy, you will have 
to reboot your system so thc cornpressed drive will bc recognized. If the Stacker dcvicc is already 
iiinning when you created the compressed floppy, the compressed disk is automatically 
recognized. You cannot see the files listed in the previous paragraph since they rcsitle on the 
uncompressetl portion of your disk. To temporarily unmount this disk, the STACKEiR.COM 
program can be used from the cornsnand line. To unmount, type: 

To rcrnount, enter: 
STACKER -A:  

STACKER A :  

The second way to recognize your compressed disk is to use the program STACICER.EXE. If 
you are already using STACKER.COM, you will not need STACKER.EXE. STACKER.EXE 
lets you mount your compressed disk on any system that is not already running compressed 
drives. You can run SThC:KER.EXE directly from the floppy disk or from another location on 
your system. 

STACKER A :  

Note: .COM files take precedence over .EXE files. If you are running STACKER.EXE from a 
directory wheie both STACKER.COM and STACIO;,R.EXE are present, you will have to specify 
the .EXE exten:;ion to rim the prograni. 

To uninount yoiir Stacker Anywhere drive, enter EXIT. To remount, run STACKER.EXE again. 

, _____l_-_l~._I-- I- 
* 
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Compressing a bootable floppy disk requires a few more steps than a non-booting disk. Start 
with a SYS formatted disk that contains the operating system files. Remove the file 
COMMAND.COM from the formatted disk. 

Next, create a CONFIG.SYS file for your disk. The following lines are an example of a 
CONFIG.SYS file. Only the STACKER.COM device statement is required, all other lines are 
optional. , 

DEL A: COMMAND.COM 

BREAK=ON 
FILES=30 
BUFFERS=30 
DEVICE=A:\STACKER.COM A:  

Copy STACKER.COM to drive A:, Note that any other device drivers that will be installed via 
CONFIGSYS need to be copied to the A: drive before the disk is compressed. The DEVICE= 
statement for the device driver should be placed in CONFIG.SYS prior to the STACKER.COM 
device statement. 

Run CREATE.EXE to compress the remaining free spaqe on the disk. 
CREATE A:  

CREATE places the files STACKER.EXE and the STACVOL,DSK file on the disk. If you 
already have Stacker running on your system and have allowed for replaceable drives, the newly 
compressed disk is automatically mounted. If Stacker is not running, mount the drive using 
Stacker Anywhere. (See previous section on Compressing a Non-Bootable Floppy Disk for more 
on using Stacker Anywhere). 

Once the drive is mounted, copy the file COMMAND.COM to the compressed A. drive. An 
AUTOEXEC.BAT file can also be added. If you need to unmount the compressed disk after 
booting and the file STACKER.COM will not be available from another drive on your system, 
copy STACKER.COM to the compressed disk as well. When all of the files are copied, unmount 
the disk using Stacker Anywhere or STACKER.COM (depending on how the disk was mounted). 

You now have a bootable compressed disk. When you boot this disk, the compressed A: drive 
will be mounted and can be used just like a standard disk. 

Compressing a RAM Disk 

A preexisting RAM drive can be compressed by following the instructions in either your 
CONFIGSYS file or your AUTOEXEC.BAT file. If your RAM drive can be installed from 
AUTOEXEC.BAT, the drive can be compressed using the CREATE.EXE utility as described for 
floppy disks. Place the instructions listed below in your AUTOEXEC.BAT file immediately 
following thc dcviw statcrneiit for your RAM drive: 

CREATE drive:  / B  
STACKER drive: 
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TIIC CREATE command creates the Stacker drive and the STACKER command recognizcs the 
drive as a Stacker drive and allows access to it. The STACKER.COM device statement in your 
CONFIG.SYS file should also be changed. The @ symbol should be added to the end of the 
device statement to rescrve a Stacka- drive to mount for the RAM disk. For example: 

DEVICG=STACKER.COM C:\STACKVOL.DSK D: @ 

After restarling your system, the compressed KAM drive will be accessible. 

To create a compressed RAM drive from CONFIGSYS, use the SCREATESYS device driver 
along with your RAM disk device driver. The RAM disk device must be first in the 
CONFIGSYS file, followed by the SCIEEATE device statement. The last statement needed is the 
S TACKEK.COM device which makes the compressed RAM disk accessible. Using Datalight’s 
RAM disk driver VDISKS’S, add these thrcc lines to CONFIG,SYS in the order shown: 

DEVICE=V: \ROMnOS\VDISK.SYS Lt128 /E  
DEVICE=SCREATE. S Y S  11. 
DWICE=STACKKR, COM c : \STACKVOL. DSK D : 

The VDISK.SYS statement creates a 1024KB RAM disk. SCREATESYS compresses the disk 
to make available 2048KB of compressed space. ‘The STACKER.COM device makes the 
compressed RAM disk, drive D: in this example, available for use as a cornpressed disk. After 
system restart, the Stacker RAM disk is available for immediate use. 

Compressing a ROM disk 
For compressing a ROM disk, refer to ‘Chapter 5 ,  Creating a ROM Disk‘ for complete details. 

Stacker Utilities 
l h e  following sections contain descriptions of the provided Stacker utilities, including syntax and 
options, 

CREATEEXE 
C E A T E  creates an empty Stacker drive from the available free space on a disk. CREATE.EXE 
can bcriin from the DOS prompt or froin within your AUTOEXECBAT file. 

Syntax 

Remarks 

CREATE drive: [\~TACVOLXXX] [ /options] 

The drive: argument specifies the drive to compress. If no other optioils arc provided on the 
command linc, the dcfault filcname for the conipreased disk is STACVOL.DSK and all availahle 
free disk space is usrd. 
-rile optiortal S’TACVOLxxL argument sets the file extension for the Stacker drive file The 
default exteimoti is .DSK. ‘The S’TACVOL, file must reside in the root directory of the 
u:i~oinpresseil drive 
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Options 
The /S=sss.s[KIM]option sets the amount of unused disk space to be used for the STACVOL file, 
The optional specifiers K and M indicate a size entered in thousands of bytes (KB) or millions of 
bytes (MB). Using IS=O or not using the /S switch will cause all available space to be dedicated 
to the Stacked drive. The resulting Stacker drive will have twice as much disk space as the 
amount you specify when the compressid disk is mounted. Refer also to the /R option. 
The /R=n.n option specifies the maximum size of the Stacker drive by providing an expected 
compression ratio. The argument n.n indicates the ratio. The values can range from 1.0 to 8.0, If 
you were to use the options /S-20 /R=2.5 the maximum space available on the compressed drive 
would be 50MB, 2.5 times the size of the available uncompressed space of 20MB. The default 
ration is 2: 1 or /R=2.0. Some data, such as dictionaries and .ZIP files, will not compress well. 
For this type of data the recommended selection is /R=I .5. 
The /C=n option sets the cluster size for the disk. The n argument can be set to 4,8,16, or 32; this 
represents 4Kl3, 8KB, 16KB or 32KB clusters. The default is 8KB clusters. I G K B  or 32KB 
clusters are recommended for large disks up to 2GB. 4KB clusters should be used when you will 
be storing a large number of small files which could cause more files on the disk than clusters. 
The /B option runs the CREATE program in batch mode. In batch mode, no prompts are 
displayed to the display. Use this option when running CREATE from within your 
AUTOEXECBAT file. 
The /M option changes the display for monochrome monitors. This switch should also be used for 
Laptops with LCD displays. 

Examples 
To compress a disk in drive A: using the default filename for the STACVOL file, and a 
compression ration of 1 to 1.5, use the following CREATE command: 

CREATE A: /R=l.5 
When compressing a RAM drive from your AUTOEXEC.BAT file, the /E option is used so that 
CREATE.EXE will run in batch mode. This example also changes the extension on the file 
STACVOL 

CREATE D:\STACKVOL.RDI /B 

SCREATESYS 
Purpose 

SCREATE.SYS device driver is used to compress a RAM drive which is installed via 
CONFIG.SYS; The device statement for SCREATESYS must be placed after the device 
statement for the RAM drive. The STACKER.COM device statement will be placed a h  
SCREATE in the CONFIGSYS file. If your RAM drive is installed from your AUTOEXEC.BAT - file, use the CREATE.EXE program for compressing the drive. SCREATE.SYS does not use any 
resident conventional memory, so it does not need to be loaded high. 

Syntax 

Remarks 

DEVICE=[path]SCREATE.SYS drive: [/options] 

The optional path argument specifies the exact drive and directory path to find the file 
SCREATESYS. 
The drive: argument specifics the letter identifier for the installed RAM drive. 
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Bptiaris 
The /N=sss.s[KIM]option sets the amount of mused disk space to he used for the STACVOL file. 
The optional specifiers K and hl indicate a size entered in thousands of bytes (KB) or millions of 
bytes (MB). Using /!<=O or not using the /S switch will cause all available space to be dedicated 
to the Stacked drive. The resulting Stacker drive will have twice as much disk space as the 
ainount you bpccify when the conrpressed disk is mounted. Refer also to the /K option. 
The /R-n.n option specifies the maximum size of the Stacker drive by providing an expected 
compression ratio. The argutnent.n.n indicates the ratio. The values can range froin 1.0 to 8.0. If 
you were to use the options /S=20 /R=2.5 the maximum space available on the compressed drive 
would be SOIviU, 2.5 times the size of the available uncompressed space of 20. The default ration 
is 2: 1 or R=2.0 .  Some data, stich as dictionaries and .ZIP files, will not compress well. For this 
type of data the recornmended selection is IR-1.5. 

The /(:=ti option sets the cluster size for the disk. The n argument can be set to 4,8,16, or 32 
represent 4Kn, M(B, 16KB or 32KB clusters. The default is 8Kl3 clusters. 16KB or 32KB 
cIust(:rs are reconinwided for large disks up to 2GR. 4KB clusters should be used when you will 
be storing a large number of small files which could cause more files on tha disk than clusters. 

Examples 
To install a comprestied RAM disk from CONFIG.SYS you will need to add threc device 
statements to the CONFIGSYS file. 'The devices should he entered in the same order as this 
example, first ihe RAM disk driver, then the SCREATESYS driver, then the STACICf2R.COM 
driver. 

UEVICI.3=C:\I~OMDOS\VDISK.SYS 64 /E 
L)EVICE-C:\S'PACK1:n\SCREATE.SYS D: 
DEVICE=C:Vj'ThCKISR\STACKER.COM D: 

This exaniple sets up a 64KB RAM disk using Datalight's VDISKSYS RAM disk driver. The 
RAM disk will be installed as drive D:. SCKEATESYS will then compress the RAM disk, 
clouhling the available disk space. The final device, STACKER.COM will make available the 
conipressed drive D: at boot time so that it is immediately availablc for use. 

Purpose 
S'TACKER.COM is it dual purpose dcvice driver. It can be loaded from the CONFIGSYS file to 
allow access to compressed drives imniediately at boot time. STACKER.COM cnri also be used 
on the command line to obtain information or to mount and unmount compressed drives. 

Syntax ~ 

STACKER 
o r  

or 
SAC!LER [-] UNVE: 

STACKER drive 1 :=drive:!:\STACVOL.xxx 

STACKER ~~,rlrive:\S?'ACVOL.xxx 

S~EVICE-[drive:path]STACKER.CO~~~options] Idrive:f\STACVOL.xxx]] ... 

or 

O r  
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Remarks 
The first four syntax options are for use on the command line. There are no additional options 
other than those defined in the following paragraphs. The fifth syntax option is used in the 
CONFIG.SYS file. The options listed in the next section apply only to using STACK.ER.COM as 
a device driver. 
If you type STACKER by itself, a report on the status of each system drive at startup time will be 
displayed. The complete STACVOL filename associated with each Stacker drive will also be 
displayed. 
The [-]drive: argument can be used when running STACKER.COM from the command line. 
Specifying only the drive: name argument instructs Stacker to look on the indicated drive: for thz 
STACVOL.DSK file and mount that file as Stacker drive drive:. The optional minus sign tells 
the Stacker device driver to unmount the Stacker drive drive:. Unmounting a compressed drive 
makes the uncompressed portion accessible and can be accessed as a standard disk for procedures 
such as disk formatting. 
The third argument syntax, drivel:=driveZ:\STACYOL.m, will mount the drive2:\STACVOL,xxx 
file as drive drivvl:. In order for this option to work, you must have specified a reserve drive 
letter in your Stacker device statement in CONFIGSYS. To specify a reserve drive letter, place 
an asterisk (*) at the end of the DEVICE= statement for STACKER.COM, 
The syntax option, @drive:\STACYOL.xrx, mounts the specified drive:\STACVOL.xxx file using 
the same drive letter. In other words, the compressed drive will replace the uncompressed drive 
that is referenced by the same drive letter. The uncompressed drive will be inaccessible until the 
Stacker drive using the drive letter is unmounted. The at sign (@) must be placed on the 
DEVICE= statement for STACKER.COM in CONFIGSYS. The at sign allocates a single 
replaceable drive. 
The final syntax option is used only in the CONFIG.SYS file. The optional drivepath designates 
the complete path for locating the file STACKER.COM if it is not in the root directory. The 
drive:flTACVOL.xuc] argument specifies the drive letter of the uncompressed drive. The 
optional STACVOL file name should always be included when the default filename 
STACVOL.DSK has not been used. The STACVOL file must be in the root directory. If the 
STACVOL filename is not included in the argument a new drive letter will not be assigned. The 
same drive letter as the uncompressed portion of the drive will be used. The entire 
drive:nSTACKVCJL,m] argument will be repeated for each Stacker drive on the system. 

Options 
The asterisk (*) option reserves a drive letter. The reserved drive letter will hold the drive letter 
associated with its position in the STACKER.COM Device- statement. 
The /-AUTO option turns off auto-mounting for all replaceable drives. This saves about 2.7 KB 
in the driver. 
The /B option sets hardware information. /B=l indicates that the MC116 coprocessor card is 
installed in the system. IB=nnn sets the base address of the ATA6 coprocessor card (valid values 
are 200,220,240,260,280,2AO, and 2EO). IB=nnnn indicates the address for the XT/8 
coprocessor card (valid values are C400, C800, CCOO, D000, D400, D800, and DCOO). 
The EMS option specifies that Stacker's disk cache (up to 64KB) should be stored in expanded 
memory if it is availahle. Datalight does not provide an expanded memory driver with the ROM- 
DOS utilities.. 
The M = n n  switch sets the cache memory size to nn KB. Any value between 1 and 64 can be 
entered. The driver memory requirements increase by the amount specified up to the maximum 
of 64KB for the cache. The /M switch has no effect if used with the EMS switch. 
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l 'hc iP-n option sets the compression tuning. Values between 0 and 9 can be entered. The value 
0 sets compression tuning off which decreased memory requirements by 4.433. The default is 
€'==I. CVlicn P is set to 0 or 1. Stacker runs as fast as it can but achieves only standard 
compression. When P is set to 9, Stacker achieves the best compression it can, using all of the 
time it needs. 'The best way to find the optimal setting for your system is to experiment, 
The /UM option places the Stacker cache in upper memory, in the first space large enough to hold 
it. You must have Upper Memory Block support available to usc this option. The EMS option 
takes precedciice over the AJM option. If both are used, the cache will be placed in extended 
niemoy. Datalight provides support for Upper Mcmory Block support with RIMEM.SYS 
(inclutled in the ROM-DOS SDK). 

Examples 
To obtain information on each system drive, use the STACKER cornmand without any options: 

To tintnotint a compressed floppy disk on your B: drive so that you can access the uncornpressed 
portion of the disk, type: 

To iristall the STACKER.COM device driver via the CONFIG.SYS file so that it will recognize 
and make available ;t conipressed C:, A:, and D: drive, and with the maximum amount of data 
compression (but slower access time), use the STACKER command as follows: 

STACKER 

STACKER -B: 

DEVXCE=STACKER.COM /P=9  C:\STACVOL.DSK A :  D :  

STACKEREXE 

? 

Purpose 
STACKER.EXB is tlie Stacker Anywhere utility. This utility allows the use of a compressed 
retnovable disk anywhere. It can be used on another computer that has Stacker installed or on 
systcms that do riot use Stacker data compression. 

Syntax 
S'rA'AC'KER[.EXEl[diivc:l 

Remarks 
The optional .EXE extensiorl is only necessary when you mn the STACKER.EXE program from a 
directory where both STACKER.COM and STACKERXXE are present. This is necessary since 
tile .COM file extension takes precedence over the E X E  extension. 
When you have used the CKEATEEXE utility to compress B disk, the STACKER.EXE program 
is placed on the uncompressed portion of tht: disk, The Stacker Anywhere program can be run 
directly from the compresseddisk or from any other drive on the system. I f  you are running 
Stacker Anywhere from the wrnpressed disk, thc drive: argunient is not needed. Stacker 
Anywhere assumes the curreni. drive. 
To unmount it Stacker Anywhere disk, typc EXIT and press enter. To re-mount the disk, nin the 
Stackcr Anywliere program again. 

Exarwples _ .  1 o l l i (>uni  ii w i n p i - ~ ~ . w d  floppy disk i i i  ili-ivc E:, using tltc St:ichcr Anywhcrc utility, ciikr: 

ELSTACKER 
STACKER 
STACKER B: 

to nin STACKERXXE located on tlie B: drive. 
to run STACKEREX from the B: drive. 
to run STACKER.EXE from a location othcr than tlic B: drivc, 

* 
L 
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To unmount the Stacker Anywhere disk mounted as drive B:, enter EXIT. 
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An executable file format, named KXE for relocatable executable, minimizes RAM usage and is 
availnblt: in addition to the standard EXE and COM executable formats. An RXE program is 
placed i n  a ROM disk and then executed in-place directly from the ROM. 

A standard EXE file is a single prograrn block loaded sequentially into RAM prior to execution. 
An NXE program is similar to an EXE program but has two distinct program blocks: the code 
block and the data block. The code block is fixed-up to residc and execute in an absolute area of 
ROM. The data block is relocatable and is loaded into RAM by ROM-DOS beforc program 
execution begins. 

An RXIl file is converted from a DOS EXE file. During conversion, you (or ROMDISK building 
utility) specify the absolute segment address where the RXE fiIc is to rcside and the rclative offset 
of the data block within the EXE. During the conversion of  standard EXE programs to RXE 
programs, the code, writtcn i n  it high level language such as Borland C,  converts wjthoiit 
difficulty. The parts of a prograin writtcn in assembly language may require some modification. 

Thc loading and execution o f  an LZXE follows the standard operations of a program that is 
contained in and executed from ROM. The codc block executes from ROM while the program 
data resides in RAM. If any of the data is initialized, it is copied from ROM to RAM before 
program execution. The RXE scheme presents considerable M M  savings over an EXE file 
format which must be loaded completely into RAM. Some additional ROM space is preservcd 
because thc EXE heacler is eonsidcrably reduced when converted to an RXE. 

About RXE 
The RXE IS a standard EXE file with several cxtensions. An RXE can be executed from the 
ROM-DOS conimand line. If the codc of thc RXE in not found in meniory during the startup 
sequence, an error message is displayed and the program exits to DOS. 

The RXE file has four main parts: the EXE header, the code block, the RXE initialization 
routine, and thc data block. The ItXE code block and the RXE data block comprise the EXE 
prograin text. The RXE initialization routines Hovide some extra initialization and run-time 
support for the IIXE. 1 

The RXE initialization is a small piece of uscr-configiirable code that must be placed into the 
RXE file during cunvcrsion, and that is loaded into RAM by the DOS loader. The RXE 
initialimtion code contains a table of RXE information, a short initialization routine, and the 
XXE interrupt interpreter. This code i s  provided in  source (RXE-1NIT.ASM) for configuration 
t i l  r l  p"t lLl1lcLr C i l V l l O i l t i t C l l i  

The division between thc code block and the data block is specified at conversion-time. This 
divihion c a i  bc spcciiied as a segment name, segment class, or an absolute number. I f a  scgrncnt 
nanie is iisetl, then this number is looked LIP in the .MAP file (created during the program 
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compilation) for the physical location. Datu-Seg is a name used hereafter to refer to the scgmcnt 
name starting dt the dividing line bctween the code block and the data block. 

The code block is converted from thc first part of the EXE program text, the part of the EXE filc 
that remains in ROM and executes in-place. The code block portion of the RXE program does 
not changt: during the exccution of the program (as it is expected to bc placed in ROM). The 
data block is thc second pait of the EXE prograin text and is loaded into RAM by the DOS 
program loader. 

As an cx;tmple of and RXE, the following .MAP file listing is the MAP file of a simple "Hello 
World!" program coiitpiled with Uorland C. 

The code block inclucles only the scgnient called -TEXT. The data block includes the segments 
-DATA, -EMUSEG, -CR'rSEG, - SCWSEG, -BSS, -BSSEND, and -STACK. The dividing 
line or thc Datn-Seg IS the s e p c n t  namcd 

S t a r t  S top  Length Name 
O O O O O H  0 1 3 5 6 H  01357H -TEXT 
0 1 3 6 0 H  01'78111 0042211 DATA 
0 1 7 8 2 H  O l ' l B S H  0000411 CMUSEG 
0 1 7 8 6 H  0 1 ' 7 8 7 H  00002H CRTSEG 
0 1 7 0 8 I I  0 1 ' 7 8 9 H  00002H C'VTSKG 
0178AH 01'78FH 0000611 SC'NSEG 
01790H 0 1 7 D 5 H  0 0 0 4 6 H  €32.5 
017U6H 0 1 7 U 6 H  O O O O O H  flSSGMD 

' O L ~ E O K  O I ~ ~ F H  O O O B O H  STACK 

-DATA 
Class 
CODE 
DATA 
DATA 
DATA 
DATA 
DATA 
R S S  
STACK 
STACK 

The program e n t r y  point is 0 0 0 0 : 0 0 0 0  

- Text 

- Data 

% 

Header 

ly 

--4 

--L 

Header 

Code 
Block 

RXE-INT -- 
Data 

Block 

Remains In 
Place 

Loaded Into 
DOS RAM 

RXE Format File 

Dtrring the conversion from EXE to KXE, each fix-up is modified as follow:;: All code block fix- 
ups are resolved, and then removed from the fix-up list. The code block is placed at a known 
!ixrtl-ntl~iress s i t i m  (lie actual fiu--up vnltie i s  knowti nt conversion t ime. 

D;tta block fix-tips in the code block are emulatcd or flagged as an error. The nin-time address of 
tlic data block is not known until RONI-DOS loacts the data block into memory. Conscquently, 
rcfcrcnccs to thc data block scgments are not known at conversion time. If  an instruction is 

4 
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encountered in the code block that loads a register with data block segment values, the convertcr 
cmulates this load with an Int 18h. The Int 18h loads the correct register with appropriate 
segment value at run-time, and then returns to the program. For example, 

is changed to 
MOV AX, SEG DGROUP 

INT 18H 
DB 0 

If there is a.place in the code block that references a data block segment but does not load a 
register with it, then it cannot be emulated. These references are flagged as an error. The 
following is an example: 

MOV AX, DS-var 

DS-var: OW DGROUP 

Although the previous example is quite simple, the code can be changed, in most cases, to 
support a F S E  compatible method of obtaining the segment value. 

Data block fix-ups in the data block are adjusted and left in the fix-up list. 

An RXE is prepared for cxecution differently than an EXE program. Perform the following steps 
before executing an RXE program. 

Load the RXE INIT code and RXE program data into DOS RAM. 
Start RXE-INIT code running. 
Checksum the RXE code block to verify that it resides in linear memory and is contiguous. If not, 
print error message and exit. 
Set W E  interrupt to point to handler in RXE-INIT. 
Go to program startup in ROM. 

Rules For An M E  File 
Programs can be built with Borland C++ and converted to RXE programs. There are several 
problems and considerations to be aware of in the conversion process using either compiler. A 
data word that contains the segment value of a segment (that is part of the data block) is invalid 
within the code block of an RXE program. A common example of this is a DW Seg DGROUP in 
the code block. For example: 
TEXT Segment . . .  
mov AX, CS:DATA-SEG 

.DATA-SEG DW DGROUP 
- TEXT Ends 

Note: The Borland C compiler uses this in its startup code. A simple changc is required in the 
start up code to make it RXE-compatible. Refer to ‘Build an M E  using Borland C++’ on page 
99 for details on these changes. 
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Another problem in making a program WE-compatible is data or self modifying code in the 
code block. One example ofthis is the use of floating point in your program with the C-compiler 
8057 cmulatoI library code. Another example is library routines that store data in the code 
segment such as the Borland malloc routine in large model. 

An ME-compatible program that uscs floating point (8087) emulation has self-modifying code. 
The 8087 cmiilation iristruciion is an interrupt, whose handler emulates the 8087 instniction. If 
an SO57 is present, some of these handlers change the emulated instruction (the interrupt) to be 
an actual 8057 instniction, and then return to and execute that instruction. Thc utility 
KXECI-IECX is used to determine if'a program has any areas of self-modifying code. 

The RXE-compatible program must be an EXE file with at least one fix-up for the DATA 
segment. 

The KXE-contpatiblc piograrn must riot use overlays. 

All of the program CODE must be addressable in memory at all times. A problem can occiir 
when using a paged EPKOM device to implement the ROM disk. 

The RXE-compatible program musl not assume that the DATA segtnent follows immediatcly 
d t e r  the C:OUE. 'The following two assembly language files assemble and operate correctly from 
an EXE but not from an RXII. 

Filel.ASM 
CODE S e c j m m t  "CODE" 

ext-rn data-item 
mov A X ,  dat,i-i tern 

CODE EIldi3 
END 

File2 .ASM 
DATA Segment "DATA" 

pub1 IC 
da t a-i t ern d w  0 
DATA Ends 

dat  a-i t en1 

END 

Wotc: 'L'hi: external word dam-item is defined in the segment DATA, but is declared external 
from the segment CODE. The linker fixes the item assuming that DATA immediately follows 
CODE. To fix this so it works in an RXE setting, declare the segment DATA in File1 .ASM and 
declare datu-item as ztn external within the DATA segment. 

References within the code block to'scgments i; t#c data block must be immediate loads of the 
scgment values. For exainple, 

l___l-Ip---I-sxI- 

C o d e  ssgrneni- "Code" 
rnov ax, seg data  ; OK 
mov AX, DS-val ; N o t  far- RXE 

ds ~ a l :  dw seg d a t a  ; not: for  RXE - 
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The RXE scheme allows only thirty-two unique data segment values to be referenced from within 
the program’s code block. If your application must reference many different data segments, 
consolidate (make contiguous) segments whenever practical. 

RXE Conversion Steps 
The following steps provide a guide for conversion of an EXE program to an RXE program. 

Develop and test your application for operation as a standard .EXE. 
Build the RXE library files for the specific memory mode and compiler tools in use. 

Determine the codeldata blocks of the RXE. 
Check program for RXE ability using the RXECHECK utility and refer to the previously 
defined ‘Rules For An RXE File’ on page 93 for proper RXE coding practices. 

Configure the FSE initialization (RXE-INITASM) code. This step is only requircd if 
using a paged memory disk or have other unique requirements. 

Run and debug the RXE on a PC. 
Creatc a ROM disk. 
Program a ROM disk from thc ROM disk image and test the program as an RXE. 

Develop and Test Application 

If not already completed, you can use one of the sample applications from the W E E X A M P L E S  
directory to practice developing an RXE program. Select the example that most closely 
resembles the type of application you intend to create. 

Prepare Compiler Startup Code Library Files 

Prepare the Datalight M E  library for placement in ROM and specifically for the compiler and 
memory model you plan to use for your application program. Instructions for preparing the code 
for Borland C are presented in the section titled ‘Build an RXE using Borland C+t’ on page 99. 

Determine Codeldata blocks 

Next, determine how much of the program comprises the code block. The code block starts with 
the first segment of the program and ends at the start of the data block. This should obviously 
include the CODE or TEXT s’egments of the program, but could also include segments that 
contain constant data. The programs provided in the WEEXAMPLES directory, when 
compiled, can be use% for studying this process. 

First, link the program and produce a link MAP. The MAP file is used by the RXE tools and 
also by yourself for viewing the segments that make up the program. With our examples, after 
running thc h.I:KEFILE or batch files, you can vicnJ the .MAP files and the datn segment 
selections used for running RXECHECK. 
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Nest, revicw the bIAF file and look for the last CODE segment. Sec if the next segments are 
FAlZ-DA?'R segments. if they are, then they rnay include cotistant data, and may remain in the 
codc block; that is, in RDM. 

You can test different points in the segment list to determine how much of the program you can 
make into the code block. Begin testing at the ENDCODE class and continue until you 
encoiintcr a lot of changed memory or until you get to the DATA class, For a C-program there 
may not be any segments between these two. To test a segment for the rnern-seg, just run 
RXECHECK and see if there are any changes to the code block. Please note that certain 
compiler versions produce a segment called EMULATOR-TEXT. This segment needs to be part 
of the DATA block rather than code block since it contains references to DGROUP. 

Check Program for F?X&-ability 

The RXECIIECK utility is uscd to checlc a program for self-modifying code data in the code 
block or invalid Data segment rcfcrcnces. This utility executes your program and determine if 
any of these non-RXE codiiig practices is used in your program. RXECHECK is also useful for 
validating your cock block sclection. Example output for RXECHECK is shown below: 

C: > R%I;:CIIF:CK HEGDATA VBASIC 
Datalight RXE Check Utility v6.22 
Copyright (c) 1989-1 998 Datalight, Inc. 
RXE 'rest E'rogram! 

Appears RXE-Test has NOT been converted to an RXE 
R X E - T e s t  c:ompilecl with Borland C using Large Memory Model on Oct 25 1996 
Malloc(2018) = 37EE:0004 

Malloc(2048) = 38F0:0004 . 
The Program 'basic' ciiri NOT be made into an RXE 

1) The code .bl.ock has been modified during 

CS = O X 3 6 4 8  DS = 3 6 5 E  Stack := 36AD:OFFE 

Malloc(2098) = 386F:0004 

execution. See file COUE.DIF f o r  a list of 
code block modifications during execution! 

For most configiiratiotis, modification of this code is unnecessary, however, the M E  
initialization code (ME-1NIT.ASM) inay bc configured to a hardware environment if required. 
An example reason for modifying this code is setting lip to use LIM or other paged memory 
devices to contain the RXE program. As distributed, the filc RXE-INIT.ASM assumes that the 
liXE program is in memory at all times. This code switches it into memory if required. 

Before using the ME--INL'I' code it must be assernbled and linked into RXE--1NIT.EXE. Either 
MASMLINK or TASM/TL,INK combination may be used for this purpose. 

TkSM /nix IU(E_INiT.  AS# 
TLf NK RXE._INIT.  OUJ 

Test and Debug The RXE From RAM 

t k k ~ ~ i g g i t ~ g  'iii I i X L  1iicigiaiii ib d i f f i d t  becaube tlicie ib liiiiiicd ticbugging av,iii,iuIc: OIICI: 'iii 

application is convettcd into an KXE.. It i s  recomnienrled that debugging occur in the EXE 
phme of an application destined to be an RXE. 
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An RXE program runs directly from memory. The memory must eithcr be a ROM disk or a 
RAM disk. This SDK contains an absolute RAM disk (ABSDISK) which is used for testing the 
RXE without the need to program a ROM each time you perform a test. ABSDISK allows 
placement of an RXE program or file in a known absolute address in CPU memory space. This 
tool fulfills the requirement that an RXE's code block reside at its executable (absolute) address, 
while necessarily allowing the debug process to operate in RAM, thereby simplifying RXE 
development. 

The ABSDISK.ASM source file contains two equate-variables that govern the ABSDISK- 
ABS-ON and ABS-SEG. When ABS-ON is set to 1 (equ I), an ABSDISK device driver is 
created such that the first file copied to it is placed at the segment address specified by the 
ABS-SEG equate, with an offset value of zero. The ABSDISK has the ABS-SEG starting at 
1000H. 

The first step in testing an RXE running in RAM is loading the ABSDISKSYS into your system 
using CONFIG.SYS. 
Device = ABSDISK.SYS 64 

Note: The number 64 specifies the ABSDISK size in kilobytes. Increase this value if your 
application requires more code space. 

This ABSDISK loads the first file at memory location based on the address set in the device 
(default is 1000:Oh). Using this information, you can convert your program to an RXE that 
executes at segment 1000h. For example: 

RXE-CVT program data 1000 

Then boot ROM-DOS with the ABSDISKSYS in the CONFIG.SYS file. Copy the converted 
PROGRAM.EXE onto the ABSDISK, and execute the program. Note that RXE-CVT does not 
change the EXE to RXE. 

If you need to test a new version of your application on your ABSDISK, use the RESET.EXE 
utility. This utility allows a file to be copied starting at the first available data sector of a blank 
disk. 

MS-DOS and ROM-DOS copy files onto a disk starting at the next-available-sector. If a file has 
been copied onto the disk and then deleted, then the next-available-sector pointer points to the 
next sector past the end of th? previous file even though it has been deleted. 

Since an RXE program is required to reside contiguously at the memory segment specified to 
RXE-CVT, the RESET utility must be used during a typical debug session where several 
iterations of your program may be copied to the ABSDISK. Without RESET, the only alternative 
would be to reboot ROIM-DOS for each fresh copy of your M E .  

Run thc RESET program with the ARSDTSK drive designation immediately following. 
RESET D: 
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Create A RON1 Disk With An RXE 

The ncxt stop is to create a ROM disk with your RXEJ in it. The ROM disk build program 
ROMDISKEXE perfoims Ihc RXE conversion automatically. An M E  program resides in a 
ROM disk and appears to DOS and the user as a standard EXE program. This section explains 
how to use the ROMDISK utility to build a ROM Disk image that contains RXE programs. 

Note: It is assumed that before attcmpting to build a ROM Disk, thc EXE program has bccn 
successfully tested for M E  using the R,YECIIECK. utility. 

I 

- l - l l _ ~ l  ~ 

The ROMDISK utility propratn is used to build RXE programs on the ROMDlSK image. The 
ICOMDISK utility is rim in the standaid manner, however, there are three additional 
rcquiremcnts for a ROM disk containing an RXE program: 

. The starting address for the ROM disk is required 

The data block st:gment shotild bc listed on the ROMDISK command line. 
The EXE program is rcnamctl to RXE and the MAP file is placed in the directory 
cont;iining the KOM disk root directory. 

The absolute address is specified on the ROMDISK utility command line using the /H (create an 
lntet Hex output file) option or the /I (create image file) option. The nbsolute segment address 
follows both of these command line options. 

The data block segment nainc is placed on the command line with the /D option as -DDATA for 
Borland tools. 

The following example builds a ROM disk that is placed at D000:OOOO in the 80x86 address 
space. The RXE data block in the File TESTEXE begins at the DATA segment. The 
ROMDISK output file is intagelbinary format. 

C>MD TMPDISK 
C>Copy 1’EST.EXE TMPDISK\TEST.KXE 
C>Copy TES’l’.MAP TMPDISK\TEST.MAP 
C>Copy IKJTOEXEC , BAT TMPDISK 
C>Copy (:ONPIG.SYS TMPDISK 
C>ROMI)ISK . I D 0 0 0  DDATA TMPDISK 

The next exampfe builds ;I liOIv1 disk that is placed at A800:OOOO in the address space. The 
output forniat is Intel hcx. 

C>ROMDISK RABOO -DBEGIIATA 

Program A ROM Disk With An NXE 
The last step is to progiam thc KOMDISK ROMs. Refer to the documentation provided with 
your EPRCIM programmer or flash loadcr sofitvarc. Boot ROM-DOS, change the current disk to 
the ROM disk with the K;YE files and execute them. 
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Build an W E  using Borland C++ 
It is strongly recommended that you have a copy of the source for the startup code and the library 
for the language you choose. 

Compiling and Linking 
Compiling with Borland C++ is given for the command line only. Compile and link your 
program for a DOS environment only. Extended memory is not supported for RXE programs. 

It is possible to build using the IDE, but it is not recommended. The need for changed startup 
code and possible extra floating point libraries may require the extra flexibility afforded by the 
command line compiler. Example: 
bcc -1s -ml -M Basic.c ..\libsrc\rxe-b-l.lib 

Startup Code 
The Borland C-tt startup code contains an invalid data segment reference. To speed 
development of your RXE program, this SDK includes pre-modified startup code files for 
Borland CIC++ versions 2.0,3.0,4.0, and 4.5. You can use the pre-modified files directly from 
the RXE directories without the need to copy them to your compiler directories. 

We recommend that you use the pre-modified files whenever possible. If you are using a 
compiler version that is not provided, you may need to make these changes yourself, As 
mentioned, the startup code does contain an invalid data segment reference. The name of that 
reference is DGROUP@@. The DGROUP@@ data item is found in the startup file CRTO.ASM 
which can be found in the directory. 

All references to DGROUP@@ are coded as follows: 

They need to be changed to the following. These changes do not change the execution of the 
program, but make it an error-free RXE conversion. 

BC45\LIB\SOURCE\LIB\CO.ASM 

MOV ES, CS:DGROUP@@ 

PUSH Ax 
MOV AX, DGROUP 
MOV ES, AX 
POP Ax 

Library 
The Borland C t t  library has functions that save data in the code segment. The most common 
function maiioc (and C++ new is included in this as it references it). The LIBSRC directory 
contains ready-to-link library code, including a nialloc function that can be used with RXE code. 

To prepare these files, change to the LIBSRC directory. ModifL the MAKEFILE to recognizc the 
appropriate path and compiler version. Also, make sure the Borland compiler tools in your 
environment path. In the file MAKEFILE, locate the following two lines: 
BCC-VER =5 
BCC-ROOT =C:\bcS 
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Change BCC-VER to the i3ppropriate version number, such as 2 for Rorland C/C++ version 2.0. 
Set the UCC-ROOT variable to the correct path for the root directory of your compiler tools. For 
example, if your Borland 2.0 tools are located on your E: drive, change the path to E:\BC2. 

Next, run MAKEAI ,I,.UAT. RllhKI3ALL.W.T confirms your compiler and version choices and 
calls the I3ORLAND.BAT file to proccss the files. MAKEALL generates the new library files 
RXE-B-S.LIB, KXE-B-M.LIB, K)(E-B-C:.LIB, and RXE-B-L.LIB. The S, M, C, and L in the 
library name rcprescnt the memory model for the code. 

The MAKEFILE instruction file in the EXAMPLES subdirectory demonstrates linking in this 
code with the Barland compilers. lf you encounter any other problems with the Borland 
Libraries, please contact Datalight. 

Finding the code block or <DafiaSeg> 
13orland C+i- creates a minimal number of segments during the compile process. The first data 
scgnierit IS called “DA’J A” and would most often be the best choicc for bcing the DataSeg when 
dcvcloping an I W 3  or wlicn running the RXECMECK program. 

Floating Point 
The Borland’s C+ t. floating point fcature cannot be placed in ROM and so is not RXE- 
compatible. A solution to this problcni is to use the floating point package named GOFAST from 
US Software (www.ussoftware.corii). Systems using an 80x87 cannot use the Microsoft floating 
point startup code. 

The EXAMPLES directory contains a floating point code example. The MAKEFILE instruction 
file demonstrates linking in the GOFAST libraries properly. 

bcc - c  - n i l  f1oatpt.s 
bcc -M -1111 floatpt.ohj rxe-b-_l.lih emjir7.obj usemund.lib 

The Examples 
The EXAMI’LES directory contains three source code examples plus compiling/linking 
instructions. Thc examples are as follows: 

J3ASIC.C A basic piogram 
FL0ATPT.C A modest floating point examble 

CPP.CPP A simple C++ example 

The batch f i les and Borland MAKEFILE assume you have your path and environment set up for ‘ 

the compiler tools to bc used. Neither the batch files or the R;IAKEFILE c;iii do this. The 
floating poiiit example assiimes that you have the IJS Software GOFAST libraries available. 

Bcforc compiling the code, edit the file MAKEFILE to set the version number and comcct path 
foi your I3orlmd conipiler tools. In  the file MAIW,FII,E, locate thc following two lines: 

5 ii-i, i i3 _DL H=C! 
HCC-ROOT -C:\hc$(BCC-VER) 

\,GOFAST 

* 
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If you have the US Software GOFAST libraries available, set the correct path for their location on 
your drive. The floating point example will fail to complete if the GOFAST libraries are not 
present, Set the BCC-ROOT path and directory to match the location on your drive, for example 
E:\BC2. 

The default memory model is I (large). If you plan to use a different memory model, also edit the 
SHOWALL.BAT batch file. Locate the correct section for your compiler and compiler version. 
Set the variable MEM-MODEL equal to s, m, c, or 1 for small, medium, compact, or large 
memory model respectfully. 

After making these changes, run SHOWALL.BAT and answer the prompts for compiler type and 
version, The batch file makes the appropriate calls to the Borland MAKEFILE and other batch 
files to compile and link the code and run i t  through. the RXECHECK process to confirm the 
RXE-compatible code. 

RXECHECK-EXE Utility 
The two most common problems. in converting an EXE program to an RXE are the code blocks 
containing data or self modifying code, and an invalid data segment reference. Both conditions 
can be detected using the RXECHECK utility. 

The RXECHECK utility loads the EXE program and calculates a checksum both before and after 
code execution. If the two checksums differ, then code was modified during execution. 
RXECHECK also searches the code block for invalid data segment references. 

RXECHECK produces one or more data files to help with the RXE process if the check indicates 
problems. The file CODE.DIF provides a list of code block modifications found during execution 
of your program. The file FIX-UP.BAD lists invalid code block fix-ups. 

RXECHECK executes your program to determine if it can be made into an RXE or not. if your 
program contains hardware specific code, you may be unable to execute RXECHECK on your 
development system. On some hardware platforms, you might be able to execute RXECHECK 
on the actual target platform. If this is not possible, other debugging methods must be 
considered. 

Command Line 

Data-seg is the name of a segment or class from the MAP file. Data-seg is the relative offset 
from the start of the EXE program text that marks division between the code block and the data 
block. Prog is the name ,of the EXE program. Prog-wgs are any arguments required by the 
EXE program. 

RXECHECK Data-Seg Prog Prog-args 

Example Usage 
C>rxocheck DATA BASIC.EXE 

. Datalight RXE Check Utility Version v6.22 
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Copyright ( c )  1 9 8 9 -  2 9 9 8  Datalight, Inc. 

KXE T e s t  I?rogram! 
CS = Ox34CD DS = 3607 S t a r k  = 3607:FFF4 

Appears RXE-Test has NOT been converted t o  an RXE 
RXE-Test compiled With Borland C using Small Memory Model on Oct 2 5  1 9 9 7  

FlalLoc I 2 0 4 8 )  = 0 8 5 C  
Malloc (2040) = 1060 
Malloc(2048) = 1864 

The Program ‘BASIC.EXE’ can he made inta an RXE 

WXE-CVT.EXE Conversion Utility 
‘The RXE CVT utility converts an EXE format file to an RXE format file. The EXE file name 
docs not change, only the format of the exccutable program. If execution of an WE-converted 
program is attempted under MS-DOS, an emor message is displayed and the operation cancelled. 

Command Line 

Uuta-seg may be a named segment, a segmcnt class, or a hexadecimal number. Data-seg is the 
relative orfset from the start of the EXE program text that marks the division between the code 
block and the data block. If  Data-seg i s  a hexadecimal value, then it is assumed to be a count of 
paragraphs (1 6-byte increments). 13ecausc the Data-seg argument can either be a name or a 
hexadecimal value, a leading zero must be uscd when a hex value begins with an alpha (A-F) 
character. 

Mem-seg is a hexadccimal value that specifies the absolute physical segment number where the 
RXE filc IS located in physical memory. This value is usually the segment where the tile starts 
on the ROM disk. For example, if a value of 1234 is specified, the RXE file starts in the absolute 
memory location 1234:Oh. 

Mem-seg is provided automatically by the ROMDKSK utility when placing a RXE in a ROM 
disk. Mm-scg is fixed at lOOOh when using the ABSDISK.SYS dcvice driver. 

KXE-I:VT t ~ f o p t i o n ~ j ’ ~  E X E - f i l  e Data-seg Mem-Seg 

Options 

‘The following tabla litit the options to RXE”CVT (options are case-insensitive). 

Option Description 

IC 
--------- 

Uetect all occurrences of an enor. This option is usually used to find all the places where a 
DW DCiROUP is in the code block ofa  piograrn. 

Specifies the RXE ititcrrupt. This interrupt is used in the interpretation of data block 
scgmrit t  loads i n  the code block 

K X E C V T  executes withotit messages. The ROMDISK utility uses this option. 
Providcs a .RXE cxtctisioti for the output filename The default output fileiiaine IS 

/ifiicvarrie.CXI:, The /R option preserves the origtnalJilenitnie.EXE filc. 

/14nt#> 

/(I 
IF: 
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Example 
In the following example, the RXE-CVT utility creates a file named PROG-EXE. The code 
block begins at the start of the PROG file and continue until the data segment, The data block 
starts at the beginning of the data segment and continues until the last segment of the input file 
PROG.EXE. The resulting RXE is fixed up for execution at segment 1234h. The absolute start 
address is 1234:OOOO. 

C>RXE-CVT PROG.EXE data 1234  

The next example creates the file named TEST.RXE. The data block is assumed to begin at 
400h bytes from the start of the EXE program text image. The code is located in memory 
starting at C000:OOOOh. 

CzRXE-CVT -R TEST 0400  COOD 

The last example creates TEST.EXE located for execution from the ABSDISIC device driver. 
The Mem-seg value lOOOh is the segment address of the start of a loaded ABSDISK device 
driver. When TEST.EXE is copied to ABSDISK, its image resides at 1000:0000h. 

C>RXE-CVT TEST 0400 1000  

Some Common EXE-to-RXE Problems 
Common problems occurring when converting an EXE to RXE include: 

s 

Storing data in the code block. 
Referencing a data block segment in a manner other than loading it's value into an 8086 
general purpose register. A data segment reference is made by performing a far call to a 
data segment. Another method for referencing a data segment is having a DW seg 
DGROUP fype reference in the code block. 

Data Stored in the Cod0 Block 

The problem of storing data in the code block must be corrected by different program methods. 
This problem should not occur in high level language code, only in assembly code. The data can 
be saved on the stack or in the data segment. 

Data Block Reference with a Far Call 

Correcting thc far call to a segment in the data block must be rewritten as follows. These 
instructions may be put into an assembly language macro. 

Is changed to: 
Pusn cs 
PUSH Offset L 1  i Push Return Addr 

CALLF DGR0UP:data-func 

:,y)'b? f i x ,  DGROUP 
PUSH AX 
PUSH Offset DGR0UP:data-func ; Push calling Addr 
RETF ; Fake the f a r  call 

L1: 
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Assembly code with thc 1)W DGROUP in the code block must be removed. 1Fthe intent of the 
code is to load the valiie of I.)GROUP, then it can be modified as follows: 

MOV AX, IIGROUI’ 

Error Messages 

Fatal Error: RXE code not in memory! 

This is a run-time error message indicating that the RXE initialization code determined that the 
program code was no1 in the specified memory location during conversion from an EXE to an 
IUE.  

Note: The following error niessages may bc produced by either RXE-CVT or RXECHECK. 
lkch  of these error messages are fatal, meaning the conversion (RXE-CVT) or checking process 
(RXECHIXK) has bcen terminated without, in the case of RXE-CVT, generation of a valid RXE 
file. Also, 80x86 machine irtstruction MOV SP, Seg ... i s  not supported in an RXE. The RXE 
converter tloas not support loading SP with a segment value, All other registers (AX, DX, CX, 
I>x, SI, Dl, and BP) are supported. Code using SP for segment loading must he rewritten. -----“--.-- 

Cannot execute ‘FiMVctnne’ 

&YECHECK attempted to execute a program. The EXE file was not found or it has already been 
convertcd to an RXE progrim. 

Cannot find thc RXE loader (1ixE-XNrr.EXE) 

‘The RXE--CVT program could not find and load the file RXE-1NIT.EXE. This file is a startup 
file for the RXEC program. Assemble and link the file RXE-INIT.ASM. 

Catinot open “FilcNattte’ 

The file named FileNantr could not be opened. Check the name and determine why it is bad. 

Could not find segment ‘SegNnnw’ in the file ‘FiieName’ 

The data block identifier spccified by SegAJame was not found in a segment in the MAP file 
named FileNume. Check the MAP file to cletemiiie the correct identifier of the program’s,data 
block. 

data block segment is iiut 011 a segmcnt boundary it must be 

Tlic serrnerit of the specified tlntii block. was not on :i paragraph boundary Standard compilers 
always start IlGRO1JP on a paragiaph boundary. 

This may indicate a bad choice for the data block segment. 

, 
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D a t a S e g  value <value> is too large; greater than EXE size 

This error indicates that the value entered for the Duru-Seg value in RXE-CVT was too large. 
The value is larger than the size of the EXE file. 

This error most often means that the Dafa-Se~ parameter and the Mem-Seg parameter were 
mixed up. 

EXE and MAP f i l e s  were not created by the 8We LINK run 

The EXE and the MAP files must have the same date and time stamp. If a MAP file is out of 
date with the EXE file, unexpected errors can occur. 

File ‘FileName’ is already an RXE format file 

This message is issued when an attempt is made to convert a file that is already in RXE form, 

File ‘FileName’ not an EXE file 

The file FileNume is not a valid EXE file. 

Invalid parameter ‘<parameter>‘ 

The parameter is not used by the program. This is a fatal error. Change the parameter and re- 
run the program. 

MAP File has already been converted to RXE format 

The MAP file has been changed by the last RXE conversion process. The program must be linked 
and a new MAP.file must be produced. 

Non-convertible EXE file: 
Appears to be ”DW DGROUP” in code block at ????:???? 

This error occurs when a Duta-Seg variable has been detected in the EXE’s code block. 
Conversion from an EXE to an RXE can only be performed on EXE files that load a data black 
segment value directly into a register. The loading method is determined by the byte 
immediately before the data block fix-up to verify that it is an 8086 load-immediate instruction, 

Legal example: 

Illegal example: 
mov Ax, DGROUP 

- Text Segment Byte Public ‘code’ 
MOV AX, CS:DGROUPI 

DGROUPO dw DGROUP 
- Text Ends 

Non-convertible EXE file:EXE does not have any fixups 

An EXE file must have at least one fix-up specifying the start of the data block in order to build 
an RXE from it. This EXE does not have any fix-ups. 
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Non-convertible EXE file; too many data segments 

The EXE file has more than 32 different references to the data block. 

Not enough meriinry 

The RXE converter ran out of mcnioiy. Rcmove kAM disks or TSR programs to increase the 
available memory. 

ReadiWrite Failure 

An error ocmitrcd during the reading or writing of files. 

]WE Specified interrupt value invalid 

The interrupt specified was not in the range of 0 through OxFF. These are the only legal values. 
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Double-booting a System Using Hidden Files 

Most disk-based computer systems boot up with their primary operating system, such as 
Windows 95, Windows 98, Windows NT, LINUX, and others for access to the available disk " 

drives and to establish the system environment. In some systems, it may be beneficial to employ 
a special boot-up mode to.a different environment and a secondary operating system. A 
secondary operating system can be used to run special diagnostic programs that need to be kept 
hidden from the end-user. Such diagnostics, accessed by a hot-key combination, may be used by 
service personnel or by the end user under the direction of technical support personnel. 

The need to run the computer under a secondary operating system or under its primary operating 
system, can be met by selectively booting the computer to either of two disk driveddisk partitions 
included in the system. The ability to double-boot the system is provided by a special version of 
Datalight's ROM-DOS that includes Super-boot capability. A double-boot arrangement may also 
be needed when it is necessary to run disk-recovery utilities or applications that are specific to the 
respective primary or secondary operating systems. 

The remainder of this appendix describes the procedure for installing ROM-DOS as the 
secondary operating system on the system hard disk designated as the boot disk drive. 

About the Boot Disk 
Implementation of Super-boot must be accomplished on the hard disk designated as the boot disk 
(that is, the first hard disk in the system). The secondary operating system (ROM-DOS) must be 
installed prior to the primary operating system and the boot disk drive must be new or one that 
can be reformatted without regard for the data which it contains. If partitions already exist on 
the drive, they must be removed prior to implementing the Super-boot partition if there is 
insufficient free non-partitioned space on the drive to accommodate the new partition. For 
example, if you already have an NT partition on your disk, you can still add a Super-boot 
partition if there is non-partitioned space on the first hard-drive (BIOS drive Soh). Prior to 
implementing Super-boot, the hard disk must contain a low-level format as normally required 
before running FDISK, the partitioning utility included with ROM-DOS. 

Implementation Procedure 
The following procedure illustrates how to construct a Super-boot partition and two normal 
ROM-DOS partitions on a hard disk. It assumes that you have installed the ROM-DOS SDK arid 
are able to produce a normal bootable floppy disk. In addition to the development machine on 
which ROM-DOS is installed, you will need a second machine with a hard drive on which you 
can run FDISK and FORMAT. You will also need two floppy disks which you can reformat. 
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This exarrrple creates three partitions. One is a Super-boot partltion, the others are DOS 
partitions Although two DOS partitions is not a requirement for Super-boot, thc two DOS 
partitions are suggested because it better demonstrates the change in drive ordering wheil booting 
using different Super-boot libraries as a starting point. This example only proceeds through the 
steps using one of the Super-boot library options. The process can be repeated with other library 
choices. 

I .  Prepare a normal ROM-DOS bootable floppy disk 
On your developnient system, prepare a normal ROM-DOS hootahle floppy thsk. Copy 
the ROM-DOS FIIISK atid FORMAT utilities onto this floppy disk 

Preparc a Super-boot bootable floppy disk 
if you have an existing copy of USERLIB in the root of your ROM-DOS directory tree, 
rcname it to U S I X B A K  (or othcr convenient name) before continuing wlth this 
procedure. 

2. 

From the \DATALGHT\ROMDOS\SUPRBOOT directory, issue the command: 

Once the copy is complete, cliange back to the root of the ROM-DOS directory and run 
I3111LD, selecting the quick build option (as outlined in the Chapter 4 of the ROM-DOS 
Developer's Guide). Build will produce a special Super-boot version of ROM-DOS that 
can be uscd to produce a bootablc floppy disk. Fonnat the second floppy disk using the 
newly created ROM-DOS.SYS file and thcn copy the ROM-DOS FORMAT utility onto 
this bootible Super-boot floppy disk. 

COPY LASTB. L I B  \LJSER, LIB 

3. Partition the hard drive 
ILeboot the test machine off' of the normal ROM-DOS boot disk. From the DOS 
command prompt, issue the following commands: 

[.'DISK 8 0  / I Y O  /S5 / C  
PDISK 80 / B  /S15 /C 
F D I S K  80 /B / C  

These cornmatids do not work properly if the drive is already fully-partitioned, in which 
case, use the PDISK menu interfkcc to remove all of the partitions on the disk before 
proceeding. This example assuines the hard drive has no existing partitions. These 
commands create a 5MB Super-boot partition, a second 15MB partition, and a third 
partition that fills the remainder of the disk (or stops at the 2Gl3 partition siLe limit of 
DOS) 

Reboot from the normal 1.EOM-UOSjloppy disk and format the bootable DOS 
partition 
Reboot from the normal ROM-DOS boot disk and then issue the following DOS 
commands: 

4. 

FORMAT C: / s  
F O R W T  D: 

I l1ese cl)lllnl:I11I1s plcpd'c the s~:cuIlcl (15MB) p"tltlon ab tl t)ootLblG lloimal uos 
partition using the nomial version of KOM-DOS and make the third partition a normal 
lion-bootablc DOS partitioil. Thc Supcr-boot partition will not be visIbIe to thc normal 
i? OM-DOS veision nor to other operating systems. 
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5. Reboot from the Super-boot floppy disk and format the Super-boot partition 
Reboot the test machine using the Super-boot version of ROM-DOS constructed in step 
2. 

The 5MB Super-boot partition appears as drive E while the 15MB normal DOS partition 
(made bootable in the previous step) is drive C. The third partition is drive D. The 
order in which DOS lists partitions is (with this particular version of the Super-boot 
kernel): 

1. DOS bootable partitions 

2. DOS primary non-bootable partitions 

3 ,  DOS extended partitions 

4. Super-boot partitions 

If a different library from the SUPRBOOT sub-directory is chosen, then the relative 
order of the Super-boot partition may have been different. The implications of selecting 
other SUPRBOOT libraries with which to build ROM-DOS are discussed later. For 
now, prepare the Super-boot partition for use and continue. To complete this step, run 
FORMAT from the Super-boot bootable floppy disk as shown below: 

Reboot and activate the Super-Boot partition 
Remove the Super-boot floppy disk and reboot the test machine. When you see the 
lights on the keyboard flash, immediately press Alt-F2 to activate the Super-boot 
partition code. When you have finished booting to the COMMAND prompt, issue the 
DIR command to verify that you have booted from the 5MB Super-boot partition, and 
also note that the default drive is drive E. View a directory of drives C and D and notice 
that their drive order has not changed and that drive C is still the bootable DOS 
parti tion. 

FORMAT E: / B  

6 .  

While the Super-boot kernel is active, you can issue the VER command with the IR option 
to display the Super-boot options. Display of the Super-boot options are not available 
when booting from the normal ROM-DOS kernel. 

7. Reboot into the normal DOS partition 
Reboot again, but this time allow the normal boot process to continue without activating 
the Super-boot partition using the Alt-F2 hotkey. When the boot sequence is complete, 
view a directory of drives C and D and verify that their order is preserved. Note that the 
Super-boot pattition is no ldnger visible and that the VER /R command no longer lists 
the ROM-DOS Super-boot options. 

Super-boot Partition Order 
As prcviously mentioned, DOS will list the drives according to their partition type. The ordcr in 
which KOM-UOS presents these drives depends on whether booting from a normal DOS kcrnel 
or a Super-boot kernel. A normal ROM-DOS kernel will assign drive letters to partitions in the 
following ordcr: 

1. DOS bootable partitions 
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2 ,  110s primiiry rron-bootable partitions 

3. DOS extended partitions 

ROM-DOS provides several options in selecting the relative order of a Super-boot partition in the 
list above. These options are: 

FIRST-The Super-boot partition will be assigned a drive letter before any of the other 
drive types (typicaiiy drive C).  

M1I)BLE - The Super-boot partition will always appear after the first bootable partition 
(typically drivc I)). 
LAST ~ The Super-boot partition will appear as the last hard drive in the system (as 
illustrated in thc preccding example). 

For each of these drive letter assignnicnts, except First and FirstB, you also have thc option of 
reading C0NFIG.SYS and AUTOE,XEC.BAT (the boot files) from either the Super-boot drive or 
the normal boot drive (typically drive C). Super-boot library files that force the kernel to read 
these files from the Superboot drive arc given a 'B' suffix. Note that the ROM-DOS Super-boot 
kernel is only loaded fyom bhc Super-boot partition when pressing Alt-F2 during the boot process. 
The drive from which the boot film xrc: read, once the Super-boot kernel gcts control, depends on 
which Stiper-boot lrbrdry was includcd in the ROM-DOS build. The First and FirstB libraries arc 
identical and both boot from the first drive letter and read the boot files from the same drive. 

The following table summarlzcs thc aFfects of including the various Super-boot libraries in the 
ROM-DOS build. For simplicity, it is iuslimcd that first available hard disk drive is drive C, 
although ROM-DOS allows for many configuration options that might change the first available 
hard disk drive. 

Summary of Super-boot Libraries 

Super- boot .LIB fi le,  

FIRST c:: C: 
FIKSTB c: c: 
hfIDDLE! n: C: 
MIDDLE13 D: D: 
LAST Last hard disk drive C: 
LASTB Last hard disk drive Last hard disk drive 

Super-boot drive letter Boot files read from drive _ _ l _ " - - m - _ - - - - . . P - - - . . _ - - - Y I - - . - ~  

1J:;ing Win95 or Win98 as Primary Operating System 
One additional step to the process outlined above needs to he taken if Win95198 is to be used as 
thc primaiy paitition operating system. After running FDISIC. on the drive, formatting and 
placing thc systcrn filcs on p and Super-boot partitions as instructed, you can install Win95/9S 
onto thc prinrirry partition. Crcntc :I partitioil largc enough to accoiiiiiiodate the iristallion of thc 
software and provide CD-ROM drivers as necessary for loading the Win95/98 software from a 
CD. 
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When the Win95/98 installation is completed, the Super-boot partition may no longer be 
accessible. To correct this, re-boot from the normal ROM-DOS floppy disk prepared in step 1. 
Rerun FDISK using the menu method (run FDISK without command line arguments). Select 
“V” to view the partitions and verify that the Super-boot partition is still present. Press Esc to 
return to the main FDISK menu, then run the “ M ’  option to re-write the master boot record code. 
Press Esc to return to the main FDISK menu, then chose “Save and Exit”. When the system 
reboots, pressAlt-F2 to activate the Super-boot partition. 

, 
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Introduction 
When instaIling software on a system or configuring a system to accomtnodate its current 
operating environment, i t  may be beneficial to install only certain software. For example, when 
booting (or installing sofhvare) from a CD-ROM, it may be desirable to install only those 
software components, tiuch as device drivers, required for the particular system instead of loading 
the system with unnecessary software. When installing device drivers at boot time, system 
resources ciin bc inaxirnized by installing only those drivers required for the installed hardware 
ani1 omitting those for which no hardware exists. 

How Does Dynamic Systern Configuration Work? 
I n  s i  system where the exact hardware configuration is unknown, following procedure is 
performecl at boot time to determine the nced for and to load only the reqnired device drivers. 
This Ixocedure, which ielies on the Dynamic Driver Loader program and the NEWFILE feature 
of Datalight's ROM-DOS, prograrnmatically determines the need for specific device drivers and 
subsequently loads them from the installing media. 

Run the Dynamic Driver Loader program. This program detects the installed hardware 
and writes a configuration file that reflects the detected hardware. 

Process the configuration file stored on the RAM disk to install the needed device 
drivers from the instalktion media, such as a CD-ROM. 

I .  

2. 

-------_ll.ll.L- 

Note: Because the dyriamic configuration process requites the creation of a configuration data 
file (performs disk I D ) ,  a writcabble disk must be available in the target system. If no such disk is 
present, such as when booting from CD-ROM or read-only memory, a temporary RAM disk must 
be crcated during the configuration process. _- --.-UP- 

Using the Dynamic Driver Loader - An Example 
The example of dynamic system configuration presented in this document describes a method of 
nutoniaticiilly corlfiguring a typical x86-based system. This particular example checks thc system 
for the presence ctf extended memory (XMS) and if found, installs two RAM disks above the 
IMH boundary. This example is used because it can be implemented in any system equipped 

it!) cxtcndcd i m i t i o t  p and so SCIVCS ;I? working cximplc 

Configuration is performed by loading a small program (the Dynamic Driver Loader) during the 
processing of CONFIGSYS. T ~ I S  program examines the system for extended memory and, 
whcn Found, creates a pair of RAM disks for use by installed applications. While the following 
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example loads drivers that address memory as disk drives, the same concept can, be used to load 
drivers for hardware components other than extended memory. 

Examining the Example CONFIGSYS File 
In a ROM-DOS system, boot-up includes the processing of the CONFIGSYS file located in the 
root directory of the default drive, which may be an installation CD-ROM or floppy disk. The 
following statement loads the HIMEM extended memory device driver, needed to use extended 
memory. 

The next statement loads the VDISKSYS RAM-disk driver. The Dynamic Driver example 
requires the use of a RAM disk on which to place the new configuration file. A customized 
Dynamic Driver could place the new file onto an alternate readwrite drive. A 16KB RAM disk 
will be created on conventional memory. 

The next statement in CONF1G.SYS loads the Dynamic Driver Loader program, 
DYNDRVR. SY SI 

DEVICE=HIMEM.SYS 

DEVICE=WISK.SYS 16 

DEVICE=DYNDRVR.SYS 

When loaded, DYNDRVRSYS examines the target system and detects the hardware 
components. DYNDRVRSYS then lists the required device driver for any hardware it detects as 
a DEVICE- statement in the file DYNCFGSYS file. In its default form, DYNDRVRSYS 
detects extended memory and writes the DEVICE=VDISK statements to DYNCFG-SYS. 

The last statement in this CONFIG.SYS file uses the NEWFILE command to access the 
DEVICE= statements specified by the DYNDRVR.SYS program and stored in the 
DYNCFG.SYS file on the disk drive. In this example, the DEVICE= statements in 
DYNCFGSYS establish a pair of RAM disks if extended memory is available in the system. 

For the example DYNDRVR.SYS driver to work, the NEWFILE= statement must be placed in 
the CONFIG.SYS file exactly as shown above. The statement must be uppercase. The reference 
to the A drive is adjusted by DYNDRVRSYS to reflect the correct RAM driver letter. 

NEWFILE=A:\DYNCFG.SYS 
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Accesses extended memory 
/ 

Loads the VDISK.SYS RAM disk driver 

--- Detects installed hardware components 
and names the required device drivers 
in A\DYNCFG.SYS 

--__x__. 

DEVICE=HIMEM. S Y S  
DEVICE=VDTSK.SYS I6 
DEVLCE=DYNDRVFt. SYS 
NEW~ILE~R:\DYNCF’G.SYS. 

DYNCFGSYS 

I DEVICE=A:\VDISK.SYS 334 /E 
DEVICE=A:\VDISK.SYS 666 /E 

Loads two instances of the VDISK ’ 

device driver to create two separate 
W M  disks an the Imrget system 

Dynamic Driver Loader 
The Dynamic Driver Loadcr i s  provided in C source code and can be adjusted to accommodate a 
wide range of IiaIdware. When run (during the processing of CONFIG.SYS) iR its default form, 
DYNDRVR.SYS detecls extended memory and, if present, creates a pair of12AM disks. If 
extended memory is not present in the target system, DYNDRVRSYS reports an error and 
terminates. The basic steps taken by DYNURVR.SYS, as provided, include: 

Examine the target hardware for the existence of extended memory (XMS). 

If XMS is found, determine which drive to write the DYNCFG.SVS file. 

Update the NEWFILE command in CONFIGSYS to point to the DYNCFGSYS file. 

Create the DYNCFGSYS file with the DEVICE= statements needed establish the two 
RAM disks. 

The source code for DYNDRVILSYS is a template that can be altered and added to as needed to 
suit a particular target system. The source code files are located in the ROM-DOS\MEMDISK 
subdirectory. Furictionality can be added to detect any number and type of hardware components 
and then progratntnatically insert the appropriate DEVICE= statement(s) into DYNCFGSYS. 
Whcn DYNDRVKLSYS terminates, processing of CONFIGSYS continues with the NEWFILE 
command, described below. Refer to “Chapter 7, Using a Custom Memory Disk” and the 
Makefile in the MEMDlSK directory for instnictions on compiling the source code. To create 
the driver, using the supplied Makefile, use thc command: 

‘yo manually compile the code: 
i-laki iiynciivr. i’yu 

TASM / z  /mx /zd /I /UROMDISR=~ mcmdisk.asm 
BCC -c -w -0 - - Z  - I  dyndrvr .c 
T L I N K  / s  /m ir /1 nrenldisk+dyndrvr,dyndrvr,sys, ,memutil.lib/m; 
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About the NEWFILE Command 
Another kcy to this automated system configuration is the use of the NEWFILE command. 
NEWFILE allows normal CONFIGSYS processing to take place within a separate file, named in 
the NEWFILE statement. When the NEWFILE cpmmand is processed by ROM-DOS, control 
passes from the current file (containing the NEWFILE statement) to the file named in the 
statement. Any commands in the current file that follow the NEWFILE statement are ignored, 
In the preceding example, NEWFILE causes the file DYNCFGSYS to be processed and load the 
appropriate device drivers for the hardware detected by the driver DYNDRVR:SYS. 

NEWFILE commands can be nested, That is, the original CONFIGSYS file can contain a 
NEWFILE statement which names and executes a second file. The second file can include a 
NEWFILE statement to call a third file, and so on. Each file named in the successive NEWFILE 
statements must have a unique namc, or be located on a different drive or directory, otherwise, an 
infinite loop results as control is repeatedly passed back to the same file. 

If the filename specified in the NEWFILE statement cannot be located, processing continues with 
the original CONFIG.SYS file and the next statement is processed. The next statement can be a 
another NEWFILE= command, allowing flexibility for systems which may not have certain 
drives and files installed at boot time. 

In summary, the first valid NEWFILE statement is processed, transferring control to the specified 
filename. The remaining instructions in the original CONFIGSYS file, including any 
NEWFILE statements, are not processed unless the file named in the first NEWFILE statement is 
not found. 



Ge ne ra 1 I nf‘o r m a t i on 
The following utilities are a smdf collection of programs used by the BUILD utility during the 
building of ROM-DOS. Some of these tools are useful for other development purposes, and so 
have been inc1udr:ct in this SDK. 

DISK2IMCi.EXE takes n disk i1tttl saves all of the contents in a raw binary fomiat. This is used 
to make compressed RUM Disk images. 

Syntax 
DISK2IMG <d:> <filespee 

Remarks 
Refer to the instructions in Chapter 5 on Compressing ROMDisks for more information 

Options 
The 4:s- argiinient specifies the drive letter of the disk to be compresscd. Typically this will be a 
floppy drive, but could bc any drive. 
The 4iler;pccs arguinent is the output file name for the disk image to be stored in. The output 
file name must be provided. No default file name is used. 

Examples 
RZSK2IMG a: flop.img 

DISKZIMG e: c:\temp\compress.bin 
This exarriple creates an image file, called flopimg, from the contents of the a: drive 

This example creates a file, called cornpress.bin, located in the c:\temp directory, with an image 
ofthe e: drive. 

DlLl N P. EX E 

DUMP :illows you to show the contents of memory or a file in both hex and ASCII format to the 
display. 
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Syntax 
D W  <ti lename [<offset>] [ <length>] 
or 
DUMP /<address> [<length>] 

Remarks 
The <offset>, <addrese, and <length> arguments represent hexadecimal numbers. 

Options 
The <filename argument is the name of thc file that you want to dump to the screen. 
The <offset> argument is the offset into the file that you want to start viewing data &om. 
The <address> argument is the memory address that you want to view. The address should be a 
two word value, for example: 03F8:0010. 
The <length> argument specifies the length or amount of data to display from the spccified file or 
memory address. If no length is specified for a file, the entire file will be displayed to the screen. 
For memory addresses, 70h bytes will be displayed. 

Examples 
DUMP TEST.EXE 

Dump thc entire file, tcst.exe ta the screen. You can pipe this command through MORE to view 
one page at a time. 

Dump 1 OOh bytes from memory, starting at addres 40:O. 
DUMP / 4 0 : 0  100 

EXE2BIN.COM 

EXEZBIN attempts to convert an executable file into a corn file. 

Syntax 

Remarks 

EXEZBIN cinfiles <outfile> 

The following must be true for the conversion to be successhi: CS-DS-SS (Tiny Model) and 
there cannot be any segment fixups. Segment fixup addresses are contained in the .exe header so 
that variable sin the code will be jet to'contain thhegment address which can only be known 
when DOS loads the file. COM files do not have a mechanism to do fixups. 

. Examples 
EXE2BIN test.exe test .com 

Convert the .exe file test.exe into test.com. 
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I-IEXCAT.COM concatenates rnultiple IHEX files into a single file. 

Syntax 

Remarks 

HEXCA’F [ /N<hexfilenarne>l < f i l e specs  z 

The individual files are concatcnated one aRer another. FIEXCAT docs not allow positional 
offsets or spacing betweeo the files. If more precise placement is needed, the soRware provided 
with most PROM Programmer’s will allow this kind of file location. 

Options 
l’hc M option allows you to specify the output file name for the concatenatcd files. If /N is not 
tised, the dcfault file name will be ROM.HEX. 
The 4ilc!;pccs> argument is thc individual file names to be concatcnated together into one file. 

Examples 
HEXCAT /Sbigf i:le. hex fi leone. hex f i letwo .hex 

HEXCAT testl.hex test2.hex 
Concatcn:ite the files fileone.hex and filetwohex into the single output file, bigfile.hex. 

Concatenate the files tcsll .hex and test2.hex into the default output file name of ROM.1IEX. 

PKOTO creates function prototypes in C: language and Assembly language files. 

Syntax 

Remarks 

PROTO <f j.lenarnez [ f ilfnarness] 

The start of the function must begin wid1 the first character in a new line. A simple space can 
cause the function prototype for this function to be overlooked. Which can be useful under ccrtain 
r:ircumstances. In  order to have proto create a prototypes for the assembly files there must be a 
multi-line comment (see below) with a c-style function description. 

unsigned MulLiplyTwo8yt;es ( unsigned char ucValue1, unsigned char ucValue2) 
r l a n g u a g e  file : 

{ 

j “  
A s s e m b l y  Langua!]e (ASM) f i l e :  
coriiment -. 



120 Appendix F, Supplemental ROM-DOS Utilities 

unsigned MultiplyTwoBytes( unsigned char ucValue1, unsigned char 
ucvaluez) ( )  

Public MultiplyTwoBytes 
MultiplyTwoBytes proc 

- 

* . .  
MultiplyTWOByteS endp 

The prototypes are only displayed to the screen so the user can redirect them where they want. 

Proto takes every option on the command-line and assumes that it is a file name. Therefore you 
can specify multiple file names on the command line. Wildcard characters are allowed in the file 
names. 

Examples 
PROTO he1lo.c hello,asrn >hello.h 

Create a prototype listing in the output file hel1o.h from the files hel1o.c and hello.asm. 

Create a prototype listing in the output file test.h from all of the files matching the name mask of 
test*.c in the current directory. 

PROTO test*.c >teSt.h 



Datalight offcrs the following utilities, licensed from other companies for the benefit of its 
customers. These utilities are not included in the SDK, but are availablc upon request on a 
“S~tpplemental ULilitios Disk”. For more infortnation contact your Datalight reprcsentative or see 
our web site. The following overviews provide a basic description of these utilities. 

Data I i g h t Cac: h e 
An efficient method of enhancing system performancc through disk drive access is to use a disk- 
caching program. Disk caching takes advantage o f  the fact that, during the course o f  normal 
operation, most users access thr: same program code and data repeatedly within a short period of 
timc. The tnechanics o f a  disk caching program involves the allocation of some system niemory 
for temporary disk data storage. When the running application accesses data from the disk 
driver, the disk caching program saves the data to the temporary storage area in memory in the 
event it will bc accessed again. If the application attempts to read the data again, the disk- 
caching program interccpts the disk access and provides the data stored in the temporary storage 
area estabhshed in system mcmory. Because the data is provided immediately by the disk- 
caching program instead of the operating system reading it from the disk drive, system speed is 
effectively irnprovd 

Datalight Cache provides a boost in overall system performance. Tests show marked 
impiovernent in disk read operations when using Datalight Cache, the results of which are listed 
bclow. Ttx following table cornpares the times required to read several files of differing sizes 
from a hard disk diive, and with buffers of varying sizes. While disk write operations undergo 
little or ti0 iniprovernenl, read operations benefit significantly from the use of Datalight Cache. 

-.---- 

-I-- 

I h c d  ail i t i t L r i i d  Ildt‘iltpht tcst?, iiitlividual rcsults may vaty 
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386MAX with ROM-DOS 

. While Datalight’s EMM386 meets the needs of most OEM’s products, there are customers that 
require a full-featured memory-management utility to support applications that use upper 
memory. 386MAX, licensed from Qualitas, Inc., meets the needs of those products that require 
more complete memory management support. 

386MAX automatically configures the target system so that best use is made of available 
memory. In addition, 386MAX determines whether the monochrome display adapter (MDA) 
region of memory isavailable for use by other programs. 

386MAX includes the following features, some of which are not included, or included to. a lesser 
degree, in Datalight’s EMM386: 

No HtMEM.SYS - 386MAX does not require that HIMEMSYS be loaded to access memory 
above the 1MB boundary. 

Increased XMS Handles - 386MAX provides up to 65,535 XMS handles as compared to 
128 with EMM386. 

Supports XMS v3.x - 386MAX supports XMS v3.x. Datalight HIMEMSYS supports XMS 
v2.x, which has a 32MB limit on memory allocation. 

Small Memory Model - 386MAX uses significantly less conventional memory than 
Datalight EMM386. 

Larger UMBs - 386MAX provides 84KB of upper memory blocks (UMBs) as compared to 
28KB for Datalight EMM386, depending on the target system configuration. 

Increased AMRs - 386MAX handles up to 255 alternate mapping register (AMR) sets as 
compared to seven for Datalight EMM386. (AMRs, traditionally implemented in hardware, are 
emulated in software by the memory manager.) 

Increased Memory Pages - 386MAX can handle up to 60 mapable pages of memory 
depending on the hardware configuration. Datalight EMM386 handles four mapable pages and 
does not support the Reallocate function. 



BIOS 

Basic Input Output System -- software that interfaces directly with the hardware, 

BlOS Extension 

A short program= that the BIOS recognizes and executes as the BIOS initializes the system. 

Boot 

Booting is restarting and reloading DOS. A PC can be booted by timing i t  off and ihen turning 
it on or by pressing the Ctrl, Alt, and Del keys simultaneously. 

Bootabte disk 

A system disk that contains the files necessary to start and run the computer. 

Built-in Device 

Built-in Device is ai input/output device which is part of the BOS kernel. 

PAT 

File Allocation Tabble -- a data table which allows DOS to keep track of file location on the disk 
so that they can be acccssed by programs running on DOS. 

DUS 

Disk Operating System -- an operaling system that rdks on disks for file storage. 

DO§ kernel 

The DOS kernel is the part of DOS that handles a standard DOS call (Int 2lh). I t  handles 
opening, readindwriting of files, loads programs, and manages memory. 

*’ Memnry Disk 

A disk that uses either RBM or RAM for the disk media. The memory disk 1x1s a FAT, 
directories, and filc data. 

Personal Cornptitcr Islernory Card Intcrface Association. PCMCIA is a group that dcfined the 
standasd for a credit-card size card that may act as a memory RAMDISK, ROMDISK, or 
Fl..ASI-II)ISK. Thcse cards are corninonly referred to as PC cards. 



System disk 

See Bootable disk. 
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POST 

Power On Self Test -- a test performed by the BIOS that checks the computer hardware for 
problems before hl ly  initializing the computer. 

RAM Disk 

A disk drive that uses RAM for the media in place of the usual rotating disk drive. 

ROM-DOS 

Datalight operating system that can be placed in and execute from within a ROM. 

ROM disk 

A disk drive that uses ROM for the media in place of the usual rotating disk drive. 

ROM Scan 

The scanning of the ROM area for BIOS extensions performed by the BIOS at initialization time. 

ROM 
Read Only Memory. This is memory that is not changeable once placed in a computer. 

Shell 

The Shell is the command interpreter, usually COMMAND.COM. The shell takes text 
commands and calls the DOS kernel to implement them. 
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Debugging 
tising boot diagnostics, 63 
Using print statements, 63 

Development system 

Index 

requirements for ROM-DOS, 
2 

Device drivers 
adding to the object library 

ATASYS, 9 
built-in to ROM-DOS, 39, 

40,41 
installable under ROM-DOS, 

39 
loading at boot time, 41 
loading only those required, 

113 
need to update 
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Disk device driver 
configuring for a ROM disk, 

32 
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53 

Disk driver 
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Disk images 
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using a ROM disk, 6, 29 

from a file or riietnory, t 17 
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in, 43 
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DOSIGNON 
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Dynamic drivcr loader 

using for system 

using to boot from hidden 
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Emulating a disk drive 

media, 29 
using ROM as the disk 

Environment variable seltinys 
how to add for the target 

system, 52 
Error messages 

executable files running in 
KOM, 104 

EXE2BIN.COM, 1 18 
Executable files 

Execute-in-place files 
running in ROM, 3 I ,  91 

installed in ROM, 31, 91 
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File conversion 
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H 

Hard disk drive designations 
specify with SYSGEN.ASM, 

creating for placement in 

53 
Hex files 

ROM, 67 
mXCAT.COM, I I9 

I 
installablo device drivers, 39 

loading at boot time, 41 
writing new drivers, 40 

Int2lh:, 5 

K 

Kernel 
description of ROM-DOS, 5 

L 

Library file 
adding device drivers to, 41 
creating for new device 

drivers, 4 1 
Linking ROM-DOS 

Loading device drivers 
without trsing BUILD, 58 

dynamicatly loading only 
those required, 1 I3  

without using BUILD, 53 
Locating ROM-DOS 

M 
Memory disk 

using a ciistnrnized disk 
driver, 43 

Memory management 
tising Dallight EMM3SC; 

software, 122 
using Qualitas 386MAX 

software, 122 
Mini-command interpreter 

how to confjgure, 7 1 
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using with ROM-DOS, 69 

P 
PC cards 

using with ROM-DOS, 8 
Performance enhancements 

implementing with 
386MAXsoftware, 122 

implementing with Datalight 
Cache software, I2 1 

Placing ROM-DOS in ROM 
an example procedure, 14 

Power management 
using POWER-EXE to 

implement, 73 
POWER.EXJ3 

75 
how it interfaces to the BIOS, 

how to load and run, 76 
using to implement power 

management, 73 
Power-save option 

Print statements 
how to add to ROM-DOS, 51 

using to debug ROM-DOS, 
63 

Problems 

PROTO.COM, 1 19 
Prototyping hnctions 

using PROTO.COM to 
accomplish, 119 

gefting help in solving, 2 

Q 
Quick-Build 

description of, 24 

R 
RAM disk 

using a customized disk 
driver, 43 

RAM disk (custom) 

Rcd-oidy trwnory 

into, 67 

client code functions, 44 

programming ROIM-DOS 

ROM device(s) 
loading ROM-DOS into, 67 
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placing ROM-DOS in the 
target system, 7 

ROM disk 
creating a diskless system, 16 
creating with 

ROMDISK-EXE, I3 
overview of creating, 29 
using a customized disk 

using in place of a physical 
driver, 43 

disk, 6,29 
ROM disk (custom) 

client code fhctions, 44 
ROM disk driver location 

specify with SYSGEN.ASM, 
52 

ROM disks 
compressing with Stacker, 33 
configuring the device driver, 

configuring the image file, 30 
creating a compressed ROM 

disk, 35 
how to create, 29 
including executable 

programs, 9 1 
including executable 

programs on, 3 1 

32 

ROMDISKEXe 
using to create a ROM image, 

7 
ROMDISK.EXE 
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ROM-DOS 
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creating a version in ROM, 
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6.1.12 Commented Sornrce Cock for ROM-DOS 

The coiiiinented source code can lx purcliascd from Datalight and requires a non- 
disclostire agreement to obtain. 



6.1.13 Third-Party -DOS References 

Third-pwty rcfereiices do not directly address ROM-DOS in the manner they address 
Microsoft DOS. Datalight makes the following recommendations in the READ.ME file included 
in the ROM-DOS Software Dcvelopmeiit Kit. 

T h e  following are all helpful texts on the topic of  DOS and 
i t s  internals ( w e  u s e  them at Datalight). The knowledge i n  them 
applies t o  Datalight's ROM-DOS as well as other DOS compatibles. 
They c o m e  h i g h l y  reconmended by Datalight. 

1. Microsoft MS-DOS Programmer's Reference 
Micro:;o€t Press,  1993 
ISBN 1-55615-546-8 

2. 110s Internals 
b y  Geoff Chappell, Addison-Wesley 1994 
I: SBN 0 -2 0 1 - 6 0 8 :3 5 - 9 

3, Undocumented BOS, 2nd Edition 
hy Andrew Schilman, Addison-Wesley, 1993 
1: SBN 0 -2 0 1 - 632 8 7 -X 

4 .  PC I n t e r r u p t s ,  2nd E d i t i o n  
by Ralph Brown, Addison Wesley, 1994 
I: SBN 0-2 0 1-62 4 8 5-0 

The following books were also useful+ 

1. PC Intern 6th Edition 
by Michael 'Tischer and Bruno Jennrich, 
Abacus, 1996 
ISBN 1-55955-304-1 

2. MS-DClrS 6.2 Quick Keference 
by Sally Neuman, QUE, 1993 
ISBN 1-56529-655-9 

3. The Indispensable PC: Hardware Rook, 3Td Edition 
by Hans-Peter Messnier, Addison-Wesley, 1997 
ISBN 0-20 1-40399-4 



$2 Phoenix, Awar -* System BIOS 

'The basic inpub'output software (IUOS) is loaded into every computer by the hardware 
vendor. 'This software handles the hardware specific instructions for the operating system. The 
computational block uses ai1 Award BIOS. However, Phoenix now owns Award so information 
resides 011 the Phoenix Internet site. 



IVarrative Description Q Award ROM BIOS 

The following vendor clsscription was downloaded from the Phoenix Internet site at: 

iitt~~://~~.~hoenix.coni/platform/awardbios.litml. 



Phosnlx Heme 

S i b  Seat& 

Ikon Corporation PtwenkNet \ f i b o u t  Phoenix 1 

System Foundation Software 

The full-featured AwardBlQS delivers the superior performance, 
compatibility, and functionality that your PC motherboard, low-end desktop, 
or embedded systems require. Its many options and extensions let you 
customize your products to a wide range of designs and target markets. 

Broad Support 

The modular, adaptable AwardBlOS supports the broadest possible range 
of third-party peripherals and all popular chipsets plus Intel, AMD, Cyrix, ISM 
and x86 corripatible CPlJs from 386 through Pentiurn Pro and Pentium II. 

With Phoenix customer engineering facilities in North America, Asia, and 
Europe, we're always nearby to support new hardware designs, optimizing 
your time to market. Our BIOS modification utilities help you easily tailor 
BIOS features to suit your designs and your customers. 

Latest Technology Advances 

Phoenix Technologies consistently works with industry leaders and 
standards associations to ensure support of the latest technolQgy standards: 

-2 

41 ACPI/APM. AwardBIOS complies with the Advanced Configuration 

* NetPC:. NetPC 5uppoi-t in AwardBlOS lowers the Total Cost of 

* PC 97. AwardBlOS complies with Microsoft@ PC 97 1310s - Managed PC. Phoenix is implementing software to support the 

and Power Interface (ACPI) specification, revision I .O, and supports 
APM BIOS specifications through I .2. 

Ownership of computer systems. 

requirements. 

Managed IJC initiative. 
$0 (Intelligent 110). Phoenix Technologies is a member of the 120 
SlG and supports 120 architecture in the AwardBIOS. 
Systein Managenient (SM) BIOS. Phoenix Technologies has 
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* 1394 
- - ACPI 
AGP 

- 
- 

‘ PCI 
’ Plua & Play 
I Power Manaqenient 
, USB 

- 

- 

W 

participated actively in development of the SMBIOS specification, 
S U C C ~ S S O ~  to the Desktop Management BIOS specification, and has 
implemented support in the AwardBIOS. 
Plug and Play. AwardBlOS detects and configures PnP devices 

, during POST and, through its PnP extensions, communicates with 
Windows to determine system resources. Support of Microsoft’s AML 
permits compatibility with PnP capability in future Windows operating 
systems (e.g., MS Windows 2000). 
PCI. AwardBlOS supports Intel’s Peripheral Component Interconnect 
(PCI) bus specification ver. 2.1, including PCI-to-PCI and PCI-to-ISA 
bridging. 
USB. AwardBlOS USB module supports both Universal and Open 
HCI standards, maintaining full core compatibility and providing 
Legacy support for US6 HID (human input device) hardware and 
multi-layered USB hubs. 

AwardBIOS.continues to support standard AT-compatible features, including 
Legacy PC AT interrupt service routines and compatibility with device 
service routines, to ensure a clear interface with existing software for your 
designs. 

Preboot Management Solutions 

Preboot Manager” application and Preboot AgentTM BIOS extension let 
centrally located support personnel administer, diagnose and troubleshoot 
remote systems, witfiout even loading an operating system. Preboot Agent 
redirects floppy drive calls (lNTl3h) to the Preboot Manager, permitting 
Manager operators to load applications onto the Agent from the Manager 
floppy drive. 

Embedded &. Internet Devices 

Phoenix Technologies can work with you to design your individual solution. 
The flexible AwardBlOS adapts to support a wide variety of commercial and 
industrial applications, from uninterruptible process monitoring to consumer 
products. 

AwardBlOS Features 

Easy Customization 

Worldwide Customer Engineering 
Elimination of unnecessary modules 
Support of third-party peripheral ROMs 

Industry-Standards Compliant 

ACPI, PCI, SMBIOS (DMI), USB, ElSA 
BIOS Boot Specification 
Plug and Play 
PC Card 
Legacy PC AT ISRs & DSRs  

CPU support 

Intel, AMD, Cyrix, ISM, TI, IDT, etc. 
Low-power SMM & SMI 

Chipset Support 

, ACC, ALI, AMD, Intel, IT€, NSC, OPTi, SiS, UMC, VIA, etc. 
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Bus Support 

e F'CI, ISA, EISA, VI..-BUS 
PCI-to-PC1 & PCI-to-ISA bridging 

Power Management 

6 ACPl 1.0, APM 1.2 

Plug arid Play Ready 

0 Fiesource allocation for PCI 81 PnP/Legacy ISA 

Operating System Ready 

a UOSlMS Windows 3.x 
MS Windows NT 

* MS Windows 95/98 
* OS/2 Warp 
* NetWare 
6 $60 UNIX 
* FITOS 

HBDIFDD/CD-ROM ATAPl 
I 

Selectable boot drive options, including CD-ROM, LS-120, SCSI, 
lomega Zip, and network cards 

"Fast" DMA transfer/Ultra DMA 

QI High-performance LEA transfers 
Hard drives over 8.4 GB 

e Auto-IDE detection 

PI0 Visdes 0-4 

Extensive POST 

6 Test and irritialize all system components 
Quick POST option 

Option ROM Support 

* %SI 
* \/ideo 

* Ethernet 

Flash Support 

PC Card boot 

* Boot block BIOS fur fault recovery 

Memory Ma nag ern ent 

* RAM s u p p o d  up to 4 GB 
m Auto-memory chipset sizing 
* Auto-sizing for cache mapping 

* Memory parity check 
ai ECCsupport , 

System and video BIOS shadowing 

Options 
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Bus-mastering support 
Fast gate A20 support 
PSI2-style mouse support 

' Combo-llO controller support 
HDD LBA mode support 

, Ticktimersupport 
Watchdog timer support 

; CMOSbackup 
Award Preboot Agent for remote system management and 
troubleshooting 
LM78 support and GUI utility 

Utilities 

MODBIN for OEM changes to binary files 
AWDFLASH flash update ' CBROM binary combiner 

0 NVRAM archivehestore 
PCI configuration manager 

8 ElSA configuration utility 
1 

Security Products 

Boot sector virus protection 
Multi-level password protection 

-r 

! Other Features 

ROM compression 

! 0 2000 Phoenix Technologies Ltd. Ail Rights Reserved. Leaal Notices. 

3/3:00 2:03 Pbl 



IOS Function Information and Calling Protocols 

The following is the Phoenix BIOS 4.0 Release 6 users manual, which is very similar to 
the Award 1310s 4.0 in the Attipro CPU. ‘This manual was downloaded from the Phoenix 
Iiiternet site at: 

http : //www. phoen j x. com/pcuser/userman.pdf. 

Other BIOS information can be foimd on the Phoenix site’s download menu at 

h ttp://www.phoeiiix.com/pcuser/index.html 
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spyrig ht 
PhurinirrSIOS 4.0 User's RiIanual 
6 Jmiuary 2000 

A1 Rights Reserved. 
7000 Phoenix 'I'eohnologies Ltd. 

Disclaimer 
'The programs are provided "as is" without warranty of any kind either expressed 
or iniplied, inclticlirig but riot limited to the iniplied warranties of merchantability 
and fitness for a particular purpose. This publication could contain technical 
inacci~acies or typographical errors. Changes are peiiodjcally made to the 
information herein: these changes will be incorporated in new editions of this 
pblicatlon. Phoenix Technologies Ltd. is without obligation to notify any 
person of such revisions or changes. 

FWpose of Documr!nt 
This g d e  explains how to configure your PC and optimize its perKormance 
using the Setup program. It also explains how to w e  the BIOS Punction calls in 
writing computer programs. 

LI ---- 
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This manual is divided into the following chapters: 

Chapter 1 - The Setup Guide 
This chapter describes a typical menu-driven Phoenix Setup program, which 
allows you to specify changes in  the computer hardware (e.g. add a new diskette 
drive) and optimize system performance. Setup maximizes your control over 
your system's features and performance. 

This Setup Guide is only an example. The Setup menus on your computer may 
be quite different. Consult the Setup manual supplied with your computer. 

Chapter 2 - PhoenixBlOS Utilities 
This chapter describes two new programs that give you more control over the 
boot process: 

Phoenix QuietBoot 
Phoenix MultiBoot 

Chapter 3 - Phoenix Phlash 

Chapter 4 - Programmer's Guide 

This chapter describes how to use the Phoenix Phlash utility for upgrading your 
BIOS without having to replace the BIOS ROM chip. 

This chapter gives programmers and expert PC users a detailed description of 
PhoenixBIOS. It contains the following sections: 

Overview 
Hardware Requirements 
Fixed Disk Tables 
Function Keys 
POST Errors and Beep Codes 
BIOS Services 
BIOS Data Area 
Interrupt Vector Table 

~~ 
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With the PhoenixJSIOS Setup program, yoti can modify BIOS settings and 
control the special Peatiires of your computer. The Setup program uses a titimber 
of menus Cor making changes and turning the special features on or okf. 

Note: 'The menus shown here are from a typical system. 'The actual Inenits 
displayed on your screen niay be quite different and depend on the hardware and 
featuies iristallecl in your computer. For more accurate information about your 
I3JOS Setup program, consitlt your system manual or contact the mantithct~rer 

The Main 
To s t a t  the PltoenkBIOS Setup utility: 
Turn on or reboot your system. PhnenixBIOS displays this message: 

2. 
P r e s s  <F%, t o  enter SETUP 
Pressirig &;2> displays the Main Menu, which looks like this: __ ___-l_-l__l_- 

PhoenixBlOS Setup U t i l i t y  
Main Ac1vanc:ed Secuxi t y  Power __ .l-l " _ l l _ _ _ ~  

System Time 
System Date: 

[16:19:%01 
[ 0 3 / 0 2 / 1 9 9 4 1  

Legacy D i s k e t t e  A: [1.44/1.25 MB 3%"] 
Legacy D i s k e t t e  B [Not I n s t a l l e d ]  

b Primary Master 6 4 4 9  ME 
b Secondary Slave N o n e  

b Secondary Slave None 
) Secondary Master CD-- F.024 

I.riimlocK: [Disabled] 

b Memory Cache [Enabled] 
b System Shadow [Enabled] 
b 'iiidi?o Shadow [Enabled] 

System Memory 640 kB 
Extended Memory 31744 kE 

__l--q_l. - ~ -  
P:l E e l p  1 Select Item - / c  Change Values 

5 Exit 
I t e m  Specific Help 

-?Tab>, <Shift-Tab>, o r  
<Enter>  s e l e c t s  f i e l d  

F9 Setup Defau l t s  
E9C Ex i t  +Golec t  Menu Enter  Se lec t  bSuh-Menu F 1 0  Save and Exit 

See p. 4 for a description of the fields on this menu. 
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Main 

Advanced 

Security 

The Menu Bar 

Use this menu for basic system 
configuration. 
Use this menu to set the Advanced 
Features available on your system's 
chipset. 
Use this menu to set User and Supervisor 
Passwords and the Backup and Vims- 
Check reminders. 

Power 

Exit 

Use this menu to configure Power- 
Management features. 
Exits the current menu. 

Key I Function 
I General Hell, window (See below). I 

I I Exit this menu. I 
I ++ arrow kcvs I Select a different menu. I 
I or arrow kcvs I Move cursor UD and down. I 

Cycle cursor up and down. 
Move cursor to top or bottom of window. 
Move cursor to next or previous page. 
Select the Previous Value for the field. 
Select the Next Value for the field. 
Load the Default Configuration values for 
this menu. 

Execute Command or Select p Submenu. 
Refresh screen. 

<F10> Save and exit. 
<Enter> 

To select an item, use the arrow keys to move the cursor to the field you want. 
Then use the plus-and-minus value keys to select a value for that field. The Save 
Values commands in the Exit Menu save the values currently displayed in all the 
menus. 

To display a sub menu, use the m o w  keys to move the cursor to the sub menu 
you want. Then press <Enter>. 
A pointer ( b ) marks all sub menus. * b  
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he Field Help Window 

Dcscription 
Set.the system time. 
Set the system date. 
Select the type of floppy-disk 
drive installed in your system. . 
1.25 MB is a Japanese media 
fortnat that requires a 3%" 3- 
Mode Diskette drive. 

Displays arnouiit of conventional 
tnctnory detected during hoot up. 
ihspiays thc ainoiitit of cxtcudril 
memory detected during hoot lip. 

___. .- ____ 

The help window on the right side of each menu displays the help text for the 
currently selected field. It updates as you move the cursor to each lield. 

' 

The General Help Window 
Pressing <F1> or <iilt-R3 on any menu brings up the General Help window that 
describes the legelid keys and their alternates: 

General Help 
~ - - - _ _ - _ _  
_ _ I I - . ~ x ^  

Satiip changes system behavior by modifying the IiIoS 
Configuration parameters. Selecting incorrect values 
may cause system boot failure; load Setup Default values 
to rt:covcr. 

<Up/ l>own> arrows select fields in current menu. 
s&Vp/Pgr)n> moves to previous/next page on scrollable menus. 
<iIome/End> moves to top/bottom item of current menu. 

Within a Field, <F5> or i-> selects next lower value and 
<F6>,  < t > ,  or <Space> selects next higher value. 

; L e f t / R i g h t >  arrows select menus on menu bar. 
cFnter>  displays more options for items markeit with a b , 
<Entor> a l s o  displays an option list on some fields. 

<t '9> loads factory-installed Setup Default valuas. 
-<F10> restores previous values from CMOS. 

;Cc:, or  - r A l t  X> cixits Setup: in sub-menus, prc;sir!g these 
keys returns til the previous menu. 

c F 1 >  or .*Alt-lI ;  displays General Help ( t h i s  screen). 

[ Cont i nuc l  

The scroll bar on the right of ally window indicates that &,re is more than one 
page of infomiation in the window. Use <PgUp> and <PgDn> to display all the 
pages. Pressing <Gome> and <End> displays the first and last page. Pressing 
<Enter> displays rach page and then exits the window. 

Press <Escs to exit the current window. 

-------_---- 

Main Menu Selec:tisns 
You can make the following selections on the Main Menit itself. Use the sub 
riicniis for other selections. 

Feature 
-I_ I 

-- I. 

System Time 
System Date 
Diskette 1 
Diskette 2 

# 

- 
Op tioiis 

I-IH: MM:SS 
€vf b1113 D N Y Y Y 
JGO kB, 5 '/4" 
1.2 ME, 5 '/PI' 
720 kB, 3 %" 

I 

1.44/1.25 MB, 3 %" 
2.88 MR, 3 !A" 
Not installed 
Disabled 
N/A 

NIA 

You can set the boot sequence ol' the hootable drives by selecting Boot 
Seqtience on the h/I:iin Menu or opening the Boot Menu. 

- II 
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Master and Slave Sub-Menus 
The Master and Slave sub-menus accessed from the Main Menu control these 
types of devices: 

Hard-disk drives 
Removable-disk drives such as Zip drives 
CD-ROM drives 

PhoenixBIOS 4.0 supports up to two IDE disk adapters, called primary and 
secondary adapters. Each adapter supports one master drive and one optional 
slave drive in these possible combinations: 

1 Master 
1 Master, 1 Slave 
2 Masters 
2 Masters, 1 Slave 
2 Masters, 2 Slaves 

There is one IDE connector for each adapter on your machine, iuually labeled 
"Primary IDE" and "Secondary IDE." There are usually two connectors on each 
ribbon cable attached to each IDE connector. When you have connected two 
drives to these connectors, tKe one on the end of the cable is the Master. 

, If you need to change your drive settings, selecting one of the Master or Slave 
drives on the Main Menu displays a sub-menu like this: 

PhoenixBIOS Setup Utility 

Primary Master 

Type:  [Auto] 
Cylinders: [ 133281 
Heads : t 151 
SectorsITrack: i 631 
Maximum Capacity: 6449 MB 

Landing Zone: 
Write Precomp: 

[ 7621 
[None] 

Multi Sector Transfer; [16 Sectors] 
LBA Mode Control: [Enabledl 
32-bit I/O: [Enabled] 
Transfer Mode: [Fast PI0 41 
SMART Monitoring [Enabled] 

F1 Help 2 Select Item -/t Change Values 

Item Specific Help 

Select the drive type of 
the fixed disk installed 
in your system. If type 
User is selected, 
Cylinders, Heads, and 
Sectors can be edited 
directly . 
Auto attempts to 
automatically detect the 
drive type for drives 
that comply with ANSI 
specifications. 

F9 Setup Defaults 
ESC Exit @Select Menu Enter Select )Sub-Menu F10 Save and Exit 

Use the legend keys listed on the bottom to make your selections and exit to the 
Main Menu. Use the following chart to configure the hard disk. , 

Feature I Options 
Type I None 

1 to 39 I user 

IDE Removable 
CD-ROM 
ATAPI Removable 

Cvlinders 1 to 65.536 
IIeads 1 to 16 

Description 
None = Autotyping is not able to supply the drive type or 
end user has selected None, disabling any drive that m y  
be installed. 
User = You supply the hard-disk drive information in the 
following fields. 
Auto = Autotyping, the drive itself supplies the correct 
drive information. 
IDE Removable = Removable read-and-write media (e.g., 
Tl3E Zip rlrivt-1 
CD-ROM = Readable CD-ROM drive. 
ATAPI Removable = Read-and-writerr media (c.e.. LS 120, 

Number of sectors per track. 

1 the read/write heeds. 
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Fca turc 
Write Precorrip" 

Multi-Sector 
Transfers 

II 

L B h  hilode Control 

32-Bit YO 

Transfer Mode 
---- 

.,. -- 
SMART hhnitoring 

:tween CPU and IDE 

Fast PI0 2 
Fast PI0 3 

IXsabled 

* ID1! drives do not require setting Landing Zone and Wgite Precomp. 
When you enter Setup, the Main Menu L I S L I ~ ~ ~  displays the results of 
Antotypiiig- information each drive provides about its own parameters (e.&., 
cylinders, heads, and sectors)-and how the drives are arranged as Masters or 
Slaves on your machine. 

Sonit. older drives, however, do not use Autotyping and require selecting type 
User and entering a pre-definctl I'ixerl-disk type value (e.g., I to 39) or specifying 
the drive px;imeters separately with the User type selected. You can find the 
correct parameters for hard-disk drives in the drive manual or written on the 
casing of the drive itself. 

Note: Exiting this menu keeps your selections but loses internal autotyping 
information, which m a y  not be selected. If you exit this menu and re-enter it, 
press <Enten oti Autotype again to restore the Autotype information. 
Note: n o  not attempt to change these settings unless you have an older drive that 
does riot siipport autotyping. 

Note: Before changing the contents of this menu, write them down. Once you 
have established coirect parameters for your drive, write them down and store 
tlieni in a safe place (e.&., tape them to the disk dnve) for use in case these 
values are lost in CMOS or if autotyping fails. If these hard-disk parameters are 
not correctly entered in CMOS, you cannot access the data on your drive. 

WARNING: Incorrect settings can cause your system to malfunction. To correct 
nustakes, return to Setup and restoie the Setup Defaults with <F9> and re-enter 
the comct  drive parameters. 

-I 
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Memory Cache 

External Cache 

Cache Interleave 

Cache Write Back 

Enabling cache saves time for the CPU by holding data most recently accessed 
in regular memory (dynamic RAM or DRAM) in a special storage area of static 
RAM (SRAM), which is faster. Before accessing regular memory, the CPU first 
accesses the cache. If it  does not find the data it is looking for there, it accesses 
regular memory. Selecting "Memory Cache" from the Main menu displays a 
menu like the one shown here. The &ual features displayed depend on your 
system's hardware. 

PhoenixBIOS Setup Utility 

Enabled 
Disabled. 
Enabled 
Disnbled 
Enabled 
Disabled onlv. 

Generally enables or disables dl memory caching. 

Interleaves multiple banks of static RAii. Improves CPU access. 

Enables caches to bathread nnd Write to memory. Disabled caches reads 

Main 
Memory Cache 

External cache: [Enabled] 

Cache Interleave: [Disabled] 
Cache Write Back: [Disabled] 
cache Read Cycles: [2T1 

Cache Read Cycles 

Cache Write Cvcles 

Cache System BIOS: 
Cache Video BIOS: 
Cache E800 - EFFF: 
Cache EO00 - E7FF: 
Cache 0800 - DFFF: 
cache DO00 - D7FF: 
Cache C800 - CFFF: 
Cache C800 - CFFF: 

Chipset 
Dependent of pulses improves performance. 
Chipset 

Sets the number of clock pulses for reading from the cache. Shorter number 

Sets the number of clock pulses for writing to the cache. Shorter number of 

[Disabled] 
[Enabled] 
[Disabled] 
[Disabled] 
[Disabled] 
[Disabled] 
[Disabled] 
[Disabled] 

Cache System BIOS 

Non-cacheable Regions 
Region 0, start: [ 0 kBf 
Region 0, s i z e :  [Disabled] 
Region 1, start: [ 0 kB1 
Region 1, size: [Disabled) 

Dependent pulses improves performince. 
Enabled 
Disabled 

- 

Caches the system BIOS and improves performance. 

F1 Helu r Select Item - / +  Change Values 

Cache segments, e.g., EIOD-EFFF 

Non-cachenble regions: 
Region 0, start 

Region 0, size 

Region I ,  start 

Region 1. size 

Item Specific Help 

Sets the state of the 
external system memory 
cache. 

Enabled 
Disabled 

Conlrols caching of individual segments of memory usually reserved for 
shadowing system or option ROhls 
Specifies arm of regular and axtended memory is non-cachrahle regions. 
Multiples of 64 define start of non-cacheiihle region 0 in kilobytes. 

Disabling makes this region available for cache. Multiples of 04 define size 
of non-cacheable region 0 in kilobytes. 
Multiples of64 define start of non-cacheable region 1 in kilobytes. 

Disabling makes this region available lor cache. Multiples of 64 define size 
of non-cacheahlc region I in kilohytes. 

0 
.1Iul!iplcz of 6-1 

Disabled 
Multiples of 64 
0 
Multiples of 64 
Disabled 
Multiples of 64 

F9 Setup Defaults - 
ESC Exit -Select Menu Enter Select )Sub-Menu F10 Save and Exit 

Use the legend keys listed on the bottom to make your selections and exit to the 
Main Menu. Use this chart to configure the memory cache. 

I Feature 1 Options I Descriotioa I 

Cache Video BIOS Enabled 
Disabled 1 Caches the video BIOS and improves performance. 
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Memory Shadow 
Selecting "!<ysteni Shadow" or "Video Shadow" from the Main Menu displays ;I 
tnetiu like the one shown here. The actual features displayed depend on the 
capabilities of your system's hardware. 

______I--. 1__. 

PhoFixBIOS Set:up Utility 
-L_ 

Main 
N e i n o r y  Shadow 

----I 

System shadow: Enabled 
Video shadow: [Enabled] 

Shcidow Option ROM's  - 
C800 - CFrF:  [JJisabLe] 
DO00 - D7PF:  [Disable] 
DBOO - DFFF: [Disable] 
DBOO - ,DFPF: [Disable 1 
m n o  I EFF'F: [Disable] 

-_______. 
21 Iielp Select Item -/t Change Values 

Stem Specific R e l p  

Enables shadowing of 
Option ROM in this 
region. 

~~ 

F9 Setup Defaults 
C S C  E x i t  ++SelecL Menu E n t e r  Select kSub-Menu F10 Save and E x i t  

-p-lllll_----- 

Use the legend keys to make your selections and exit to the Main Menu. Use the 
following chart to configure memory shadowing 

WARNING: Incorrect settings can cause your system to malfunction, To couect 
niistakes, return to Selup and restore the Setup Defaults with <F9>. 

Uptioiis 

--3 

En:iblerI 
performme. 1 Disnhled 1 I 

k a i i o w  Ootion Enabled Shadows option ROM located in the 
specified segments of memory and 
can improve performance. 
WARNLNG: Some option ROMs do 

KOM 

_-.-- 
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Boot Sequence 
Selecting "Boot Sequence" on the Main Menu displays the Boot Options menu. 

PhoenixBIOS Setup Utility 

Boot Options 

Boot sequence: [Disabled] 
SETUP prompt: [Enabled] 
POST Errors: [Enabled] 
Floppy cheek: [Enabled] 
Summary screen: [Enabled] 

F1 HelD ' f Select Item -/t Change Values 

Item Specific Help 

Order in which the 
system searches for a 
boot disk. 

. F9 Setup Defaults 
ESC Exit -Select Menu Enter Select )Sub-Menu F10 Save and Exit 

Use the legend keys to make your selections and exit to the Main Menu. 
Use the following chart to select your boot options. 

ummary screen 
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eybsard Features 
Selecting "Nudock"  011 the Main Menu displays the Keyboard Features nientl: 

I_l_m_g_______ 

P h o e n i x B I O S  Setup Utility 
Main 

Specific Relp 

Se lec t s  power-on s t a t e  
[Disabled] f o r  Numlock key. 

11111.~ 

Keyboard Features  

N a m  1 ock : [Off] 
Xcy Click: 
Kcyhoard auto- . repcat  rate: [ 30 /sec : ]  
Keyboard auto-repeat delay: [ :L /Z  sec 

B1 Help c Select Ikam - / +  Change Values 
- 

F9 Setup D e f a u l t s  
ESC E:xit -Select Nfmu Enter  Select )Sub-Henu C 1 0  Save and E x i t  

Use the legend keys to mike your selections and exit to the Main Menu. 
LJse the following chart to configure the keyboard featiues: 

___"__-- 
Fcritiire 

Ntinllock 

--.-----..- 
Keylmard anto-repeat rate 

Feyboard iiuto-lag tlelay 

0 p t i oils 
Auto 
0 n 
0 ff 

Enabled 
Disabled 
'tlscc 
61sec 
lO/sec 
I3 3 s e c  
21.8/scc 
2 6 . 7 1 ~ ~  
3O/sec 
yt sec 
Vi sec 
34 sec 
I sec -. 

Description 
On or Off turns NutnLock on or 
off at boot up. Auto turns 
NuiLock on if it finds a 
iiumeric key pad. 
Turns audible key click on.  

Sets the number of times 3 
second tn rcpcat 3 keystroke 
when you hold the key down. 

Sets the delay time after the key 
is held down before it begins to 
repeat the keystroke. 

Iu -- 
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Boot Menu 

Options 
QoickBoot Mode Enabled 

Disabled 
Display OPROM Messages Enabled 

Disabled 

. ~ _ . L  Feature 

Preferred Video AGP 

Summary Screen Enabled 
PCI 

Disabled 

After you turn on your computer, it will attempt to load the operating system 
(such as Windows 98) from the device of your choice. If it cannot find the 
operating system on that device, it will attempt to load it from one or more other 
devices in the order specified in the Boot Menu. Boot devices (Le., with access 
to an operating system) can include: hard drives, floppy drives, CD ROMs, 
removable devices (e.g., Iomega Zip drives), and network cards. 

Note: Specifying any device as a boot device on the Boot Menu requires the 
availability of an operating system on that device. Most PCs come with an 
operating system already installed on hard-drive C:. 
Selecting "Boot" from the Menu Bar displays the Boot menu, which looks like 
this: 

Description 
Enabled skips some 1'OS'I tests, 
speeding boot time 
Displays boot messages of add-on 
cards. Recommended for newly 
installed cards. May be disabled latter. 
Lf you have more than one video card, 
select one to be used at boot. 
Display system configuration screen 
during POST. 

PhoenixBIOS Setup Utility 
Main Advanced Security Power 

QuickBoot Mode: [ Enabled 1 
Display OPROM Messages: [Enabled] 
Preferred Video: LAGPI 
Summary screen: [Enabled] 

Removable Devices 
ATAPI CD-ROM Drive 
-Hard Drive 

Prhary Master 
Bootable Add-in Card 

Network Boot 

F1 Helr, f Select Item -/t Change Values 

,ot Exit 
Item Specific lielp 

Use these keys to set 
the boot order in which 
the BIOS attempts to 
boot the OS: 
<t> or i-> moves device 
up or down. 
<Enter> expands or 
collapses devices marked 
with t or -.  
<Ctrl+Enter> expands a l l  
<Shifttl> enables or 
disables a device. 
<n> moves a removable 
device between hard or 
removable disk. 

F9 Setup Defaults 
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Selrcting "A~lvar~~:ed" from menu bar on the Main Menu displays a mew like 
this: 

II__-I.IsI~-__ 
PhoenixBIOS Setup U t i l i t y  

Setl : ing i t e m s ;  on t h i s  menu t o  i n c o r r e c t  va lues  
m a y  cause  your systcni t o  mal func t ion .  

I n s t a l l e d  0perat;i:ig System [othor] 

b PCI Conf igura t ion  

PS/2 Mouse [Enabled] 
Secured Se tup  Conf igura t ions  [No1 
b Peripheral .  Conf i g u r a t i o n  

Resot Configi.irat.ion Dat:d : P J O I  

Large Disk Access Mode: 
Local BUS 1137: adap te r :  
S1.LritT Device Monitoring: 

b Advanced chigsel: Contro l  
b L / O  Device Conf i g u r a t i o n  

)Ot Exi t  
I t e m  S p e c i f i c  Iiclp 

Se lec t  t h e  o p e r a t i n g  
system i n s t a l l e d  on you 
system t h a t  you use  m o s t  
o f t en .  

Note: A n  i n c o r r e c t  
s e t t i n g  can cause  
unexpected behavior  i n  
some ope ra t ing  systems 

~ 

F9 Se tua  Defaults FI H e l p  1 Se lec t  Item -/t Change Values 
ESC Exi t  *-'Seicct Menu -----__I Enter S e l e c t  )Sub-Menu F10 Save and E x i t  

Use the legend keys to make your selections and exit to the Main Menu. 
Fenturr 

_p.----I--- 

Ins t a1 lecl Operating S ys tern 

--- 
Reset Configuration Data 

--__.-- 

PS/2 Mouse 

Secured Setup Configwations 

I._I_ ~~ 

Large Disk Acccss Mock 

Options 
Other 
Win95 
Win98/NT 
Yes 
No 

Enabled 
Disabled 
Auto 
OS Controlled 

Yes 
No 

DOS 
Other 

- 
Enabled 
Disabled 

Description 
Select the operating system you 
use most often. 

Yes erases all configuration data 
in a section of memory for ESCD 
(Extended System Configuration 
Data) which stores the 
configuration settings for non-PnP 
plug-in devices. Select Yes when 
required to restore the 
manufacturer's defanlts. 
Disabled disables any installed 
PS/2 tnouse, but frees up IRQ 12 
for use by another device. Auto 
lets the BIOS control the mouse. 
OS Controlled lets the operating 
system control the mouse. 
Yes prevents thc Operating 
System from overriding selections 
you have made in Setup. 
Select DOS if you have DOS. 
Select Other if you have another 
operating system such as UNIX. 
A large disk is one that has inore 
than 10%1 cylinders, more than 16 
heads, o r  more than 63 tracks pcr 
sccmr. 
I:nd~lccl installs S M A R T  (Self- 
Monitoring Analysis-Reporting 
Technology), which issnes a 
wnrninp if nn TT)E fnihtre is 
tfiinii ncnt . 

IVAIINIWC: Iticoi-rect settings can cause yoiir system to mallunction. To correct 
inist;ikes, return to Setup atici restore the Setup Defaults with <F9>. 
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Advanced Chipset Control (No PCI) 

Feature 
Parity check 

Hidden refresh 

Slow Refresh 

Read wait states 

In a system with no PCI, selecting "Advanced Chipset Control" from menu bar 
on the Advanced menu displays a menu like this: 

option5 Description 
Enabled Controls system memory parity 
Disabled checking. 
Enabled Refreshes regular memory 
Disabled 
Enabled 
Disabled of4. 
Oton ' Sets the number of wait states 

without holding up the CPU. 
Slows memory refresh by a factor 

added to reads from svstcm 

PhoenixBIOS Setup Utilitv 

Extra bus wait states 

Multiple ALE 

Advanced 
Warning ! 

Setting items on this menu to incorrect values 
may cause your system to malfunction. 

added to writes to system 
memory. Chipset dependent. 
Sets the number of wait states 
added to accesses of the AT bus. 
Chipset dependent. 
Determines whether to use single 
or multiple ALES during cycle 
conversion. 

0 to n 

EnabIed 
Disabled 

Parity check: 
Hidden refresh: 
Slow refresh: 
Read wait states: 
Write wait states: 
Extra bus wait states: 
Multiple ALE: 
Keyboard reset delay: 

I . Keyboard reset delay Enabled Enabled adds a 2 microsecond 
Disabled delay before resetting the system. 

[Enable&] 
[Enabled] 
[Disabled] 
[OI 
[OI 
[OI 
[Enabled] 
[Disabled] 

F1 Help 1 Select Item -/t Change Values 

Item Specific Help 

Controls system memory 
parity through the 
chipset. 

F9 Setup Defaults 

I I memory. Chipset depkndent. 
Write wait states I Oton I Sets the number of wait states 

NOTE: The contents of this menu depend on the chipset installed on your 
motherboard, and chipsets vary widely. Consult your dealer or  the chipset 
manual before changing the items on this menu. Incorrect settings can ,cause 
your system to malfunction. 
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Advanced Chipset Control Menu (PCI BIQS) 
If the system has ;I PClI chipset, selecting "Advanced Chipset Control" from the 
Advanced menu displays a meiiu like this: 

__--__---. 
FhnenixBIOS Setup Utility -1 

H i t l d c m  R e f r e s h :  
Code Read P a g e  Mode: 
W'r : i te  Payc  Mode: 
CEV t:o P C I  Write B u f f e r s :  
P C I  to DRAX Write Buffers: 
CPU to DRAX Wr.it:e Buffers: 
Snoop Ahead : 
FCI Memory Burst ,  Cycles : 

[Disabled] 
[ D i s a b l e d ]  
[Disabled] 
[Disabled] 
[Disabled] 
[Disabled] 
[Disabled] 
[Disabled] 

I t e m  specific "elp 

Enables CPU to PCI write 
buffers, which allow 
data to be temporarily 7 stored in buffers before 

_L 

ESC :%it -Select Menu Enter Select b S u b - M e n u  F10 Save and Exit ----- ~"---_--- 

The chipset is one or more integrated circuits that act as an interface between the 
CPU and the systcm's hardware. It manages such things as memory access, 
h s e s ,  arid caching. You can use this nieriii to optimize the perlormance of your 
computer. 

Use fhe legend keys to make your selections and exit to the Main Menu. 

Use the klllowing chart in configuring the chipset: 
Featurc 

.... 1,-. --... --.--. - 
CPU to PCI Write Buffers 

....... before writing to PCI. 
I.__-._...IIy_IIIyyI.-~-.-- 

Stores PCI data in huffws hefore 
.......................................................................................................................................................... Enabled writing to DRAM. 

DisabIed C[VJ to DKAh4 Write Buffers Stores CPU data in buffers 1 Enabled 1 before writine to DRAM. 
5 L 

---_I.- 

Disabled Improves PCI bus msstcr 
Enahled to DRAM. .......................................................................................................................................................... I Disabled Enables PCI memory htirst write 

Snoop Ahe;rd 

PCf Merniirv Biirst Cycles 1 Enabled I cycles. L-.---.l 
NUjt'E: ?'he coiilerits of this menu depend on the chipset installed on your 
motherboard, and chipsets vary widely. Consult yoiu dealer or the computer 
manual before changing the items on this menu. Incorrect settings can cause 
your system to malfunction. 
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PCl Devices Menu 

PCI Devices Item Specific Help 

PCI Device Slot #i: 
Option ROM Scan: 
Enable Master: 
Latency Timer: 

PCI Device Slot # 2 :  
Option ROM Scan: 
Enable Master: 
Latency Timer: 

PCI Device Slot # 3  
Option ROM Scan: 
Enable Master: 
Latency Timer: 

[Enabledl 
[Disabled] 
[0040h] 

[Disabled] 
IDisabledl 
[OOOO] 

[Disabled] 
[Disabled] 
[aooa] 

Initialize device 
expansion ROM 

shared PCI  IRQs: [Auto]  

F1 Helo $ Select Item -/t Change Values F9 Setup Defaults 
ESC Exit -Select Menu Enter Select )Sub-Menu F10 Save and Exit 

PCI Devices are devices equipped for operation with a PCI (Peripherai 
Component Interconnect) bus, a standardized Plug-and-Play hardware 
conimunication system that connects the CPU with other devices. Use this menil 
to configure the PCI devices installed on your system. 

Use the legend keys to make your selections and exit to the Advanced menu. Use 
the following chart in configuring the PCI devices: 

NOTE: The contents of this menu depend on the devices installed on yoiu 
system. Incorrect settings can cause your system to malfunction. To correct 
mistakes, return to Setup and restore the System Defaults (F9). 

Phoenix Technologies Ltd. Page 15 



The Setup Guide PhoenixBiOS 4.0 User's Manual 
u- -ge(l-.tllYlanayIE.lpll 

If0 Device ~ ~ ~ ~ ~ ~ g ~ ~ a ~ i ~ ~  Menu 
The CPU commutiicates with external devices such as printers through devices 
called Xnpat/Outpat (UO) ports such as serial and parallel ports. These I/O 
devices require the use of system resources such as I/O addresses and interrupt 
lines. If these devices are Plug and Play, either the BIOS can allocate the devices 
cltiring POST, or the operating system can do it .  If the I/O devices are not Plug 
and I'lay, they may require manually setting them in Setup. 

On some systems, the clripset manages the communication devices. Other 
systems have. instead, a separate I/O chip on the motherboard for configuring 
and rnanaging these devices. 

Many systems allow you to control the configtiration settings for the I/O ports. 
Select "I/O Device ConFiguratioti" on the Advanced Metiti to display this menu 
and specify how you want to configure these I/O Devices: 

I _ _ . _ _ ~ - I _ _ _ . - _ -  
P h o e r i i x B I O S  Setup IJt i 1 i ty 

- 
Item Specific H e l p  

Set Serial Port A: 
Using options: 

Disabled 
[No configuration] 

Enabled 
[User configuration] 

A u t o  
[BIOS configuration] 

O S  Controlled 
[OS configuration] 

F9 Setup Defaults 
ESC E x i t  &+Select Menu Enter Select )Sub-Menu F10 Save and E x i t  

Use the legend keys to make your selections and exit to the Main Menu. 

Use the following chart to configure the InpidOutpiit settings: 

Fen turc 

Serial port B: 

--- 
Options -- 

Disabled 
Enabled 
Auto 
OS Coiltrolled 

3F8, IRQ 4 

Enabled 
Auto 
OS Controlled 

Output only 
Bi-directional 

~ - - - .  
378 
'-7 8 
3RC 
IRQ.5 
I K Q l  
Disahlrd 
Enabled 
Primary 
--- 
Scconda1y 

Ucicription 
Disabled mums off the. port. 
Enabted requires you to enter the base Input/Output address 
and the Interrupt number on the next line. 
Auto makes che BIOS configure the port automatically during 
POST. 
OS Controlled lets the PiiP Operating System (such as 
Windows 95) confiflire the port after POST. 
If you select Enabled, choose one of these combinations. 

Disabled turns off the port. 
Enabled requires you to enter the base Input/Output aildress 
and the Interrupt number below. 
Auto inakes thc BIOS auto configure the port during POST. 
OS Controlled lets the PnP Operating System (such as 
Windows 95) configure the port after POST. 
Output only is standard one-way protocol for a parallel 
device. 
Hi-directiona1 uses rwo-~ny  protocol of an Estcndeii 
C :ltEii>i I i ti  cz l'ort ( I X P ) .  
If you select Enabled for the Parallel Port, clioose one of 
these uo addl~esses. 

If you select Enabled for the Parallel Porr, clloose one of 

s 

I 

these. intertu L O  tions. % 
plirnary foi one diskette drive inatalled or Secondary for two 
diskctte drives installed. 
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Use this menu to specify how the YO (Input and Output) ports are configured: 
Manually by you. 
Automatically by the BIOS during POST (See "ROM BIOS Functions" 
on  page 32) 
Automatically by a PnP Operating System such as Windows 95 after the 
Operating System boots. 

Warning: If you choose the same I/O address or Interrupt for more'than one port, the 
menu displays an asterisk (*) at the conflicting settings. It also displays this message at 
the bottom of the menu: 

* Indicates a DMA, Interrupt, I/O, or m e m o r y  resource 
conflict with another device. 

Resolve the conflict by selecting another settings for the devices. 
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urity Menu 
Selecting "Sectuity" li.orri the Main Menu displays a menu l k e  this: 

_--_I l_ll__ 

~ _--__--1~-_ Mdin Advanced FhofnixBLOS ~~~~~~~~~ Setup Utility Exit 

Ttem Specific Kelp 

Set  UTer Password Supervisor password 
S e t  Supervisor Passworct [Enter] controls access to Setup 

Virus Check Reminder: [Disabled] 
Syqtem backup Reminder: [Disabled] 

utility . 

Password on boot: [Disabled] 
Diskettf: access : [Disabled] 
Fixed d i s k  boot sector: [Normal] 

II_ --.- I 

FI Help 1 Select l t e i n  -/t Change Values F9 Se tup  Dafaults 

Use the legend keys to mike your selections and exit to the Main Menu. 

Enabling "Supervisor Password" requires a password for entering Setup. The 
passwords are not citse sensitive. 

Pressing < E n t e n  at either Set Supervisor Password or Set User Password 
displays i l  dialog box like this: 

Enter new password: 
Set Password __l_l___.__ 

Confirm new password: [ 
Enter :  Accept - _I_--.-_ 

Type the password and press <Enter>. Repeat. 

Note: In some systems, the User and Supervisor passwords are related: you 
canrvot have a User password without first creating a Supervisor password. In 
other systems, you can create and use them independently. 

Use the following chart to configure the system-security and anti-virus options. 

Fca t tire 
Set User Password 

--- I_-- 

Set Suprvisor Password 

I'nssword on boot 

Iliskette access 

Fixcd disk boot sector 

I-p ll_l 

System b;~cliiip rcinindcr 
Virus check reminrlrr 

-- 
Ootioris 

Up to seven alphanumeric 
cfimc ters 

Up to sevcn alphanumeric 
c11:uac ters 

-_mPI--- 

Enabled 
Dis;ibled 

Enabled 
Disiibled 
Normal 
Write Protcct 

--1 

1) isahled 
Ihily 
Weekty 
Monthly 

Description 
Pressing cEnten displays the dialog box for 
entering the user password. In related systems, this 
password gives restricted access to SETUP menns. 
Pressing &Enten displays dialog box for entering 
the supervisor password. In related systems, this 
password gives full access to S e t q  menus. 
Enabled requires a password on boot. Reqltires prior 
setting of the Supervisor password. 
If supervisor password is set and this option 
disabled, BIOS assumes user is booting. 
Enabled requires a password to boot from or access 
the floppy disk. 
Write protects the boot sector on the hard disk for 
vinis protection. Requires a password to format or 
Fdisk the hard disk. 
Displays a message during boot up asking (.Y/N) if 
you have backed np the. system or scanned it for 
viruses. 
IvIessage returns on e.ach boot until yoit respond with 

Daily displays thc message on the first hoot of the 
day, Weekly on the first boot after Sunday, and 

"1' " I  

Mmthly o n  the first boot - 

II 
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The Power Menu 
Selecting "Power" from the menu bar displays a menu like this: 

PhoenixBIOS Setup Utility 
Main Advanced Security Power 

Power Savings [Customize I 

Standby Timeout: 115 secl 
Auto Suspend Timeout: [15 sec] 

Hard Disk Timeout: [lo min] 
Video Timeout: [ 5 min] 

Resume On Modem Ring: [Off] 
Resume On Time: [Off1 

P Advanced Options 

F1 Help 1 Select Item - / +  change Values 

>ot Exit 
Item Specific Help 

Select Power Management 
Mode. Choosing modes 
changes system power 
management settings. 
Haximum Power Savings 
conserves the greatest 
amount of system power 
while Maximum 
Performance conserves 
power but allows 
greatest system 
performance. To alter 
these settings, choose 
Customize. To turn off ' 

power management, choose 
Disable, 

F9 Setup Defaults 
ESC Exit -Select Menu Enter Select )Sub-Menu F10 Save and Exit 

Use this menu to specify your settings for Power Management. Remember that 
the options available depend upon the hardware installed in your system. Those 
shown here are from a typical system. 

A power-management system reduces the amount of energy used after specified 
periods of inactivity. The Setup menu pictured here supports a Full On state, a 
Standby state with partial power reduction, and a Suspend state with full power 
reduction. 

Use the Advanced Options on this menu to specify whether or not the activity of 
interrupts can terminate a Standby or Suspend state and restore Full On. Do not 
change these settings without knowing which devices use the interrupts. . 
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Use the legend keys to make your selections and exit to the hiain NIenu. Use the 
Lollowtiig chart in making your selections: 

Featore 
Power Management Mode 

-_-lll--pD..l 
Auto Suspend Tirneout 

lllll..llllll 
Hard Disk ‘lheout 

--_11 

Video Tirncmut 

-l__”l_--l 

Resome On bladein Ring 

Options 
Disabled 
Cnstomze 
Maximuni Power 
Savings 
hiIaxlmum Performance 
Off 
1 min 
2 min 
4 miti 
6 tnin 
8 min 
12 min 
16 rnin 
Disabled 
5 inin 
I O  min 
15 min 
20 tntn 
30 rriin 
40 min 
60 niin 
Disabled 
1 min 
2 rnin 
4 min 
8 min 
12 tiiin 
16 rnin 
Disaliled 
10 sec 
15 sec 
20 sec 
30 sec 
45 scc 
1 min to 15 min 
Off 
on 

I_ 

P 

Off 
On 
Disabled 
Enabled 

- 

Description 
Maxiinurn options: pre-defined 
values. Select Customize to make 
your own selections from thc 
following fields. Disabled turns off 
all power management. 
Inactivity period requircd to put 
system in Standby (partial power 
shut down). 

- 
Inactivity period required after 
Standby to Suspend (maximum 
power shutdown). 

Inactivity pcriod of hafd disk 
reqnired before standby (motor 
off). 

Set inactivity period required 
before independently turning off 
monitor. Disabled turns CRT off in 
Standby. 

Wakes up system when an 
incoming call is detected on the 
niodem. 
W&es up system at predetermined 
time. 
Enabling interntpt canses it to 
restore Full On during Statidby or 
Suspend, SMI = System 
Management Internipt. NhlI = 
Non-biaskable Internipt. 

- -7- 
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The Exit Menu 
Selecting "Exit" from the menu bar displays this menu: 

PhoenixBIOS Setup Utility 
Main Advanced Security Power 

Exit Saving Changes 
Exit Discarding Changes 
Load Setup Defaults 
Discard Changes 
Save Changes 

)ot Exit 
Item Specific Help 

Exit System Setup and 
save your changes to 
CMOS. 

F1 Help $ Select Item - / +  Change Values F9 Setup k f a u l t s  
ESC Exit -Select Menu Enter Select )Sub-Menu F10 Save-and Exit 

The following sections describe each of the options on this menu. Note that 
< E x >  does not exit this menu. You must select one of the items from the menu 
or menu bar to exit. 

Saving Values 
After making your selections on the Setup menus, always select either "Saving 
Values" or "Save Changes." Both procedures store the selections displayed in 
the menus in CMOS (short for "battery-backed CMOS RAM") a special section 
of memory that stays on after you turn your system off. The next time you boot 
yoiu computer, the BIOS configures your system according to the Setup 
selections stored in CMOS. 

After you save your selections, the program displays this message: 
1 

Values have been saved to CMOS! 
Press <space> to continue 

If you attempt to exit without saving, the program asks if you want to save before 
exiting. 

During boot up, PhoenixBIOS attempts to load the values saved in CMOS. If 
those values cause the system boot to fail, reboot and press <F2> to enter Setup. 
In Setup, you can get the Default Values (as described below) or try to change 
the selections that caused the boot to fail. 

Exit Discarding Changes 
Use this option to exit Setup without storing in CMOS any new selections you 
may have made. The selections previously in effect remain in effect. 

Load Setup Defaults 
To display the default values for all the Setup menus, select "Load Setup 
Defaults" from the Main Menu. The program displays this message: 

ROM Default values have been loaded! 
Pre-s <space-- to c2nt i i lua  

If, during boot up, the BIOS program detects a problem in the integrity of values 
stored in CMOS, it displays these messages: 

System CMOS checksum bad - run SETUP 
P r e s s  <F1> to resume, <F2> to Setup I 

The CMOS values have been corrupted or modified incorrectly, perhaps by an 
application program that changes data stored in CMOS. 
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Press <F1> to resume the boot or <F2> to run Setup with the ROM deliult 
values alrtxtly loaded into the nienus. YOU can make other ch:inges before saving 
the values to CMOS. 

-- The Setup Guide 
-I 

iscard Changes 
If, diiring a Setup Session, you change your nund about changes you have macle 
arid have not yet saved the values to CMOS, you can restore the values yoit 
previously saved to CMOS. 
Selecting “Discard Changes” on the Exit menu updates all the selections and 
displays this message: 

CMOS val.uss have been loaded ! 
P T ~ S E :  <space> to continue 

Save Changes 
Selecting “Save Changes” saves ::I1 the selections without exiting Setup. You can 
return 10 the other menus if you want to review and change your selections. 

-9“ pH.I).y 
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PhoenixBlOS Messages 
- The following is a list ofthe messages that the BIOS can display. Most of them 

occur during POST. Some of them display information about a hardware device, 
e.g., the amount of memory installed. Others may indicate a problem with a 
device, such as the way it has been configured. Following the list are 
explanations of the messages and remedies for reported problems. 

*If your system displays one of the messages marked below with an asterisk (*), 
write down the message and contact your dealer. If your system fails after you 
make changes in the Setup menus, reset the computer, enter Setup and install 
Setup defaults or correct the error. 
0200 Failure Fixed Disk 

Fixed disk is not working or not cod7 ,wed pro erly. Check to see if fixed 
disk is attached roperly. Run Setup. h n d  out $the fixed-disk type is 
correctly identized. 

Stuck key on keyboa-d. 

Keyboard not working. 

Keyboard controller failed test. May require replacing keyboard controller. 

Unlock the system to proceed. 

Monitor type not correctly identified in Setup 

Shadow KAM failed at offset MM of the 64k block at which the error 
was detected. 

System RAM failed at offset M R I ~  of in the 64k block at which the error 
was detected. 

working or not configured properly at offset R ~ M .  

The CMOS clock battery indicator shows the battery is dead, Replace the 
battery and run Setup to reconfigure the system. 

0251 System CMOS checksum bad - Default configuration used 
System CMOS has been corrupted or modified incorrectl , perhaps by an 
application pro ram that changes data stored in CMOS. qhe BIOS 
installed Defauft Setup Values, If you do not want these values, enter Setup 
and enter your own values. If the error persists, check the system battery 
or contact your dealer. 

*a260 System timer error 
The timer test failed. Requires repair of system board. 

*0270 Real time clock error Real-Time Clock fails BIOS hardware test. 
May require board repair. 

0171 Check date and time settings BIOS found date or time out of 
range and reset the Real-Time Clock. May require setting legal date (1991- 
2099). 

0280 Previous boot incomplete - Default configuration used 
Previous POST did not complete successfully. POST loads default values 
and offers to run Setup. If the failure was caused by incorrect values and 
they are not corrected, the next boot will likely fail. On system. with 
control of wait states, improper Setup settings can also terminate POST 
and cause this error on the next boot. Kun Setup and verify that the waii- 
state configuration is correct. This error is cleared the next time the system 
is booted. 

0281 Memory Size found by POST differed from CMOS 
Memory size found by POST differed from CMOS. 

0280 Diskette drive A error 
O 2 B l  Diskette drive 8 ezror 

1 

0210 Stuck key 

0211 Keyboard error 

*0212 Keyboard Controller Failed 

0213 Keyboard locked - Unlock key switch 
0220 Monitor type does not match CMOS - Run SETUP 
*0230 Shadow Ram Failed at offset: MXWJ 

*0331 System RAM Failed at offset: nnnn 

*0232 Extended RAM Failed at offset: nnm Extended memory not 

0250 System battery is &ead - Reslace and run SETVP 

I 
Drive A: or B: is present but fails the BIOS POST diskette tests. Check to 
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see that the drive is deCinetl with the proper diskette type in Settip and that 
the diskette drive is attached correctly. 

Type of floppy drive A: not correctly identified in Setup. 

Type of floppy drive B: not correctly identified in Setup. 

RAM cache failed and BIOS disabled the cache. On older boards, check 
the cache junipers. You niay have to replace the cache. See your dealer. A 
disabled cache slows system performance considerably. 

02PO: CPU ID: 
CPU socket tiumber for Multi-Processor error. 

*02E'4: EISA CMOS not writeable 
ServerBIOS2 test error: Cannot write to EISA CMOS, 

*02F5: DMA Test Failed 
9erve:rBIOSZ test error: Cannot write to extended DMA (Direct Menlory 
Access) registers. 

ServefBIOS2 test error: Cannot generate software NMI (Non-Maskable 
Inteirrip t). 

Server'BIOS2 test enor: Fail-safe Timer takes too long. 

kk[reSs conflict for specified device. 

Rtin ISA or EISA Configuration Utility to resolve resource conflict for the 
specified ~ Q V ~ C U .  

CD KOM Drive identified. 

!starting Settip program 

The hex number nnm is a map of the bits at the RAM address which failed 
the memory test. Each 1 (one) in the map indicates a failed bit. See eimm 
230,231, or 232 above for offset address of the failure in System, 
13xtended, or Shadow memory. 

Fixed Disk a 
Fixed disk n (0-3) iclentified. 

Invalid System Configuration Data 
Probleni with NVRAM (CMOS) data. 

:C /O device IHQ con€ l i e t  
I/@ device IRQ conflict error. 

PSl2.Mouue Boot Sunwary Screen: 
P S f i  Mow: installed. 

nnm kB Extended W Passed 
Where nnnn is the amount of RAM in kilobytes successfully tested. 

srnnn cache SW Passed 
'Whernmnn is the amount of system cache in kilobytes successfully tested. 

n n m  kB shadow RAM Passed 
.Where mnn is the amoiint of shadow RAM in kilobytes successfully 
tes terl. 

nnnn kB System R#M Passed 
Where mm is the amount of system RAM in kilobytes successfully tested. 

One or more I20 Block Storage Devices were excluded from 
the Setup B o o t  Menu 
Tlicrc: ~ 2 1 5  rioi c.iioiigii ruuii1 in tlic I P L ,  tiilile ICI  ciiaplay illi iiistiillcil l l i )  
block-storage devices. 

0p':ratirig sy:;tem cannot be located on either drive A: or' drive C:. Enter 
Setup and see if fixed disk iltld drive A: are properly identitiecl. 

P;lrity error l~utind in the system bus. BIOS altetiipts to locate the aclclress 
and tiis lay it 011 h e  screen. If it cannot locate the address, it displays 
????. f;l;rlty is :1 method fur checking en'nrs in binary data. A parity error 
indicates that surne data has been corrupted. 

02B2 Pncorrect: Drive A type - run SETUP 

02B3 aCncsrrect Drive B type - run SETUP 

O2DO 8yst :em cacha error - Cache disabled 

4'02P6 : Software NMf Failed 

"02F7: Fail-Safe Timer NMI Failed 

c1evfc:e Addre s 8 Con51 ic t: 

h1loc:atioa Error for: device 

(XI RUM Drive 

15ntering SETUP ... 
*Failing B i t s :  NJM 

operating system not found 

*Parity Check :1 mnn 

fu 
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*Parity Check 2 MM 
Panty error found in the I/O bus. BIOS attempts to locate the address and 
display it on the screen. If it cannot locate the address, it displays ????. 

4 3 2  for previous 
Displayed after any recoverable error m e w  e. Press cF1> to start the boot 
process or <F2> to enter Setup and change Be settings. Press <F3> to 
dis lay the previous screen (usually an initialization error of an Option 
R8M, Le., an add-on card). Write down and follow the information shown 
on the screen. 

Press cF2> to enter Setup 
Optional message displayed during POST. Can be turned off in Setup. 

PSI2 Mouse: 
PS/2 mouse identified. 

Run the 120 Configuration Utility 
One or more unclaimed block stora e devices have the Configuration 
Request bit set in the LCT. Run an b0 Configuration Utility (e.g. the SAC 
utility). 

System BIOS copied to shadow RAM. 

Displays the address nnnn of the up er limit of Upper Memory Blocks, 
indlcating released segments of the bIOS which can be reclaimed by a 
virtual memory managir. 

Video BIOS successfully copied to shadow RAM. 

Press <F1> to resume, <F2> to Setup, 

System BIOS shadowed 

UMB upper limit segment address: nnnn 

. Video BIOS shadowed 
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Phoeiiix Boot Utililies are: 
Phoenix QuietBooPf 
Phoenix IvliiltiBootTbf 

Phoenix QuietBoot displays a graphic illustration rather than the traclitiooal 
POST messages while keeping you informed of diagnostic problems. 
Phoenix hIultiRoot is a boot screen that displays a selection of boot devices 
from which you c x i  boot your operating system. 

Right aftei you turn on or reset the compiiter, Phoenix QvrietBoot displays the 
QuietBoot Screen, a graphic illustration created by the coniputer inanufacturer 
iiisteiid of the text-based POST screen, which displays a tiuniber of PC 
dingnostic messages. 

To exit the QuietHooi screen and run Setup, display the MtiltiBoot menu, or 
simply display the PC diagnostic messages, you can simply press one of the hot 
keys described below. 

The QuietBoot Screeti stays up until just before the operating system loads 
unless: 

1. 
2. 
3. 
4. 

You press <EX> to display the POST screen. 
YOU press <F2> to enter Setup. 
POST issues an error message. 
The BIOS or an option ROM requests keyboard input. 

The following explains each of these situations. 

Press <ESC> 
Pressing < E s o  switches to the POST screeti and takes one of two actions: 

1. If NIultiBoot is installed, the boot process continues with the text-based 
POST screen until the end of POST, and then displays the Boot First 
Menu, with these options: 
a. Load the operatiiig system from a boot device of your choice. 
b. Enter Settip. 
c. Exit the Boot First Menu (with <Est>) and load the operating system 

from the boot devices in the order specified i n  Setup. 
It  MultiBoot is not installed, the boot process continues as usual. 2. 

Press <F2> 
Ptecsing <P2> at any time ckuing POST switches to the POST screen (if not 
itheady displayed) and enters Setup. 

POST Error 
tVhenever POST detects a non-fatal error, QuietBoot switches to the POST 
scrtwl and displays the exrors. It then displays this message: 

ma - 
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Press < ~ 1 >  to resume, <F2> to Setup 
Press <F1> to continue with the boot. Press <F2> if you want to correct the error 

- in Setup. i 
Keyboard Input Request 

If the BIOS or an Option ROM (add-on card) requests keyboard input, 
QuietBoot switches over to the POST screen and the Option ROM displays 
prompts for entering the information. POST continues from there with the 
regular POST screen. 

Phoenix MultiBoot 
Phoenix MultiBoot expands your boot options by letting you choose your boot 
device, which could be a hard disk, floppy disk, or CD ROM. You can select 
your boot device in Setup, or you can choose a different device each time you 
boot during POST by Selecting your boot device in The Boot First Menu. 
MultiBoot consists of: 

The Setup Boot Menu 
The Boot First Menu 

See the Setup Boot menu on p. 11. The following describes the Boot First Menu. 

The Boot First Menu 
Display the Boot First Menu by pressing < E s o  during POST. In response, the 
BIOS first displays the message, "Entering Boot Menu ..." and then displays the 
Boot Menu at the end of POST. Use the menu to select any of these options: 

Override the existing boot sequence (for this boot only) by selecting 
another boot device. If the specified device does not load the operating 
system, the BIOS reverts to the previous boot sequence. 

1. 

2. Enter Setup. 
3. Press <Ex:, to continue with the existin ; boot sequence. 

Boot Menu 

Select boot device or Setup. 
Use the Up and Down arrows to 
select the Boot First device, 
then <Enter> or press e E s o  to 
exit . 
1. Hard Drive 

3. Diskette Drive 
4. Removable Devices 
5. Network Boot 

2 .  ATAPI CD-ROM 

<Setup> 

If there is more than one bootable hard drive, the first one in the Setup Boot 
menu is the one represented here. 
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Phoenix Phlash gives you the ability to update your BIOS from a floppy disk 
without having to install a new ROM BIOS chip. 

Phocnix M a s h  is a iitility for "flashing" (copying) a BIOS to the Flash KOM 
itistalled (it1 your coinputer from a floppy disk. A Flash ROM is a Read-only 
Meniory chip that you can write to using a special method called "flttshing." Use 
Phoenix E'hlasli for the following tasks: 

Uplate the ciirrent 1310s with a new version. 
Restore il BIOS when i t  has become cot-rupted. 

l ~ ~ ~ ~ ~ l a t ~ ~ ~ ~  
Phc 
file 

m i x  F'hlash is shipped on a floppy disk with y o u  computer as a compressed 
callcd CR1SDISK.ZJP that contains the following files: 

I 
'To install Phoenix Pblash on yoiu hard disk, follow this simple procedure: 

1. 
2. 

3. 

Insert the distribution diskette into drive A: 
Unhp the contents of CRISDISK.ZIP into a local directory, presumably 
C : \PHLASH. 
Store the distribution diskette in a safe place. 

e the Crisis Rec wery Diskette 
If the OEM or dealer from whom you purchased your system has not provided 
you with one, then you should create a Crisis Recovery Diskette before you use 
the Phlash utility. If you are iiriable to boot your system ant1 successfully load the 
Operating System, the BIOS may have been corrupted, in which case you will 
have to use the Crisis Recovery Diskette to reboot your system. There are 
several methods that you can use to create the Crisis Recovery Diskette. Below 
is o m  rccommericled procedure. 

Be sure yoii hive successfully installed the Phlash Utility onto your hard 
disk. 

From the local directory, enter the following: 
CRIS DISK [ ctri vel : 
where [drive] is the letter of the drive into which you inserted the diskette. 
For help, type /? or Ai. 

1. 

2.  I i ixi~t  ;L clciii di 
3. 

ttc iiiio ilrivc :':: (or E : 

CIUSDISICBAT formats the diskette, then copies MINIDOSSYS, 
VGABIOS.BXF, (if available), PHLASH.EXE, PLATFOKM.BIN a r ~ l  
BIC)S.lIOM to the diskette, and creates the required ctistom boot sector. 
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4. Write protect and label the Crisis Recovery Diskette. 

NOTE: You can only supply a volume label after the Crisis Recovery Diskette 
has been formatted and the necessary files copied because MINIDOSSYS must - 
occupy the first directory entry for the diskette to boot properly. - 

Updating the Crisis Recovery Diskette 
If the BIOS image (BIOSROM) changes due to an update or bug fix, you can 
easily update the Crisis Recovery Diskette. SimpIy copy the new BIOS.ROM 
image onto the Crisis Recovery Diskette. No further action is necessary. 

Executing Phoenix Phlash 
You can run Phoenix Phlash in one of two modes: 
Commiind Line Mode 
Crisis Recovery Mode. 

Command Line Mode 
Use this mode to update or replace your current BIOS. To execute Phlash in this 
mode, move to the directory into which you have installed Phoenix Phlash and 
type the following: 

phlash 
Phoenix Phlash will automatically update or replace the current BIOS with the 
one which your OEM or dealer supplies you. 

Fhlavh may fail if your system is using memory managers, in which case the 
utility displays the following message: 

Cannot flash when memory managers are present. 
If you see this message after you execute Phlash, you must disable the memory 
manager on yow system. To do so, follow the instructions in the following 
sections.. 

’ 

Disabling Memory Managers 
To avoid failure when flashing, you must disable the memory managers that load 
from CONFIG.SYS and AUTOEXEC.BAT. There are two recommended 
procedures for disabling the memory managers. One consists of pressing the 
<F5> key (only if you are using DOS 5.0 or above), and the other requires the 
creation of a boot diskette. 

DOS 5.0 (or later version) 
For DOS 5.0 and later, follow the two steps below to disable any memory 
managers on your system. If you are not using at least DOS 5.0, then you must 
create a boot diskette to bypass any memory managers (See Create a Boot 
Diskette, below). 

1, 

2.  

Boot DOS 5.0 or later version, (In Windows 95, at the boot option screen, 
choose Option 8, “Boot to a previous version of DOS.”) 
When DOS displays the “Starting MS-DOS” message. press <F%. 

After you press <F5>, DOS bypasses the CONFIG.SYS and AUTOEXEC.BAT 
files, arid therefore does Iiot load any memory managers. 

YOU can now execute Phlash. 

Create a Boot Diskette 
To bypass memory managers in DOS versions previous to 5.0, follow this 
recommended procedure: 

Phoenix Technologies Ltd. Page 29 



Phoenix Phiash PhoenixBlOS 4.0 User's Manual 

1, 
2. 

3 .  

Insert it diskettc into your A: drive. 
Enter the following fi-om the command line: 

Reboot your system from the A: drive. 
Format: A :  / S  

Your system will now boot without loading the memory managers, and you can 
ttieii execute Phlash. 

NOTE: The boot diskette you create here is distinct from a Crisis Recovery 
Diskette. See page 409 €or details about creating the Crisis Recovery Diskette. 

Crisis Recovery Mlg 
You should only have to operate Phoenix Pfilash in this mode only if your 
system does not boot the operating system when you turn on or reset your 
computer. It1 these cases, the BIOS on the Flash ROM has probably been 
corrupted. Boot yotir system with the Crisis.Recovery Diskette taking these 
steps: 

1. 

2. 

3 .  

Insert the Crisis Recovery diskette (which your dealer supplied or one that 
p i t  should have created from the instriction$ above) into drive A:. 
Reset your computer, power off-on, or press <Ctrl> <Ab <Del> to reboot 
the system. 
When your system reboots, Phoenix fhlash wit1 restore the BIOS from the 
disketie and successfully boot the operating system. 

- --- 
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This chapter of the User's Manual gives application developers, programmers, 
and expert computer users a detailed description of the BIOS. 

This chapter describes the following subjects: 
What is a ROM BIOS? 
System Hardware Requirements 
Fixed-Disk Tables 
PhoenixBIOS Function Keys 
POST Errors 
Run-Time Services 

What is a ROM BIOS? 
This section briefly explains the function of a BIOS in managing the special 
features of your system. 

A ROM BIOS (Basic Input/Output Sy~tem) is a set of programs permanently 
stored in a ROM (Read-only Memory) chip located on the computer 
motherboard. These programs micro-manage'the hardware devices installed on 
your computer. When you turn on your computer, the ROM BIOS initializes and 
tests these devices. During run-time, the ROM BIOS provides the Operating 
System and application programs with access to these devices. You can also use 
the BIOS Setup program to change your computer's hardware or behavior. 

Software works best when it operates in layers, and the ROM BIOS is the 
bottom-most software layer in the computer. It functions as the interface between 
the hardware and the other layers of software, isolating them from the details of 
how the hardware works. This arrangement enables you to change hardware 
devices without having to install a new operating system. 

The following diagram shows the function of the ROM BIOS as the interface 
between the hardware and other layers of software: 

Appplicillion Programs i 
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ROM BIOS Frlrnctiorrs 
The PhoeriixBIOS software performs these functions: 

- Tfnc Setup Prograin 

Initialize Hardware nt Boot 

Using the Setup program, you can install, 
cotifimtre. and outiinize rhe hardware 
devices on your system (clock, memory, 

Self Test (POST) routines to test system 

Run-Tim Roiltilies 

llrtlitialize and Configure t e computer 
‘The first job of a LtOM BIOS is to initialize and configure the computer 
hardware when you turn on your coinptiter (system boot). The BIOS rims a 
series of complex progmrm called the Power On Self Test (POST), which 
pet forms a number of tasks, inchding: 

Test Random Access Memory (RAM) 
Conduct an inventory of the hardware devices installed in the coinputer 
Configure hard and floppy disks, keyboard, monitor, and serial and 
parallel ports 
Configure other devices installed in the computer such as CD-ROM 
drives and sound cards 
Initialize computer hardware required Tor computer features such as Pltig 
2nd Play atid Power Management 
k i n  Setup if requested 
Loacl and run the Operating System siich as DOS, OS/2, UNIX, or 
Windows 95 or NT. 

BIOS Services 
The second task of the €<OM BIOS is to provide the Operating System, device 
drivers, arid application programs with access to the system hardware. It 
performs this task with a set of program routines calIed BIOS Services, which 
are loaded into high memory at boot time. 
The nunlber of BIOS Services is always changing. The BIOS Services of 
PhoenixBIOS 4.05 provide precise control of hardware devices such as disk 
drives, which require careful management and exhaustive checking for errors. 
They also help manage new coinputer featwes such as Power Management, Plug 
and Play, and MultiHoot. 

System Hardware Requirements 
PhoenixBIOS 4.0 requires the following hardware components on the 
i o  t herbo ivd : 

3 .  ,41 cjr PS/2-compatihle Keyboard controller 
4 At least 1 MB or system KAM 

Tht Power On Self Test (POST) of the BIOS initializes acLditional ROM BIOS 
ektensions (Option KOMs) if they ale accessible in the proper format. The 
requirements are: 

____._+ ._._ll---t--_.+---.-*Ic 

LI 
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Adapter ROM Requirements 

1. The code must reside in the address space between COOOOH and FOOOOH. 
2. The code must reside on a 2K boundary. 

3. The first two bytes of the code must be 55H and AAH. 
4. The third byte must contain the number of 512-byte blocks. 

5. The fourth byte must contain a jump to the start of the 
code. 

6. The code must checksum to zero (byte sum). 

initialization 

NOTE The address space from COOOOH to C8000H is reserved for external 
video adapters (e.g. EGA, VGA). Part of the address space from DOOOOH to 
EOOOH is typically used by expanded memory (EMS). 

Fixed Disk Tables 
PhoenixBZOS 4.0 supports up to four hxed-disk drives. For each drive, it 
supports 39 pre-defined drive types and four user-defined types (40-43). Below 
is a table of the pre-defined drive types and their default values. 

End users can modify the user-defined drive type for each fixed disk listed in 
Setup by using the menus of the Setup program. This feature avoids the need for 
customized software for non-standard drives. 

NOTE: Since most hard drives are autotyped &e., automatically determined by 
the BIOS or Operating System), there is usually no need to set the drive 
geometry manually. 
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P Im c)e n ix B 1 
'The following are the special PhoenixSIOS function keys: 

'The speed switching keys are only operational when speed switching is 
available. 

OST Erra 

Whenever a recoverable error occtxs during POST, PhoenixBIOS displays ail 
error message describing the problem. 

PhnenixBICX also issues a beep code (one long tone followed by two short 
tones) during POST if' the video configuration fails (no cxd installed or faulty) 
or if iln external ROM module does not properly checksum to zero. 

An external ROM Inodule (e.g. VGA) can also issue audible errors, usually 
consisting of orie long tone followed by a series of short toties. 

OST Errors 
There we several POST routines that issue a POST Terminal Error and shut 
dowi) the system if they fail. Before shutting down the system, the terminal-eimr 
handler issues a beep code signifying ttie test point error, writes the error to port 
80h, attenipts to iiiitialize the video, and writes the error in the upper left corner 
of the screen (using both mono and color adapters). 

The routiite derives the beep code from the test point error as follows: 

1. The 8-bit error code is broken down to four ?-bit groups (Discard the 
most significant group if it is 00). 

Eiach g i w p  is made one-based ( 1  through 4) by adding I ,  

Short hvrps :IIT prnrrnted fm thc riiimher in each e i o q  

I..xaniple: 

Test  point OlAh = 00 01 10 10 = 1-2-3-3 beeps 

?. 

3 

Test Points and Beep Codes 
At tile heginning ot each POST routine, the BIOS oL1tplts the test point error 
code to YO address Soh. Use this code during tiouble shooting to establihh at 
whai point the system failed and what routine was being performed. 
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Code 
02h 
03h 
04h 

4.0 I - 

Beeps POST Routine Description 
Verify Real Mode 
Disable Non-Maskable Interrupt (NMD 
Get CPU woe 

Jser - 

08h 
09h 
O A h  

"s Ma - 

Initialize chipset with initial POST values 
Set IN POST flag 
Iaitialize CPU reeisters 

inual - 

07h Disable shadow and execute code from the ROM. 
I 06h I I Initialize svstem hardware I 

- ~~ 

24h 
28h Auto size DRAM 
29h Initialize POST Memory Manager 
2Ah 
2Ch 1-3-4-1 RAM failure on address linexxxx* 
2Eh 

I Set ES segment register to 4 GB 

Clear 512 kEi base RAM 

RAM failure on data bitsxxxx" of low byte of 
- 

1-3-4-3 

2Fh 
32h 
33h 

1Ch I I Reset Programmable Interrupt Controller 
20h 1 1-3-1-1 f Test DRAM refresh 

memory bus 
Enable cache before system BIOS shadow 
Test CPU bus-clock freoltpncv 

Initialize Phoenix Dispatch Manager 1 

1-3- 1-3 I Test 8742 Kevboard Controller I 

2Gh I I \\'arm dart shut d o ~ v i i  

3831 I 1 Shadow system BIOS ROM 
Auto size cache 

Load alternate registers with CMOS values 
Initialize extended memory for RornPilot 

42h Initialize interrupt vectors 
POST device initialization 
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* If the SIOS detects euor 2C,2E, 01' 30 (basc 5128 RAM error), it displays an additional word-bitrnap (xxrx) 
indicating the address line or hits that failed. For example, "2C 0002" means address line 1 @it one set) has failed. "2E 
1070" means data bits 12 and 5 (bits 12 and 5 set) have failed in the lower I6 hits. Note that error 30 cannot occur on 
386s): systcms hecaitse they have ;I 16 rather than 32-bit bus. The BIOS also sends the bitmap to the port-80 LED 
display. Tt first displays the checkpoint code, followed by a delay, the high-order byte, another delay, and then the low- 
order byte of the error. It repcats this sequence continuously. 

P P  
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PhoenixBlOS 4.0 Services 
The ROM BIOS contains a number of useful run-time BIOS Services that are 
easily called by an outside program. As a programmer, you can execute these 
services, which are nothing more than subroutines, by invoking one of the BIOS 
interrupt routines (or, when specified, calling a protected-mode entry point and 
offset). Invoking a software interrupt causes the CPU to fetch an address from 
the interrupt table in  low memory and execute the service routine. Some 
services return exit values in  certain registers. All registers are preserved unless 
they return data or status. 

Generally, a Carry flag set on exit indicates a failed service. A zero on exit i n  the 
AH register usually indicates no error; any other value is the service's exit status 
code. 

BIOS32 Service Directory 
While the standard BIOS services are accessed through the interrupt table, newel 
services are accessed by a FAR CALL to a service entry point. Programmers can 
determine the entry point by searching for a particular signature (such as 
"$PIP') in the BIOS range and finding the entry point in the header. 

The BIOS32 Service Directory (standard in PhoenixBIOS 4.0) provides a 
single entry point for all those services in the BIOS that are designed for BIOS 
clients running in a 32-bit code segment, such as 32-bit operating systems and 
32-bit device drivers. The BIOS32 Service Directory itself is a 32-bit BIOS 
service that provides a single entry point for the other 32-bit services. For a full 
description of this service, see the Standard BIOS 32-Bit Service Directory 
Proposal, Rev 0.4 published by Phoenix and available on the Phoenix Web site 
at: 

http://www.phoenix.com/products/specs.html 
Programs calling the 32-bit BIOS services should scan OEOOOOh to OFFFFOh on 
the 16-byte boundaries for the contiguous 16-byte data structure beginning with 
the ASCII signature "-32-". 

If they do not h d  this data structure, then the platform does not support the 
BIOS32 Service Directory. The following chart describes the data structure. 

Once the data structure is found and verified, the program can do a FAR CALL 
to the entry point specified 111 the above swucture. The calling environment 
requires: . 1. The CS code segment selector and the DS data segment selector must 

encompass the physical page of the entry point as well as the following 
Page. 
The SS stack segment selector must have available 1 kB of stack space. 2. 

3. Access to I/O space. 
The BIOS32 Service Directory provides a'single call that: 

~~~ ~ - -~~ 
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1. 
2. Returns three values: 

Determines if the called 32-bit service is available, and, if i t  is available, 

a) Physical ;iddress of the base of the BIOS service. 
b) Leiigth of the BIOS service. 
c)  Entry point into the BIOS service (offset of the base). --- 

BIOS32 Service Directory 
Entry: 
EAX Service Identifier. Four-character strine 

identifying the 32-bit service requeste$(e.g., 
“$PCI“). 

ERX Low-oher byte [BL] is the BIOS32 Service 
Ilirectory Function Selector. Currently, zero 
supplies the values described below. Upper three 
bytes are reserved and hust be zero on entry. 

Exit: 
N ,  Return code:, 

OOh = Service corresponding to the Service 

80h = Service corresponding to the Service 

8 Ih =Function Selector specified not supported. 
EBX Physical address of base of 32-bit service. 
ECX Length of BIOS service. 
ElDX Entrv i7oint of BIOS service (offset to base in EBX). 

Identifier is present. 

Iclfwtifier is not present. 

I- 
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Interrupt 1 Oh-Video Services 
The INT 10h software interrupt handles all video services. The results of some 
of these functions may depend on the active video mode and the particular video 
controller installed. 

Interrupt 10 Video Services 
H = OOh Set video mode 

Entry: 
AL Mode value (0-7): 

0 = 40x25 Black & White 
1 = 40x25 Color 
2 = 80x25 Black & White 
3 = 80x25 Color 
4 = 320x200 Color 
5 = 320x200 Black &White 
6 = 640x200 Black & White 
7 = Monochrome only 

H = Olh Set cursor size 
Entry: 
CH Bits 4-0 = Cursor top scan line 
CL Bits 4-0 = Cursor bottom scan line 

.H = 02h 
Entry: 
BH 
DL 
DH 

,H = 03h 
Entry: 
BH 
Exit: 
DL 
DH 
CL 
CH 

Set cursor position 

Page to set cursor 
Character column position 
Character row position 
Get cursor position of page 

Page to return cursor 

Character column position 
Character row position 
Cursor tap scan line 
Cursor bottom scan line 

LH = 05h Change displayed (active) page 
Entry: 
AL Page number to display 

LH 3 06h Scroll active page up 
Entry: 
CL Upper left column to scroll up 
CH Upper left row to scroll up 
DL Lower right column to scroll up 
DH Lower right row 10 scroll UP 
BH Attribute for blanked space 
AL Number of linm to scroll up 

0 = Blank screen 
LH = Mh Scroll active page down 

Entry: 
CL Upper left column to scroll down 
CH Upper left row to scroll down 
DL Lower right c o l ~ m  to scroll down 
DH Lower right row to scroll clown 
BH Attribute for blanked space 
AL Number of lines to scroll do? 

0 = Blank screen 
IH = 08h Read character and attribute 

Entry: 
BH Video page to read character 

_ I  

Exit, 
AL Character 
AH Character attribute 
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B = O9h Write character arid attribute 
Entry: 
AL Character to write 
B1, Charactcr attribute (alpha) 

Character color (graphics) 
BII Page to write character 
CX Count of characters to write 

E1 = OAli Write character at ciirsor 
Entry: 
BH l'age to write character 
Ala CIharactcr to write 
CX Count of characters to write 

I3 =: OBh Set color palette 

HR = 00 Set colors: 
Entry: 

If mode f: 4 or 5, BL = background color 
If mode = 0-3, BT, =border color 
It" mode = 6 or 1 I ,  RL = foreground color 
0-31 = Intensc versions of colors 0-15 

00 Palcttc = Green (I) ,  Red (2), Yellow (3) 
01 Palctte = Cyan (I), Magenta (2) ,  White ( 3 )  

BL 
U H  = 01 Set palette for inode 4 or 5 
BL 

,kl= OCh Write araphics pixel - -  
Entry: 
AL Color value for pixel 

(XORed if bit7Gl) 
C'X Colu~m to write pixel 
UX Row to write pixel 

Read griiphics pixel 
Entry: 
c:X Coluinn to read pixel 
DX ROW to read pixel 
I!xit: 
A'L Value of pixel read 

LH =: DE Teletype write character 
Entry: 
AL Character to write 
EL, Foreground color (graphics only) 

L1-I =: OF 
Exit: 
AT, Ciirreiit video mode 
AI1 Number of character cohimns 
BE1 Active pagc 

Entry: 
ES:BP Pointer to string 
CX 
DH Character row for display 
DL Character column for display 
RL Display attribute 
AL Write stririg mode 

LH = 01) 

Return Current Video Parameters 

4H 2: 33h Write string 

Length of string to display 

0 = Chars only, no cursor update 
1 z Chars only, update cursor 
2 = Char, Attrib, no cursor update 
3 = C ~ Z ,  Attrib, update cursor 
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Interrupt 12 Return System Memory Size 
Exit: 
AX Number of 1-kilobyte memory bIocks 

I 

Interrupt 11 h-Return System Information 
This service returns the equipmentinstalied as determined by the BIOS on 
power-up diagnostics and stored in the BIOS Data Area. 

Interrupt 11 Return System Information 
Exit: 
A x  
Bit 
0 
1 
2 
3 
4 s  

6.7 

8 
9-1 1 
12 

Equipment information: 
Definition 
Not used 
Math coprocessor installed 
PS/2 mouse installed 
Not used 
Initial video mode: 
00 = EGNVGA 
01 = 40x25 CGA 
10 = 80x25 CGA 
11 = Monochrome 
Diskette drives: 
00 = 1 drive 
01 = 2 drives 
10 = 3 drives 
1 1  = 4 drives 
Not used 
Number of serial adapters 
Game Adaoter installed 

13 Notused 
14,15 Number of parallel adapters 

Interrupt 12h-Return Memory Size 

1 Int 13 Diskette Exit Status Codes 
AH OOh = No error 

If Carry = 1: 

02h =Bad address mark 
AH Olh =Illegal BIOS command 

03h = Write-protect occurred 
04h = Sector not found 
06h = Media changed 
09h = DMA crossed 64K boundary 
08h = DMA failed 
OCh = Media not found 
1Oh = CRC failed 
20h = NEC failed 
30h =Drive does not support media sense 
3 1 h = No media in drive 
3?h = Drivr, (foes not support rnedio type 
40h = Seek failed 
80h = Time out occurred 1 

The following table contains the combinations of drive types and media types 
supported by the INT 13 services 02h to 05h. 

~ ~~~ 
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360 kE3 3GOkB 8-9 40 
360 k13 1.2 ME! 8-9 40 
1.2 blB 1 2 M B  15 80 
920 kH 720kB 9 80 
720 kR 1.44 MB 9 80 
I M M B  1.44MB 1X 80 
720 kR 2.88 MB 9 80 
I.44MB 2.88MB 18 90 
2.88 MB 2.88MB 36 80 

The following describes the diskette services with their entry and exit values. 

Iiiterrupt 1311 Diskette Services 
-- 

I: 0011 Reset diskette system 
7: Olh Return diskettc status 
Exit: 
AI1 00h :: No error' 

Olh = Illegal BIOS cormnand 
02h = Address mark not forind 
03h = Write-protect error 
03h = Sector not found 
0611 z Media has heen changed 
08h = DMA overrun 
0'311 = 13MA bottndiuy error 
0Ch = Media not found 
10h = CRC error 
20h :: NEC error 
40h = Seek error 
Soh =:: Tlme out occutreci 

LH 22 0211 Read diskette sectors 
Entty: 
ES:BXRuffer address 
DI, Drivc mtmber (0-1) 
DII €lead num1m (0-1 j 
CII Track number (0-79) 
CL Sector nuinher (8-36) 
AI, Number of sectors (1-15) 
Exit: 
AI, Number of sectors transferred 

iH I: 0311 CVritc dbkctte sectors 
Enuy: 
ES:BX Buffer address 
DL Drive number 10-1) . 
DI-I Head nuinher (0-1) 
CII Track nitrnber (0-79) 
CI, Sector nutnher (8-36) 
AI, Numbcr of sectors (1-15) 
Exit: 
AT2 Ntimbcr of sectors transferred 

Wt ::: 0411 Verify diskette sectors 
Entry: 
DL Drive pllimber (0-1) 
DH Head number (0- 1) 
CI-I Track nuniher (0-79) 
CT. Sector number (8-36) 
hl, Number of sectors (1-15) 
Exit: 
Al, Numbcr of sectors vcr ikd  

l.HI ery 
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,H e: 05h Format diskette track 
Entry: 
ES:BXBuffer address 
DL Drive number (0-1) 
DH Head number (0-1) 
CH Track number (0-79) 
CL Sector number (8-36) 
AL Number of sectors (1-15) 
Exit: 
AL Number of sectors formatted 

LH = 08h Read drive parameters 
Entry: 
DL Drive number 
Exit: 
ES:DI Pointer to parameter table 
DH Maximum head number 
DL 
CH Maximum track number 
CL Drive capacity: 

BL 

Number of diskette drives present 

Bits 0-5 Maximum sector number 
Bits 6-7 Maximum track number 
Diskette drive type from CMOS: 
Bits 0-3: 
00 = CMOS not present or invalid 
01 =360kB 
02 = 1.2 M B  
03 = 720 kB 
04 = 1.44 MB 
06 = 2.88 MB 

Bits4-7: 0 
i H  = 15h Read drive type - _  

Entry: 
DL Drive number 
Exit: 
AH 00 = Drive not present 

01 = Drive cannot detect media c-.ange 
02 =Drive can detect media change 
03 =Fixed disk 

kH = 16h Detect media change 
Entry: 
DL Drive Number (0-1) 
Exit: 

AH 
If carry = 0: 
00 = Disk change not active 
01 = Invalid drive number 
06 = Either disk change line active or 

change line not supported 
80h = Drive not ready or no drive present: 

(t imeout) 
AH = 17h Set diskette type 

Entry: 
AL Format: 

00 = Invalid Request 
01 = 360kB floppy in 360kB drive 
02 = 360kB floppy in 1.2MB drive 
03 = 1.2MB floppy in 1.2MB drive 
04 = 720kB floppy in 720kB (1.44MB not supported) 

DL Drive Number (0-1) 
AH c 1Sh Set media type for format 

Entry: 
CH Maxiinum tmck number 
CL Diskette parameters: 

DL Drive Number (0-1) 

Bits 0-5: Maximum sector number 
Bits 6-7: Maximum track number 

Exit: 
ES:DI Pointer to parameter tahle 
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, Drivc number (0-1) 

Type of media installed: 
0Oh L: 720 kB diskctte 
Olh :: 1.44 MR diskette 
02h :: 2.88 MB diskette 
03h -. 1 h1B diskette 
04h =: 2 MB diskette 

Interrupt 13 
Interrupt 13h a6ce:ises these Services: 

Standard Fixed-Disk Services, 00h-15h 
Enliariced Disk Drive Services, 41h -48h 
Bootable CD-ROM Services, 4Ah-4Dh 

The following box lists the enor codes: 

hit 1311 Fired-Disk Exit Codes 
AH 00h I; No error 

AH 
If Carry = 1: 
01 = Rad cormnand or prameter 
02h = Address mark not foudd 
0411 r; Sector not founcl 
05h = Reset failed 
07h z Drive parameter activity failed 
0Ah = Bad sector flag detected 
10h = ECC: dah error 
1 l h  ECC data corrected 
20h = Controller failure 
40h = Scek failed 
8Oh = Time out occurred 
AAh = Ilrive nut ready 
BBh = Untlocrtmented controller error 
CCh = Controller write fault 
EOh = Uwecogaized controller error 

The following describes the Standard Fixed-Disk services of PhoenixBIOS 4.0: 
Interrupt 13 Staridard Fixed Disk Services 

kH I--. 00 Reset diskette and fixed-disk systems 
kH y- Olh Read disk shtris 

Entry, 
DI, Drive number Wh-8 Ih) 
Exit: 
AH OOlh = Bad command 

002h = Rad address mark 
004h =: Record not found 
00Jh = Controller reset error 
007h =. Drive initialiratioli error 
OOAh :: Bad sector 
OlOh 2. ECC data error 
020h =. Controller failed 
03Oh = Seek error 
OAAh = Drive not ready 
OBAh = Invalid controller error 
OCCh =Controller write fault 
OEOh :: Unrecognized controller error 

11 
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zterrupt 13h-Fixed Disk Services, Continued 
H = 02h Read disk sectors 
Entry: 
ES:RXBuffer address 
DL Drive number (80h-81h) 
DH Head number (0- 15) 
CIS Track number (0-1023) 

CL Sector number (1-17) 
AL 

Exit: 
AL Number of sectors transferred 

,H = 03h Write disk sectors 
Entry: 
ES:BX Buffer address 
DL Drive number (80H-81H) 
DH Head number (0-15) 
CH Track number (0-1023) 

Put the two high-order bits (8 and 9) 
in the high-order bits of CL 

Number of sectors (1-8Oh for read) 
(1-79h for long r a d ,  includes ECC) 

Put the two high-order bits (8 and 9) 
in  the high-order bits of CL 

Number of sectors (I-80h for write) 
(1-79h for long write, includes ECC) 

CL Sector number (1-17) 
AL 

Exit: 
AI, Number of sectors transferred 

iH = 04h Verifv disk sectors 
Entry: 
ES:BX Buffer address 
DL 
DH Head number (0-15) 

Drive number (8Oh-8 I h) 

CH Track number(0-1023) 

CL Sector number (1-17) 
AL 

Exit: 
AL Number of sectors verified 

AH = 0% Format disk cylinder 
Entry: 
ES:BX Pointer to table containing the 

following byte pair for each sector 
in the track 
Byte 0: OOh if sector is good 

80h if sector is bad 
Byte 1: Sector Number (0-255) 

Put the two high-order bits (8 and 9) 
in the high-order bits of CL 

Number of sectors (1-80h for write) 
(1-79b for long write, includes ECC) 

DL Drive number (80H-8iH) 
DH Head number (0- 15) 
CH Track number (0-1023) 

CL Sector number (1-17) 
AL 

Exit: 
AL Number of sectors formatted 

Put the two high-order bits (8 and 9) 
in the high-order bits of CL 

Number of sectors (1-80h for write) 
(1-79h for long write, includes ECC) 

Phoenix Technologies Ltd. Page 47 



PhoenixBlOS 4.0 User's Manual 
_psi 

The T.echnical Reference 
-I- 

- 

-e 
itetncpt 13h -Fixed Disk Services, Continued 
H = 08h Rend drive parameters 

Entry: 
DL h i v e  ntiniber (8013-SlH) 
Exit: 
(3, hfaxirnuin sector nuinher 
<:[I Ivfaximum cylinder number 

(High bits in CL) 
1114 Maxiniuin head number 
13L Number of responding drives (0-2) 

MI 07h = Invalid drive number 
AI, O=Error 
CX 0 =Error 
I3X 0 =Errol 

LH = 091i Initialize drive parameters 
Entry: 

' DL 1 )rive number @OH-8 1H) 
LW = OAlr Read lorig sector 

I 3  ry: 
ES:HX Buffer address 
137, Drive number (80EI-81H) 
1313 Head number 
CII Cylindcr nnmber 
CI, Sector nnmber/Cyl high 
AI, Nuniher of sectors 

1fCml-y . I :  

Exit: 
AI, Ntimber of sixtors transferred 

iH = OR11 Write long sector 
I 

Eutry: 
ES:BX Buffer address 
131, Drive number {Sol-1-8 1I-1) 
DW Ilcrid nnmhcr 
O H  Cylinder number 
CL Sector nurnberlCy1 high 
At, Wutnber of sectors 
]? ' ;ut: 
A L  Number of sectors transferred 

'LH = OCh Seek drive 
Entry: 
ES:BX Buffer address 
DL Drive number (SOH-81H) 
DU Head number 
CH Cylinder iiurnber 
CL Cylinder high 

1H = ODh Alternate disk reset 
Entry: 
DL Drive niimber (80H-8 114) 

1H = l U I i  Test drive ready 
Entry: 
DL Drive number (SOH-SI€I) 

1H =: 1111 Rccalibi.nte drive 
Entry: 
DL Drive number (80H-XlH) 

'LEI = 14h Controller rlingiiostic 
'Entry: 
DL Drive ntunber (80H-81H) 

4W = 1511 Read rltive type 
Entry: 
Dt, lkivc rruinhcr (SOTI-X i 1-I) 
hx1t: 
AI1 00 -- Drive not present 

01 = Drive cannot detect media change 
02  = Drive can detect media chuuge 
03 = Fixccl disk 

CX 
I3X 

[High word of mimbcr of 512-byte hlocks 
Low word of nurnher of S I ?-byte blocks 

I I I I I w I ; I I  

-- 
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Interrupt I3h-Extended Fixed Disk Services 
The following describes the Interrupt 13h Extended Fixed Disk Services, 
including the PhoenixBIOS Enhanced Disk Drive (EDD) services: 

AH = 41h Check Extensions Present 
Entry: 
BX 55AAh 
DL Drive Number 
Exit: 
AH Major version number (20h) 
AL Internal use only 
BX 55AAh = Extensions present 

Int 13h Extended Fixed Disk Services 

. CX Featuresupportmap: 
Bit 0: 1 = Extended disk access 
Bit I: 1 = Removable drive control 
Bit 2: 1 = Enhanced Disk Drive Extensions 
Bits 3-7, Reserved, must be 0 

AH = 42h Extended Read 
Entry: 
DL Drive Number 
DS:SI Disk address packet 

AH = 43h Extended Write 
Entry: 
AL Verify Bits: 

Bit 0 0 =Write with verify off 
1 = Write with verify on 

Bits 1-7 Reserved, set to 0 
DL Drive number 
DS:SI Disk address packet 

Entry: 
DL Drive number 
DS:SI Disk address packet 

Entry: 
DL Drive number 
DS:SI Disk address packet 

AH = 48h Get Drive Parameters 
Entry: 
DL Drive Number 
DS:SI Address of Result Buffer 
Exit: 
DS:SI Pointer to Result Buffer: 

AH = 44h Verify Sectors 

AH = 47h Extended Seek 

info-size dw 30 ;size of this buffer 
flags dw ? ;info flags (See below) 
cylinders dd ? ;cylinders on disk 
heads dd?  ;heads on disk 
secger-track dd 7 ;sectors per track 
sectors dq 7 ;sectors on disk 
sector-size dw 7 ;bytes per sector 
extended-table dd? ;extended table ptr 

; (See below) 

0 = DMA boundary errors possible 
1 = DMA errors handled 
0 = CHS info not supplied 
1 = CHS info valid 
0 = Drive not removable 
1 = Drive removable 
0 =No write with verify 
I = Write with verify 
0 = No change-line support 
1 = Change-line support 
0 = Drive not lockable 
1 = Drive lockable 
0 = CHS values for installed media 
1 = Maximum CHS values for drive (media absent) 

info flags: 
Bit 0 

Bit 1 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Continued 
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izter~iipt I3h-Extcrtded Fixed Disk Services, Cotttinued 

Byte Type 
0-1 Ward 
2-3 Word 
4 

5 

6 

'7 Byte 
8 

'1 

Byte Type 
10-1 1 

12-13 Byte 
14 Byte 

IZxteiided Fixed Disk Piirainetcr Table 
Description 
IIO port address 
Control port address 
Bit 0-3 Reserved, must be 0 
Bit 4 0 =blaster, 1 = Slave 
Bit 5 Kcserved, must be 0 
Hit 6 1 = LBA enabled 
Bit 7 Reserved, must be 1 
UitsO-3 Phoenix Proprietary 
Bits 4-7 Reserved, must be 0 
Bits 0-3 IRQ for this drive 
Hits 4-7 Reserved, must be 0 
Sector couut for multi-sectored transfers 
Bits 0-3 DMA channel 
Rits 3-1 DMA type 
Bits 0-3 PI0 type 
Bits 1-7 Reserved, must be 0 
Description 
Bit 0 1 =Fast PI0 access enabled 
Hit 1 I = DMA access enabled 
Bit 2 1 = Block PI0 access enabled 
Bit 3 1 = CHS translation enabled 
Bit 4 1 = LBA translation enabled 
Bit 5 1 = Removable media 
Hit6 I=CDROM 
Hit 7 1 = 32-bit transfer mode 
Bit 8 1 = ATAPI Device uses Interrupt DRQ 
Bits 9-10 CFIS Translation Type 
Bits 11-15 Reserved, must be 0 
Reserved, must be 0 
Extension Revision number 
Checksnni, 2s complemtmt of the sum of bytes 0-14 15 Byte 

UOI- 

3h43cxtot'abIe CD-ROM Services 
Bootable CD-ROM Services 4Ah-4Ch me a pointer to the Specification Packet, 
described here: 
_ . 1 ( I L l s P  

Ifootabie CD-ROM Specification Packet 
3ffsrt Type Ikscriptioii 
111 Byte Packet size, currently 13h 
lh Byte Root media type: 

Bits 0-3: 
OOh =No emulation 
Olh = 1.2 MB diskette 
02h = 1.44 MB diskette 
03h = 2.88 MB diskette 
04h = Hard disk (drive C:) 
Bits 05h-07h: Reserved 
Hit 6: Olh =: System has ATAPI driver 
with 8 & 9 below describing IDE interface. 
f!it 7: Olh = System has SCSI drivers 
with 8 & 9 below describing SCSI interface 

00h =Floppy image 
80 = Bootable hard disk 
8lh -FFh = "Non-bootahle" or "No cmalation" 

2 11 Byte Drive numher: 

e- -- 
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terrupt 13h-Bootable CD-ROM Services, Continued 

Offset Type Description 
3h Byte Controller index of CD drive 
4h-7h Dword Logical Block Address 
Sh-9h Word Device specification: 

For SCSI: 
Byte 8: LUN and PUN of CD drive 
Byte 9: Bus number 
For IDE: 
Byte 8 LSB: 0 = Master, 1 = Slave 

Ah-Bh Word User buffer segment 
Ch-Dh Word Load segment (only for Int 13h 4Ch): 

Eh-& Word Virtual sector count (only for Int 13h 4Ch) 
1 Oh Byte Low-order bits (0-7) of the cylinder count 

(Matches returned CH of Int 13h 08h) 
1 Ih Byte Bits 0-5: Sector count 

Bits 6-7: High order 2 bits of cylinder count 
(Matches returned CL of Znt 13h 08h) 

12h Head count (Matches returned DH of Int 13h Oh) 

Bootable CD-ROM Service 4Dh uses a pointer to the Command Packei, 
described here: 

OOh = 7COh 

Byte 

Bootable CD-ROM Command Packet 
Offset Type Description 
Oh Byte Packet size in bytes, currently 08h 
Ih Byte Count of sectors in boot catalog to transfer 
2-h Dword Pointer to destination buffer for boot catalog 
6-7h word Beginning sector to transfer, relative to Start of 

the hoot catalog. Int 14 4Dh should set this 
value to OOh. I I 

The following describes the Interrupt 13 Bootable CD-ROM Services of 
PhoenixBIOS 4.0: 

Int 13 Bootable CD-ROM Services 
AH = 4Ah Initiate disk emulation 

Entry: 
AL 00 
D S S  Pointer to Specification Packet (See above) 
CF 0 = Specified drive emulating 

1 E System not in emulation mode 
AH = 4Bh Terminate disk emulation 
' Entry: 

AL OOh = Return status and terminate emulation 
Olh = Return status only, do not terminate 

DL Drive number to terminate 
7Fh = Terminate all 

DS:SI Empty Specification Packet 
Exit: 
DS:SI Completed Specification Packet (See above) 
AX Exit status codes 
CF 0 = System released 

1 = System not in emulation mode 
AH = 4Ch Initiate disk emulation and boot 

Entrv: 
AL - OOh 
DS:SI Specification Packet (See above) 

AH = 4Dh Return boot catalog 
Entry : 
A L  QDh 
US:SI Point to Command Packet (See above) 

Interrupt 14h-Serial Services 
The INT 14 software interrupt handles serial I/O service requests. Use the AH 
register to specify the service to invoke. This describes the UART Modem and 
Line Status returned by these services. It also includes two services, 04h and 
05h, that support the extended communication capabilities of PW2. 
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'The following describes the modem status returned by serial services. 
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p-srrr 

AH Descriptio11 

Bit 7 I =Time ou ---- 
The following describes the serial coinminication services of PhneninBIOS 4.0: 

Iiiterrupt 1411 Serial Services 
i H  = 01) Initialize Serial Aclapter 

E n  try: 
AL h i t  parameters: 

Bit 1,0 10 = 7 data ?)its 
1 1  = 8 data bits 

s i t  2 0 = 1 stop bit 
I = 2 stop bits 

Bit 4,3 00 =No parity 
10 =No parity 
01 =Oddparity 
11 = Even parity 
000 = I10 Baud- 417 divisor 
001 = 150 Baud300 divisor 
010 =300 Baud-180divisor 
Ill I = 600 Baud-OCO divisor 
100 G 1200 Baud-060 divisor 
101 = 1400 Baud-030 divisor 
1 I O  = 4800 Baud-01 8 divisor 
I 1  1 = 9600 Baud-DOC divisor 

Bit 7-5 

DX Serial port (0-3) 
Exit: 
AI, Modem status 
it11 t ine  stattis 

4H =: Olh Send eliaracter 
Entry: 
AL Character to transmit 
IIX %rial port (0-3) 
Exit: 
AH Line status 

Entry: 
DX Serial port (0-3) 
Exit: 
t\L Character received 
, i T 1  I , i i rc  S t L > i u  

AI€ = 0311 Return serial part status 
EnQy: 
DX Serial port (0-3) 
Exit: 
AH Line status 
AL Modern status 

AH I 0% Receivat chnracter 
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Inrerrupt 14h-Serial Services, Continued 
AH = 04h Extended Initialize (PS12) . ,  

Entry: 
DX 0-3 = Communications adapter 
AL 00=Break 

01 = No break 

00 = None 
01 =Odd 
02 = Even 
03 = Stick parity odd 
04 =Stick parity even 

BL Stop bits: 
00 = One 
01 = Two if 6.7. or 8-bit word length 
One and one-half if 5-bit word length 

00 = 5 bits 
01 = 6 bits 
02 = 7 bits 
03 = 8 bits 

CL Baud rate: 
00 = 110 baud 
01 = 150 baud 
02 = 300 baud 
03 = 600 baud 
04 = 1200 baud 
05 = 2400 baud 
06 = 6000 baud 
07 = 9600 baud 
08 = 19200 baud 

BI-I Parity: 

CH Word length: 

Exit: 
AL Modem status 
AH Line stahis 

AL = 00 Rend modem control register 
Entry: 
DX Serial port (0-3) 
Exit: 
BL Modem control register 

AL = 01 Write modem control register 
Entry: 
DX Serial port (0-3) 
BL Modem control register 
Exit: 
AL Modem status 

AH = 05h Extended Commuuicntions Port Control (PS/2) 

I AH Linestatus 

Interrupt 1 5h-System Services 
The INT 15 software interrupt handles a variety of system services: 

Multi-tasking-80h, 81h, 82h, 85h, 90h, and 91h 
Joystick support-84h 
Wait routines-83h and 86h 
Protected-mode support-87h and 89h 
Report extended memory to 64 kB-88h 
System information-C0h 
Advanced Power Management (optional)-53h 
Report extended memory above 64 kB (optional)-8Ah and ESh 
l’S/2 Mouse support (optioniil)-C2h 
EISA Support (optional)-DSh 

The first section describes the standard Interrupt 15 services, followed by 
separate sections describing each of the optional services. 
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Tiiterrirpt 1511 Systein Services 

iH = 00-03h Cassette services 
Entry: 

Exit: 
Carry 1 = Not supported 

I3ltr y: 

No longer supported 

11% = 8011 Device open 

BX Device identifier 
CX Process identifier 

Entry: 
BX Device identifier 
CX Process identifier 

LN = 8211 Progrnin termination 
Entry: 
BX Device identifier 

AI, 00 =Set iitterval 
Entry: 
ES:BXPointer to byte in caller's memory that will have 

CX 
DX 
Exit: 
AH 83h 
AI, 

AI, 
Exit: 
AH 83 
AI, 00 

Entry: 
DL 

iH = 8111 Ihvice close 

L H  =: 8311 Event wait 

bit 7 srt when interval expires. 
Microseconds before post (high byte) 
klicroscconds hefore post (low hyte) 

A value written to CMOS register B 
OOh = Function busy 
01 = Cancel set iiitcrval 

i H  2: 84h Joystick support 

00 2 Read switch settings 
Exit: 
AL Switch settings 

DI, 01 Return resistive inputs 
Exit: 
AX Input bit 0 (Joystick A, x coordinate) 
RX Input bit 1 (Joystick A, y coordinate) 
CX Input bit 2 (Joystick B, x coordinate) 
DX Input bit 3 (Joystick B, y coordinate) 

i H  2: H5h System request key pressed 
Entry: 
AI, 00 System request key pressed 
AL 01 System request key released 

Entry: 
CX 
DX 

4H I: 86h Wait 

Number of microseconds to wait (high byte) 
Number of microseconds to wait (low byte) 

1- 111111 u 
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iterrup ISh-Sys~ern Services, Continued 
H = 8711 Extended memory move block 

Entry: 
CX Number of words to move 
ES:SI Pointer to Global Descriptor 

Byte 0-1 Bits 0-15 of Segment Limit 
Byte 2-3 Bits 0-15 of Base Address 
Byte 4 Bits 16-23 of Base Address 
Byte 5 Access Rights 
Byte 6 Bits 7-4 more Access Rights 

Bits 3-0 upper 4 bits of Segment Limit 
Byte 7 Bits 24-3 1 of Base Address 

H = 88h Extended memory size 
Exit: 
AX Amount of Extended memory less 1 kB up to 64 MB, 

in 1 kB blocks (FFFCh implies 64 MB or greater. Use 
INT 15 Big Memory Services for further information). 

(See Intel programmer's reference) 

,H = 89h .Enter protected mode 
Entry: 
ES:SI Pointer to Global Descriptor (See service 87) 
BH 
BL 

Entrv: 

Offset in IDT for IRQ 00-07 
Offset in IDT for IRQ 08-OF 

,H = 90h Device busy 

AL * Typecode: 
OOh = Fixed disk (May time out) 
Olh = Diskette (May time out) ' 
02h = Keyboard (No time out) 
03h = Pointing device (May time out) 
80h =Network (No time oiit) 
FCh = Fixed disk reset (May time out) 
FDh = Diskette drive motor start (May time out) 
FEh = Printer (May time out) 

ES:BXPoints to request block if AL = 8Oh-FFh 
Exit: 
Carry 0 = No wait performed 

(Driver must perform own wait) 
1 = Wait performed (VO compIete or time out) 

LH = 91h Interrupt complete 
Entry: 
AL Type code: See service 9Oh 

LH 3 COh Return system parameters 
Exit: 
ES:BXPointer to System Configuration 
Bytes 1-2 Length of table in bytes (8) 

Byte3 Model (FCh=AT 
Byte 4 Sub model (Olh = AT) 
Byte 5 BIOS revision level (0) 
Byte 6 Feature information: 

Bit 0 0 = Reserved 
Bit 1 0 = ISA-type YO channel 
Bit 2 0 = EDBA not allocated 
Bit 3 0 = Wait for external event 

supported 
Bit 4 1 = Keyboard intercept 
(INT 154F) called by INT 09h 

Bit 5 1 = Real time clock present 
Bit 6 1 = Second PIC present 
Bit 7 0 = Fixed disk BIOS does not 

use DMA channel 3 
Byte 7 Reserved 
BS'k 8 Resc1vd 

iH = Clli  Return Extended BIOS Data Area Address 
Exit: 
ES Extended BIOS Data Area Segment Address 

If carry = I 
AH 86 = Invalid BIOS routine call (No EBDA) 
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Interrupt 15ti-AP1VI Services 
'The IMT 15 software interrupt optionally handles the calls supporting APM 

The following are the APM exit status codes: 

- (Advanced POWW Management). 

II 

APM Service Exit Status Codes 
AI1 OOh =No error 

A I 1  Olh =Power Management disabled 
If Carry = 1: 

02h = Real Mode interface already connected 
03h = Interfxe not connected 
05h = 16-bit protccted mode interface already 

OGh = 16-bit protccted mode interface not 

07h = 32-bit protected mode interface already 

08h = 32-bit protected mode interf. x e  not 

O9h = Unrecognized Device ID 
OAh = Pararnetei value out of range 
OBh z Interface nat engaged 
60h = Unable tn enter requested state 
XOh = No PM events pending 
X6h = No APM present 

connected 

suppoiwd 

connected 

suppoited 

The following are the Interrupt 1s APM Services of PhoeninBIOS 4.0: - I 

Interrupt 1511 APM Services 
LH = 5311 APM 1.0 and A t W  1.1 BIOS Services 

AL -. OOh 11ist:tllation Check 
Entry: 
IkX 

T!xit: 
AH 
AL 
tiH ASCII "I"' 
kiL ASCII "Mi' 
CX APM hforrnation: 

Bit 0 1 = 16 bit Prot Mode supported 
Bit 1 1 = 32 Bit Prot Mode supported 
Bit 2 1 = CPU IDLE slows down CPU speed. 

Bit 3 
Bit 4 

OOOOh -- Power Device ID (APM BIOS) 
All other values reserved 

APM major revision in RCD 
APM irunor revision in BCD 

Rrquiies APM CPU Biisy service 
1 = BIOS Power Management is disabled 
1 = APM diseogaged 

AI, -- Olh Liiterface Connect 
Entry: 
13X 

AI, '=i 0211 

OOOOh =: Power Device II) (APM BIOS) 
All other values reserved 

Protected-mode 16.bit interface connect 
Entry: 
BX 

Exit: 
,4x 

BX 
CX 

h1 
DI 

000Oh = Power Device ID (APM BIOS) 
All other values reserved 

APM lfi-bit code segment (real mode 
segment base address) 
Offset of entry point into the BIOS 
APM 16-bit data segtnmt (real mode segment 
adLlres>;\ 
B l h '  t:de augiriwt leiigth 
BIOS data segnient length 

pu*IpIII 
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rterrupt Ish-APM Services, Continued 
L = 03h Protected-mode 32-bit interface connect 

Entry: 
BX Power Device ID, OOOOh 

All other values reserved 
Exit: 
AX APM 32-bit code segment (real mode segment 

base address) 
EBX Offset of entry point into the BIOS 
CX APM &bit data segment (real mode segment 

address) 
DX APM data segment (real mode segment 

address) 
SI BIOS code segment length 
DI BIOS data segment length 

Entry: 
BX 

,L = 04h Protected-mode 32-bit interface connect 

OOOOh = Power Device ID (APM BIOS) 
All other values reserved 

,L = 05h CPU Idle 
,L = Ocih CPU busy 
,L = 07h Set Power State 

Entry: 
BX Power Device ID: 

OOOlh =All PM devices managed by the BIOS 
OlXXh =Display 
02XXh = Secondary Storage 
03XXh = Parallel Forts 
04XXh = Serial Ports 
OjXXh =Network Adapters 
06XXh = PCMCIA Sockets 
E000h-EFFFh = OEM-defined power-device 
IDS 
where: 
XXh = Unit Number (0 based) 

CX Power State: 
*WOh = APM enabled 
OOOlh = Standby 
0002h = Suspend 
0003h = Off 
**0004h =Last Request Processing 

, Notificatian 
**0005h =Last Request Rejected 
0006h-001Fh = Reserved system states 
002Oh-003Fh = OEM-defined system states 
0040h-007Fh = OEMdefined device states 
OOSO-FFFFh = Reserved device states 
* Not supported for Power Device ID OOOlh 
**Only supported for Power Device ID OOOlh 

Unit Number FFh = all units in this class 

LL = OSh Enablddisable power management 
Entry: 
BX Power Device ID: 

OOOlh 2; All PM devices controlled by the BIOS 
FFFFh = All PM devices controlled by the 
BIOS (For compatibility with APM 1.0) 
All other values reserved 

OOOOh =Disable power management 
OOOlh =Enable power management 

CX Function code: 

AL = 09h 
Entrv: 

Restore Power-On Defaults 

BX Power Device ID: 
OOOlh = A I  PM devices managed bv the BIOS ~~~. ~~ 

FFFF~  = AH PM devices rnaniged dy the BIOS 
(For compatibility with APM 1.0) 
All other values reserved 
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iierriifrt 15h-APitf Services, Chitinlied 
AI, c- Oh11 Get Power Stzztus 
En try: 
BX Power Device ID, OOOOh = APM BIOS 

All other values reserved 
Exit: 
BH AC line status: 

OOh = Off line 
OLh=Online 
O X  = On luchip power 
Wh = Unknown 
All other vallues reserved 

BL. Battery stntus: 
OOh = Nigh 
Olh =LOW 
02h =Critical 
03h = Charging 
IFh = Unhirrwn 

0-100 = Percentage of fiill charge 
t’Fh = Unknown 
All other values reserved 

< (3, Percentage of charge remaining: 

LL = On11 Get PM Event 
Exit: 
13X PM event code 
AIL = OUi Get Power State 
Erttr y: 
BX Power Device ID: 

OOOlh = All PM devices managed by the BIOS 
0 1 XXh = Display 
OZXXh :z Secondary Storage 
03XXh .z Parallel Ports 
04XXh .I- Serial Ports 
05XXh := Network Adapters 
06XXh z PCMCIA Sockets 
E00Oh-EFFJ3 = OEM-clefincd power-device IDS 
All other values reserved 
where: 
XXh 3 IJnit Number (0 based) 

LR =I 5% APM 1.1 BIOS Services 
AL = O D h  En:iblc/X)isable power innnogcment 
(APM 1.1 onlv) 
Entry: 
EX Power Ucvice ID: 

OOOlh = All PM devices managed by the BIOS 

03XXh = Secondary Storage 
03XXh = Prualld Ports 
O4XXh = Serial Ports 
OSXXh = Nctwork Adapters 
06XXh s PCMCIA Sockets 
EOOh-EFFFh = OEM-clefined power-device IDS 
All other values reserved 
w h e :  
XXh = Unit Number (0 based) 
APM Ih-iver Version 
(APM 1.1 only) 

0 1 Xxtl = Display 

kL =: iOEli 

Entry: 
fix OOOOh ;: BlOS device 
C ’ H  
C‘L, 

AI’M Driver mqjor version number (BCD) 
APM Driver mitior version number (BCD) 

I 
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AL = OFh Engageldisengage power management 
(APM 1.1 only) 

Entry: 
BX Power Device ID: 

OOOlh = All PM devices managed by the BIOS 
OlXXh =Display 
02XXh = Secondary Storage 
03XXh = Parallel Ports 
04XXh = Serial Ports 
05XXh = Network Adapters 
06XXh = PCMCIA Sockets 
EOMlh-EFFFh = OEM-defined power-device 

All other values reserved 
where: 
XXh = Unit Number (0 based) 
Unit Number FFh = all devices in this class 

OOOOh = Disengage power management 
OlOOh = Engage power management 

IDS 

CX Function code: 

interrupt 15h-Big Memory Services 
The INT 15 software interrupt is an installable option that handles the calls 
reporting extended memory over 64 MB. 

- 
Interrupt 15h Big Memory Services 

,H = 8Ah Big Memory size, Phoenix definition 
Entry: 
AX Low 16-bit value 
DX High 16-bit value 

LH = E8h Big Memory size 
= amomt of memory above 64 h4F3 in 1 kB blocks 

AL = Olh Big Memory Size, 16 Bit 
Exit: 
Carry 0 = E801 Supported 
AX 
BX 
CX 

DX 

Memory I MB to 16 MB, in 1 kB blocks 
Memory above 16 MB, in 64 kEl blocks 
Configured memory 1 MB to 16 MB, in 1 kB 
blocks 
Configured memory above 16 MB, in 64 
kB blocks 

LL = 20h System Memory Map 
Entry: 
EBX Continuation value 
ES:DI Address of Address Range Descriptor 
ECX Length of Address Range Descriptor 

(=> 20 bytes) 
EDX “SMAP signature 
Exit: 
Carry 0 = E820 Supported 
EAX “SMAP” signature 
ES:DI Same value as entry 
ECX Length of actual reported information in bytes 
EBX Continuation value 

Structure of Address Range Descriptor: 
Bytes 0-3 Low 32 bits of Base Address 
Bytes 4-7 
Bytes 8- 11 Low 32 bits of Length in bytes 
Bytes 12-15 
Bytes 16-20’rype oi Address Range: 

High 32 bits of Base Address 

High 32 bits of Length in bytes 

1 = AddressRangeMemory, available to OS 
2 = AddressRangeReserved, not available 
3 = AddressRangeACPI, available to OS 
4 = AddressRangeNVS, not available to OS 
Other =Not defined, not available 
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iiterrrrpt I Sh-Big Memory Services, Corifitiried 
WTE: Each call o f  this service defines a descriptor buffer 

and requests the inemory status of the address range 
specified by the continuation value, wherc zero = first address 
range. The function fills the buffer and returns the continuation 
value for the next address range, where zero = last 
address range. 

41, =: 8111 Big hfcrnory Size, 32-Bit Protected Mode 
Exit: 
Carry 0 = E88 1 supported 
54X Mcmory 1 MB to 16 Ml3, 1 kT3 blocks 
EBX Memory above 16 MB, 64 kB blocks 
ECX Configured metnory I MH to 16 MB, 1 kB 

blocks 
EDX Conftgiired memory above 16 MB, 64 kB 

blocks 

nterrerpt 1 5hm-PS/2 IWouse Services 
The CNT 15 software ititerrupt optionally supports systems with the PS/2 motise 
or similar devices installed on the motherboard. The following table describes 
the exit stiltus codes: 

AH 00h = N o  error 
01 h -9 Invalid fuiiction call 
0211 =Invalid input valiic 
03h = Interface error 
04h = Reqnest for resend received from 8042 
0Sh = N o  driver installed (i.e., Function C207 

hqs not been called) 

The following table describes the Interrupl 15h Ps/2 mouse services of 
Phomhl3IOS 4.0: 
-Llltl 

Interrupt 15h PS12 Mouse Services 
~1-l I C2h PS/2 Mouse Support 

AI, 

NE1 0Oh = IXsable 
Olh =Enable 

AI, 01 = Reset PSI2 Mouse 
Exit: 
H I  DeviccID 

LL t)Z = Set Sainplc Rate 
Entry: 
B€I Sample rate: 

00 = EnabfdDisable PS/2 Mouse 
Entry: 

00h = 10 reports per second 
Olh = 30 reports per second 
02h = 30 reports per second 
03h = 40 reports per second 
04h = 60 reports per second 
O4h = 80 reports per second 
05h =: 100 feports per second 
OGh =. 200 reports per second 

AI, 8311 =: St4 resolution 
Entry. 
BII Resolution value: 

Doh -7 1 count per tnilliineter 

02h = 4 coiints per milliiueter 
03h =. 8 counts per idhmeter  

c) LcJiiIlt\ 1lCI l l l l l i l l l l C ~ i 1  

AL 
Exit? 
BE1 Device ID 
AI, 
Entry: 
811 Data package siie (01-08h. in bytes) . 

0411 = Wend Device 'l'jpe 

0511 r: hitinlizc PS/2 I ~ O U S C  

I 

-r 
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LL 06h = Set Scaling or Get Status - 
Entry: 
BH 00 = Return status (See  Exit Status below) 

01 =Set Scalintl Factor to 1:l 
02 = Set Scalini Factor to 2:l 

Exit: 
If Entry BH = 00: 

BL Status byte 1: 
Bit 0 
Bit 1 0 =Reserved 
Bit 2 
Bit 3 0 = Reserved 
Bit 4 

1 = 2:l  Scaling 
Bit 5 0 = Disable 

1 =Enable 
Bit 6 

I = Remote mode 
Bit 7 0 =Reserved 

0Uh = 1 count per millimeter 
Olh = 2 counts per millimeter 
02h = 4 counts per millimeter 
03h = 8 counts per millimeter 

OAh = 10 reports per second 
14h = 20 reports per second 
28h = 40 reports per second 
3Ch = 60 reports per second 
50h = 80 reports per second 
64h = 100 rcports per second 
C8h = 200 reports per second 
07 = Set PS/2 mouse driver address 

1 = Right button pressed 

1 = Left button pressed 

0 = 1:l Scaling 

0 = Stream mode 

CL Status byte 2: 

DL Status byte 3: 

AL 
Entrv: 
ES:BXPointer to mouse driver 

interrupt 15h-EISA Services 
The INT 15 software interrupt optionally supports systems with EISA (Extended 
Industry Standard Architecture) with these services: 
Read slot configuration infomation-D800h, D880h 
Read function configuration information-D80lh, D88 Ih 
Clear EISA CMOS-D802h, D882h 
Write slot configiuation information to EISA CMOS-D803h, D883h 
Read physical slot information-D804,0884h 

The EISA BIOS services accommodate real and protected mode and 16 and 31- 
bit addressing. See the EISA specifications for descriptions of these services. 
The following are the exit status codes for the Int 15 EISA services: 

Int 15 EISA Exit Status Codes 
AH OOh =No error 

AH 80h =Invalid slot number 
If Carry = 1 

8 lh =Invalid function number 
82h = Extended CbfOS cormpted 
83h =Empty slot specified 
84h =Error writing to CMOS 
8% = CMOS is full 
86h = Invalid BIOS routine call 
87h = Invalid system configuration 
88h = Configuration utility not supported 

The following are the Interrupt 15 EISA services of PhoenixBIOS 4.0: 
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Interrupt 15h EISA Services 
, H  = 13811 Access EISA System Information 

AI, 

Entrv: 

O O h  = Read slot config inforination 
8011 = Rcad slot config information, 32 bit 

Slot number (0-63) 

Vendor iafoimation byte: 
13its 3-0 Duplicate ID number: 

Bits 5-4 Slot type: 

0000 = No duplicate ID 
000 1 = First duplicate ID 

00 t: Expansinn slot 
01 s Embedded device 
10 = Virtual device 
11  =: Reserved 

00 = Readable 
01 I' Not readable 

13it 7 Ditplicate ID: 
00 == No duplicate ID 
01 :: Duplicate IDS 

Major revision level of config utility 
Minor revision level of config utility 
MSbyte oi checksum of config file 
LSbyte of chccksnm of config file 
Nttmber of device functions 
Combined function information byte: 
Bit 7 Reserved 
Bit 6 Slot has free-form data entries 
Bit 5 Slot has port initialization entries 
Bit 4 Sfot has port range entries 
Bit 3 Slot has DMA entries 
t3it 2 Slot has IRQ entries 
Bit I Slot has memory entries 
t3it 0 Slot has fiunction type entries 
First word of compressed device ID 
Second word of compressed device ID 
(See "Read physical slot information" below) 
Olh = Read function config information 
Hlh = Read function config information, 32 bit 

I3it 6 Product ID: 

Fwction number (0 to n-1) 
CL . Slot number (0-63) 
DS:SI Pointer to output data buffer 
Exit: 
DS 
S f  
ESI 
AL 

Segment for return data buffer 
Offset to return data buffer (16 bit) 
Offset to retiurn diita buffer (32 bit) 
021% = CIear EISA CLMOS configuration 
8211 = Clear EISA ChfOS configuration 32 bit 

Configuration utility major revision level - BE Configuration utility minor revision level 
0311 = Write slot config information 
8311 = Write slot eonfig information, 32 bit 

Length of data structure in bytes 

Offset of data table (16-bit call) 
Offset of data table (32-bit call) 

Entry: 
BH 

AL 

Entry: 
C X  
US Segment ofddta table 
St 
ESI 

c 

-I IIB- 
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Inrerrupt Ish-EISA Services, Continued 

AL 04h = Read board ID registers 

Entry: 
CL Slot number (0-63) 
Exit: 
DI 

84h = Read board ID registers, 32 bit 

First word of compressed ID: 
Byte 0: 
Bits 1-0 2nd character of manufacturer code 
Bits 6-2 1st character of manufacturer code 
Bit7 Reserved 
Byte 1: 
Bits 4-0 3rd character of manufacturer code 
Bits 5-7 2nd character of manufacture code, cont. 
Second word of compressed ID: 
Byte 0: 
Bits 3-0 2nd hex digit of product number 
Bits 7-4 1st hex digit of product number 
Byte I: 
Bits 3-0 Hex digit of revision number 
Bits 7-4 3rd hex digit of product number 
If Carry = 1: 

SI 

Interrupt 1 6h-Keyboard Services 
The MT 16 software interrupt handles keyboard VO services. The following 
describes the keyboard services of PhoenixBIOS 4.0: 

Iiiterrupt 16h Keybpard Services 
i H  = OOh Read keyboard input 

Exit: 
A L  ASCII keystroke pressed 
AH Scan code of key 

1H = Olh Return keyboard status 
Exit: 
AL ASCII keystroke pressed 
A H  Scan code of key 
ZF No keystroke available 
NZ Keystroke in buffer 

4H = 02h Return shift-flag status . 
Exit: 
AL Current shift status 

4H = 03h Set typematic rate and delay. _ _  
Entry: 
AL 05 (sub function number) 
BL OOH through IF% typematic rate 

(30 chars/& to 2 ch&e-c) 

OOh = 250 m~ 
Olh J 500 ms 
02h = 750 ms 
03h = lo00 ms 
04h to 07h = Reserved 

AH = 05h Add key to Keyboard buffer. 
Entry: 
CL ASCIIcode 
CH Scancode 
Exit: 

If Carry = 1: 
AL Keyboard buffer full 

AH = 10h Read extended character from buffer. 
Exit: 
AL. ASCTI keystroke pressed 
AH Scan code of  kev 

BN Delay rate: 
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IH = 1111 Return extended buffer status. 

Exit: 
AL ASCII keystroke pressed 
AH Scan code of key 
ZF No keystroke available 
1W Keystroke in buffer 

LII =: 1Zh Return extended shift status. 
Exit: 
AL Shift status: 

Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit I 
Bit 0 

Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit I 
Bit 0 

1 = Sys Recl prcssed 
1 = Caps Lock active 
1 = Nutn Lock active 
1 = Scroll Lock active 
1 =Right Alt active 
I =Right Ctrl active 
1 =Left Alt active 
1 =Left Ctrl active 

1 = Insert active 
I = Caps Lock active 
1 =Nom Lock active 
1 = Scroll Lock active 
1 = Art pressed 
I = Ctrl pressed 
1 =Left Shift pressed 
1 = Right Shift ptessed 

AH Extended shift status: 

111 

I 

The Techriical Reference _- 

Th-Paral iiel Printer Services 
The IN?' 17 software interrupt supports up to 4 parallel adapters. The BIOS 
stores the standard base addresses for three parallel adapters in the BIOS Data 
Area at 3lK!li, 378h, and 27Sh. These services use the I/O ports 0278h-O27Ah, 
037Flh-03 7Ah, and 03BCh-03BEh. 

AH = OOh Print character 

- 
Interrupt 17h Parallel I'rinter Services 

Entry: 
AL. Charactrx to print 
DX Printer port (0-3) 
Exit: 
AH Printer Status (see below) 

AH E: Ulli Initialize printer port 
Entry: 
DX Printer port (0-3) 

, 

'Exit: 
AI1 Printer Status (see below) 

AH =: 0211 Return printer status 
Entry: 
DX Printer port (0-3) 
Exit: 
A H  Printer Status: 

Bit 0 
Bit 1 Reserved 
Bit 2 Reserved 
Bit 3 1 =TI0  error 
Bit 4 1 =Printer selected 
Bit 5 
Bit 6 
Bit 7 

1 c Time-out error 

1 = Out of paper 
1 = Acknowledgment from printer 
1 = Printer not busy 

1%- 

7 h-E P P S e rv i ces 
[Jse Interrupt 17h 02h to obtain the BIOS entry point (also called the EPP 
Vector) to Enhanced Parallel Printer (EPP) Services. To use the other EPP 
services, load A H  with an appropriate function value and Far call the EPP 
Vector. 

The foilowiilg are the EPP exit status codes: 

- - 
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EPP Services Exit Status Codes 
AH OOh = No error 

Olh =Failed YO function 
02h = Invalid function 
03h = EPP not supported 
03h = Not an EPP port 
20h = Multiplexor not present 
40h = Multiplexor already lacked 

Interrutvt 17h EPP Service 
AH = 02h EPP Installation checL 

Entry: 
DX EPP minter port (0-2) 

Bit 1 In Bi-&rectio&l mode 
I Bit 2 In EPP mode 

Bit 3 In ECP mode 
Bit 4 
Bit 7 

AH = 03h Interrupt control 

In EPP software-emulation mode 
EPP port interrupts enabled 

Entry: 
TIT. EPP printer port (0-21 
AL 0 = Disable EPP port interrupts 

1 =Enable EPP port interrupts 
AH = 04h Reset EPP port 

Entry: 
DL EPP orinter port (0-2) 

. .  
AL 0 
CH 45h ="E" 
BL 50h="p" 
BH 50h = "P" 
Exit: 
AL 45h 
CX 5050h 
DX:BX EPP BIOS entry point 

Vectored EPP Services 
(Call entry point) 
AH = OOh Query EPP port configuration 

Entry: 
DL EPP orinter nort (0-2) 
Exit: 
AL 

BH 
BL YO capabilities: 

Interrupt level of EPP port (00-15h) 
FFh = Intermpts not supported 
EPP BIOS revision (MMMMnnnn or MA) 
Bit 0  multiplexor present 
Bit 1 PS12 bi-directional capable 
Bit 2 Daisy chain present 
Bit 3 ECP capable 

infohersion text string, zero terminated 

CX SPP YO base address 
ES:DI FAR pointer to EPP BIOS manufacturer's 

AH = Olh Set mode 
Entry: 
DL EPP printer port (0-2) 
AL Modes: 

Bit 0 Set compatibility mode 
Bit 1 Set Bi-directional mode 
Bit 2 Set EPP mode 
Bit 3 Set ECP mode 
Bit 4 Set EPP software emulation (via 

standard parallel port) 
AH = 0 th  Get mode 

Entry: 
DL EPP printer port (0-2) 
Exit: 
AL Modes: 

Bit 0 In comoatibilitv mode 
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Nterrqrt 17h-EPP SfFrvices, Contiriiieti 
H = 0511 Write artdrcss/select device 

Entrv: 
UT, ElPP printer port (0-2) 
NL, Device aclr1rt:ss to write 

Eiitry: 
DI, IiPP printer p ~ ~ r t  (0-7) 
AT, Device acldress to write 
Euit: 
AL Addrcss/device data retunicd 

Entry: 
DL HPP printer port (0-2) 
Ai. Ilata hytt: 

H = OR Write block 

E? .- 0611 Rcad address 

H = 07 Write byte 

Entry: 
DL EPP printer port (0-2) 
CK 
E!;:ST Client bnffer wklata 
Rxit: 
CX 

Entry: 
1JL KPP priuter port (0-2) 
Exit: 
AId Data byte retnrned 

Entry: 
DL 'EPP printer port (0-2) 
CX Wiiinber of bytes tti read (0 = 63k) 
BS:DI Client buffer for ietiancd data 
Exit: 
CX Bytes not transferred (0 = no error) 

Number of bytes to write (0 = 64k) 

Bytes not transferred (0 = no error) 
€3 = (1(111 Read byte 

.W =1: OAh Read block 

,ET = OBh Write irdclress, reed byte 

DL EPP priiiter port (0-2) 
AL Device address 
Exit: 
A L  Data byte returned 
= OCh Write address, write byte 
Entry: 
DL. EPP printer port (0-2) 
A 1. Device address 
DH Data byte to write 

LEI I' ODh Write addrcss, read block 

Elltry: 

Entry: 
DL EPP printer port (0-2) 
AL Device address 
CX 
ES:UI Client buffer for data 
Exit: 
AI, Returned byte data 
CX 

Entry: 
UT, EPP printer port (0-2) 
AL Device iddress  
CX 
E8:SI Client buffer w/data 
Exit: 
C'X 

Entry: 
f )I, 

Number of bytes to read (0 = 64k) 

Bytes not transferred (0 = no error) 
LH @Eli Write acldress, write block 

Number of bytes to write 

Bytes not transferred (0 = no error) 
4H L OFh Lock port 

KI'i' ~ I I I I I C I  port (ij-2) 
HL Port  idr~rcssi 

Bits 7-4 
Hits 3-0 Mux tlovice port number (1-8) 
0 = No mulriplexor 

Daisy chain port number (1-8) 

AB zz 1011 UtllOCk plJrt 
Frntcy: 
1)L EPP printer port (0-2) 

Corttirirtrd -- 
-I P 
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Entry: 
AL 0 = Ouerv if anv real-time device mesent 

Interrupt I7h-EPP Services, C o n h i e d  

AH = l l h  Device interrupt 
Entry: 
DL EPP printer port (0-2) 
BL The multiplexor device port (1-8) 

0 =No multiplexor 
AL 0 = Disable device intempts 

1 = Enable device internipts, 
ES:DI Far pointer to intermpt-event handler 

AH = 12h Red time inode 

1 = Kdd {advekse) real-time device 
2 = Remove real-time device 

0 = No real-time devices present 
1 = One or more real-time devices present 

Exit: 
AL 

AH = 4011 Query multiplexor 
Entry: 
DL EPP printer port (0-2) 
Exit: 
AL Bit 0 I = Channel locked 

BL Currently selected port 

Entry: 
DL EPP printer port (0-2) 
BL 

Exit: 

Bit 1 1 = fntermpt pending 

AH = 41h Query multiplexor device port 

"he rnultiplexot device port (1-8) 
0 =No  multiplexor 

Bit 0 1 =Port selected 
Bit 1 
Bit 2 
Bit 3 

CX EPP product/Device ID 
0 = Undefined 

AH = 42h Set prodoct ID 

AL Status flags: 

1 = Port locked 
1 = Interrupts enabled 
1 = Intermpt pending 

Entry: 
DL EPP printer port (0-2) 
AL 
CX EPP Product ID 

Mapped EPP MUX device port (1-8) 

I AH = 50h Rescan dniw chain 
Entry: 
DL EPP printer port (0-2) 
BL The inultiplexor device port (1-8) I 0 = No multiplexor 

AH = 51 h Query daisy chain 
Entry: 
DL EPP printer port (0-2) 
BL The mulfiplexor device port (1-8) 

0 = No multiplexor 
Exit: 
AL Status flags: 

Bit 0 
Bit 1 

BL Currently selected device 
CL Depth of daisy chain on this post 

1 = Channel locked 
1 = Interrupt pending 

0 ='No daisy chain on this port 
ES:DI Pointer to ASCII string, driver vendor ID 
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Interrupt 1 Ah-Time ~f Day Services 
The [NT 1 Ah software interrupt handles the time of d a y  110 services. A Carry 

- flug set 011 exit may iriciicate the clock is riot operating. 

Interrupt lhlr Time-of-Day Services 
i€I E: 0011 Read current time 

Exit: 
CX High word of tick count 
DX Low word of tick count 
At OOh = Day rollover has not occurred 

(Timer count is less than 14 hours since last 
power an or reset) 

IH .= 0111 Set currectt time (Clear rollover bit) 
Entry: 
CX 
DX 

High word of tick count 
Low word of tick count 

\H :I: 0211 Read real time clock 
Exit: 
CFI BCD hours 
GL BCD minutes 
DH BCD seconds 
DL 00 = Standard Time 

Olh = Daylight Savings 
\I3 =: 0311 Set thc real time clock 

Entry: 
GH BCD hours 
CL, BCD niinntes 
DH BCD seconds 
DL Olh r: Daylight saving 

O0h =Otherwise 
4H =: 04h Read date froin real time clock 

Exit: 
CI I BCD century 
CL BCDyear 
DII BCD nionth 
DL BCDdate 

4H =: 05h Set date in real time clock 
Entry: 
CH BCD centurv 
CL BCDyear 
IXI BCD nionth 
13L BCDdate 

AH =. 06h Set r e a l - t h e  alarm 
]%try: 
CH BCD hours to alarm 
OL, BCD minutes to alarrn 
1311 BCD seconds to alarm 
Exit: 
C 1 = Alarm already set 

A B  'U 0% Reset resl4rne alarm 
l?xit* __. . 

,4L Value written to CMOS RAM register OBh 
sill 

PhoenixSIOS 4.0 optionally supports General PCI Interrupt 1Ah Services. The 
following are the exit. status codes: - 

PCI Services Exit Status Codes 
AH OOh = Successful 

AT1 
Tf Carry = I :  
8 Ih = Function not supported 
83h = Bad vendor ID 
8hh = Device not found 
87h = R a d  register nnrnber 
88h =: Set failed 
83h =Buffer too small -- 

The following are the PCI Services: 

pu 
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Interrupt 1Ah General PCI  Services 
H = B l h  PCI Services 

AL Olh = PCI BIOS present 
Exit: 
EDX "PCI", "P" in [DL], "C" in [DH], etc. 
AL Hardware mechanism: 

Bit Description 
5 
4 
1 Config Mechanism #2 support 
0 Config Mechanism # I  support 

Number of last PCI bus 

Spec. Cycle-Config Mechanism #2 support 
Spec. CyclGConfig Mechanism #1 support 

BH Interface level major version 
BL Interface level minor version 
CL 

.L 02h = Find PCI Device 
Entry: 
CX Device ID (0-65535) 
DX Vendor ID 10-65534) 
SI Index (0-n) 
Exit: 
BH Bus number (0-255) 
BL Bits 7-3 Device number 

AL 
Entry: 
ECX 
SI Index (0-n) 
Exit: 
BH Bus number (0-255) 
BL Bits 7-3 Device number 

AL 

Bits 2-0 Function number 
03h = Find PCI class code 

Class code in lower three bytes 

Bits 2-0 Function number 
06h = Genernte special cycle 

Entry: 
BH Bus number (0-255) 
EDX 
AL 
Entry: 
BH 
BL 

DI 
Exit: 
CL 
AL 

Special cycle-data 
08h = Read configuration byte 

Bus number (0-255) 
Bits 7-3 Device number 
Bits 2-0 Function number 
Register number (0-255) 

Byte read 
09h = Read configuration word - 

Entry: 
BH Bus number (0-2.55) 
BL Bits 7-3 Device number 

Bits 2-0 Function number 
DI 
Exit: 
cx 
AL 
Entry: 
BH 
BL 

DI 
Exit: 
ECX 
AL 

Register number (0,2,4, 2 5 4 )  

Word read 
OAh = Read configuration Dword 

Bus number (0-255) 
Bits 7-3 Device number , 

Bits 2-0 Function number 
Register number (0,4, L.252)  

Dword read 
OBh = Write configuration byte 

Entry: 
BH Bus number (0-255) 
BL Bits 7-3 Device number 

DI Register number (0-255) 
CL Bvte value to write 

Bits 2-0 Function number 
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nien r i p  1Ah-Gerrertil I'CI Services, Cmtiiiired 
i L  U C h  = Write rotifiguration word 

EKttry: 
R H  Bus number (0-25.5) 
R L  Bits 7-3 Device nuniher 

Bits 2-0 Function number 
BI Register nuntber (0,2,4, 254)) 
CX Word value to write 

. .  

PnP Run-Time Services 
Plug and Play automatically configures PC hardware and attached devices 
without requiring you to manually configure the device with jumpers or in  Settip. 
You can instaH a new device such as soitnd or fax card ("plug it in") and start 
working ("begin playiiig"). 

To work properly, however, Plug-atid-Play must be supported in the hardware 
and software, insliding the BIOS, the operating system (such as Microsoft 
Windows 9.9, and the hardware drivers. 

Each PIug and Play device mis t  have all of' the following capab 

1. 
2. 
3.  

It must be uniqtiely identified 
It must state the services it provides and the resources it requires 
It must allow software to configure it. 

Note: To register a new unique vendor ID or manufacturer ID for Plug and Play 
hardware, please send e-mail to pnpid@microsoft.com. 

NOTE: There are a variety of Plug and Play technologies, including BIOS, ISA, 
SCSI, IDE, CD-ROM, LPT, COM, PCMCIA, and drivers. For complete 
~tlst~uct~oiia 011 using the L ' n i '  B 10s Sei vicea, Loilsult the liiLig trnd j ' l c ~ j  U i U S  
Specflcation V. 1 . 0 ~ .  YOLI caii ck~wnload this specification and other PnP 
specikcations from this Microsoft Web site: 
http://www.micr(,soft.com/hwdev/specs/pnpspecs. htm 

AL 

Rf'l Bus number (0-255) 
HE Hits 7-3 Device nximber 

b[ 
ECX Dword value to write. 

ODli = Write configuration Dword 
Entry: 

Bits 2-0 Function number 
13egister nurrihcr (0,4, 8, ... 252) 

AE 
Entry: 
DS 
E S 
ZrI 
ED1 
Exit: 
BX 

OEh = Get PCI LRQ roiitiiig options 

Segment or Selector for BIOS data 
Segment or Selector for Route Buffer parameter 
i6-bit offset for Koutc Buffer parameter 
32-bit oi'fset for Route Buffer pararneter 

Exclusive-PCI IRQ data map: 
Bit 0 1 :: IRQO PCI only 
Bit 1 I == IRQ i PCI only 

k t  15 
OFh = Set PCI hardware interrupt 

1 = IRQl5 PCI only 
AI, 
Entry. 
RII Bits number (0-25.5) 
WL Hits 7-3 IJcvice number 

CL 
011 IRQ number (0-15) 
DS ' Segment or Selector for BIOS data 

Bits 2-0 Function number 
PCI interrupt pin (OAh ... ODh) 
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PhoenixBIOS 4.0 optionally supports PnP (Plug and Play) Runtime Services i n  
Real and Protected Mode in with the following routines: 

PnP Run-Time Services 
0011 
Olh Get Device Node 
02h Set Device Node 
03h GetEvent 
0lh Send Message 
05h Get Docking Station Information 
09h Set Statically Allocated Resources 
OAh Get Statically Allocated Resources 
OBh Get APM 1.1 ID Table 
40h Get ISA Configuration Structure 
41h Get ESCD Information 
42h Read ESCD Data Image 
43h Write ESCD Data Imaee 

Get Number of Device Nodes 

The following are the exit status codes for the PnP Runtime Services 

PnP Runtime Service Exit Shtus Codes 
AH 0Oh = No error 

AH 
If Carry = 1: 
7ph =Device not set statically 
81h = Unknown or invalid fimction 
82h = Function not supported 
83h = Handle for Device Node invalid or out of 

84h = Bad resource descriptors 
85h = Set Device Node fimction failed 
S6h = No events pending 
87h = System currently not docked 
88h =No ISA PnP cards installed 
89h = Cannot determine docking station 

8Ah = Undocking failed: no battery 
8Bh = Docking failed: conflict with 

8Ch = Caller's memory buffer too small 
8Dh = Use ESCD support function instead 
8Eh z Send Message 04h function not wpported 
8Fh = Hardware error 

range 

capabilities 

primary boot device 

To find the PnP entry points, search for the PnP BIOS Support Installation 
:heck structure by searching for the "$PnP" signature in system memory staring 
%om FOOOOh to FFFFFh at every 16-byte boundary. Check the validity of the 
structure by adding the values of Length bytes, including the Checksum field, 
into a %bit value. Zero indicates a valid checksum. 

The following describes the support structure: 

I PnP Support Installation Check 
Offset Size Description 
OOh 4 ASCLI "$PnP" signature 
04h I Version ()Oh) 
05h 1 Length (21h) 
06h 2 Control field 
O8h 1 Checksum 
09h 4 Event-notification flag address 
ODh 2 . Real Mode 16-bit offset to entry point 
OFh 2 Real Mode 16-bit code segment address 
1 Ih 2 16-hit Protected Mode nffsct tn entry point 
13h 4 16-b1t Protected Mode code seginent base 

17h 4 OEM Device Identifier 
1Bh 2 Real Mode 16-bit data scgment address 
1Dh 4 16-bit Protected Mode data segment base 

Call each service by loading the function parameters on the stack and FAR 
calling the appropriate entry point. The following are the Runtime Services of 
PhoenixBIOS 4.0, in 'C' syntax. 

address 

address 
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1'111' Runtirnc-Service Functioii Parameters 
O h  Get Number of Device Nodes 

Entry: 
int FAR (*'entryl~oint)~Pii~~ctinii, NurnNotles, NodcSizc, 
RiosSclector); 
int Function; 
tinsigned char FAR "NumNodes; 
iinsigned int FAR *NudeSizc; 
onsigned int BiosSelectcx; 

Entry, 
int PAR (*entryPoint)(Fmction, Node, devNodcRuffer, 
Control, BtosSclcctor); 
itit Fimctrnn; 
unsigned char FAR "Node; 
rtnic DEV-NODE FAR "devNodeBuffer; 
unsigned int Control; 
unsigned int WiosSclector; 

211 Set System Devike Node 
Entry: 
int FAR (*enti yPoint)(Fmiction, Node, devNodeBuffer, 
Control, BrosSc1ec:tor); 
mt Fnnction; 
unsigned char Node; 
:,tixic DEV-NODE FAR "devNodeBuffer; 
~msigned int Control; 
imsigried int €liosSelector; 

1311 Get Event 
Entry: 
mt PAR ('enttyPoiiit)(PunctiorI, Message, RiosSelector); 
int Function; 
iiiisigned int FAR *Message; 
iinsigrted int IliosSelector; 

Entry: 
int PAR (*entryPoint)(Futicthn, Message, BiosSelcctor}; 
int Function; 
unsigned int Message: 
unsigned int UiosSelector; 

Entry: 
int FAR (*entryPaint)(~unction, DockingStationInfo, 
BiosSclector); 
int Function; 
irnsigned char FAR *DockingS tationhfo; 
un.;igncd int BiosSelector; 
Exit: 
Ilocldrig station info buffer: 

111 Get System Device Node 

,411 Send Message 

Ifill Get Docking Station Information 

Offset OOh Docking station location identifier 
Offset 041 Serial Ntimber 
Offset 08h Docking Capabilities: 

Bits 2-1: 
00 = Cold Docking 
01 = Warm Docking 
10 = Hot Docking 

0 = Surprise-style docking 
1 = VCR-style docking 

IYR Set Statically Allocated Resources 

Bit 0: 

Entry: 
int  FAR (*ent~y.yl-7oint)IFunctroti, Resource Block, 
hosSr:lector); 
rnt Function: 
unsigricd chtir 1. A13 KesourceBlock; 
trtnigned int BiosSelectar; 

II IyIIIp.I 
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'nP Run-Time Services, Continued 
/Ah Get Statically Allocated Resources 

Entry: 
int FAR (*entryPoint)(Function. Resource Block, 
BiosSelcctor); 
int Function; 
unsigned char FAR fResourceBlock; 
unsigned int BiosSelector; 

Entry: 
int FAR (*entryPoint)(Function, BufSize, APMIdTAble 
BiosSelector); 
int Function; 
unsigned int FAR *BufSize; 
unsigned char FAR *APMIdTable; 
unsigned int BiosSelector; 
Exit: 
APM ID table: 

IBh Get APM ID Table (For APM 1.1 only) 

Length Description 
Dword Device identifier 
Word APM 1.1 identifier 

IOh Get PnP ISA Configuration Structure 
Entry: 
int FAR (*entryPoint)(Function, Configuration, BiosSelcctor); 
int Function; 
unsigned char FAR *Configuration; 
unsigned int BIOS Selector; 
Exit: 
PnP ISA Configuration structure: 

Offset Description 
OOh Structure revision 
Olh Number of Card Select Numbers assigned 
OZh ISA Read Data port 
O4h Reserved 

Ilh Get Extended System Configuration Data (ESCD) 
Entry: 
int FAR (*entryPoint)(Function, MinESCDWriteSize, 
ESCDSize, NVS torageBase, BiosSelector); 
int Function; 
unsigned int FAR *MinESCDWriteSize; 
unsigned int FAR *ESCRSize; 
unsigned long FAR *NVStorageBase; 
unsigned int BiosSelector; 

l2h Read Extended System Configuration Data 
Entry: 
int FAR (*entryPoint)(Function, ESCDBuffer, ESCDSelector, 
BiosSdector); 
int Function; 
char FAR *ESCDBnffer; 
tinsigned int ESCDSelector; 
unsigned int BiosSelector; 

t3h Write Extended System Configuration Data (ESCD) - 
Entry: 
int FAR f*entrvPointMFunction. ESCDBuffer, ESCDSelector, 

int Function; 
char FAR *ESCDBuffer: 
unsigned int ESCDSelector; 
unsigned int BiosSelector: 
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The System Managcment BIOS (SNIBIOS), one of the components of the 

enterpsise. Using 
SMBIOS, ii Manager of Informalion Systems can access up-to-date information 
about the iiardwwe and software installed on every computer on a network. 

NOTE: For complete instructions on using these services, see the System 
bianagement BIOS Reference Specification available at the Phoenix Web sile: 
http://www.phoenix.com/products/specs-sinbi~s.pdf 

For clescriptions of the DMI architecture, see the Web site of the Desktop 
Management Task Force at: http://www.dmtEorg 
The SMBIOS Services are functions 50h through 5Fh of the PriP Run Time 
Services. See “PnP litin-Time Services” above for a description of how to find 
the PnP entry points to these SMBIOS Services. The following are the SMBIOS 
sei vices supported in PhoenixBlOS 4.0: 

~ Desktop Management Interface (DMI), is a method for managing PCs in an 

lllEsllll 

SMBIOS Services 
50h Gct SMBIOS Information 
C~Ih Get SMFtIOS Stnicturc 
32h Set ShifBIOS Structtm 
5511 Get GPNV Information 
5611 Read GPNV Inforrnation 
5711 Write GPNV Data - 

‘The iollowing are the exit Status codes for the SMBIOS Services: 
-Ip..cI 

SMBlOS Services Exit Status Codes 
AX 
AX 

OOh = Rinction Completed Successfully 
81h = Unknown, or invalid, function number passed 
82h = l’he function is not supported on this system 
83h = SMRIOS Stntcnire niimberlhandle passed is 
invalid or out of range. 
84h = The ftlnction detected invalid parameter or, in 
the C ~ S C  of a “Set SMBIOS Stnicture” request, 
detected an invalid value for a to-be-changed 
structure field 
85h = ’Ihe SnbFunction parameter snpplied on a 
SMBIOS control function is not supported by the 
system BIOS. 
8611 = There are no changed Sh4BIOS structures 
pending notification. 
87h =Returned when there was insufficient storage 
spaco to add the desired stnicture. 
SDh = A “Set SMBIOS Stnictiire” request failed 
becausc 011e or more of the to-be-chauged 
structure fic.lds are read-only. 
90h = ’I’he GPNV functions do not support locking for 
the specifred GPNV handle. 
9 lh = The GPNV lock request failed - the GPNV is 
already locked. 
92h = The caller has failed to present the predefined 
GPNVLock value which is expected by the BIOS 
for access of the GPNV area. 

--- 
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j0h Get SMBIOS Information 

Entry: 
short FAR (*entryPoint)(short Function, 

unsigned char FAR *dmiBIOSRevision, 
unsigned short FAR *NumStnlctnres, 
unsigned short FAR *StructureSize, 
unsigned long FAR *dmiStorageBase, 
unsigned short FAR *dmiStorageSize, 
unsigned short *BiosSelector ); 

j lh  Get SMBIOS Structure 
Entry: 
short FAR (*entrypoint) ( 

short Function; 
unsigned short FAR *Structure; 
unsigned char FAR *dmiStrucBuffer; 
unsigned short dmiSelector; 
unsigned short BiosSelector); 

i21i Set SMBIOS Structure 
Entry: 
short FAR (*entrypoint) ( . 

short Function; 
unsigned char FAR *dmiDataBuffer,; 
unsigned char FAR *dmiWorkBuffer, 
unsigned char Control, 
unsigned short dmiselector; 
unsigned short BiosSelector); 

5 1 1  Get General-Purpose NonVolatile Itiformation 
Entry: 
short FAR (*entrypoint) ( 

short Function; 
unsigned short FAR *Handle, 
unsigned short FAR *MinGPNVRWSize, 
unsigned short FAR *%PNVSize, 
unsigned long FAR *NVStorageBase, 
unsigned short BiosSelector); 

6h Read General-Purpose NonVolatile Data 
Entry: 
short FAR (*entrypoint) ( 

short Function; 
unsigned short Handle, 
unsigned char FAR *GPNVBuffer, 
short FAR 'GPNVLock, 
unsigned short GPNVSelector, 
unsigned short BiosSelector); 

7h Write General-Purpose NonVolatile Data 
Entry: 
short FAR (*entrypoint)( 

short Function, 
unsigned short Handle, 
unsigned char FAR *GPNVBuffer, 
short GPNVLock, 
11 ns igned short GPNVSelector, 
unsigned short BiosSelector ); 

~~ 

Phoenix Technologies Ltd. Page 75 



The Technical Reference --- Phoenix6103 4.0 User's Manual 

MultiBoot 111 f3un-Time Services 
An OS or application program can access the features of PhoenixBIOS 
MultiBool. 11 during riin-time by using the following MultiBoot 111 Run-Time 
Services. You can use these services to qucry the number and type of Initial 
Program Load (IPL) devices i n  the system 01' display an IPL device men11 for 
specifying the boot priority on the riext system restart. 
MultiBoot II Run-Tinie Services are extensions to the Plug and Play 1 un-time 
functions that iinplement the BTOS Boot Specifionlion Vet-. 1.01. You can access 
this speciiicatiori it1 Acrobat forinat lrom the Phoenix Web site at: 
http:l/.vvww.phoeaix.corn/~esk;top/bbslOl~~df 
PnP functions 60h through 6Fh are reserved for the BIOS Boot Specification. 
See Appendix C of the Plug nnd Play BIOS Specification mentioned above for 
the details of the calling conventions. These functions are available in Real 
Mock and 16-bit Protected Mode. 

5011 Get Version mid histallation Check 

Isw 

MultiBoot I11 Wua-Time Services 

F,ntry: 
s hart FAR (* entryPoint) (Function, Version, BiosSelector); 
short Fnnction; 
unsigned short PAR *Version; 
unsigned short BiosSelector, 

Entry: 
short FAR (* cutryPoint) (Function, Switch, Count, 
MaxCount, StnicqSrze, BiosSelector); 
short 'Function; 
sliort Switch; 
unsignctf short FAR Totint; 
uasignctl shot t FAR *MaxCount; 
unsigned short FAR *StntctSize; 
unsigned short BiosSclector; 

Entry: 
stiort FAR (* entrypoint) (Fnnction, Switch, Priority, TtihIc, 
FliosSelector); 

slioi t Function; 
short Switch; 
nnsignrd char PAR "Priority; 
uusigned char FAR *Table; 
imsigned short 13iosSeler:tor; 

63h Sct Priority 
Entry: 
short FAR (* entryl'oint) (Function, Switch, Priority, 
B iosSelector); 
short Fimction; 
short Switch; 
unsigned byte FAR "Priority; 
nmigned short f$iosSelector; 

6411 Get IPL Device from 1,rist Boot 

6111 Get Device Coont 

6211 Gct Priority and T:tble 

Entry: 
short FAR (* entrypoint) (Function, IPLEntry, RiosSelector); 
short Function; 
unsigned short FAR *IPUntry ;  
unsigncd short ZtiosSelector; --- 

-- pcu. 
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BIOS Data Area 
The BIOS keeps information about the current operating environment of the AT 
system in the BIOS Data Area, The normal way to access this infomiation is by 
means of the BIOS Services, described above. The BTOS Data Area is located 
from physical address 400h to 501h. - -  

BIOS Data Area Description 
Mfset Size Description 
0 2 Coml address 
2 2 Corn2 address 
4 2 Com3address 
6 2 Cornladdress 
8 2 Lptl address 
A 2 Lpt2address 
C 2 Lpt3 address 
E 2 LPT4lEBDA address* 
0 2 Equipment installed: 

Bit Definition 
0 Not used 
1 Math coprocessor installed 
2 PS/2 mouse installed 
3 Not used 
4 3  Initial video mode: . 

00 = EGAJVGA 
01 = 40x25 CGA 
10 = 80x25 CGA 
11  = rvionochrome 

00 = 1 drive 
0 1 = 2 drives 
10 = 3 drives 
11 = 4 drives 

Number of serial adapters 

6,7 Diskette drives: 

8 Notused 
9- 1 1 
12 Game Adapter installed 
13 Notused 
14,15 Number of parallel adapters 

Iffset Size Description 
2 1 Intemipt flag (POST) 
3 2 Memory size (K bytes) 
5 1 Reserved 
6 1 Controlflag 

Keyboard Data Area 
Dffset Size Description 
17 1 KeyboardflagO: 

Bit Definition 
0 Right shift key pressed 
1 Left shift key pressed 
2 Control key pressed 
3 Alt key pressed 
4 Scroll lock on 
5 Numlockon 
6 Capslockon 
7 Insert mode on 

Bit Dcfinition 
3 Freeze state 
4 Scroll lock pressed 
5 Num lock pressed 
G Caps lock pressed 
7 Tnsert mnclr presyed 

18 1 Keyboudflagl: 

13 i Keypad input hytc 
1A 2 Key buffer head 
IC 2 Key buffer tail 
1E 20 Key buffer 
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UOS Dtrtci Area, Cotitititlied 
Xskctte Data Area 
iE 1 SeeWrr:cnlibrate status 
IF 1 Drive motor statits 
10 L Motor oii time 
I1 L Diskette status: 

Bit Ilefinition 
I I =Drive not ready 
6 
5 
1-0 Error codes: 

1 = Seek error occurred 
1 = Diskette controllcr failed 

0111 = Illegal function request 
02h = Address mark not found 
0311 = Write protected error 
04h = Sector nnt found 
06h = Diskdtte change line active 
08h = DMA overrtm on operation 
0911 = Data-hounclary error (64k) 
OCh = Merlin type not fottnd 
IOh = Uncorrectahle ECC or CRC crror 
20h = General controller. failure 
4Oh = Seek operation failed 
8011 = 1kvir:e did tiat respond 

$2 7 Controller statiis 
Video Unta Area 
Dffsut Sim Description 
19 I Videoinode 
1A 2 Vidco coturiins 
1C 2 Videolength 
$E 2 Video stilrt 
50 10 Cursor locations 
50 2 Cursor size 
52 1 Activcpagc 
53 2 6845 address 
55 1 Mode rcgistcr vnluc 
56 1 ' Video piilctte 
Eatcirded Work Area 
57 4 ROM check address 
6R 1 CPU ratecontrol 
l'iniei- h t : i  Area 
SC ?. 'rimer count low word 
5E 2 Timer count high word 
7 0  1 'rimer overflow byte 
System Data Area 
71 1 Break pressed flag 
72 2 Soft reset flag 
Fixed Disk Data Area 
74 I Pdisk status 
7 5  1 NLimber nf fixed disks 
76 1 Pixed disk control 
77 I Resewed 
Serial and Paralld Tirneoot Counters 
78 4 Lptl -4 time-out values 
7C 4 Coin14 time-out values 
Exteiided Keyboard Data Area 
SO 2 Key huffer start 
81 2 Key hoffcr enci 
EGAfVGA Data Area 
84 1 Number of video rows 
85 2 Bytes per charactcr 
57 I St:mlL; <A 
88 1 Stnt11s B 
gc) 1 VGA St;1tus A 
8,.1 I Display Combination Codc indcx 
Extuiidcd Diskette Area 
813 I I,mt diskette data ride 

- -PI--- 
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BIOS Data Arm, Continued 

Extended Fixed Disk Area 
3C 1 FDisk status 
i D  1 FDisk error value 
SE 1 FDisk interrupt flag 
Additional Extended Diskette Area 
Offset Size Description 
BF 1 Floppy info nibbles 
90 4 Floppy state information 
94 2 Floppy cylinder number 
Additional Exteiided Keyboard Data Area 
96 1 Keyboardcontrol 
97 I Keyboardflag2: 

Bit Definition 
0 Scroll LED on 
1 Num lock LED on 
2 Caps lock LED on 
4 Ack code received 
5 Resend received 

Extended BIOS Data Area 
The Extended BIOS Data Area (EBDA), located in the top Ik of system RAM, 
contains information about the pointing device (PW2 mouse). 
TNT 15h AH = Clh returns the segment starting address of this table. 

Extended BIOS Data Area 
Offset Size Description 
)Oh 1 
31h 33 Reserved 
2lh 4 
25h 1 

Size of EBDA in kbytes 

Pointer to device routine 
First byte of pointer information: 

Bit Definition 
4 Pointer error 
5 Pointer acknowledge 
6 Resend request 
7 Command in progress 

Second byte of pointer information 
Bit Definition 
6 Enable pointer device 
7 Pointer external device 

26h 1 

7711 2 \'oin!ci cl,it:l p;,k.tgr: 
I 
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P n t e r r u p t W'e c t: o YS 
The following table describes the A'T system interrupt vectors. Status indicates 
wht sr the BIOS supports the intenupt. 

Description 
Divide by zero 
Single step 
Noli -Maskable iiitermpt 
Rrcakpoint 
Ovc1fl ow 
Print Screen Interrupt 
286 LoiiclX11 Handler 
Reserved 
IRQO - Syrtcrii Timer Interrupt 
IRQl - Keyboard Interrupt 
IRQ2 I Reserved 
IRQ3 - COEvt2: Interrupt 
IRQ3 I COMI: Interrtipt 
IRQ5 - LPTZ: Intermpt 
IRQ6 ~ Floppy Disk Interrupt 
IRQ7 ~ IPTi: Interrupt 
BIOS Video Interfacc 
BIOS Equipment Check 
BIOS Meniory Request 
BIOS Fixcd Disk/Diskette Interfacc 
BIOS Seml  Interface 
BIOS System Functions Interface 
BIOS Keyhoard Iriterfacc 
1310s Paiiillcl Printer Interface 
BIOS S e t ~ n d a r y  Boot Request 
BIOS Primary Hoot Requcst 
BIOS System Timer Interface 
BIOS Contrctl Hie& Interrupt 
BIOS User Systcm Tiiiier laternipt 
BIOS Video Init Parameters 
BIOS Diskette Parameters 
BIOS Video Graphic Characters 
BIOS Diskette (when fixed disk present) 
BIOS Fixed disk 0 parameters 
BIOS Fixed disk I parameters 
IRQS - Real time clock interrupt 
1RQ9 - LRQ7 redirection 
[RQlU - Reserved 
IRQl 1 - Reserved 
IRQl2 - Availahle/PS/2 Mouse 
IRO13 I Math cotmcessor 

Status 
Not Supportcci 
Not Supported 
Supported 
Not Supportcd 
Not Supported 
Supporter1 
Snpportcd 
Not Supported 
Supported 
Supported 
Not Supported 
Supported 
Supported 
Supported 
Supprted 
Supported 
Supported 
Supportcd 
Supported 
S u ppu rt cd 
Supported 
Supported 
Supported 
Supported 
Supported 
Supported 
Sitpprtcd 
Suppnrted 
Supported 
Supported 
Supported 
Supported 
Supported 
Suipported 
Supported 
Supported 
Supported 
Not Supported 
Not Supported 
Supported 
S upportecl 

1RG14 - I'rirnary\DE HDD Supported 
IRQl5 - AvailabldSecondary IDE HDD Supported 

8- 

I 
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Index 
<Est>, 26 
<Fb, 25 
<F2>, 25,26 
(F2> function key, 34 
<F33,25 
16-bit interface connect, 56 
32-Bit I/O, 6 
32-bit interface connect, 57 
active page, 41 
adapter 

disk, 5 
adapter ROM, 32,33 
Advanced Chipset Control, 13 
Advanced Power Management. See APM 
alarm, 68 
ALE, 13 
APM, 53 

BIOS services, 56, 58 
CPU busy, 57 
CPU Idle, 57 
driver version, 5 s  
enable/disable power management, 58 
Enable/disable power management, 57 
engagefdisengage power management, 59 
Get PM Event, 58 
Get Power State, 58 
Get Power Status, 58 
Installation Check, 56 
Interface Connect, 56 
Protected-mode 16-bit interface connect, 56 
Protected-mode 32-bit interface connect, 57 
Restore Power-On Defaults, 57 
Set Power State, 57 

Autotype, 6 
Basic Input and Output System, 31 
BDA, 77 
beep code, 34 . 
Big Memory, 53,59 
BIOS, 31 

data area, 73-77 
service, 32 
services, 39 
test points, 35 

BIOS.ROM, 28 
BIOS32 Service Directory, 39 
R o o t  First Menu, 26, 27 
boot options, 9 
bootable CD ROM, SO 
cache, 7 
Cache, 24 
cassette, 54 
C:D ROM. 50 

Conmantl Packet, 5 1 
Specification Packet, 50 

check points, POST, 34, 35 
chipset, 13, 16 
clock, 68 
CMOS, 21 

error, 24 
save Setup values, 21 

Code Read Page Mode, 14 
color, 42 

COMport, 16 
communications services, 49-52,49-52 
CPU speed keys, 34 
CRISDISK, 28 
CRISDISKBAT, 28,29 
CRISDISK.ZIP, 28 
Crisis disk, 28 
Crisis Recovery Diskette, 25 
CrisisRecovery disk, 30 
cursor 

cursor, 3 
cylinder, fixed disk, 33 
date, 4 
Desktop Management Interface, 74 
device busy, 55 
Device Node, 72 
Direct Memory Access, 24 
disk 

palette, 42 

position, 4 1 

adapter, 5 
cylinder, 47 
sector, 47 
status, 46 

controller, 16 
sectors, 44 
services, 43-45 
status, 44 
type, 44,45 

diskette, 4 

diskette and fixed-disk system.., 46 
DMA, 24 
DMI, 74 
Docking Station, 72 
drive 

parameter, 45, 48 
type, 45 

ERDA, 79 
EDD services, 49 
EISA 

Enhancecl Disk Drive services, 49 
Enhanced Parallel Printer, 64 
EPP, 64 
equipment information, 43 
error, 34 

services, 6 1 
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address confiict, 24 [nt 15h 
diskette, 43 AI’M services, 56 
fixed disk, d 1 6  
keyboard, 5-5-64 ElSA services, 61 
port 80h r:ocles, 35 
serial service, 49-52, 49-.52 

Big Meinory services., 59 

PSI2 mouse services, GO 
system services, 53 

ESCD, 12 ,73  
exit nieiitt, 2 1 
exit status codes, 39 

hit 15h services, 79 
bit  16h keyboard services, 55-64 
In t 1711 

Int 17h parallel prititer services, 63-66 
hit 1Ah 

Itit 13 Diskett.e, 43 
Itit 14h ge:neraI PCI, GS 
Tnt 15 EISA, 61 
Tiit17h EPP, 65 
PnP Ruiitinte Services. 7 1 
SMBIOS 2.2 Services, 74 interrupt . 

Extended BIOS Data Area, 55 ,  I 9  

EPP services, 64 

PCI services, 6s 
time of day services, 68 

non-maskable, SO 
exteatled memory, 4, 59 table, 39 

~nove block, 55 vector, SO 
size, SS joystick, 53 

Estendetl System Configuration Data, 73 
Fast HO,  6 
fixed disk 

support, 54 
key click, 10 
key repeat . 10 
key h o a rd diagiiostic, 48 

drive type, 3 3  error, 55-C;cf 
etwr codt:~,  46 
exterided services, 49 
rec:ii i hr;i ti:, 4 8 
serviccs, 46-48,46, 43 
t:ihles, 33 LPT port, 16 

servicesht 16H, 63 
landitig zone, 5. 33 
Large Disk h/lotle, 12 
legend bar, 3 

Flash ROM, 28 MAKE,BOOT.EXE, 28 
floppy drive. Iiec diskette 
floppy seek, 9 
lhrniat diskette track, 45 media 
Full On, 19 change, 45 
function keys, 3 4  
Gel Drive Parmieters, 49 
graphics. 47, extended, 53 

master drive, 5 
math coprocessor, 17 

type lor format, 45 
memory, 4 

refresh, 13, 14 
system, 43 

rcqriirenie 11 t.s, 3 2 menu bar, 3 
MLNIDOS.SYS, 2S,29 head, ilsed disk, 33 

hclp window, ‘4 MultiBoot, 26 
110 MultiBoot TI 

ttevice err&, 211. 
IDE disk aclapiers, 5 MultiBoot I1 Ruti-Time Services, 76 
itiitialize multi-Sector Transfers, 6 

PS/2 I1AOLiSC, 60 multi-taski ng services, 5 3 
p.n4 I, 24 

Run-Time Services, 76 

Trii tialize. Serial .4tlap tm, 52 
hit lOh video ::TIT ices 41 skable Interrupt, 24 

.. , ! 0 II!! 1 1 !I I 

Ini L2h I-etiiiii niemory size, 43 
Int 13h en-or, 24 

bimtabie (:[I ROM, 50 
diskette sei-vii:es, 4 3 4 5  screen, 26 
E.xtzrttlctcl Fix.ctl Disk S e n  ices, 49 
fixed disk scrvices, 46-4s 

11 . .  

NVRA hI 

0 c M 

0per;iLitig System, 32 
option IZOM, 32 

QuietBoot, 27 
Option ROM, 25 

Itit 1411 serial services? 49--52 
hi t  14h services, 43--52 
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palette, 42 security, 18 
parallel printer services, 64-66 
parity check, I3 
Parity Check, 21 
password, 18 
PCI, 14, 15 set 

PCI services, 68 
Peripheral Component Interconnect, 15 
Phlash, 28 
PHLASH.EXE, 29 
PHLASH.EXE, 28 help window, 4 
PLATFORM'BIN, 28 Main Menu, 2 

MultiBoot, 26 PnP 
QuietBoot, 26 
save values to CMOS, 21 
start, 7 

port 8Oh codes, 35 
POST, 32 shadow, 25 

<ESC>, 26 Shadow, 24 
<F2>, 26 slave drive, 5 
enor, 34 SMART, 6,12 
ophon ROM, 27 
terminal error, 34 
test points, 34 . software interrupts, 39 

Send character, 52 
serial port status, 52 
serial services, 49-52,49-52 
service entry point, 39 

cursor, 4 1 
video mode, 4 1 

get CMOS values, 22 
get ROM defaults, 21 

devices menu, 15 

Setup, 25 

BIOS support installatior). check, 71 
Runtime Services, 7 1,72,74 

pointer device services, 60 
shadow, 8 

SMBIOS 2.2 Services, 75 
Snoop Ahead, 14 

Power Management, 19 Standby, 19 
Power On Self Test, 32 sub menu, 3 
Printer, 64 summary screen, 9 
Program termination, 54 Suspend, 19 
protected mode, 5 5 5 6  
PSI2 Mouse, 12,24 information, 43 
PSJ2 mouse support, 60 memory map, 59 
QuietBoot, 26 memory size, 43 
QuietBoot, 26 parameters, 55 
m, 32 services, 53 

extended, 24 Teletype, 42 
read terminal error, 34 

character, 41 test points, 35 
device type. 60 time-of-day, 4 
drive parameters, 45 services, 68 
drive type, 48 troubleshooting, 35 
ESCD, 73 typematic rate, 63 
graphics pixel, 42 UMB, 25 
modem control register, 53 

system 

UMB recovery, 25 
Upper Memory Blocks, 25 real time clock, 68 

Receive character, 52 verify 
requirements diskette sectors, 44 

option ROM, 32 
systeni hoard, 32 VGABIOS.EXE, 29 

Itart tliActic : 7 j , > t t . ~ ~ i ,  (1  1 
ROM parameter, 42 

VGA error, 34 

Ideo 

BIOS, 3 1 services, 41 
default values, 2 1 

RTC, 79 wait state, 13 
titintime Services, 7 I ,  72 
scroll page, 41 write, 42 
sector, 47 buffer, 14 - 

character, 42 sectors, fixed disk, 33 
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cycle, 14 
diskette :,zciors, 44 
ESGD, 73 
graphics p ~ x o l ,  4 2  
modem rontrol register, 5 3  
page mode, 14 
pixel, 42 
precomp, 6, 33 
string, 42 
teletype, 42 
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6.23 Ampro Information on Award ROM BIOS 

Thc following provides the Ampro description of the Award ROM BIOS from the Ampro 
lnternet site with web liooks at 

Also printed is the web surninary of the Ampro BIOS & Utilities at 

h ttp:i/www.ampro .comlproducts/software/sw-bios.pdf 

Wlien the system powers up, the details of the BIOS version are displayed on the video 
screen. l%e version installed is 

Award rnodinlar BIOS v 3. IO - Copyright 1984-1 990 Award Software Inc. 
ClMi3SXi RI .03 .- Copyright 1985-1999 Ampro Computers Inc. 

Note no BIOS id string appeared at bottom of screen during the BIOS testing. 



formation available for this product: 

1, nue Embedded Svstem 
Features 
Y _ s _ _ l  

Solid State Disk Support 
tf Power MenaqemenJ 
u Watchdoc? Timer 
41 Battery-Free O p e r a m  
tf No-Fail Startup 
tf "Instant-On" S U D D O ~ ~  
a __- Unattended -.- Operation 

I 

I 2. !?t?t:rnote Access Features 

tf Serial Terminal Support 
' 8  Remote Software Updates 
tf Serial €30-ot Loader 
tf Serial Debuqqinq Capabilities 

3 .  QI:M Customizable Features 

41 0EMHo0ks 
tf User EEPROM Space 
e Bidirectional Parallel Port 
H Extended BIOS S e w  

Download Embedded-PC BIOS Utilities Batasheet (1790K Acrobat PDF) 

Amrm Home Paqe Products Sue~or t  - Partners - University - News - Contact 



"Black box" applications abound in the embdeed-PC world. While PC compatible, these systems feature 
none of the video monitors, keyboards, disk drives, or other traditional I/O devices of "normal" PCs. 
Simply put, "black box" applications offer no clear means for 8 user to gain access to the system. 

The Ampro BIOS provides a complete set of remote features which will allow full access to an Ampro 
target from a serial host. These features may be invoked automatically using a specially configured 
serial mbk. 

Serial Terminal Support 

All Arriprs embedded-PC modules support the  use of a serial terminal in place of a video monitor and 
keyboard. 

Remote Software Updates 

Ampro offers a unique combination of BIOS features and utilities for performing software updates from a 
serial host. The features provide a simple mechanism for upgrading software in field-deployed "black 
box" systems. 

Serial Boot Loader 

Arnpro's enhanced embedded-PC BIOS includes a unique capability for bootstrapping the system over 
a serial port. An appropriately configured boot image can be downloaded to the Arnpro module remotely 
arid used as the target system's boot software. 

Serial Debugging Capabilities 

Ampro's serial access features also enable remote software development and debugging. Ampro has 
teamed with several serial debugger suppliers to create versions of their software which use the  Serial 
Root Loader feature of the Arripro E3IOS. 

<-- True Embedded System Features I OEM Customizable F e a t i r r ~  --> 
R& 
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Ampro embedded-PC products offer a variety of features which allow the OEM to tailor operation to the 
needs of their specific application. The OEM may use these customirable features to change the startup 
process or make use of nonstandard system resources. These features include: 

OEM Hooks 

The Ampro BIOS provides two separate mechanisms for embedded software to gain control of the 
system during startup. The OEM can use this feature to initialize custom hardware, install a custom boot 
loader, or perform some other pre-boot operation specific to the application. 

User EEPROM Space 

An extra 512-bit area in the configuration EEPROM is available for OEM use. This space is commonly 
used to store small amounts of application software data. 

Bidirectional Parallel Port 

Ampro modules provide a PC compatible parallel port which may be used bidirectionally for general 
purpose digital 110. This option is commonly used to interface to a custom keypad or low resolution LCD 
display. 

Extended BIOS Services 

Ampro enhanced BIOS services provide OEM application software with control over the enhanced 
hardware and BIOS features of Ampro embedded-PC modules. These services allow the OEM to exploit 
the bytewide socket, user EEPROM, bidirectional parallel port, serial console and boot loader, and other 
product features for their own custom purposes. 

e-- Remote Access Features 1 Return to Embedded-PC BIOS Utilities Paae --> 

Download Embedded-PC BIOS Utilities Datasheet (1 790K Acrobat PDF\ - 
Amdro Home PaQe - Products - Suaport - Partners - Universiiv - News - Contact 
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Ampro Engineering has invested over a decade of effort in enhancing the PC architecture to satisfy the 
rigourous demands of embedded systems. The following sections outline some of the key hardware and 
BIOS enhancements that Ampro has developed for embedded-PC applications requirements. 

Most embedded applications have little or nothing in common. Yet there are several embedded-PC 
features that are commonly required by many different systems, regardless of their target applications. 
A comprehensive set of these enhanced features are provided on all Ampro embedded-PC products. 

Solid State Disk Support 

True embedded systems often require extremely strong data integrity and have rigorous specifications 
for power consumption, weight, and immunity to adverse environmental conditions. These requirements 
may prohibit the use of mechanical storage media such as floppy and hard disk drives. Ampro provides 
a complete set of solutions for substituting solid state memory for traditional disk drives. Solid state 
disks provide all of the functionality of: magnetic drives, but feature extremely low power consumption, 
very light weight, and high durability and data reliability. Removable options are also available. 

Power Management 

Low power consumption is one of the most common requirements of embedded systems. This is 
particularly true of portable and other battery-powered applications, which often must run for extended 
periods of time on a single battery charge. Ampro embedded-PC modules provide comprehensive BIOS 
support for both automatic and manual power management operations. These features allow dramatic 
pwower redictions to be achieved during periods of non-operation. Thermal monitoring and control is 
also offered on products which require CPU thermal conditioning 

Watchdog Timer 

many rnission-critical systems cannot tolerate the down time resulting from crashes due to software 
prol>lerris, power fluctuations, OF other abnormal events. The Watchdog timer protects against fatal 
stoppages by monitoring system operation and resetting in the event of a failure. 

Battery-Free Operation 

Ampro embedded-PC modules employ a serial EEPROM chip to store a backup copy of the CMOS 
RAM data. This eliminates any vulnrability of configuration data to battery failure, which is a common 
problem among desktop systerris. Ratteryiess operation also allows Ampro products to be used in 
sysleins which may be exposed to explosive environmental gasses. 

No-Fail Startup 

Ampto embedded-PC modules employ various techniques for assuring correct system startup even 
under adverse conditions. Years of effort have gone into fine-tuning the BIOS to intelligently manage 
startup errors in case user. intervention is not possible. 

“ I  t i  sta n t-0 n” Sup pe  ut: 

Many embedded systems are required to boot LIP and begin processing within seconds of system 
power-up. ‘This is much different than desktop F’Cs, which commonly take a minute or more to reach a 
fully operational state. Ampro embedded-PC modules provide sophisticated capabilities for dramatically 
reducing startup delays. 

U naltte tided 0 pera ti 8 n 
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Some types of embedded systems are designed to operate unattended for weeks, months, or even 
years at a time wih no user intervention. Ampro products are designed to allow independent operation 
for extended periods of time. 

<-- Embedded-PG BIOS Paae (Remote Access Features -a 

Ampro Home Paae - Products - S U D R O ~ ~  - Parhers - Universitv - News - Contact 
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Em ded-PC BIOS and Utilities 
Enhanced PC-curnpatibte BIOS arid utilities for. embedded systems 

Proven: field tested in thousands of OEM 
applications for over seven years 
Compatible: based on industly standard 
Award BIOS core, plus extensively tested 
Ampro enhancements 
Flexible: extended functions and options 
support the requirements of embedded 
applications 
Reliable: enhanced to support the demanrk 
of robust, non-stop, unattended system 
operation 
Complete: includes utilities for extended 
function support, system development, and 
field maintenance 
Included with all Ampro CPU prodnets 

Ampro’s exclusive Embedded-PC BIOS 
is an enhanccd, iiilly PC-cornpatible 
KOM-BIOS thal enables reliable, 
unattended noa-stop operation ofknpro 
Little BoardT1‘ and CoreModuleTbf (PIJs 
in embedded systcm applicatioris. The 
E~~~bedded-PG‘ BIOS, included with all 
i\nipro CP1 J products, greatly increases 
system reliability, functionality, and 
flexibility, malting it ideal for the 
broadest possible rwge of embedded 
system applications. 

Prlttvcn CoriipatibiG4y 
l b  assure the highest degree of PC 
conipattbility, Anipro purchased a source 
liccnse from itward Software aid has 
used the well-proven Award BIOS as the 
‘~krmel“ of the /\inpro Emheddcd-PC7 
131OS. ‘To this itilly coriipattble cole, 
Anipio has added a i  extensive set of 
embedded-PC enhancenients which have 
sct tile sramidarci 111 the indusy lor 
relralxlity, iuncLtonality, flexibility, and 
support. 111 all cases, grcat cxc in 
i riiplemncii taticin plus th orougli in te LX a1 
qtialification a n d  field testmg havc hccrl 

used to eris~ze that full compatibility 
\vi th the stantlard PC application 
envirotmcnt is preserved while offering 
thc highat possible level of reliabitity 
and robustness. 

b.k~?decX Ylexibiility and Fnncf‘fiaatality 
I!mnhedded systcms deematid great 
llcxibility in cont2guring the CPU and 
system pcripheraJs to support application- 
spccjfic requiremmts. Ampro has 
included 1310s functions which offer a 
level of system flexibility not found in 
tlie noma1 desktop PC environment. 
Jncluded xe such features as SCSI and 
solid state disk support, serial console 
mnd serial progrmi-download options, 
iton-volatilc pirrarrieter storage support, 
; I T I ~  OEM “honks” that let you customi7e 
thc systeni without modilj.ing tile BIOS. 

E;nlr:rLarc.ctl Mc.iiabiliiy 
E~nhctldctl systcrns must be able to run 
rcliably in rugged, hostile, atid mnission- 
critical environments wrthout operator 
interveniion. hiiorjlnal PC RIOS, 
dtxeloped for tlie desktop environment, 

cannot adequately support these 
requirements. Over a seven year period, 
Ampro has evolved a comprehensive set 
of BIOS enhaticemerits and extcndons 
that increase the robustness arid rehability 
of embedded-PC based system operwon 
These enhaiccments include such 
features as watchdog timer support, fail- 
safe boot, battery-he boot, and solid 
state disk support which let? you replace 
conventional disk drives with ruggcd md 
relEible silicon memory devices. 

EatrbedtPcrl-Pf‘ u hi8iiiCs 
Each Arnpro CPU developmctit kt or 
system includes a set ot Embedded-PC 
IJtilities which simplify use of tlie 
cxteiidcd feahrres in the Ainpm 
Enihc&kd-PC RTOS and which mist 
111 sysmi devefopinent, opaatioii, m t  
maintcnmce. Included ate utilities fot 
SCSI, watchdog tiiner control, a n d  
support for serially conriected :ernotc- 
liosted system access. A pxti:il li\t of 
Anpro’s Emheddcd-PI: 1 Jhlitics 
appears 111 the qxxifica(lons secBon 
of this data sheet. 

- --- 
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Embedded-PC BIOS and Utilities 

0 Solid state disk (SSD) support: 
-Reliability enhancement for rugged, hostile 

environments 
-Substitutes EPROM, Flash, or nonvolatile 

RAiM devices for normal floppy drives 
-Usable as DOS boot device 
- SSDs may coexist with standard floppy and/ 

or hard disk drives or with PCMCIA devices 
- NOVRAM and Flash SSDs niay be 

programmed from a resident DOS utility or 
remotely via a serial access utility 
NOTE: Flash SSD is supported as a 
(re)programmabb read-only DOS drive 

-Supports standard WAT floppy formats on 
0 Extended floppy services: 

PC- and m-compatible CPUs 
SCSI services: 
-Supports DOS-bmed system boot and 

-Extensive configuration options and 

-SCSI and IDE drives may coexist 
-Supports “ASPI” drivers and utilities via a 

-BIOS SCSI function provides API for 

operation using a wide variety of SCSI drives 

flexibility 

DOS device driver 

application software access and non-standard 
device support 

Watchdog timer support: 
-SETUP parameter defines startup WDT time 

constant, to ensure reliable system BOOT 
-BIOS function provides API for application 

software access, to ensure system operation 
integrity 

0 Favt hoot option: 
-Offers normal or accelerated power-onself 

-Provides microcontroller-like quick startup 

-Continuously cycles through a defmd list of 
boot devices until a boot device is available 

-Accommodates slow boot or malfunctioning 
devices 

-Supports unattended operatian 

test options for increased systemboot speed 

0 Fail-safe boot support: 

Battery-free boot support 

EEPROM device 

or non-present battery 

not permitted 

batteries (only the real time-of-day function 
is impaired) 

Serial console option: 

-GMOS SETUP data backup IS stored in an 

-Allows systemboot and operation with a bad 

-Supports environments in which batteries are 

-Prevents total system failure due to bad 

-Substitutes an external serially-connected 
device for conventionalPC keyboard and 
video 

‘ 

--Saves embedded system cost and space 
-Allows remote access by users or externd 

computers via serial connection or modem 
-Useful for diagnostics, system status 

monitoring, or remote system control 
0 Serial loader option: 

- A I I ~ W ~  external loading of executabie code 

-Increases embedded system flexibility 
-Useful for diagnostics, remote system 

control, and SSD device programming 

prior to system boot 

0 EEPROM access function: 
-BIOS function provides MI for application 

use of 512-bit nonvolatile data area 
-Useful for implementing features like 

serialization, copy protection, and passwords 
OEM customization hooks: 
-Executes custom c d e  prior to system boot 

via ROM extensions or code “patches” 
-L-Allows systemcustonuzation without BIOS 

modificntion 
0 Advanced Power Management (Refer to Ampro 

CPU datasheets for further details.) 

0 Serial loader progani: DOS utility for 
transferring a binary executable file from a 
remote “host” PC to an emhedded CPU “target”. 
usem for a wide variety of purposes including 
loading of a number of remote debuggers. 

0 Serial SSD programmer: DOS utility for 
(re)programnling the SSD devices on nn 
embedded CPU “target” under control of a 
remote serially connected “host” PC 

into the in-BIOS SETUP functionduring system 
operation 
SCSI support: SCSI device format, initialization, 
and maintenance utilities 

0 Watchdog timer utility: DOS prog<.tiii whch 
can be used to “tickle” the CPU’s WDT 

0 Terminal eniulation utility: allows a standard 
PC to emulate an ASCII terminal; for use with 
the serial console function of an embedded 
A m p  CPU module 
Advanced Power Management device driver: 
-DOS device driver supports power 

0 Setup access utility: DOS program for entering 

management o n h p r o  CPU modules 
NOTE: APM support is provided as part of 
the standard embedded-PC BIOS in 
Ampro’s newerpduets including the 
Little Board/486f. 

94 CUSTOMER SERVICE HOTLINE: 1 (800)966-5200 . FAX-ON-DEMAND: (408)522-3678 



6.2.4 CMOS Setup I J  ser's Guide for ALL M6117 
Chipse 

'The Award CMOS Setup IJtility IJser's Guide for the ALI M6117 Chipset was 
downloaded from tho Phoenix Internet site at: 

Iittp://www.phoenix.com/pcuser/bios-award-m6 1 1 7.pdf. 



Award nternationalm 

etup IJtili User's Guide 
M611'7 Chipset 

E Z ~ ~ C B I O S ~ ~ ~  Version 4.51PG 

-. Return to-A\vard I-fome Page 

--* Introduction to Setuy! 

Introductio 
This manual describes the Award 13IOS Setup program. The Setup program lets you modify basic system 
configuration settings. The setting:; are then stored in a dedicated battery-backed memory, called CMOS 
RAM, that rt:tains the infi~rmation when the power is turned off 

The Award I310S in your computer is a customized version of an industiy-standard BIOS for IRM PC 
AT-compat ible person41 ~:ol-nputers. It supports Intel x86 and compatible processors. The BIOS providcs 
critical low-level support for the system central processing, memory, and VO subsystems. 

The Award IITOS Iias been custontized by adding important, but nonstandard, features such as virus and 
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password protection, power management, and detailed fine-tuning of the chipset controlling the system, 

The rest of this manual is intended to guide you through the process of configuring your system using 
Setup. 

Starting Setup 
The Award BIOS is immediately activated when you first turn on the computer. The BIOS reads system 
configuration information in CMOS RAM and begins the process of checking out the system and 
configuring it through the power-on self test (POST). 

When these preliminaries are finished, the BIOS seeks an operating system on one.of the data storage 
devices (hard drive, floppy drive, etc.). The BIOS launches the operating system and hands control of 
system operations to it. 

During POST, you can start the Setup program in one of two. ways: 

1. By pressing Del immediately after switching the system on, or 
2. By pressing Del or by pressing Ctrl-At-Esc when the following message appears briefly at the 

bottom of the screen during POST: . 

TO ENTER SETUP BEFORE BOOT PRESS CTRL-UT-ESC OR DEL KEY 

If the message disappears before you respond and you still wish to enter Setup, restart the system 
to try again by turning it OFF then ON or by pressing the RESET button on the system case. You 
may also restart by ’simultaneously pressing Ctrl-Alt-Del. If you do not press the keys at the correct 
time and the system does not boot, an error message appears and you are again asked to 

PRESS F1 TO CONTINUE, CTRL-ALT-ESC OR DEL TO ENTER SETUP 

Setup Keys 
These keys help you navigate in Setup: 
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. I  ... -. .... - .... 

Up arrow Move to prcvious item 

Down arrow Move to next item 
............ 

......... 

Night arrow Move to t h e  item i n  the right harid 
....................................... ............................................. .................... .................. , . , . , , . . , . . . . . . . . . . . . . . . .  L.L... 

Main Menu: Quit and not save changes into CMOS RAM. 
urrent page and return to Main Menu 

-_l__l__"r -.... ........... _____I . . .  

Increase the numeric value or make changes 

-t- Increase the numerjc vdue or make changes 

-4 Decrease the numeric value or' make changes 
........ ......... 

....................... 

FX General help, only for Status Page Setup Menu and Option Page Setup Mew 

Change color from total 16 colors. F2 to select ShifLF2 color forward, Shift-F2 to select 
color backward F2 

.................................... ............................... 

F3 

]ti'$ Reserved 

Calendar, only for Status Page Setup Menu 

........ 

F§ Restore the previous CMOS value from CMOS, only for Option Page Setup Menu 
. . . . . . . .  

Load the default CMOS RAM value from BIOS default table, only for Option Page 
Setup Menti FG 

~ .............................. ........ L . . . . . .  ... ...: >> 

927 Load the default 
............. .....-.. ...... "".._ ~.." .... ~~,T..-..---..~.~~..~ ..-m "-.--.+" 

1'8 Jkserved 
, ................................................. ...... 

Save ail the CMOS changes, only for Main Menu 



Getting Help 
Press F 1 to pop up a small help window that describes the appropriate keys to use and the possible 
selections for the highlighted item. To exit the Help Window press Esc or the F1 key again, 

In Case of Problems 
If, after making and saving system changes with Setup, you discover that your computer no longer is able 
to boot, the Award BIOS supports an override to the CMOS settings that resets your system to its 
default configuration. 

You can invoke this override by immediately pressing Insert when you restart your computer. You can 
restart by either using the ON/OFF switch, the RESET button or by pressing Ctrl-At-Delete. 

The best advice is to alter only settings that you thoroughly understand. In particular, do not change 
settings in the Chipset screen without a good reason. The Chipset defaults have been carehlly chosen by 
Award or your system manufacturer for the best performance and reliability. Even a seemingly small 
change to the Chipset setup may causing the system to become unstable. 
_I___l___l_ -̂-m rn._._" _l__-.l.. ---- ---- -I-_l_l___rr___ - 

Setup Variations 

Not all systems have the same Setup. While the basic look and function of the Setup program remains the 
same for all systems, the appearance of your Setup screens may differ from the screens shown here. Each 
system design and chipset combination require custom configurations. In addition, the final appearance of 
the Setup program depends on your system designer. Your system designer can decide that certain items 
should not be available for user configuration and remove them from the Setup program. 

. . , . . , , , . . . . . . . . . . . . , . , . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 
- I . .  , , , I.. . . . . . . . . . . . , , . . . . , , . . . . . . . - . . . . . - . ~ . ~ ~ ~ - - - - . - "  

Main Setup Menu 
. 

When you enter the Award BIOS CMOS Setup Utility, a Main Menu appears on the screen. The Main 
Menu allows you to select &om several Setup fbnctions and two exit choices, Use the arrow keys t0 
select among the items and press Enter to accept and enter the submenu. 

. 

A brief description of each highlighted selection appears at the bottom of the screen. 



. . .  
-I_ ______ 

BIOS Features 

................... ........................... ....................................... -.-.--..- .-.. -.---- ..................... ..yIyIII.~lli -I..-- 

user and supervisor passwords, only the supervisor password permits 
access to Setup. The user password generally allows only power-on Password Setting 

ofIDE hard drives strongly recommend that you do not run a low-level 
format on their drives, because of the danger that the bad-track table may 

......................................................... .......................................................................................... -_.-I r-_x _-.---_-- LIIILIILLI __ 

BIOS defaults are factory settings for the most stable, Laad BIOS 13ef'nults 

Setup defauits are factory settings for optimal-perforinance system 
: operations. Load Setup Defaults 

................... ................... 

.... . . . . . . . . . . . . . .  --. 

Exit Without S a-ve 

...................................................................................... ..... ...................................... ................... !~.!~.~!.!~!~.!~.~!.~! *! . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.......... ........... .......... 

111 the- Standard CMOS menu you c:an .kt  the sysit-tem clock and calendar, record disk drive parameters and 
the video subsystem type, arid select the type oferrors that stop the BIOS P6ST. 
. . . . . . . . . . . . . .  

Date 

5 111 17 

'The BIOS determines the day of the wt:ek from the other date information. This field is for information 
0 I l l  y . 

Y- 

1"ress the right arrow or left arrow key to move to the desired field (date, iq'onth, year). Press therPgl!p 
or P g l h  key to incrcment the setting, or type the desired value into the field. 

......... 



Time 

The time format is based on the 24-hour military-time clock. For example, 1 p.m. is 13:OO:OO. Press the 
right arrow or left arrow key to move to the desired field . Press the PsUp or PgDn key to increment the 
setting, or type the desired value into the field: 
....... ............................................. ....... ........... ................... ............................. ........................................... ................... ........... 

Daylight Saving 

Drive C 
Drive D 

The BIOS supports two IDE drives. This section does not show information about other IDE devices, 
such as a CD-ROM drive, or about other hard drive types, such as SCSI drives. 

NOTE: We recommend that you select type AUTO for all drives. 

The BIOS can automatically detect the specifications and optimal operating mode of almost all IDE hard 
drives. When you select type AUTO for a hard drive, the BIOS detects its specifications during POST, 
every time the system boots. 

If you do not want to select drive type AUTO, other methods of selecting the drive type are available: 

1. Match the specifications of your installed D E  hard drive(s) with the preprogrammed values for 
drive types I through 45. 

2.  Select USER and enter values into each drive parameter field. 
3 ,  Use the IDE HDD AUTO DECTECTION fiinction in Setup. 

Here is a brief explanation of drive specifications: 

Type: The BIOS contains a table ofgre-defined drive types. Each defined drive type has a specified 
.... number 6f cylinders, number a f  heads, wete precompensation factor, landing zone, and number of 

sect&: hives whose specifications do nbt'accommodate any pre-defined type are classified as 
type USER, .' 
Size: Disk drive capacity (approximate). Note that this size is usually slightly greater than the size 
of a formatted disk given by a disk-checking program. 
Cyls: Number of cylinders 
Head: Number of heads 
Prec.omp: Write precompensation cylinder 
Landz: Landing zone 
Sector: Number of sectors 
Mode: Auto, Normal, large, or LBA 

0 Auto: The BIOS automatically determines the optimal mode. 
0 Normal: Maximum number of cylinders, heads, and sectors supported are 1024, 16, and 63. 
0 Large: For drives that do not support LBA and have more than 1024 cylinders. 
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0 LBA (Logical Block Addressing): During drive accesses, the TDE controller transforms the 
data address described by sector, head, and cylinder number into a physical block address, 
significantly improving data transfer rates. For drives with greater than 1024 cylinders. 

_ _ _  ~ - -  ~. . l-̂ l̂--̂-__-ll_̂l_I ....................................................................... ....................................... 

Drive A 
Drive €3 

Select the correct specificatioris for the diskette drive(s) installed in the computer. 

None No d i s k e t t e  drive instra:Lled 

360I<, 5.25 i n  .5 -1 /4  inch PGtype s t d n d a r d  d r i v e ;  360 k i l o b y t e  
capacl t y  

1.2M, 5 . 2 5  .in 5-1/4 inch AT-type h i g h - - d e n s i t y  d r i v e ;  1 . 2  
megabyte capac i ty  

720IC, 3 . 5  i n  3-1/2 inch double-sided dr ive ;  7 2 0  k i l o b y t e  
c a p a c 1. t y 

I. 44M, 3. .5 i n  3-1./2 i.nch double-sided dr ive ;  1, 4 4  megabyte 
cap a c: i. t: ‘1 

2.88M, 3 . 5  :in :?-I/% i n c h  double-sided drive; 2.68 megabyte 
c: ap a c i. t y 

Video 

Select the type of primary video subsystem in your computer. The BIOS usually detects the correct video 
type automaticalfy. ‘The I3105 supports a secondary video subsystem, but you do riot select it in  Setup. 

F,GA/VGA Enhanced Graph ics  Rdapter /Video Graphics Array .  
F o r  EGA, VGA, SEGA, SVGA o r  PGA monitor  adapters. 

CGA 40 C o l o r  Graph ics  Adapt-er,  power up in 40 column mode 

CGA 8 0  . .Color  Graphics Adapter , .  power up in 80 column made r* 

MONO Monochrome adapter, i nc ludes  h i g h  resolution 
morio c h r ome a d a p t  e x s  

Halt On 

7 uf 17 

No errors POST doe:; not stop f o x  any errors. 

PJ.1 errors If the BIOS detects  any  non-f;iC.al error,  POST 



ALI M6 I17 Chipset BIOS Setup 

s t o p s  and prompts you t o  t a k e  c o r r e c t i v e  
a c t i o n .  

A l l ,  POST does n o t  s t o p  f o r  a keyboard e r r o r ,  b u t  
But Keyboard s t o p s  f o r  a l l  o t h e r  e r r o r s .  

A l l ,  But POST does  n o t  s t o p  f o r  d i s k e t t e  d r i v e  e r r o r s ,  
D i s k e t t e  b u t  s t o p s  f o r  all o t h e r  e r r o r s .  

A l l ,  B u t  POST does  n o t  s t o p  f o r  a keyboard o r  d i s k  
Disk / Key e r r o r ,  b u t  s t o p s  f o r  a l l  o t h e r  e r r o r s .  

,~ .................. -.........- .....Y............. ...+.. I . I . 1 . L  ............................. ... ..............--_.-. .. ............................................................. ...................................................................................................... ........................................................................................ 

Memory 

You cannot change any values in the Memory fields; they are only for your information. The fields show 
the total installed random access memory (RAM) and amounts allocated to base memory, extended 
memory, and other (high) memory. RAM is counted in kilobytes (KB: approximately one thousand bytes) 
and megabytes (MB: approximately one million bytes). 

RAM is the computer's working memory, where the computer stores programs and data currently being 
used, so they are accessible to the CPU. Modern personal compLiters may contain up to 64 MI3, 128 h4B, 
or more. 

Base Memory 
Typically 640 KB. Also called conventional memory. The DOS operating system and conventional 
applications use this area. 
Extended Memory 
Above the 1 -ME3 boundary. Early IBM personal computers could not use memory above 1 MB, 
but current PCs and their software can use extended memory. 
Other Memory 
Between 640 I(B and 1 MB; often called High memory. DOS may load terminate-and-stay-resident 
(TSR) programs, such as device drivers, in this area, to free as much conventional memory as 
possible for applications. Lines in your CONFfG.SYS file that start with LOADHIGH load 
programs into high memory. 

............................................................................... .................... ............................................................................... .................... 

BIOS Features Setup 
This screen contains industry-standard options additional to the core PC AT BIOS This section describes 
all fields offered by Award Software in this screen. Your system board designer may omit or modify some 
fields. 

_ -  

Virus Warning 

When Ltmbled, you receive a warning message if a program (specifically, a virus) attempts to write to the 
boot sector or the partition table of the hard disk drive, You should then run an anti-virus program. Keep 



in ininti thai !his feature pt-otects only the boot sector, not the entire hard drive. 

CPU Intcrnal Cache 

Cache memory is a small area of additional memory that is much faster than conventional DRAM (system 
memory). Whet). the CPU requests data, the system transfers the requested data from the main DRAM 
into cache memory, for even faster access by t.he CPU. (NOTE: This field is moot. 386-type CPUs do not 
contain internal cache.) 

Quick Power On Self Test 

Select E m d h d  to reduce the amount oftime required to run the power-on self-test (POST). A quick 
POST skip:; cedain steps. We recommend that you norn-idly disable quick POST. Better to find a 
problem during POST than Lose data (hiring your -cvork: 

. . . . . . . . 

Boot Seqwxeticc 

'The original T I M  PCs loaded the r>OS operating system from drive A (floppy disk), so B M  
PC-compatible systems are clesigned to search fbr an operating system first on drive A, and then on driw 
C (hard disk). FIowever , rnoderri coniputers usually load the operating system from the hard drive, and 
may even load it from a CD-ROM drive. 

1 

This field is efTective only in system with two floppy drives. Selecting Enahled assigns physical drive 13 
to logical drive A, and physical drive A to logical drive B. 

-.I- ~ -..---.--- ~ ..--LyI.II.I _ - . 1 1 _ _ _  
, , , , , , . , . , , . . . . . . . . . . . . . , . . , . . , . , . , . . , , , , , . , , , . . . . . . . , . . . . . . . , . , . , . , . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . , . 

Boot KJp Flloppy Seek 

When Lk~zh/m',  the BIOS tests (sccks) floppy dt ives to determine whether they have 40 or 80 tracks 
Only 36O-KB floppy drives have 40 tracks, drives with 720 KB, 1 2 MB, and 1.44 MB capacity all have 
SO tracks Because very few modern PCs have 40-track floppy drives, we recommend that you set this 
field to J ~ I J ~ ~ ~ / L ' L /  to save time 

'Toggle between On and Offto c o h o 1  the state of the N~ln~Lock key when the system boots. When 
toggled O/l., thc numeric lieyparl generates numbers instead of controlling cursor operations. 1 ,.... 



Boot Up System Speed 

Select High to boot at the default CPU speed; select Low to boot at the speed of the AT bus. Some 
add-in peripherals or old software (such as old games) may require a slow CPU speed. 

........ ............ ....... ...... 

IDE HDD Block Mode 

Block mode is also called block transfer, multiple commands, or multiple sector read/write. If your D E  
hard drive supports block mode (most new drives do), select Enabled for automatic detection of the 
optimal number of block read/writes per sector the drive can support. . . ...... ........... ................... ..... YIU ..... Y........-.. ............. -. .... .......................YI..Y..... ... .............................................................................. ...................................................................... ................................................... I_ I ............................................................................ 

Gate A20 Option 

Gate A20 refers to the way the system addresses memory above 1 MB (extended memory). When set to 
Fast, the system chipset controls Gate A20. When set to Normcd, a pin in the keyboard controller 
controls Gate A20. Setting Gate A20 to Fnst improves system speed, particularly with OS/2 and 
Windows. 

Merno,ry Parity Check 

Parity is a testing feature built into some system memory chips (DRAM). Select Enabled only if your 
system DRAM contains parity. This field may not be present in systems without parity DRAM. 4 
Selecting Enabled adds a parity check to the boot-up memory tests. If the BIOS detects a parity error, a 
message appears, describing the problem and, if possible, the location of the problem. The boot process 
then terminates and you must replace the faulty DRAM. 

Selecting Discrhled omits the memory parity check. 

Typematic Rate Setting 

A .  When Disqhled, the following two items (Typematic Rate and Typematic Delay) are irrelevant, 
* Keystrokes repeat at a rate determined by the keyboard controller in your system. 

When Luabled, you can select a typematic rate and typematic delay. 

Typematic Rate (Chardsee) 

When the typematic rate setting is enabled, you can select a typematic rate (the rate at which character 
repeats when you hold down a key) of 6, 8, 10,12, 15, 20, 24 or 30 characters per second. 

Typematic Delay (Msec) 



When the typematic rate setting is enabled, you can select i t  typematic delay (the delay before key strokes 
begin to repeat) of 250, 500, 450 or 1000 milliseconds. I ?  
Security Option 

If you have set a password, select whether the password is required every time the ,Jj/~fem boots, or O I ~ Y  

when you enter Setup. 
.............................................. y,yIIIyII ^..L1.-. ..................... I -..- __ .--.__ -- . . . . . . . .  

Shadow 

Soflware that resides in a read-only memory @OM) chip on a device is calledfirmvnre. The Award 
BIOS permits shndoiviug of firmware such as the system BIOS, video BIOS, and similar operating 
instructions that come with some expansion peripherals, such as, for example, a SCSI adaptor. 

Shadowing copies firmware from ROM into system RAM, where the CPU can read it through the 3 &bit 
or 32-bit DRAM bus. Firrriware not shadowed iniist be read by the system through the %bit X-bus 
Shadowing improves the performance of the system BIOS and similar ROM firmware for expansion 
peripherals, but it also reduces tlie amount of high rnemory (640 Kl3 to 1 Ml3) available for loading 
device drivers, etc. 

Enable shadowing into each section of memory separately. h b n y  system designers hardwire shadowing 
of tlie system BIOS and eliminate a $stem BIOS shadow option. 

Video BIOS shadows into memory area C0000-C7FFF. The remaining areas shown on the BIOS 
Features Setup screen niay be occupied by other expansion card firmware. If an expansion perjpheral in 
your system contains ROkl-based firmware, you need to know the address range the ROM occupies to 
shadow it into the correct area of RAM. 

I 

ures Set 
ADVANCED OPTIONS. The parameters in this screen are for system designers, service personnel, and 
I echnically competent users only. Do not reset these values unless you understand the consequences of 
yo~rr changes. 

The refresh type ( R A S  oii!y or (_'AS hefore IL4S;) depends on the speqifications of the installed D W I s  
' T h e  system board designer rimst select the correct type. Do not change from the default setting 
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Fast RAS precharge time 

The RAS precharge time (1.5Tor 2.5T) depends on the specifications of the installed DRAMS. The 
system board designer must select the correct type. Do not change from the default setting, 
.......................................................................................................................................................................................................................................................... _--lll --.. 

Memory remap 

You can remap the area of memory between the 640 IU3 application memory boundary and the 1 MB 
boundary up to the top of installed memory. This technique allows an additional 384 KB of RAM above 
1 h4B. 

-...-- --- ___l_..ll_._.l--llI c------------ 

RAS active time insert wait 

Select Enabled if the installed DRAM requires additional wait states. The system board designer must set 
this option according to the installed DRAM. Do not change from the default setting unless you are 
experiencing memory errors. 
............ ......... ...... ..................... 

CAS precharge insert wait 

4 Select Enabled if the installed DRAM requires additional wait states. The system board designer must set 
this option according to the installed DRAM. Do not change from the default setting unless you are 
experiencing memory errors. 

........ LIIII-.-__I_ILLII-.L_-I ---- __ .... .......................................................... ...... .............................................................................................. .....................-.-II.I.......I.... -.-...-. 

Memory CAS read insert wait 

Select Enabled if the installed DRAM requires additional wait states. The system board designer must set 
this option according to the installed DRAM. Do not change from the default setting unless you are 
experiencing memory errors, 

... , ........................................................ ....... ~ ~ . ~ ~ . . . - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ . ~ ~ . ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ .  ~ ~ ? . . ~ , ~ ~ . ~ ~ . ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . - . ~ ~  ....... 11111>>>?”1...... .......... ::..:.,., ...... . . . . . . . .  

Memory write insert wait 

Select Enabled if the installed  DRAM^ requires additional wait states. The system board designer must set ’ 

this option according to the installed DRAM. Do not change from the default setting unless you are 
experiencing memory errors. 

................ ..... .... 

Memory miss read insert wait 

Select Etinbled if the installed D M 4  requires additional wait states. The system board designer must set 
this option according to the installed DRAM. Do not change from the default setting unless you are 
experiencing memory errors. 

II_- __--.lll r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............................................. . . . . . . . . . . . . . . . . .  



AT-BUS Clock 

You can set the speed of the &47' bus in terms of a fraction of the CPU ciock speed (PCLIQ), or at the 
fixed speed of 7.16 h.Dsz. 

DRAM self refresh 

When Ilisabfed, DRAM is refreshed by IBM AT methodology, using a CPU cycles for each refresh 
When self refresh is lhahled, the D U M  controller seeks the most opportune moment for a refresh, 
regardless of CHJ cycles, with least disruption of system activity and least performance penalty. Self 
refresh is faster and more efficient, and it also allows the CPU to maintain the status of the DRAM even if 
the system goes into a powt:r management "suspend" mode 

Slow Refresh 

Select a longer period to refresh system metnory if you are encountering data corruption because your 
DRAM is not fast enough to handle faster timirig. 

..... . . . . . . . . . . . . . . . . . . . . . . . . .  

ISA meniary high speed 

Select Emhlt.d if you have installecl high-speed add-on RAM in an ISA expansion slot. 

ISA I/O high speed 

Select E d A x l  it' you have installed a higli-spt:ed add-on 1/0 peripheral in an S A  expansion slot. 
....................... ........ t.. 

ISA write cycle insert wait 

If you have add-on RAM. in an ISA expansion slot, select Enahled to allow additiond time for the slower , 

On-chip IlO recovery 

Select l3icibkid to dlow extra. preparat.ion time between 2/0 cycles controlled by the M6 1 17 chip. 

16 Bit ISA insert wait 

Your system quite possibly has much higher performance than some of yodr input/output (I/O) dcvices 
This mean:; t,liat unless the systciii is instructed to allow more time, more wait states, for devices to 
respond, it might think the device has iiialfhctioned and stop its request for IiO If all your I/O deviccs 
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are capable, then disabling this setting could result in greater throughput. Otherwise, data could be lost. 
-.-.. ....... 

I/O recovery 

Select Ennhled to allow extra preparation time between I/O cycles controlled by add-on peripherals. 
........... .........._..... ............................................................... ....................................... ----.LIcIII. ..................... ........................ 

I/O recovery period 

When I/O recovery (above) is Emhled, you can set the recovery period. 

Power Management 
NOTE: This chapter describes all fields offered by Award Soflware in this screen. Your system board 
desigrw mny omit or tiiodfj some fields. 

................. ...... .......... 

Power Management 

This option allows you to select the type (or degree) of power saving for Doze, Standby, and Suspend 
modes. See the section PA4 Timers for a brief description of each mode. 

4 
This table describes each power management mode: 

Max S a v i n g  

User D e f i n e  

p l i n  s a v i n g  

Maximum power savings. O n l y  Available for 
SL C P U s .  Inactivity period is 9 seconds in 
each mode. 

Set each mode individually. Each 
inactivity period ranges from 9 seconds to 
3 hours .  Select time-out periods in t h e  PM 
T i m e r s  section, following. 

Minimum power savings. Inactivity period 
is 3 hout-s in each mode. 

...... I.--. . _--.-- --.-- .... ............. ...... ........................................ ............................................... 

PM Control by APM 

If i14i.ani;ed Power. ;2/lanagerneIit (ill?&$) is inslallcd 011 ybur systcili, sclcctiilg I’CC givcs bcttcr iJC)IYCi. 

savings. 

........................................... ............. .............. 

Video Off Option 



Select the power-saving modes during which the monitor goes blank: 

A l w a y s  on  Mon-itor Lemains on during power-saving  
m o d e s .  

Suspend - :- offI Mnn.itor blanked when system e n t e r s  Suspend 
m o d e  . 

SUSP, S t b y  ----> O f f  Plc)n.Lt*or h l a n k e d  when s y s t e m  e n t e r s  Suspend 
mode . 

All Modes ----> O f f  Mon:itor b l a n k e d  when system e n t e r s  any 
power saving mode, 

Video Offf Method 

Iletermines the manner in which the monitor is blanked. 

v/ H s Y NC--tRI. an k S y s 1-_ ern t ~i rn s o f f ve r t i ca I 
s ync h ro n i. z a t :i. o i i  p o r t s and  
the video  bu.ffer.  

1)PMS support: 

Blank  Screen 

and ho r i z on t a 1 
w r i t e s  b l a n k s  to 

SF2lc :c . t  t h i s  opt-iou 1-f your  monitor s u p p o r t s  
the D .< s p 1. a y Po we r Man a g erne n tr S i g n a 1 i n  g 
(DPMS) st.aiitlnrd of the Video E l e c t r o n i c s  
Stariciards ILs:;ociatli.on (VESA) . U s e  the 
sof.t:ware s i ippl ied f o r  y o u r  v i d e o  subsys t em 
t o  select  victeo power management v a l u e s .  

S y s t e m  on1.y writes b l a n k s  t o  t h e  video 
biif fe r . 

The following modes are Green PC power saving fwictions. Doze, Standby, and Suspend modes are 
user-configurahie only duriny User Defined Power M.anagernent mode. '. 

~ , - - ~ ~ - - ~ - . ~ - ~ - - - ~ - ~ ~ . - -  , . ..,....., . .... ...... . .................. .. . ...... . ..... ... ... ?--.I"- .... 111_ I*-." _.I_ . ... , . . . ,. ,,. .,.,,.......,...,I ,...........,..,,, ,. . . . . . . . . . . . .  

After the selected period of system inactivity, the CPU clock runs at slower speed while all other devices 
still operate at 6 1 1  spced 

After the selccteci period of' system inactivity, the fixed disk drive and the video shut offwhile all nthet 
ctevices still operate at fdl  speed. 



Suspend Mode 

M e r  the selected period of system inactivity, all devices except the CPU shut OK 
..--- ................... 

PM Events 

You may disable activity monitoring of some devices and interrupt requests so they do not wake up the 
system. The defauIt wake-up event is keyboard activity. 

When Lnnblcd, any of the system peripheral devices or IRQs listed below wakes up the system. 

DMP. Request 
VGA Activity 
FDD ( 3 F 5 )  
LPT (3BC,  378, 278 
COM P o r t  (3F8, 3E8 
COM P o r t  ,(2F8, 2E8 
IRQ3 (COM 2 ) 
IRQ4 (COM 1) 
IRQ5 (LPT 2) 

IRQ6 (Floppy D i s k )  
IRQ7 (LPT 1) 
IRQ9 ( 
IRQlO 
IRQll 
IRQ12 
IRQ13 
IRQ14 
IRQ15 

RQ2 Redir) 
Res e rved ) 
Reserved) 
P S / ~  Mouse) 
Coprocessor ) 
Hard D i s k )  
Reserved) 

................. ........... . . . . .  . . . . .  ........... 

Password Setting 
When you select this function, a message appears at the center of the screen: 

ENTER PASSWORD: 

Type the password, LIP to eight characters, and press Enter. Typing a password clears any previously 
entered password from CMOS memory. 

Now the message changes: 

CONFIRM PASSWORD: 

Again, type the password and press Enter. 

To abort the process at any time, press Esc. 

In the Seczir*tQ Option item in the BIOS Features Setup screen, select Sysfem or SefzF: 

System Enter a password each t i m e  t h e  system b o o t s  and when 
ever you enter S e t u p .  

Setup E n t e r  a password when ever you enter S e t u p .  
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*_... ........ 

Meturn to Award Monie Page 

--__I_ Return to BIOS Setup flocuinents 

.... -...I ........- . . . . . . . . . . . .  ....... .............. . . . . . .  . . . . . . . . . . . . . . . .  

Proprietary Notice and Disclaimcr 

Unless otherwise noted, this docuinent and the information herein disclosed are proprietary to AWARD 
Software International, lnc. (Award). Any person or entity to whom this document is fbrnished or who 
otherwise has possession thereof: by acceptaiice agrees that it will not be copied or reproduced in whole 
or in part, tior used in any manner except to meet the purposes for which it was delivered. 

The information in this docunient i s  subject to change withoiit notice, and should not be considered as a 
commitment by Award. Although Award will'make every ctl'ort to inform users of substantive errors, 
Award disclaims a11 liability for any loss or damage resulting from the use of this document or any 
hardware or software described herein, incliiding without limitation contingent, special, or incidental 
liability. 

EliteBIOS is a trademark of Award Software International lnc. 
Award SoAware International and the Award logo are registered trademarks of Award Software 
International lnc. 
All other products and brand names are tradernarks and registered trademarks of their respective 
companies. 

- Cavri@it Q i 993, At\iard Sollwtre International Inc' AH riqhts reserved 

Document Revision 1.3; August 1996. Last updated 17 September 96. 
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(‘omputntictnal Rlock Design Documentulion Version 1.0 

‘The following referenet: on BIOS software is use€ul. 

~ _ _ _ -  The BIOS Coqxmion __I 

by Phil Croucher, Advice Press, 

480 Calii%mia Ave, Suite 104, Pa10 Alto, CA 94306, 1998. $50. 
ISBN 1-88967 1 -20-7 



May 1999 
1-889691-20-7 

412 pages, $49.95, Includes CD-ROM 

A complete guide to the inner workings and settings of computer 
BIOS chips is now available -- The BIOS Companion (ADVICE 
Press, ISBN 1-889871 -20-7 MSW $49.95). 

Configuring a PC for maximum performance is a tricky process, 
especially if you are unsure of the function of the many different 
BIOS setup options. This book is the complete guide to hundreds 
of stanclarcl CMOS settings, Advanced Chipset settings and PCI 
Bus settings found in modern and not-so-modern BIOS chipsets. 

This is tlie only book of its type that is up-to-date and covers both 
current and past generations of BIOS hardware. The author, Phil 
Croucher, is a recognized expert in this area and enjoys a 
tremenclous following among PC professionals and hobbyists 
alike. 

Features 

?'he most comprehensive and up to date book on BIOS 
settings 
Clomprehensive coverage of all BIOS manufacturers and 
variations. 
Standard and Advanced CMOS settings. 
C:oniplete description of options for maximum performance 
and stability. 
Complete POST and Beep codes. 
Nasty Noises and POSTmortem Iiistruction Manual 

I o f 2  3/8/00 1 1 : 13 AM 



e 

e 

hap://~~~,advicepress.com/advicepr~ss/productsibooksiComp~nion/BIOS/hios. html 

Covers Year 2000 issues. 
CD-ROM with several diagnostic BIOS tools and the Hard 
Disk Companion electronic edition. 

Table of Contents 

The BIOS, The Motherboard, Expansion Cards, Setting Up For 
Performance, Open Sesame, Standard CMOS Setup, Advanced 
CMOS Setup, Advanced Chipset Setup, Power Management, Plug 
And Play/PCI, Nasty Noises, Error Messaged Codes, Memory 
Errors, Phoenix, Sirius, Known BIOS Problems, POST Codes, 
TroubleshootingDiagnostk Strategy, Chipsets, Fixed Disk 
Parameter Tables, Memory Chips, Useful Numbers, Index. t r  

Other Related ADVICE Titles 

Motherboard Companion 
I Jard Disk Companion 

-I - I Product Index I Orderinq I -tome r Servicg 

I About ADVICE P r e s  I Affiliated Comoanies 

0 1998, ADVICE Press 

2 o f 2  3/8/00 I 1 : 13 Ah4 



ata - ATT -- Computational Block Software 

'I'he computational block sofiwarc was written expressly for controlling the flow of 
inlormation in this iiifC,ffnatiOii-bal.rier-protected measurement system. 



Coniputntioncrl Block Design Doamentation Version I. 0 

verview Descri of Computational Block 
SoftWare 

The DATA-ATT.EXE rioftware monitors the four serial ports, which are connected to the 
four measurement computers. When measurement results are reported from all four 
measurement computers, the results are compared to unclassified threshold values. The results 
OF all the attribute measurements and comparisons are transmitted on to the hardware data barrier 
it1 the form of PASS and FAIL, indir;ating bits kt two %bit digital VO words. 

The Computational Block software is written in the C-language using the Microsoft 
Visual C-Compiler. The obsolete version I .52 was used because it is the last version, which 
compile:; code for DOS. The visual features of the Microsoft Visual C-Compiler were not 
utilized far the textual outpLlt. 

The application program DATA-ATF.EXE makes library calls to the WCSC library to 
handle communications with the measurement computers. It also makes calls to the standard 
Microsoft Visual C-Compiler libraries. 



putational lock Software 

rhe DATA ATT,EXE applicatioii progr,m was written specifically for this information 
barrier project. Thg :;ource cock was provided by Los Alamos National Laboratory (LANL). 



e Cor the DATA ATT.N Header File 
I 

Source 

The DATA AT'T.14 file is ii header [or the application program. This header defines 
iteins specific to the attribute measurement system (AMS). 

/ /  Hdefi-nes f o r  t h e  a t t r i b u t e  limits 

# d e f i n e  NMC'-AI.pha LIMIT 0 . 5 0  
de f i il  e. NMC LI .MIT 5 0 0 . 0 0  

itdefine Pug00 Peaknrea ... L I M I T  1 . 0 0  
# d e f i n e  Fu60 0-'L TMI ?' 0 . 1 0 0  
# cie f i n e  P u 3  0 O---ag-e-I.,I MI T 3 

s ymmet'r y s igma- L IMI  T K cie f i . n  e 3 
' # d e f i n e  Symmet:ry-'nata - LIMIT 0.15 

/ /  #defines to set 
#de f i ri c 
#def ine  PORT 0 
#define PORTI  
# d e f i n e  PORT2 
#def ine  PORT 3 
#clef i n e  PORT 4 
11 de f in e PORTiJ 

BAS E 
the IjTO p o r t  c o n s t a n t s  
Ox300 / /  Base 1/0 address  f o r  Emerald board 
ISAS E i- 0 / /  D I O  P o r t  0 @ 300  
I3ASI;: i- 1 / /  D I O  P o r t  1 @ 3 0 1  
BASK t2 / /  U T 0  P o r t  2 @ 392 
BASE r 3  / /  I310  P o r t  3 @ 3 0 3  
RASE b 4  / /  D I O  P o r t  4 @ 304 
BASE r 5  / /  D I O  P o r t  5 @ 305 

Ildefice TRUE 1. 
#de f i rLe FALS 1': 0 

/ /  l ldef ine t h e  values for each Liqht 
ikdef i.ne Age Red ox04  
#def ine  Age-Green - 0 x 0 8  
#clef i.ne Symmetry-Red Ox10 
+def ine  S ymma ti r y-_G r e en Ox20 
i[rlefipe Pu-P r t! s e nc: e R e d  0x40 
# d e f i n e  Pu-Presenc:e_Green 0x8 0 

/ /  D I O  P o r t 4  b i t  2 
/ /  DIO P o r t 4  b i t  3 
/ /  DIO P o r t 4  b i t  4 
/ /  D I O  F o r t 4  b i t  5 
/ /  D I O  P o r t 4  b i t  6 
/ /  D I D  P o r t 4  bit 7 

/ /  D I O  P o r t 5  b i t  0 
/ /  D I O  P o r t 5  b i t  1. 
/ /  DIO P o r t 5  b i t  2 
/ /  D I O  P o r t 5  b i t  3 
/ /  DIO P o r t 5  b i t  4 
/ /  D I O  P o r t 5  b i t  5 
/ /  DIO P o r t 5  b i t  6 
/ /  DIO P o r t 5  b i t  7 

/ / En<-1 o f  header  fi 1 e DATA I_ ATT. I1 



A I ATTC Program File 

The following listing ofDATA-A.TT.C is the commented source code for the primary 
computational block application program, I]IATA-ATT.EXE. The DATA-ATT.C source code 
contains include statements to incorporate the previous header file, BAT.A-ATT.H, and other 
standard C-compiler library header files. This source code is compiled using the Microsoft 
Visual C version 1.52 compiler to yrodum the DATA-ATT.EXE executable file. 

The DATA ATT.EXE, program iiaonitors the serial ports for information fiom the 
measurement comGters and converts the classified values into unclassified pasdfail outputs for 
each attribute. 



/* Header Files f o r  compiler l ib rary  c a l l s  
#i ncl utle < s t d i  o .b 1,' Standa rd  IO 
#i ncl ude, <stdl  i b .  h >  
#i ncl utle -=coni 0. hr  
#i ncl u d e  < s i g n a l  . h> 
Ki ncl  ude ~ t y p e .  h> 
# i  ncl ude < s t r i  rig, h> 
#include <time.h:. I /  Time 

"I 
I /  Standard Library 
I /  Console 10 

/ /  S t r i n g  Functions 

I* Header  f i l e  for- WCSC COMM/DRV/Ll:B "I 
#/include <comm. h> / /  COM# communi cations routines 

/ *  Fi 1 e contai n i  ng #define constants 
#include "Data I A t t  . h "  
/ I  

// Defined limits 
" I  

1 



/ *  F u n c t i o n  prototypes are 1 i s t e d  h e r e .  
i nt c l  ean exi .t ( v o i  d) ; 
v o i d  sleep(  c l o c k  t w a i t  ) ;  
i n t  board con f  i g (Toi d )  ; 
i n t  port ' E o n f i g ( v o i d ) ;  
v o i d  sta'Ft s i g n a l  ( v o i d ) ;  
v o j d  c l e a r 7  i g h , t s ( v o i d ) ;  
Void c : lOck- - f f (vo ld ) ;  
v o i d  r.ese-t-'Pu600 d a t a  ( v o i d )  ; 
v o i d  c:7 ear--Pu600--buffer ( v o i  d) ; 
v o i d  r.eset--PuSOO--data(voi d) ; 
v o i d  reset-NMC. d s t a  ( v o i d )  ; 
v o i d  reset-Symmetry r l a t a ( v o i d )  ; 
v o i  d s e t  error ( v o i  cry; 
v s i  d c;alT cance l  ( v o i d )  ; 
~ 0 9 ' 6 1  set: Pu600 Isotope p a s s ( v o i d ) ;  
v o i d  seL-PuGOO-IseLope-fai 1 ( v o i d )  ; 
v o i d  i;et:-Pt1300-age pasS(v0i d )  ; 
v o i d  r;et-Pt138B-age--fai 1 ( v o i d )  ; 
v o i d  set:-Pu PrZsenEe p a s s ( v o i d ) ;  
v o i d  se.t:-Pu-Presence'-fail ( v u i  d) ; 
v o i d  rre-t:-OxTde pass (Void)  ; 
v o i d  r;et:-Oxi de- fa i  1 ( v o i d )  ; 
v o i d  r;et:-NMC pdss ( v o i d ) ;  
v o i d  set-NMC-fai 1 ( v o i d )  ; 
v o i d  set-Symmetry pass ( v o i  ?) ; 
v o i d  set-Symmelry-fai 9 ( v o i  d) ; 
v o i d  ~e t -~~easu re~Gnt  cornpl e t e  ( v o j  d) ; 
v o i  d c l  e a r  measurement complete ( v o i  d )  ; 
vo i  d gel: s e r i  a1 da ta  ( v o i  d) ; 
v o i d  gel:-para1 - le1 - t la ta (vo i t l )  ; 
/ /  
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/* Global var iab les  a r e  l i s t e d  here .  */ 
i n t  s t a r t  data;  
unsigned cKar da t a in ;  /* Needed f o r  t h e  Emerald 1/0 board */ 
unsigned char  dataout3; 
unsigned char  dataout4; 
unsigned char  dataout5; 

i n t  
i n t  
i n t  
i n t  

i n t  
i n t  
i n t  
i n t  
i n t  
i n t  

i n t  
char 
f 1 o a t  
f l o a t  
char  

f 1 o a t  
f 1 oa t  
f l o a t  
char  

i n t  
char  
f 1 o a t  
f 1 o a t  
f 1 oa t  
f 1 oa t  
f 1 oa t  
f 1 o a t  
char  

i n t  
char  
f 1 oa t  
f 1 oa t  
char  

i n t  
char  
f 1 oat  
f 1 oat  
char  

::Oat 

Pu600 inc ;  
Pu900-i nc; 
Symmefry - inc ;  
NMC - inc ;  

exi t f l a g ;  
e r r o r f l  ag; 
port l=OxO; / /  Port number 
po rt-Z=Ox 1 ; / /  Port number 
p o r t -3 = 0 x2 ; / /  Port number 
port-4=0x3 - ; // Port number 

Pu600 cn t ;  
Pu600-buf [2048] ; 
Pu6OO-ratio; 
P u 6 00-p e r c  en t ; 
Pu600-i - n [2048] ; 

Pu300 age; 
P u 3 0 0-p e r c e n t ; 
Pu300-i t e r a t i  on; 
*Pu - PFesence; 

NMC c n t ;  
NMC-buf [2048] ; 
NMC-ma s s ; 
NMC-percent ; 
NMC-A1 pha; 
NMC-error ; 
NMC-scalerl; 
NMC-scal er2; 
NMC-i - n [2048] ; 

Pu900 cn t ;  
Pu900-buf [2048] ; 
Pu900-Pea kArea ; 
pu 9 00'-p e r ce n t ; 
Pu900-i - n [2048] ; 

Symmetry cn t ;  
Syinine t ry-b u f [ 2 0 481 ; 
Symme t r y 3 a  t a ; 
Symme t ry-S i gma ; 
Symmet ry-i - n [2048] ; 

t o t a l  - mass; 
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b i  o s c r o l l  u p  (0,7,0,0,24., 79) ; 
b.io--setcurscrrxy(O,O,,O) - ; 

1 

............................................................. / 
COM 1. ----- * I  I" 

/ * * * * R * X * * * * ~ * * * * * * * ~ * * * ~ * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * ' * * *  I 
/*  Descript ion-  *I 
/" Hand1 es . in te r rupts  from the NMC ser ia l  p o r t .  */ 
/*Jc**J;*k**~*****k***~~***,~**~*****J;*******.k************************ I 

,- - -. -. I 

shor t  FAR COM1 - IO(short v ,  strucl: por t  - param - f a r  *p) 

NMC cnt  = GetSt r ing(per t  1, s izeof(NMC buf) ,  NMC buf ) ;  
r e tu rn  v; 

I 

} 

- - - 

s h o r t  ( F A R  * CDECL C O M I  interrupt func )  

I /  
(shor t  v,  s t w d  p o r t  I param -.- f a r  *p) = COMl - IO; 

4 



/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* /  /* 
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ *  Description- */ 
/* Handles in te r rupts  from the Pu300/600 - s e r i a l  port. */  

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COM 2 ----- e- - - -  

short FAR COM2 - IO(short v, s t r u c t  port - param - f a r  *p) 
I 

Pu600 cnt = GetString(port - 2 ,  sizeof (Pu600 - buf) , Pu600 - buf) ; 
re turn  v; 

short  (FAR * CDECL COM2 in te r rupt  func) 
(short v,  struc? port - param - f a r  *p) = COM2 - IO; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COM 3 ----- */ / *  

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ *  Description- */ 
/* Handles in te r rupts  from the  Pug00 ser ia l '  port. */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- -e - -  

short  FAR COM3 - IO(short v ,  s t r u c t  port - param - f a r  *p) 

Pug00 cnt = GetString(pot-t 3 ,  sizeof(Pu900 buf), Pug00 buf);  
re turn  v; 

{ 

1 
- - 

short  (FAR * CDECL COM3 interrupt func) 
(short  v, strucT port - param - f a r  *p) = COM3 - IO; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COM 4 ----- */ I* 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ *  Description- */ 
/ *' Handles interrupts from the Symmetry s e r i a l  port. */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 

----- 

short  FAR COMQIO(short v ,  s t r u c t  port - param - f a r  *p) 
I 
t 

Symmetry cnt = GetString(port - 4, sizeof(Symmetry - buf) ,  Symmetry - b u f ) ;  
re turn vT 

1 

short  (FAR * CDECL COM4 in te r rupt  func) 

/ /  
(short v ,  s t r u c f  p o r t  - param - f a r  *p) = COM4 - IO; 

5 
. 



i n t  clean I exi t (vnid)  
f 

1 nt. status=O; 

-if' ( ( s t a t u s  = UnInitializePort:(port 1 ) )  !=  RS232ERR NONE) 
p r i n t f ( " E r r o r  #%d c l o s i n g  serial-port  %d\n",statGs, 

t:l se 
prr'ntf ( "Se r i a l  Port %d closed successful ly \n"  , 

port - l.+-.l); 

p o r t  I I + [ ) ;  

'if ( ( s t a t u s  = UnIni t ia l i rePort(port  2 ) )  ! =  RS232ERR NONE) 

e 1 :;e 

pri  n t f  ( "  frror #%d c 1 o s i  n q  ser i  al-port % d \ n "  ,status .) 

pr in t f ("Ser ia1  Port %d closed successfulfy\n",  

p o r t  - 2+1); 

port I 2+1) ; 

i f  ( ( s t a t u s  = UnInitializePort(port  3 ) )  !=  RS232ERR NONE) 

( 2 1  se 

pri n t f  ("Frror  #%d c 1 osi ng seri a l -por t  %dd\n" I status, 

pr in t f ("Ser ia1  Port %d closed successfully\n",  

p o r t  J+L) ;  

port - 3+1) ;  

I 

i l  ( ( s t a t u s  = UnInitializePort(port  4 ) )  != RS232EHR NONE) 
prl 'ntf ("Error #Xd closing serial-port %d\n",statGs, 

e 1 t; e 
p r i n t f  ("Serial  Port %d closed successful ly\n" ,  

p o r t  I W-1); 

p o r t  - 4+l) ; 

re turn  s t a t u s ;  
1 
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1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*I I* 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* Descript ion-  */ 
/* Introduces a wait  o f  a given microsecond count.  */ 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

----- S1 eep Timer ----- 

I* Pauses f o r  a spec i f i ed  number of microseconds. 
v o i d  sleep( clock - t w a i t  ) 

clock t goal ;  
I 

- 

goal = wait  + c lock( ) ;  
whi le (  goal > c lock()  ) 

9 

1 
L I /  

*/ 
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/ 
start  s ignal  ----- */  

/ 
/*  Description- *I 
/ ,* */  

*/  
/ *  signal  from one o f  the  t e s t  systems, t h e  Pu300/600, * I  
/* t he  Pu900, the  Symmetry analyzer ,  or t h e  N M C .  *I 
I* *I I* The s ignal  w i 1 1  b e  received on t he  *I 
/* Emerald boa rd  i n p u t  port, port, 0. *I 
I” *I 

/ 
/* * /  
/*  T h e  values s e t  a r e  the  global */ 
I” s t a r t  data re turns  1. f o r  Assay Start received. */ 
I* s ta r t -da ta  re turns  2 f o r  Background received. *I I* star t -data  re turns  3 f o r  Gamma Cal i b ra t i  on received. */ 
I* s ta r t -da ta  re turns  4 f o r  Measure Control  received. *.I 
If .k s ta r t -da ta  - return.s 5 f o r  Cancel Test received. */ 
I* */ 

/ /****k**********.~*.k*****-k.k*X****~~******************************** 

void start  ._ signal (void) 
t 

/*******,k.k*Q**k.kk*kk****~~*********-k.k****************************** 

.----- I* / * -k * * *.k * * -k * * J; Ji *.k k * .k * * k *-k k * * * * I * * 9c.k *:g* * * * Jr * * * * * * JC * * * * JC * Jr .k .k X * Jr * * .k * J; 

/ *  T h i s  i s  t he  rout ine t h a t  wi l l  t e s t  f o r  a s t a r t  

/t**tk****t*****.k*.kX****,kk~.k****-kX***************************~**** 

value for  s t a r t  da ta .  

d a t a i n  = inp(PORT0); - 
-i f (datai  n&001.) 

c 
s t a r t  - d a t a = l ;  

i 
e l  :;e i f  (datain&002) 

s t a r t  dataz.2; 
{ 

1 
e1 :;e .i f (datain&OQ4) 

s t a r t  dat:a=J; 
I 
1 
el s e  i f  (datain&010) 

s t a r t  data.=4; 
{ 

1 
el SE i f (datai  n&020) 

s t a r t  data.5; 
I 
I 
k,cl t 11 r n  ; 

- 

Y 

- 

- 

/* S i  ynal Received 
I* Note  t h a t  da ta  i s  inverted 

/ *  31 = Assay S t a r t  

/*  Signal ,  Received 

I* 2 = Background 

/* Signal Received 

/ *  3 = Gamma Cal ibrat ion 

/* Signal Received 

/*  4 = Measure Control 

/* Signal Rece‘ived 

I* 5 = Cancel a l l  t e s t s  

*I 
*I 
*I 
*I 
*/ 

*I 
*I 
*I 
*/ 

*/ 

* I  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
clear lights ----- */ / *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/ *  Description- */  
/* */ 
/*  This routine will set the variable to ones - to '  clear */ 
/* the lights and initialize the variable f o r  data results. */ 
/* * /  
/*  This is the routine that will clear a17 the */ 
/* indicator lights on the display panel. */ 

*/  
/ 

/ *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void clear - lights(void) 

dataout4=0xff; 
I 

dataout5=0xff; 

a_--- 

- aut  p (PORT4, da t aou t 4) ; 
- autp [ PORT5, dataout5) ; 

/* Clock data into the Flip-Flops 
clock - ff();  

*/  

return; 
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/* -I--- Clock  Flip-Flops ----- 
/ 

/* D e s c r i p t i o n -  * /  
/” * /  
/* In this r o u t i n e ,  the  d a t a  w i l l  be o u t p u t  to t h e ’ I / O  p o r t  */ 
/* and t h e  nieasurement coinplete d a t a  ‘ l i ne  w i l l  be * /  
/* t o g g l e d  t o  c l o c k  the  d a t a  from t h e  computat ional  b l o c k  */ 
/* t o  t h e  information barrier f l i p  f l o p s .  */ 
I* */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o u t p  (POR1-3, O x f f )  ; /*  Initialize t h e  ff */ 
{ 

* /  

outp (POR7-4, d a t a o u t 4 )  ; /* Output  da ta  f o r  lights */ 
*/ 

*/ 

/*X***kkff****+*~k*****~******************k******~***~****.k****~** 

v o i d  clock - -Ff(vo”id) 

s 1 eep (50) ; 

s 1 €32 p ( 5) ; 

5 1 e E p ( 5) ; 

- /*  W a i t  f o r  .05 s e c  

/* Wait far .005 sec 

/ *  Wait for -005 sec 

I 

outp(PORi5,dataout5) ; - 

outp (PQRT3, Oxf e) ; 
*/ 

.I 

s 1 eep (50) ; /* Wait for .05 sec 

outp(POR1-3 ,Ox f f )  ; 
sleep(50) ; /* Wait  for .05 sec */ 
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/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ I* 
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*/ 
*/ 

/* Description- 
/*  
/ *  In these routines, a l l  the data fields used to *I 
/* store information received from the Pu600 and */ 
/* the NMC will be reset. */ 

Reset the data fields ----- ----- 

/* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  */ 

void reset - Pu600 - data(void) 
c 

memset (Pu600 buf, 0, 2048) ; 
memset (Pu600-i - n, 0, 2048) ; 
Pu600 cnt = 0; 
Pu600-inc = 0; 
Pu600-ratio = 0; 
Pu600-percent = 0; 
Pu300-age = 0; 
Pu300-percent = 0; 
Pu300-iteration = 0; 
Pu Presence = "No"; 
reTurn; 

. 

1 
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

void clear - Pu60O_buffer(void) 
{ 

memset (Pu600 buf, 0, 2048) ; 
memset (Pu600-i n , 0, 2048) ; 
Pu600 cnt = 8; 
Pu600-inc = 0; 
return; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

{ 
void reset - -  NMC data(void) 

memset(NMC buf, 0, 2048); 
memset (NMC-in, 0, 2048) ; 
NMC cnt = 0; 
NMC-inc = 0; 
NMC-mass = 0; 
NMC-percent = 0; 
return; 
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/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s e t  e r r o r  ----- */ /* 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* Descri p t  i on- */ 
/* * /  
/* These a re  the routines t h a t  will  s e t  the  */ 
/*  ind ica tor  l i g h t s  on the  display panel showing */ 
/* an e r r o r  has occurred. All other l i g h t s  will  */ 
/* be cleared. */ 

----- 

/* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  */ 
voi d s e t  - e r r o r  (voi d) 
l 

c l e a r  - 1 ights (); 

dataout5=dataout5 & System - Error; 
- out p (PORT5, d a t  aout 5) ; 

re turn;  

/* Set Error l i g h t  on */ 

s l  eep (5) ; /* Wait f o r  .005 sec */ 

1 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c a l l  cancel ----- */  I* 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* Description- */ 
/*  */ 
/* T h i s  routine i s  cal led anytime the cancel button */ 
/* i s  pressed. I t  r e s e t s  a l l  the  var iables ,  s e t s  */ 
/* the  measurement complete l i g h t ,  and clocks the  *I 
/* f l i p - f l o p s .  */  
/* */ 
/* This routine i s  s e t  as a function t o  consolidate */ 
/* t h e  many times this  sequence i s  executed. */ 
I* */ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

----- 

void c a l l  cancel (void) 
r - 
t 

p r i n t f  ("Received the Cancel signal .\n\n") ; 
/* NOTE - the following may not be needed as the */ 
/* cancel value ( s t a r t  data=5) will  be */ 
I" carr ied through a f t e r  the break. */ 

r e s e t  Pu600 d a t a ( ) ;  
reset-Pu90.0-data () ; 
reset-NMC data( ) ;  
reset-SymFeb-y da ta( )  ; 
s e t  miiasuremenf - complete() ; 
clock - f f ( )  ; 
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void :jet - Pu600 -. Isotope -I f a i  1 (vol’d) 
I 

d a Q a o u t 5 = d a t a o u t 5  16 Pu Isotope - Red; 
ret u rn ; 

..-. 

1 
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/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pu Presence Passes or Fails ----- */ / *  

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* Description- *I 
/*  */ 

*/ 
*/ 

/*  These are  the routines t h a t  will set  the 
/* i n d i c a t o r  l igh ts  on the display panel showing 
/ *  a pass or  a f a i l  fo r  the Pu Presence t e s t .  */ 
/*  */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void se t  - -  Pu  Presence - pass(void) 
{ 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
v o i d  se t  - -  Pu Presence - fa i l (void)  
I 

----- 

dataout4=dataout4 & Pu Presence Green; 
r e t  urn;  

- I 

dataout4=dataout4 & Pu Presence Red; 
return; 

- - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I* ----- Pu Oxide Passes or Fails ----- * I  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/* Description- */ 
/* */ 
/*  These are  the routines t h a t  will se t  the */ 
/* indicator l igh ts  on the display panel showing */ 
/* a pass o r  a f a i l  */ 
/*  */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 

I 

/ 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void  se t  - Oxide - fa i l (void)  
{ 

1 
// 

fo r  the Pu Oxide t e s t .  

v o i d  se t  - Oxide - pass(void)  

dataout5=dataout5 & Pu Oxide Green; 
return; 

- - 

dataout5=dataout5 & Pu Oxide Red; 
return; 

- - 
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v o i d  :;et - Symmetry - pass ( v o i d )  

16 



/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
measurement compl ete ----- */ I* 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ *  Description- */ 
/* */ 
/*  These are the routines that will set or clear the */  
/* indicator light on the display panel showing */ 
/* the test process has completed and data has been */ 
/* received. */ 
/*  */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
void set - measurement c compl ete (voi d) 
I .  

----- 

dataout5=dataout5 & Measurement Complete; 

sl eep (5) ; 
ret urn ; 

- 
out p ( PORT5 , data o u t 5) ; 

*/ 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
v o i d  cl ear - measurement-compl ete(voi d) 
{ 

- /*  Wait for .005 sec 

dataout5=dataout5 1 Measurement Complete; 
sl eep (5) ; 
return; 

- 
out p (PORT5, da t aout 5) ; 

*/  - /* Wait for .005 sec 

1 
/ I  
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1 
1 

*/ /" **w* . Main Prograin ***** 
I /****~k*f********t*~~**~~**********~~***********~******************** 

/ / * * * * . k J : * * * * * * * * * * * ~ ~ * * * * * * * * * * * * * * ~ ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

void mai n (.i n t  argc char *argv [I ) 
I 

/ * * * * V X Jr * * k * * * k *J; * .ir * * * * * * * sk * 5 2  -k ** * * * * * *.k * * JC * * k * * * *.k * -k * * Jr k * k * JC * JC JC 

/ * * -k X:k A k * * Jr ** *** ** % *.k J; Jr * 3: * X st' *.k * k *.k k J; * X * * k * Jr JC -k A- ** * Jr * * * * 9tk-k -k * * * * * * * 

, i n C  s t a t u s ;  

l ' n t  ch; 
,i r i i  subport baud,  par i ty  , 'I en, stopbi t , protocol ; 
unsigned short  address 2 ,  i rq  2 ;  
un:; i gned s hnrt address-3, .i rq-3 ; 
unsigned short  address-4, i rq-4; 
iirirji gned short  address, i rq ,  cardtype, cardseg ; 
unsigned short  in'len, ont1en, f l a g ;  

/* Initialize t h e  Serial  Ports on the main b o a r d ,  */ 

- 

subport = 0 ;  
address = 0x100; I/ Port address 100 hex 
irq = 4; 
cardtype = CARD - NORMAL; 
cardseg = 0x0; 
inlen = 2048; 
outlen = 1024; 
f l a g  = 0x0; 
baud = BAUQ9600; 
p a r i t y  = PARITY - NONE; 
leri = LENGTH 8; 
s t o p b i t  = SrBPBIT 1; 
prcitocol = PROT - N@lNBN; 

/*k*******kk******~**~*****k**~*****3:*****3:********3:********** 1 
/:k Defaul t  s e r i a l  per t  2 paranieters *I 
/****f************~*k********~**************~**************** I 
address 2 = 0x108; / /  Port address 108 hex 
irq I" 2 ~ - 3 ;  

/ /  Interrupt  Request Level #4 

/ /  Input buffer length 
/ /  Output buffer length 

I /  Baud r a t e  
/ /  No par i ty  used 
I/ & b i t  character length used 
// 1 s t o p  b i t  used 

/ /  Interrupt  Request Level # 3  

address 3 = 0x110; / /  Port address 110 hex 
i rq I 3 =31; / /  Interrupt  Request Level #11 
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/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
pri ntf ("Barri e r  %s\n" , commdrv - versi on) ; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*  Trap control C t o  cleanup port on ex i t .  */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
signal (SIGINT,ctl - c ) ;  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* In i t i a l i ze  ser ia l  port 1 for  NMC */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s ta tus  = Ini t ia l izePort(p0rt  1, subport, address, i rq ,  cardtype, 

cardseg, inlen, outlen, f l a g ) ;  

/*  Set por t  character is t ics  
i f  (s ta tus  == RS232ERR NONE) 

*/ 

status  = SetPortCha?acteristics(port - 1, baud,  parity,  len,  
stopbi t , protocol) ; 

/* Set timer resolution t o  1/1000 sec */ 
i f  (s ta tus  == RS232ERR NONE) 

/ *  Set timeout value t o  1/10 sec */ 
i f  (s ta tus  == RS232ERR NONE) 

/*  Set t o  interrupt when receive char = ' \ r '  */ 
i f  (s ta tus  == RS232ERR NONE) 

*/ /* Set interrup5 funcfion 
i f  (s ta tus  == RS232ERR NONE) 

INTrUNC RCVCHR) ; 
/*  Check for  errors- */ 
i f  (status == RS232ERR NONE) 

e lse  { 

status  = CdrvSetTimErResol uti on (por t  - 1, 1) ; 

status  = SetTimeoutTport 1, 100); 

s ta tus  = ser  rs232 6 i sc  func(port 1, SETRCVCHR, ' \ r ' ) ;  

status = ser  rs232 Set intfunc(port - 1, &COM1 - interrupt - func, 

- - 

.pr intf("Serial  Port-%d in i t ia l ized  successfully\n", po r t  - 1+1) ; 

printf("Error #%d set t ing ser ia l  po r t  % d \ n " ,  s ta tus ,  port - l t l ) ;  
ch = getch(); 
exi t ( 1) ; 

1 
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I 
/* I n i t l ' a l i z e  seria ' t  port 2 f o r  Pu300/600 " I  

I 

/.* Set p o r t  c h a r a c t e r i s t i c s  *I 

/* Set t imer rei;olu.tion t o  1/1QOO sec  " I  

/*  S e t  timeout value to l / lQ sec *I 

/ *  Set t o  i n t e r r u p t  when r c t e i v e  char = ' \ r '  *I 

/* Set: i nterruplf funcPi on *I 

/******'k**'k*******Xk************************,k**************** 

/**-ktt*****&*kk~k*~***.~****"********************************* 

s t a t u s  = In1 t i  a1 i zePert ( p o r t  2 , subport , address 2 , i rq - 2  , 
cardtype, cardseg, inlen, ou t l en ,  fla,g); 

i f  (status == RS232ERR NONE)  

- I 

s t a t u s  = SetPor%Char;acteristics(pnrt - 2 ,  baud, p a r i t y ,  l en ,  
s topbi  t , protocol) ; 

i f  ( s t a t u s  == RS232ERR NONE) 

i f  (status '  :A= KS232ERR NONE) 

i f  ( s t a t u s  == RS232ERK NONE) 

if ( s t a t u s  == RS232ERR NONE) 

INTI3UNC .- RCVCHR) ; 

/* Check for  e r r o r s  */ 
i f  ( s t a t u s  -;= RS232ERK NONE)  

e lse  { 

status  = CdrvSet'Tinle'rReso'l u t ion(por t  - 2 ,  1) ; 

s t a t u s  = SetTimeoutTport 2, 100);  

s t a t u s  = stir rs2.32 mist - f'uncfport - 2 ,  S E T R C V C H R ,  ' \ r ' ) ;  

s t a t u s  = scer rs232 s e t  inl:f'unc(port 2 ,  K O M 2  i n t e r r u p t  func,  - - I 

pr in t f ( "Se r i a1  Port--%d i n i t i a l i z e d  successfu l ly \n" ,  port  - 2 t l ) ;  

printf("Error # I d  s e t t i h y  s e r i a l  port  % d \ n " ,  s ta tus ,  p o r t  - 2+1); 
ch = g e t c h ( )  ; 
e x i t ( 1 ) ;  

I 
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I 
*I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* /*****Y************t************************~****************f Initialize serial port 3 for Pug00 

/ *  
if 

I* 
if 

/* 
if 

I* 
if 

/* 
i f  

I* 
if 

I status = InitializePort(port 3, subport, address 3, irq 3, 
cardtype, cardseg, Tnlen, outlen, flag): - 

Set port characteristics * I  
(staius == RS232ERR NONE) 
status = SetPortChayacteristics(port - 3, baud, parity, len, 

Set timer resolution to 1/1000 sec * I  
(status == RS232ERR NONE) 
status = CdrvSetTimErResol uti on (port - 3, 1) ; 
Set timeout value to 1/10 sec *I 
(status == RS232ERR NONE) 
status = SetTimeoutTport 3, 100); 
Set to interrupt when receive char = '\rr */ 
(status == RS232ERR NONE) 
status = ser rs232 misc - func(port - 3, SETRCVCHR, '\r'); 
Set interrupT funcfion *I 
(status == RS232ERR NONE) 

I 

stopbi t, protocol) ; 

status = ser rs232 :et intfunc(port - 3, &COM3 - interrupt - func, 

(status == RS232ERR NONE) 
printf("Seria1 Port-%d initial ited successfully\n", port-3+1); 

INTFUNC RUCHE) ; 
Check for errors- "I 

- else { 
printf("Error #%d 'setting serial port %d\n", status, port - 3t1); 
ch = getch(); 
exit (1) ; 

1 
/ /  
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I 

s t a t u s  = In i t i a l i zePor t , (po r t  4 ,  subport ,  address 4, irq 4 ,  

i f  ( s t a t u s  -=  WS'L32ERR NONE) 

- - cardtype,  cardseg , i n l  en ,-out 1 en , f l  a g )  ; 
/*  Set port characteri  s t i  cs  *I 

i t a tus  = SetPortChav;acterg'stics(port I 4 ,  b a u d ,  pa r i ty ,  len,  
s t o p b i  t , protocol ) ; 

/*  s e t  t imer reso lu t ion  t o  I/IOOO sec */ 

I* Set. t imeaut v a l u e  t o  1/10 sec  */ 

/* Set t o  i n t e r r u p t  when refel've char = ' \ r '  *I 

/ *  Set: in te r rupy  funcTion *I  

i f  ( s t a t u s  -9  R S Z J Z E R R  NONE) 

i f  ( s t a t u s  == RS232ERR NON€) 

i f  ( s t a t u s  -= KS232ERR NONE) 

i f  ( s t a t u s  ==  RS232ERK -I NONE) 

INTi%NC RCVCt1-d) ; 

I f  ( s t a t u s  == KS232ERR NONE) 

s t a t u s  = CdrvSetTinGrResolution(port - 4 ,  1) ; 

s t a t u s  = SctTimeoutTport 4, 100) ; 

s t a t u s  = ser  rs237 iii.isc func(port  ._ 4 ,  SETRCVCHR, ' \ r ' ) ;  

s t a t u s  = s e r  rs232 s e t  i n t func (por t  I 4, &COM4 - i n t e r rup t  - func, 

1% Check for errors'- *I 
p r i n t f ( " 5 e r i a i  Port--%d i ; i i t i a l i zed  successful ' ly \n" ,  port I 4 t 1 ) ;  

tilse 
p r i n t f ( " E r r o r  #%d s e t t i n g  s e r i a l  port  % d \ n " ,  s t a t u s ,  p o r t  - 4 t l )  ; 
ch = ge tch ( ) ;  
e x i t  (1) ; 

1 
f 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I* Se t  t he  e x i t  f l a g  f o r  a successful COM port s t a r t  *I 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e x i t f l a g  = 0 ;  
/ I  

2 2  



/ 
*/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* Start of main program here. 

clear 1 ights () ; 

reset Pu600 data(); 
re s e t-Pu 900-d a t a ( ) ; 
reset-NMC data(); 
reset-Symmetry - - data() ; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 

/* Loop forever 
whi 1 e(  1) 

i f  (exi tflag') 
{ 

{ 
/* Clean up for normal exit 
clean exit () ; 
exit (0) ; 

1 
/* Test for the "Start" signal 
printf("Waiting for input signal.. . . .\n\nii); 
start data=O; 
whi le-(start - data==O) 

start signal () ; 
{ 

1 
- 

/* Clear all data output lights 
clear - lights(); ' 

/* Reset all data variables 
reset Pu600 data()'; 
reset-Pu900-data () ; 
reset-NMC data () ; 
reset-Symmetry - - data() ; 

*/ 

*/ 

*/ 

*/  

*I 

errorflag = FALSE; 
I /  
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/" s t a r t  d a t a  i s  set  i n  s t a r t  s i g n a l  ( )  * /  

/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  ** Case 1 = Assay All s enso r s  ** / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- s w i t c h  ( s t a r t :  - d a t a )  - 
{ 

case  1: 
/*  Assay t e s t  on a l l  ana lyzers  s t a r t s  here .  */ 
p r i n t f  ( "Rece ived  Assay Start:  s igna l  . \ n \ n " )  ; 

/ *  Tes t  fcrr cancel switch p res s  
s t a r t  signcil()  ; 
i f :  (sTart __ da ta  =::: 5 )  

c a l l  cancel () ; 
I 

1) IY? i t  ; 
1 

*/ 
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/ /  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ /* Test  f o r  r e c e p t i o n  o f  t h e  Pu600 s i g n a l  
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i f  (Pu600 c n t )  
I - 

p r i  n t f  ( "%d charac ters  r e c e i v e d  f rom Pu600-->%s\n\n" 

Pu600 c n t  = 0; 
Pu600-i nc++; 

Pu600 cn t ,  Pu600 b u f ) ;  - - 

- 
/* Test  which data s t r i n g  was r e c e i v e d  f rom Pu600 */ 
s ta tus=sscanf  (Pu600 bu f ,  " % s t ' ,  Pu600 i n )  ; -// *********** iC************  

// * Process Pu600 S igna l  * // . . . . . . . . . . . . . . . . . . . . . . . .  
i f (strcmp (Pu600 - i n, "PU600: ")==O) 

s ta tus=sscanf  (Pu600 b u f  ,"%*s %f, %f" 

i f  ( s t a t u s  =E 0) 
{ 

I 
&Pu600 r a t i o  ,&Pu600 - percent )  ; 

sscanf  (Pu600 b u f  ,"%*s %s" Pu600 i n )  ; 
i f  ((strcmp(Pu6OO in,"Physics")=:O) 1 

(strcmp(Pu6OO Tn,"Acquis i t ion")==O - 

p r i n t f  ("Pu600 r e p o r t s :  %s\n\n" ,Pu600 b u f )  ; 
e r r o r f l a g  = TRUE; 
Pu600 i n c  = 3; 
b rea  k i  

{ 
- 

1 
{ 
e l s e  

pr in t f ( "Unknown E r r o r  i n  s e r i a l  da ta  f rom Pu600 

e r r o r f l a g  = TRUE; 
Pu600 i n c  = 3; 
brea k i  

an a 1 yz  e r\ n \ n I , )  ; 

1 
/* s t a t u s  ! =  0 */ 

1 
e l  se 
I 

/* P r i n t  t h e  da ta  as s t o r e d  i n  t h e  v a r i a b l e s  */  
p r i n t f  ("Pu600 r a t i o  i s  % l  f ' I ,  Pu600 r a t  i 0) ; 
p r i  n t f  ( ' I  percent  i s %1 f \ n \ n "  , Pu600 - percent )  ; 
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/ /  

/ /  

/ /  . . . . . . . . . . . . . . . . . . . . . . . .  

/ /  . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  * Process Pu300 S i g n a l  * 

e 1 s e i f ( s t r cmp ( Pu600 -- i n I' PU3 00 : I' ) = =U) 

s t a t u s = s s c a n f  (Pu60O buf  , "%*s  %f %f , % f "  , 

i f  (status = =  0) 
{ 

{ 

&Pu3OO age,&Pu308 ,- percent 
&Pu300 i LcraT i  on) ; 

sscanf(Pu600 buf , "%*s  %s" ,  Pu600 i n ) ;  
i f ( (strcmp (Pu60O i n  , I' Physi c s " )  =%) I I 
{ 

(strcmp (Pu60O I Tn , "Acqui s i  t i  on")  = = O )  ) 

p r i n t f  ("Pu30O reports: %s\n\n" , Pu600 buf) ; 
Pu600 i n c  = 3; 
e r r o f f l a g  = TRUE; 
break; 

- 

I 
e lse  
1 

pri  nt:f ( " U n k n o w n  Error i n  seri a1 data  f r o m  Pu300 

Pu600 i n c  = 3 ;  
errurTlaq = -TRUE; 

ana lyzer \n\n")  ; 

- 
break; 

1 
1 
else  /* s t a t u s  ! =  0 */ 
{ 

/* Pr in t  t h e  da t a  as s tored  i n  the  va r i ab le s  */ 
printf("Pu300 aye i s  % l f  ",Pu300 a g e ) ;  
p r i  nt-F("  percent  i s %1 f If , Pu30O percent )  ; 
pr in t f : ( "  i t e r a t i o n  i s  %lf\n\n",Pu3DO - i t e r a t i o n ) ;  
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I /  

/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  * Process PuPresence S igna l  * 
/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e lse  i f  (strcmp(Pu600 - in,"Presence:")==O) 
{ 

s ta tus=sscanf  (Pu600 buf ,''%*s %SI', Pu Presence) ; 
i f  ( s t r s t r ( P u 6 0 0  - bu-f, " E r r o r " )  != NULL) 

sscanf  (Pu600 buf, ' '%*S  %s" , Pu600 i n )  ; 
c 

i f ( (s  t rcmp ( 7 ~ 6 0 0  i n , I' P hys i cs I t )  =EO) ) 
{ 

%s\n\n" , Pu600 bu f )  ; 

- 
p r i n t f  ("pu Presence ana lyzer  r e p o r t s :  

Pu600 i n c  = 3; 
e r r o r T l a g  = TRUE; 
break; 

- 

I 
e l  se 
L 

pr in t f ( "Unknown E r r o r  i n  s e r i a l  d a t a  from Pu 

Pu600 i n c  = 3; 
er ror - f lag = TRUE; 
break; 

Presence ana lyzer \n \n" )  ; 

1 
1 
el s e  
{ 

/ *  s t a t u s  !=  0 */  

/ *  P r in t  t h e  d a t a  as s t o r e d  i n  t h e  v a r i a b l e s  */ 
p r i n t f  ("Pu Presence i s  %s\n\n" , Pu - Presence) ; 

1 
1 

} 
I /  
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1 
/* T e s t  f o r  recept ion o f  t h e  Pug00 s ignal  */ 

/ 
i f  (Pu900 -. cn t )  
I 

/**~*X*k***f~kkk**+*******************~********** 

f*k****k*****************t****.k**.~k*****~********** 

pri ntf ("%d cha rac t e r s  received from Pu900-->%s\n\n", 

Pu900 ent  = 0 ;  

s t a tus=sscanf  (Pu900 bu f ,  'l%*s %f, %f", 

i f  ( s t a t u s  == 0)  
I 

Pug00 c n t ,  Pug00 b u f ) ;  - 

Pu9oo-i I nc++; 

&Pug00 PeakArea, &Pug00 percent)  ; 
I - 

sscanf(Pu90Q buf , "%*s %s", Pug00 i n ) ;  
i C  ((strcmp('i'ju900 in,"Physics")=%) I I 
I 

(strcmp(Pu900 - Tri, "Acquisi t ion")==O))  

pr in t f ("Pu900 r epor t s :  %s\n\n",PuSOO b u f )  ; 
e r ro r f l t i g  = TRUE; 
break ; 

- 

1 
I 
c'I se 

printf("Unknown Error in  s e r i a l  da ta  from Pug00 

e r r o r f l a g  = TRUE; 
break; 

an a 1 y z e r\ n \ n I t  ) ; 

I 
1. 
e l se  /* status  !=  0 * /  

/" P r i n t  .bite d a t a  as s to red  in  the  va r i ab le s  */ 
p r i  n t f  ("PuE)OO area  i s 
p r i  nt:f( I' p e r c e n t  i s  

%1 f ' I ,  Pu900 PeakArea) ; 
%1 f \n \n"  , Pug00 - percent)  ; 

1 
} 
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/ /  

/ /  

/* Test for receprion o f  the NMC signal *i  
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i f  ( N M C  cn t )  
f - 

pr in t f  ("%d characters received' from NMC-->%s\n\n", 

NMC cn t  = 0;  
NMC-i n c t t  ; 

status=sscanf (NMC buf y " % * s  %f %f %*s Xf % f " ,  

i f  (status-== 0) 
{ 

NMC c n t ,  NMC buf);  - - 

- 
. &NMC A1 pha,KNMC error,&NMC massy &NMC percent) ; - - - 

i f  ((strcmp(NMC buf,"Shift  r eg i s t e r  error")==O) I 11 

(strcmp(NRC buf9"I1 legal switch state")==O)) 
{ 

- 

printf("NMC reports:  %s\n\n",NMC buf); 
e r ror f lag  = TRUE; - 
break; 

1 
el se 
{ 

pr in t f  ("Unknown Error in 
analyzer\n\n") ; 

er ror f lag  = TRUE; 
break; 

1 
1 
else 
{ 

/* s t a tus  != 0 

/ *  Print  t he  data as stored 

se r i a l  d a t a  from NMC 

*I 
in the variables */ 

printf("NMC Alpha is % l f \ n " , N M C  Alpha); 
pri ntf  ("NMC mass i s 
pr in t f  ( 'INMC percent i s  

%l f \n"  ,NMCmass) ; 
%lf\n\n",flMC_percent) ; 

1 
J 

// 
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I/ 

I/ 

I 
f A  T e s t  for reception o f  the Symmetry signal */ 

I 
if (Syintnetry -- cnt) 
I 

/ ~ + ~ k * * * * k * k * L * k ~ * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * ~ *  

/k****t~~k~~**k~~k*k******k************k*********** 

pri n t f ( " X d  characters received3 from Symmetry-->%s\n\n" 

Symmetry cnt 2- 0 ;  
Syrnme t r j - i  .- n c++ ; 

s t a t u s  -I sscanf(Sytnmetry b u f  y I 1 % * s  Xf, Z f " ,  

.i f ( s ta tus  =E- 0) 
i 

Symmetry I cnt, Symmetry - buf) ; 

&Symme t ry DaTa , &Symmetry S 9' gma ) ; -- - 

sscar.lf(Symtnetry b u f ,  " % * s  % S I ' ,  Symmetry i n )  ; 
i f ( ( s t rcmp ( Syrninet ry i n , I' P hy s i c 5 ' I )  = 0) I I 
{ 

(strcmp(Symmetry __ in,"Acquisit ion")==O)) 

printf ("Symmetry analyzer reports :  
%s\n\n" ,Symmetry b u f )  ; 

errorf ldg = TRUE;  
break; 

- 

e lse  
I 

printf("Unknown Error in  se r i a l  data from Symmetry 

errorf lag = TRUE; 
break 'y 

an a 1 y z e Y' \ n \ n " ) ; 

1 

/* status ! =  0 */ 

/* Print t he  d a t a  as stored in the variables *I 
printf("Symmetry difference i s  % I  f \n"  ,Symmetry - D a t a )  ; 
pr.i ntf ("Symmetry S i  gma i s 

1 
e l  sc 
{ 

%lf\n\n\n",Symmetry - Sigma); 
1 

/ /  
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I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* S t a r t  comparing received values t o  l imi t s .  *I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I /***************************************************************** 

i f  ( !errorf lag && ( s t a r t  d a t a  ! =  5 ) )  
I - 

/* Test for good Isotopic r a t i o  
i f  (Pu600 - ratio==O) 
I 

*I 

printf  ("\nFailure! Pu600 returned an error . \n\ni t )  ; 
errorf lag = TRUE; 
break; 

e l s e  i f  (Pu600 - r a t i o  
1 
I 

1 
el se 
{ 

1 

Pu600 - LIMIT) 

set  Pu600 Isotope pass(); 
pr in t f  ( I l * x * * *  Passes the  Pu600 Isotopic t e s t .  *****\ns) ; 

s e t  Pu600 Isotope f a i l  ( ) ;  
printf  (It*+*** FaiTs  the  Pu600 Isotopic t e s t .  *****\nil) ; 

/* Tes t  f o r  good Age 

{ 

1 
e l s e  

*/ 
i f  (Pu300 - age > Pw300 - -  age LIMIT) 

set  Pu300 age pass() ; 
pr in t f  ("*x***-Passes the Pu300 Age t e s t .  *****\na) ; 

s e t  Pu300 age f a i l  () ; 
printf ("*+***-Fai 1 s the  Pu300 Age t e s t .  *****\n'l) ; 

j 
/*  Test fo r  Pu Presence *I 
i f  (strcmp(Pu - Presence,"Yes")==O) 
I 

} 

c 

s e t  Pu Presence pass ( ) ;  
priEtfT"***** Passes the Pu Presence tes t .  *****\rill) ; 

e l s e  i f  (strcmp(Pu - Presence,"No")==O) 

se t  Pu Presence f a i l  ();  
printfT"***** Fai 1 s the Pu Presence t e s t .  *****\n") ; 

printf  ( ' I*****  Pu300 Physics Error *****\nit) ; 
errorf lag = TRUE; 

1 
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*I 
*/ 

/ *  T e s t  f o r  presence o f  Oxide in Pu 
/* This t e s t  uses d a t a  f rom the NMC and  the Pug00 
i f  ((Pu!100 PeakArea 

s e t  Oxide f a i l ( ) ;  
{ 

priEtf("*"*** Fai 1s the  Oxide t e s t  *****\n''); 
1 
e l  sc 

Pug00 PeakArea LIMIT) && 
(NMC A'T'pha > NMC A l p h a  LIMIT)) I 

I I I 

s e t  Oxide pass( ) ;  
pri%tf( 

f 

1 
Passes  the Oxide t e s t  *****\nil) ; 

I* T e s t  f o r  good Total Mass " I  
t o t a l  iiiass = NMC mass * (1 + ( l / P u f i O O  r a t i o ) ) ;  
printT( "Cal cul a t e d  t o t a l  mass = %1 f\n", to ta l  mass)  ; 
i f '  ( to ta l  I mass 
I 

1 
e l s e  
I 

1 

- 
NMC I LIMIT) 

s e t  NMC pass( ) ;  
pr intf  (n-***** Passes  t h e  Mult ipl ic i ty  t e s t .  *****\nl') ; 

se t  NMC fai  1 0  ; 
1irifit.F GT'***** Fai 1 s t hc  Mu1 t i p 1  i c i  t y  t e s t .  *****\nil) ; 

/* T e s t  f o r  Symmetry "I 
il ((Syinnietry Data Symtnetry Data LIMIT) && 

(Symmetry I sigma Symmetry-Sigma - - LIMIT)) 

set  Symmetry f a i  1 () ; 
printf("****x Fa i l s  t h e  Symmetry t e s t  ~ 

*****\nit) ; 
1 
el se 
I 

1 

s e t  Symmetry pass ( )  ; 
priiitf(tt****x Passes the Symmetry t e s t  *****\ntt) ; 

. l  

1 
/* Clock inforrnatiorr through the  f l i p  flops */ 
i f (errorf  1 a s >  
se t  measurement - complete() ; 
clock f f() ;  
break: 

se t  error () ; 

/ *  tnd o f  cc15e i L /  
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// . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  ** Case 2 = Background All sensors ** / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

case 2:  
printf ("Received Background s t a r t  signal . \ n " )  ; 
r e se t  Pu600 d a t a ( ) ;  
reset-Pu900-data () ; 
reset-NMC data( )  ; 
reset-SymCetr-y - - data( )  ; // . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ /  * Process Symmetry bkg Signal * / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ *  S t a r t  o f  Symmetry background t e s t  
while (Symmetry - cnt ==.O) /* l o o p  unt i l  SYM data i s  avai lable  */ 
{ 

* /  

s t a r t  signal () ; 
i f  (sTart da t a  == 5) 

c a l l  cancel () ; 
{ 

1 

- 

' breal?; 

1 
i f  ( s t a r t  data ! =  5) 
{ 

- 
p r i n t f  ("%d characters received from Symmetry-->%s\n", 

i f  (strcmp(Symmetry - buf ,"Symmetry: Background Error") ==O) 

p r i n t f  ( "Fa i l s  the Symmetry Background tes t  .\n\n\n") ; 
er ror f lag  = TRUE; 

Symmetry cn t ,  Symmetry buf) ; - - 

I 

1 
1 
/* End o f  Symmetry background test */ 

// 
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/ /  *****kX******k****f********* 

/ /  * Process Pu6OO bkg Signal * / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 
*/  

S t a r t  o f  Pu300/600 background t e s t  
/* 
while (Pu600 cnt == 0) / *  Loop unt i l  Pu600 data  i s  ava i lab le  */ 

F i r s t  l o o p  i s  f o r  Pu600 
- 

s t a r t  signal () ; 
i f  (s?ai-t d a t a  == 5) 
I 

I 

I. 

[:all cancel () ; 
b r e a]?; 

1 
} 
i f  ( s t a r t  I da ta  ! =  5) 
{ 

printf  ("Zd characters received from Pu6OO-->%s\n" 
PuGOO cnt ,  Pu600 b u f ) ;  

I - 

i f ( (strcmp (Pu60O buf I '  PU600 : Background Error") ==O) I I 
(strcmp(Pu600 I. 6uf "PU300: Background Error")==O)) 

pri n t f  ("Fai 1 s t h e  Pu300/600 Background t e s t .  \n\n\n") ; 
errorf lag = TRUE; 

I 

1 
/* Reset Pu600 count t o  wait for */ 

} 
Put300 cnt 2: 0; - 

/* Pu300 information */ 
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/ /  . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ / * Process MNC bkg Signal * // . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ *  loop u n t i l  NMC da t a  i s  a v a i l a b l e  */ 
I* S t a r t  of NMC background t e s t  

t 
*/ 

while (NMC - cnt  == 0) 

s t a r t  s ignal  () ; 
i f  (sfart da ta  == 5) 

c a l l  cancel () ; 
{ 

brea'lT; 
I 

1 
{ 
i f  ( s t a r t  - da ta  != 5) 

p r i n t f  ("%d cha rac t e r s  received from NMC-->%s\n" ,NMC cn t  , 

i f (strcmp (NMC - b u f ,  ' 'FAIL") ==O) 

- 
NMC buf) ;  

printf ("Fai 1 s the NMC Background test  .\n\n\n") ; 
e r r o r f l a g  = TRUE; 

/* End o f  NMC background t e s t  

{ 

1 
*/ 

I 
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/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  * Process Pug00 bkg S i g n a l  * 
/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*/ / "  S t a r t  of Pug00 background t e s t  
while  (Pu900 cnt  == 0) /*  l o o p  u n t i l  Pug00 data  i s  ava i l ab le  */ - 

s t a r t  :;-ignal ( )  ; 
i f  ( s h r t  da t a  == 5 )  
{ 

c:al1 cancel () ; 
fir e alT ; 

1 

I 
I 

} 
i f  ( s t a r t  d a t a  != 5) 
I -_ 

p r i n t f  ( " % d  cha rac t e r s  received from PuSOO-->%s\n", 

if (strcmp(Pu9OO buf ,"PU900: Background Error") ==O)  

PuYOO c n t ,  Pug00 bu f ) ;  
I I 

-_ 

p r i n t f  ("Fai 'Is t he  Pug00 Background t e s t .  \ n \ n \ n " )  ; 
e r r o r f l a g  = TRUE; 

{ 

/ /  
/ *  End of l'u900 background t e s t  */ 
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/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  * Process Pu300 bkg Signal * 
/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*/ /* 
while (Pu600 cnt  == 0) 

s t a r t  s igna l  ( ) ;  
i f  ( s f a r t  da ta  == 5) 
I 

Second loop  i s  f o r  Pu300 
/ *  l o o p  u n t i l  Pu300 da ta  i s  a v a i l a b l e  */ - 

{ 

- 

c a l l  cancel () ; 
brea??; 

1 
1 
i f  ( s t a r t  - data  !=  5) 
I 

p r i n t f  ("%d cha rac t e r s  received from Pu300-->%s\n\ntt, 
Pu600 cn t ,  Pu600 b u f ) ;  - - 

i f  ( (strcmp (Pu600 buf ,"PU600: Background Error") ==O) I I 
(strcmp(Pu600 - buf, "PU300: Background Error")==O)) 

p r i n t f  ( " F a i l s  t h e  Pu300/600 Background t e s t  . \n\n\n")  ; 
{ 

e r r o r f l a g  = TRUE; 
1 

1 
/* End o f  Pu300/600 background tes t  */ 

/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
// * Process Background Summary * // . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i f  ( e r r o r f l  ag) 

set  measurement - complete() ; 
clock f f ( ) ;  
brea k i  

set e r r o r ( )  ; 

/ /  
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/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  ** Case 3 = Gamma Cal ibra t ion  / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** 

case  3: 
p r in t f  ("Received Gamma Cali  b ra t ion  s t a r t  s ignal  . \n" )  ; 
reset: Pu600 d a t a ( ) ;  
reset-Pu900b-data() ; 
rese t-NMC d a t a ( )  ; 
reset-Symmetry - - d a t a ( )  ; 

/ *  S t a r t  rrf Pu300/600 Gamma Cal ibra t ion  tes t  */ 
while (PuGOD cnt  == 0) 

s t a r t  s i  gndl ( )  ; 
i f  ( s f a r t  d a t a  -= 5) 

tal 'I cancel () ; 
I 

brea'lT; 
1 

/* loop u n t i l  da ta  i s  a v a i l a b l e  */ - I 

- 

1 
i f  ( s t a r t  da t a  ! =  5) 
I -. 

pr in t f ("Xd cha rac t e r s  received from Pu600-->%s\n", 

i f  ((strcmp(Pu6OO buf,"PU300: Ca l ib ra t e  Error")==O) 
(strcmp(Pu6OO 6uf,"PU600: Ca l ib ra t e  Error")==O)) 

I 

Pu600 c n t ,  Pu600 b u f ) ;  
I - 

I I 
- 

' 

1 

p r i n t f ( " F a i 1 s  the Pu300/600 Gamma Cal ibra t ion  
t e s t .  \ n \ n \ n " )  ; 

e r r o r f l a g  = TRUE; 

1 
Pu600 I cnt: = 0; /* Reset count t o  wait  f o r  the Pu300 response 

*/ 
/" End of Pu300/600 Gamma Cal ib ra t ion  t e s t  */  

/ *  S t a r t  o f  Pu900 Gamma Cal ibra t ion  t e s t  
while  (Pu908 - cnt  == 0) 

s t a r t  :,i gna l ( )  ; 
I 

i f  (sFiirt - d a t a  == 5) 

calf  cancel () ; 
c 

breltx; 
1 

*/ 
/* l oop  u n t i l  da ta  i s  a v a i l a b l e  */ 

1 
1 i ( s t a t  t d a t d  i =  5) 
r " -  
I 
1 

p r i n t f  {"%d cha rac t e r s  r e c e i v e d  from Pu900-->Zs\n", 

i f  (strcmp(Pu9OO - buf,"PU900: Ca l ib ra t e  Error")==O) 

Pug00 . -. c n t ,  Pu9OO - b u f ) ;  

I 

38 



printf("Fai1s the Pug00 Gamma Calibration test.\n\n\n"); 
errorflag = TRUE; 

1 
1 
/ *  End of Pug00 Gamma Calibration test */ 

/* Start o f  Pu300/600 Gamma Calibration test */  
/*  
while (Pu600 - cnt == 0) 

start signal () ; 
I 

if (s.Tart data == 5) 

This second loop is for the Pu300 to respond */ 
/* loop until data i s  avail- 

able */ 

- 
I 

call cancel () ; 
brea??; 

1 
1 
if (start - data ! =  5) 
f 

printf ("%d characters received from Pu300-->%s\n", 
Pu600 cnt, Pu600 buf); - - 

i f  ((strcmp(Pu600 buf ,"PU300: Calibrate Errorn)==O) I }  
(strcmp(Pu6OO - buf ,"PU600: Calibrate Error")==O)) 

c 
printf ("Fails the Pu300/600 Gamma Calibration 

test .\n\n\n") ; 
errorflag = TRUE; 

1 
1 
/* End o f  Pu300/600 Gama Calibration test */  

i f (errorf 1 as) 

set measurement complete () ; 
clock ff(); 
brea kr 

set error(); 
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/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /  ** Case 4 = NMC Cal ibra t ion  / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** 

case 4: 
pri  n t f  ( "Kece i  ved Measure Control s t a r t  s i g n a l  .\rill) ; 
r e s e t  PuGOO da ta  ( )  j 
re s et-Pu900-da t a ( ) ; 
resef-IVMC dZtzt() ; 
reset3ymiiietry - .- d a t a ( )  ; 

/* S t a r t  o f  NMC Meitsure Control ( B i a s )  t e s t  */ 
while ( N M C  I cnt == 0) 

s t a r t  s i  gniil 0.; 
i: 

i f  (sTart d a t a  =:= 5) 

c a l l  cancel () ; 
{ 

break; 
1 

/*  l o o p  u n t i l  data i s  ava i l ab le  * /  

-- 

1 
i f  ( s t a r t  dah1 ! =  5) 
I -. 

pri n t f  (I 'M charac te rs  received from NMC-->%s\n", 

i f (strcmp ( N M C  - huf ,  'I F A I L " )  ==O) 

NMC .- crit,  N M C  I buf )  ; 

p r i  n t f  ('I Fai 1 s the  NMC Measure Cont ro l  ( B i  as)  

errorflag = TRUE; 

c 
t e s t .  \ n \ n \ n " )  ; 

1 
} 
/* End of NMC Measure Control (Bias) t e s t  */ 

i f (e r ror f l  as) 

set: meZsurement I complete() ; 
c l o c k  f f ( ) ;  
brea k i  

se t  e r r o r ( ) ;  
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/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I /  ** Case 5 = Cancel / /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** 

case 5: 
printf("Received Cancel signal .\n") ; 
reset  Pu600 d a t a ( ) ;  
res e t  -Pu 900-da t a ( ) ; 
reset-NMC d a t a ( )  ; 
reset-Symmetry data()  ; 
s e t  rnZasuremenf - complete() ; 
clock f f ( ) ;  
brea k r  // . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ I  ** Case ? = Error ** 
/ /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

defaul t :  
p r in t f ("Error  i n  case statement. I t ) ;  

p r i n t f  ( "S ta r t  d a t a  received i s  % d \ n t i  , s t a r t  d a t a )  ; 
s e t  e r r o r ( ) ;  
c f  eZn exi t  () ; 
e x i t  (i) ; 
break; 

- - 

1 
1 
cf ean e x i t  () ; - 

} /* End o f  void M A I N  */ 
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7.1.3 Interrupt- riven Code 

The standard interrupt driven code of ROM-DOS is used with additions for the four serial 
ports contained on the Emerald-MM-DIO card. 

The interrupts for the four serial ports are altered in DATA-ATT.EXE using the COMM- 
BRV function, ser_rs2~,-ser%intruncaian(po~~, ds:di, ax). Where port# is the port number, 
ds:di is the address of the Eunctian call (segment:o@et), and ax is the interrupt to process mask. 
See page 362 of the C C ) W - I l R V L ~  manual. The DATA--ATT.EXE program supplies 
&CONIi.interruptb-f~nc as the pointer to actual interrupt fblnction and INTFUNC-RCVCHR 
as the mask. 

In DATA ATT.C, tha COMl-interrupt-fune is deiined in relation to a structure of type 
port_liaram--far and COM1-IO, which is also defined in relation to a structure oftype 
port-param--far and a GetStriFag hnction. The Getstring function is a high-level C O W -  
DRV function prototype defined in COMM .H. The source code for Getstring is presumably in 
one the included soiirce code files. The structue type portjaram-far is defined in 
C 0 m . H .  



I/O Interface t 

FUNCTION 
COMl = NMC 
COM2 = PU300/PU600 

[IRQ disabled] 
fIRO disabledl “I_ 

The software lNPCJT in te rkc  to the serial ports is through the interrupt-driven code 
discussed above (in section 7.1.3) 



7.1.5 11/0 Interface to Digital 

The following table shows [he hardware I/O parameters for the DIO port interEaces to the 
operator switches, which determinc the current mode or state of the system. The following table 
indicates the path of the unclassified input data bits 

a €rom the operator switches 
cy to the input coilneclor pins on thc back panel 

to the DIQ c a d  connector pins 
to the DIO ports and bits 
to the Start-Bata p;aameter value used by the software to routine data through the 
DATA -- ATT.EXE program. 

e 

Table of fmut Control Lines to the Coniptational . I___ Block from Operator Switches 

3 14 

NC 
- _- 1--- +5 volts from Power Supply 

Ground from DIO card 
Ground from Power Supply 
+5 volts from DIO card 
cut & unused 

1 1 Signal grounds cut & unused 

The software INPUT interface to the digital I/O ports is relatively straight forward and is 
contained in the source code for DATA--ATT.C (provided in section 7.1.2.2). 



'r'lie I'ollowing table indicates the path of the unclassified output data bits determined and 
set by the DATA - A'I'T program 

* 
e 

9 

from the Dl0 ports and bits 
to the DIO card connector pins 
lo the output connector on the sick panel. 

There is one additional bit (1110 port3, bitO), which is used to set the data into the data barrier 
flip-flop:j. 

The software OU'TPIJ'T interface to the digital I/O ports is relatively straight forward and 
is contained in the source cock for DATA_-ATI'.C (provided in section 7.1.2.2). 



7 . M  Threshotd Values r the Calculations 

'The computational block software contains attribute threshold values as defined 
parameters in an included header file, DATA ATT.H. This approach allows the threshold 
values to be readily   hanged at one location in all the AMs soRware in response to fiiture 
negotiations. The folbwing table summarizes these attribute tltreshold values. 

S ymrnetiy 
3 ears L 1---- 
0.15 

Symmetry 
_11_--1 

3 -sigma 
__l__ll 

s for the Attribute Measurements 
Exnlanstion 1 ---I_ .Im____- 

__-- Minimum total weight of plutonium 
Maximum ratio of alpha-n neutrons 
neutrons to avoid beine considered olutonium-oxide 
Maximum 87 1-keV peak amplitude to avoid being I 
Maximum 24uPu:239Pu ratio to be 
considered plutonium-oxide 

P--_--- Iutonium 



'This communisation-soRw;ire library contains the drivers and interrupt hnctions used to 
handle the: I/O between the DATA_ATT.EXE application program and the four serial COM 
ports on the extra 110 board. 

'This software package is available from Willies Computer Software Company (WCSC) 
(6215 Imngflower Lme, Ringwood, 'TX 77345 -phone 281-360-4232) for $189.95. 



The vendor's description o 1-' the COMM-DRV/LIB sofiware package follows as 
downloded from the WCSC Ilrternet site at: 

http://www.wcscnet.com/CdwLBro.htm. 

'l'liie level of documentation provided by the vendor is consistent with that necessary for a 
completely transparent inforniation-barrier-protccted measurement system. The distribution 
disks include complete soixrce code, 



G- 

M -D RVlL I B 
Price $1 29.95 

~~~~~5~~~~~~ is simply the best and fastest 
serial communications libraries and DLLs on th 
market. It supports MS-DOS, Windows 3.x, 
Windows 95, Windows 98, Windows 2000, and 
Windows N I .  It was designed by real develope 
for real developers and programmers. 

C; 0 M M -D RVlL I €3 I n cl u d es 

A set of serial communication libraries tha 
C/C++, QuickBasic, and Assembly Langu 
A set of high level Hayes compatible mod 
information communication libraries that Ii 
C/C++, QuickBasic, and Assembly Langu 
A set of state driven Xmodem, Ymodem, a 
transfer communication libraries that link 
QuickBasic, and Assembly Language app 
A set of serial communication DLLs, high I 
serial control and information communicat 
Ymodem, & Zmodern DLLs that may be d 
application that is capabte of calling the 
ACCESS, or Visual Basic). 
An extensive set of examples for; using th 
Included are example C/C++, Visual Basi 
Basic, and other projects. 



* 

Major Features 

Support ALL compilers and tools that can call 16 bit or 32 bit DLLs. 
Built-in hardware and software handshaking for flow control (DTR/DSR, 
RTSXTS I XONIXOFF). 
One API to learn. Same for Windows 3.x, Windows 95, Windows 98, Wind 
2000, Windows NT, ti MS-DOS. 
Any number of ports may be active at the same time. 
Adjustable communication buffers of any size. 
Remap baud rates logically. Modify baud rate divisor for non-standard bau 
rates. 
Supports all non-intelligent and several well known intelligent multiport 
cards( Digiboard, Arnet, Boca Research, GTEK, etc.).. 
Only library that really allows you to combihe different multiport cards in o 
PC. 
Extensive statistics on every port(bytes lost, sent, received, errors, etc.). 
Asynchronously call user's C or assembly functions on any serial 
communication or timed event (receive, transmit, modem, or status chang 
interrupt event, buffer count events, specific character reception, error eve 
and much more). 
Support for all memory models compatible with Microsoft and Borland C/C 
compilers, and many other compilers. 
Autarnatic UART type detection; 26550 support (including FIFO). 
Nondestructive reading of data (read ahead). 
Support baud rates in excess of 115,200 baud, with the ability to use toda 
high-powered communications devices. 
State-driven file transfer libraries allow Xmodem, Ymodem, and Zmodem fi 
transfers on multiple ports at the same time. 
Completely port re-entrant, allowing it to be timedsliced. 
Send data & modify modem signals from within user interrupt(ca1lback) 
functions. Essential in writing multidrop communication applications or 
applications requiring fast response to the 'reception of special packets or 
characters. 
Supports Network INT14H modem pools, any INT14H server, or INT14H 
driver. . 
Supports WIN32 and WIN16 applications. 
On line help. 

What The Experts Say 
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"Serial communication is at the core of what we do, and COMM-DRV has helpe 
rapidly develop new applications, and easily add multiple-port features. We've b 
very impressed with the flexibility of COMM-DRV, and the  technical support has @ 
been outstanding." 



Lee Perryman,Deputy Director and head of technology development, Associate 
Press Broadcast Services, Washington, DC 

"COMM-DRV from MICSC is a source/object serial comrnunications library for D 
and Windows that lives up to its hype ... its feature set puts it right at the top ... In 
terms of sheer versatility, COMM-DKV is nonparalleled." 

Torn Carnpbcll, PC Techniques Review 

C 0 M M -D RVlL 1 5 is u sed i n t E! I ecom m M n i ca t i o n s , t r a n s a ct i o n process i ng , s ev er a 1 
major bulletin board systems, satellite communications, and other simple and 
complex applications by many companies large and small. 

A few companies using COMM-DRV/LIB include Ford Motor Company, General 
Motors, IBM, NASA, Jet Propulsion Laboratory, Lockheed, MCI, ATBT, Rockwell 
ALCOA, AMOCCS, Associated Press, Chevron, Boeing Aerospace, Central Point 
Software, Cellular One, Citicorp, DEC, Duns & Bradstreet, Federal Express, 
General Elec;tric, Howard Johnson, Intel, L.A. Cellular, MetroMedia Paging, 
Metrocellular, National Radio and Astronomy, NEC, Nissan, Panasonic, RJ 
Reynolds, Southwestern Bell, Texas Instrument, Goodyear, Lawrence Berkeley 
Laboratory, and the US Postat Service. 

E3ytesinBeceiveBufferO Returns the number of bytes in the receive buffer 
E3ytealnTrransmitBuffero Returns the number of bytes in the transmit buff 
CdnrCheekTSrne() Determine if time expired form a previous call to 
CcfrvSetTirnef). .- 
CdrvCrclG() Returns the 16bit CRC of a packet. 

rwCrc32() Returns the 32bit CRC of a packet. 
rvDelay() Delay specified time. 

CdrvGetPcbO Returns a pointer to the port's PCB, 
CdrvSetTirne() Sets a timer to a specified delay. Expiration is tested by 
C d rv C h e CAT i me(). 
I=drvSetTirneoutFurrction() Sets the address of a function that gets calle 
when Delay() i.;r CdrvChcckTi;iic() is callccl. 
CdrvSetTimer.Resolution() 'sets the timer resolution used by CdrvSetTim 
and Delay(). 
DtrC)ff() Turns D I R  off. 
DtrOn() Turns DPR on. 
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FlushReceive8uffer() Discards the contents of the receive buffer. 
FlushTransmitBuffer() Discards the contents of the transmit buffer. 
GetByteO Gets a byte from the receive buffer. 
GetPaceTimeO Get the current inter-character pace time. 
Getpacket() Gets a packet from receive buffer. 
Getstring() Gets a carriage return, line feed, or null terminated string from 
receive buffer. 
GetTimeoutO Get the current timeout value. 
InitializePort() Initializes the serial port(A1locate buffers, cardtype, etc.). 
IsBreak() Returns true if a break signal was detected. 
IsCarrierDetectO Returns true if carrier detected. 
IsCts() Returns true if CTS signal high. 
IsDsr() Returns true if DSR signal high. 
IsFramingError() Returns true if a framing error occurred. 
IslnputOverrun() Returns true if the COMM-DRV receive buffer was overr 
IsOverrunError() Returns true if the UART receive register was overrun. 
IsParityError() Returns true if a parity error occurred. 
IsPortAvailable() Determine if a particular port is in use. 
IsReceiveBufferEmpty() Returns true if receive buffer is empty. 
lsRing() Returns true if ring detected. 
lsTransmitBufferEmpty() Returns true if transmit buffer is empty. 
Peekchar() Returns the next character from receive buffer non-destructiv 
PutByteO Queues a byte for transmission. 
Putpacket() Queues a packet for transmission. 
Putstring() Outputs a null terminated string. 
ReceiveBufferSize() Returns the receive buffer size. 
RtsOff() Turns RTS off. 
RtsOn() Turns RTS on. 
SendBreakO Sends a break signal. 
SetBaud() Sets new baud rate. 
SetFlowControiCharacters() Sets characters used for flow control. 
SetFlowControlThreshold() Sets high and low receive buffer thresholds. 
SetPaceTimeO Sets the current inter-character pace time. 
SetPortCharacteristics() Set line control parameters(baudrate, length, 
parity, etc. ). 
SetTirneout() Sets the current transmit/receive timeouts. 
SpacelnReceiveBuffer() Returns space unused in receive buffer. 
SpacelnTransmitBuffer() Returns space unused in transmit buffer. 
TransmitBufferSizeO Returns transmit buffer size. 
UnlnitializePort() Undo the effects of InitiaiizePort() (unhook vectors. rele 
memory, etc.). 
WaitFor() Outputs a string and waits for a matching response. 
WaitForPeekO Non-destructive WaitForO. 
WaitForPeekTable() Outputs a string and non-destructively waits for a 
matching response to a table of strings. 
WaifForTable() Destructive WaitForPeekTable(). e 
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Dial() Dials using the modern with the Hayes cornrriand set. 
~ ~ ~ ~ ~ ~ n ~ w ~ r ~ ~ ~ ~ ~ )  Puts modem in answer mode. 
~ ~ ~ ~ ~ ~ t ~ ~ ! n t ~ ~ n ~ )  Puts modern in command state. 
M ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ c ~ ~ ( )  Returns true if modem connection attained. 
ModemC;etCarvierSFaee$() Returns carrikr speed. 
ModerriGetCorinectSpi3edO Returns connect speed. 
M CB d e M H a rl g u p( ) H ang u p mad em connect i on . 
M o d em1 n i e() S et mod em in it i a I ka t  i on s t r i ng . 
Nlodestl~sdifyString() Modify modern string. 

File Transfer Futictions 

cdwxfer-files() Trarisrriit or receive file(s) with specified protocol to 
completion. 
cdwxfer-geffiles() Receive file( s) with specified protocol. Must be called 
several tirnes till transfer complete. 
edrvxfur-sendfiles() Transmit file(s) with specified protocol. Must be call 
several times till transfer complete. 
cdrvxfer-sfiles() Transmit or receive file(s) with specified protocol to 
completion(adclitiona1 features). 
FiltsT’ransfert)ialsg() Enables an automatic dialog to be displayed on som 
the f i b  transfer functions. 
~ ~ ~ X ~ ~ r ~ ~ ~ a ~ ~ ~ t e r ~ ( )  Set file transfer parameters. 
TransferFiles() Transkr files. 
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ser-rs232-block() Set tirneouts on character reception & trasmission. 
ser-rs232-cleanup() Uninstalls a port. 
ser-rs232-dtr-off() Turns the DTR signal off. 
ser-rs232-dtr-on() Turns the DTR signal on. 
ser-rs232-flush() Selectively fushes input and output buffers, 
ser-rs232-get-sdata() Gets pointer to COMM-DRV system data area. 
ser-rs232-getbyte() Reads a byte from input buffer. 
seyrs232_getpacket() Reads a packet from input buffer. 
ser-rs232-getport() Gets port information. 
ser~s232_getstatus() Gets port modem and line status. 
ser-rs232-maxport() Returns the highest addressable port number. 
ser-rs232-misc-func() COMM-DRV multiplex function. Used to setup us 
callback functions, initialize certain variables, etc. 
ser-rs232-putbyte() Queues a byte for transmission. 
ser-t-s232_putpacket() Queues a packet for transmission. 
ser-rs232-putregister() Writes to specified 8250 type register. 
ser-rs232-rts-off() Turns RTS off. 
ser-rs232-rts-on() Turns RTS on. 
ser-rs232-set-intfunc() Setup user interrupt functions(user callback). 
ser~s232_setbauddiv() Sets baudrate divisor for 8250 style UARTs. 
seyrs232_setup() Installs or modify a serial port. 
ser-rs232-viewpacket() Non-destructively reads a packet from input buff 

.... 
lifikExc hsnae 
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'7.2.2 CONI B User Manual 

'The COMM-DItV/LIB llser Manual is included in the $190 software package or it can 
be purctiased separattcly for $35. The following is a copy of this manual. 
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Introduction 

Plczse nnee rhst :hi$ m e n d  IGX ise the ternis "'cBMM-EsRY&lil:; er.d ''C<#&$%-DRV" 
inferchangeably Where distinctinns we necessary to differeniiate this product f i ~ m  our ouher 
family of COMM-DRV s e d  comunications prQdWS, we Wil l  m&c it obvious. Likewise, 
" X i t ~ d o w s ' ~  wiii be used to refer to Windows 3 4  Wtndows 95, and Wlndows NT. Wherc 
distinctions are necessary, we will specIFy. 

This introduction shouId be read in its entirety in order that one may get RR overview of the vast 
cqpabilifies nnd stop of COMISI-DRVRII. At first, the capabilities of this product may seem 
overwhetming. Remember however, &hat this prducl  cati be I c m e d  incremenraily. If you need to 
get something up end mnning quickly, be sure lo scan h e  sections listed below in boldface in rheir 
entirety. Fa'blllowing this you should have an idea of the components of COMM-DRVILIB &at you 
need to we. Of c o u r s ~  our whni-a! s u p p t  $teff vi;!! be avaikibk ia make kaur tmnsiiion into the 
COMM-DRViLIIB redlnr easy and pleesunblc. 

These are &e sections to be read in their entirety. 

INTRODUCTION 

. 

Teehnlcef Specincation 
Product S~pport 
Pauducl Ifcenalng 
Imtnlilng The Sonware 

Gettlng Started 
Bask Definitions & Conventions 

Sedal  ConununlcatiodA Baslc 'rutodsl 
Port address, Port number, & Devfce exglenetlon 
RS232 cabling 

Note fhot you should akoprirrr a copy o/thcfile READMECLTXTlo view m y  chmges xm?e 
to fhe product since the printing of rhe munuof. READMECLTXT SS on ASCllfile. A Microsofr 
Word for Windows version OJ READMECLTXT u ako distributed under the fiIename 
READMECLDOC. A Windows Write version is provided under the nome READfifECL WRI. 

COMM-DRVILIB is a robust and reliable set of serial communication libraries and dynanuc link 
librarics(DLLs) for MS-DOS and Windows. Programnring with COMM-DRV/LIB under 
Windows is identical to programming with COMM-DRVAIB under MS-DOS. It is a fully tested 
product wirh thousands of hours ofcontinuous, bug free operatian. It is currently used as the serial 
YO backbone for severnl transaction processing, SCADA, billing, banking, terminal emulation, 

COMM-DRV/LIEfM Professlonnl Serial Communlcetioo Library 
Willies Computer Software Company 

bulletin board, fax, satellite, factary floor, submarine, space, multi-user, and several other 
applicatians. It was designed to be extremely easy to use. CQMM-DRV.&IB may be used in  
applications raging from the very simple to the very complex. It will not interfere with other 5eriaI 
ddvea, DLb,  ar TSRs ba t  follow srandxd CYlnd~ws and MS-DOS conventions. 

COMM-DRVkIBTM Professional Serial Communlcatiolm Library 
WiJlles Computer Sofiwnre Compnny 
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Technical Specifications 

COMM-DRVILIB is a very technicalry advanced product. It supports MSWS, 16 bIt(WW16), 
and 32 bit(WIN32eD) appllcatfons. It may be statically linked or dynamically linked with several 
languages and development tools. Specifically, it may be used with Microsoft QuickBasic 4.x, 
Microsoft Visual Basic For DOS. Microsoft Visual Basic For Windows, MicromR Professional 
Basic 7.x. Microsoft Access for Windows, Microsaft CfC++ compiltrs. Bmland WC++ compilers, 
and any language, database mol, or language that can make calls to the Windows API. COMM- 
DRVklB API is identical for both 16 bits and 32 bita. 

COMM-DRVILID supporis the default COMI-COM4 serial pons on the PCs and compatibles, 
in addition to virtually all non-intelligent multiport cards based on the 8250/16450/16550/160 
family of UARTs. Intelligent cards fram Amet Corporation. Digiboard, (3TEK. and Boca Research 
ate supported directly(without the need of manufacturer distributed driven). Virtually any serial 
device. intelligent or non-intelligent, with its own lNTl4H driver, or Windows driver is supported 
m well. 

COMM-DRVILIB allows muliiport cards from scvcral different manufacturers to exist and 
function concurrently in one machine. This allows the user to mix and match devias based on 
cost. need. or simply to make use of deviccs already acquired. COMM-DRVILIB was 
successfully tested with a multiport card fiom each supported manufacturer in a specially designed 
box. All porn from all devices were activated concurrently. 

COW-DRViL.III allows the sharing of individual IRQs on the PC. Several serial ports can be 
connected to the same IRQ. IRQOO through IRQLS are supported. Ekch paxt supports adjustable 
communication buffen of up to 128k bytes with 16 bit programs or just undcr 2 Gigabytes with 32 
bit programming. DTRIRTSIDSRICTS hardware protocol is supported on bolh reception and 
transmission as well as XONlxOFF aoflwarc protocol. 

Thresholds (high water and low water marks) for activating the nspectivc flow control are 
adjustable, COMM-DRVILIB opcratca at speeds in CXCCSJ of 460K baud on cards that allow it. 

COMM-DRVILIB wi l l  run perfectly under multitaskers like Desqview. Omniview, Taskview, 
Windows 3.x, Windows 95, Windows NT. and UNlX under VPIX. It can also function RS a 
redirected asynchronous client on a network (Le. a modem pool, etc.). 

COMM-DRVLIBTM Professional Serlal (loinmudrailon 1.lbrary 
Willies Computer Software Company 

Figure 1 

COMM-DRVILIB is a well designed and layered library. The programmer need not worry about 
the following concepts, however, it will be detailed here for completeness. COMM-DRVILLB has 
three discernible layers. 

The lowest layer is known BB the device specific layer. The fib that comprise this layer are called 
sub-device drivers. Sub-devices are device specific files that contain some very basic 
communication primitives specific to a particular typc of serial c d .  COW-DRVILIB has a 
sub-dcviffi for each type of mulliport card that it supports. The interface. structure and functions 
in thcsc sub-deviccs m very well defined and allow for vcry fast development for any non- 
standard card not currently supporlcd by simply cyeating this sub-device file. 

The midddle layer of COMM-DRV/LW is the only software that communicates with the lowest 
layer(devicc specific layer). Tbis layer has a very Small set of functions that application 
programmers can use to perfom all basic serial communications tasks. This iri the abstracting layer 
of COMM-DRVILIB. In fact, the intent of this layer is to leverage all the work done in the 
highest layer that includea file transfer functions, data YO functions and more. Whenever we move 
COMM-DRV/LIB to a new environment(e.g.,. OS12, VMS) this layer will aimply be replaced. 
This means we can adapt to any environmcnt rapidly. 

The top layer of COMM-DRVILIB is the layer most application programmers will me. It has a 
mfiad of esoteric functions for send YO. It includes the file transfer functions, data inputfoulput 
functions, data stream processing functions, modem functions, and much more. Tbw functions 
make calls to the middle layer and to other functions in the same layer. 

Even though we are layered as shown above, the interfaces are very efficient. The actual sub- 
device format is explained in a later section. Note these sub-devices arc generally very small (800 
to 3000 bytes). Moreover most dumb cards are able to usc one specific sub-device. In general each 
different type of smart card will use a different sub-device. Sub-devices can be active concurrenlly 
(e&, a Digiboard COMxi. PCIXe. PUXi, PUXm. ARNET Smutport Plus, AST. card may be in 
one machine concurrently). 

COMM-DRVILlBM Professional Serial Commudcatlon Library 
Willies Computer Software Company 



Technical suppcy~ for UOMM-DRV ts provided for all registered ~ C F S  We wiEi not provide 
technicai support for calk made On our 800 number. Support Via tdephofle IS provided 
horn 1:OOppn LO !+:Wpm Central Sta~-idmd Time. ~aiirbacits gencraily occur between 
$:Warn and l2DfE noon Centra[ Stepdxd Time. Scpp~ri vis: :-ai! and f s  i s  pzovided 24 h u m  per 
day. Please lielp us keep technics1 support elllrient and inexpensive by uslng 
email(preferably Internet mail to suppore@woscnet.cam). 

Plees-, r;oie that emdl rcd fzx zrc :be preferstric aienlies for iechnicai suppon as we 'nave found 
that in writing down a prablem, the deveioper o~ganizoa hisher &ought more prcckely and 
resoiutian is much quicker. We respond to m~alk to "snppnrt@ YSFEOCE~~.COL~C'' 
throughout the entire day and sometimes inlo the night. Any reported bugs that arc 
reproducible wiil be fixed promptly. Fixes may bs downloaded from our BDS or 
I;TP(f@.wcscarel.com) server ficc nf chsrg,. 

Following ape the different avenues LRrough which mppofi is pmvlded. 

1. 
2. Fax at(281)360-3231. 
3. Telephone support at (281)360-3187. 

When reporting a problcrn or requesting assistance please have the nnswen to the following 
questions. We wilt not begin to address the problem until YOU have them. Et is also preferable that 
you have immediate access Lo your computer and serial cards i f  applicable. YQU must also have 
access to an editor so that we mdy modify the necessary files. 

Email via Interned at S M ~ ~ ~ P ~ O W C S C ~ ~ L C O ~  

1 )  
2) 

.3) 

4) 
5 )  

6 )  

7 )  
E) 

What is your serial number? 
Where did you purchase COMM-DRV? 
What type of CPU are you using end who is the manufacturer (Pcntium, 
80486,80386,8088,80186. & Intci, AMD. Cyrix, ctc.)'? 
What type of serial card(s) are you using, manufacturer, UNLT types? 
Which cards are YOU using in your PC (PAX card, Voice mail card, ete.)? We 
mus1 know whaf IRQ, if any, they are using and also what VO ports if applicable. 
What type of Bus does your PC hew (AT Bus(lSA), ElSA Bus, Microchannel 
B us(MCA) 7 
What is in your configsys and auEoexec.ba1 files? 
What is in  your w i n h i  and systern.ini files? 

COMM-URV/I,lRm Prolesslcnat Serlul Communication Library 
Willies Computer Sonwere Company 

Product Licensing 
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Installing The Software 
Installing COMM-DRVILIB on your hard disk is ve'y simple. You can install it from either the 
Windows Program Manager or from thc DOS command tine. 

Installlng From Wlndows 95 or Windows NT 4.0. 

Instding From Windows NI 3.x or Wlndows 3.r. 

Click on Files in the Program Manager. 
Click on Run in the menu. 
Enter a:\sctup if the COMM-DRVLIB diskette is in the A floppy drive or enter b:betup if 
the diskette i s  in the 8: floppy drive. 
Fullow instructions displayed by the instaliation program. 

Installlng From The DOS Command I h e  

Click on Start on the Toskbar. 
Click on Run in the menu. 
Enter o:ketup if the COMM-DRVIIAB diskette is in the A: floppy drive or enter b:\setup if 
the diskette is in the E: floppy drive. 
Follow insmctions displayed by the insiaflation program. 

Contact WCSC technical support to get a special zipped version of the installation. 
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Gettinp Started 

The following scctions Clail how to usc COMM-DRVILIB with different compilers and in 
different environments. The basic sequence of COW-DRVILIB function (subroutine) calh in a 
communication application would be similar to the following. If your compiler/tool is not 
mentioned review the file READMECLDOC or call our technical support departmeat. 

1. Initialize the port (lnIUaIIzePort0 or ser-rs232-setupO), This call is neccssary to associate a 
physical serial port to a number that will be subsequently used by all other libray functions to 
identify the port. It attaches intempt vectors, allocate buffers, ctc. 

2. Set the port's line characteristics like baud rate. parity, etc.(SetPor(CharactedstlcsO or 
ser~rsu2_setupo). 

3. Send and receive data(CctPacket(), ser-rs232~~etpacket0. PutPacketO, 
ser~rs232.-putpacke@, GctByteO, PutByteo, TransferFUesO, etc.). 

4. Shutdown communication routine/hardwart(uaIaltIPUzePort() or ser-rs23Z-deanupO). 
Removed any allocated intenup@, buffers, mcmory, etc. 

The above ecquencc is followcd by any language or tool using COMM-DRV/LIB. Most of the 
UC++ example sources arc found in the directory example6 in the COMM-DRVILIB installation 
directory. Most batch files (*.bat) are found in Lhe sub-directory bin in the COW-DRVkIB 
installation directory. 

In order to give B working example of the different serial communication functions, a terminal 
application with file transfer is provided for most of the examples. Note that any application that 
uses any COMM-DRVILIB DLL or support files(*.BIN) must place these DLLs and support files 
either in the Windows System directory(e.g., C:\WINDOWSLSYSTEM) or in the directory from 
which the application is launched. 

Additionally, a simple application may be reviewed in Appendix D. This should illustrate the case 
of u6e of COMM-DRVILIB. 

COMM-DRV/L&m Professional Serial Communication Llbrary 
Wlllies Computer Software Company 



To create an MS-DOS application d t h  the Micra& U C i +  compilers, compile your application, 
thtc Ilrk with &e !ib;aries eoinritdmdlb, find ~ ~ ~ s ~ . ~ ~ ~  h r  the snzii end con~pe:! mpm~ry 
models. Link with the libraries comrndrml.lib, and libsml.llb if you are using the medium, large. 
or huge memory models. The include tile c o m , h  must be included in every module that make3 
c&s io ihe CGi*iM-D”nVii,Zii iibraries. 

Et is a goor! idea to star t  devefnpment hy first compiling end [inking cxamplit$.s. A batch Elo 
named nienample.hat is provided to compile this example and many oiher examples. A Microsoff 
Visual Workbench projsc! b r  this exzmgle is found in oubdirectoiy prJmsex4 under the @OMhf- 
UES 6 f i d  :mi. insisilakion directtlry.. 

The mememple.bet batch file contains S O ~ E  environment variables that must be ediled to reflect 
p u r  environmentflacation of compilers, etc.). r n ~ x & m ~ ~ ~ ~ ~ ~ ~  contdns ~~SL’LEC~~BCS thzi sho& ba 
foihved bcfare rinniiig it. Please edit the file with your editor of choice (e.&. DOS edil.exe. e&.). 

mcxernpIe.bst places all the compiled objects and executables in the current directory. You 
should create a separate directory to build your examples. To compiic and IInk f h t  example rype 

insla~l_oulh\bin\mexariiplE example4.exe model &8rFs&dl-palh 

where 

inslolfgnth 
model 

Example: 

c:Crornmdrv\binlnexampfe exumpte4.exe large c:\commdrv 

r.-. m 1: 

is the KOOL installation directory of COMM-DRVLIB. 
is the mcmory model to use (large or small). 

COMM-UHV/LIIPTh‘ Professlond Serin! Communlcnlfon Llbtnry 
Willies Computer Software Company 

To create 6tl MS-DOS application with &a Borland G’C++ compilers. compiie your applicrtion, 
!hen link with the libraries mmmdrbgJlb, and flbebs.IEb for the smd‘i m& ~ompirct nie~ncry 
models. Link with the librdes commdrbl.l&b. and libsbI.Ub iF you are using the medium. large. or 
huge memory models. The include Ale cornm.h m u ~ t  bc included in every module that makes c d s  
to &he COMM-DRVELB libraries. 

I* .. I ;E 5 a .wd idpa 23 S k i  A=r;eInpmen; -” 
nmed bexample.bat is provided to compile &is example and many other ~ X ~ U I I ~ ~ E .  A B~aod~ad 
project for this example is found in subdirectory prjboexd under tbe COMM-DRVLIB root 
instakltion directory. 

The bexamp!e.bat batch file contains some environment variables that must be edited to reflect 
your enukonmcnt(iocatiori of compilers, ebj.  bex.emnple.bat contains ins~ct ioni l  &at should be 
followed before running it. Please edit the file with your editor of choice (e~g., DOS cdit.exa. etc.). 

bexampl&bat places all the compiled objects and execuCabIes in the current directory. You should 
create a separate directory to build your enamptes. To compile a d  I d  the example type 

imridlqalitBinibexmple example4.exe model inslalipalh 

where 

installjwth 
model 

FCSi coirt;.i!ing and Er.kg erample4.r. A bet& fik 

is the root installation directory of COMM-DRVILIB. 
i s  &e memory nGdel to use [large Oi Small). 

Example: 

c:lornmdw\bin%exomple exampie4,exe large c:\commdrv 
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C/C++ Windows Applications(Microsof1 C/C++ Compilers) 

A Windows 3.x or Windows 95 16 bit application can either be linked with the COMM- 
DRV/T41R static libraries or with the 1)lLs. Using the DLLs is the preferred methud. 

To create a Microsoft C/C+ t compiled Windows application in which the libraries are a piut of the 
DLLs provided with this pnckagc, compile your application, then link with the libraries 
cdrvdll.lib. cdrvntlib. cdrvhbllb. arid Ilhswmr.llb for the small and compact memory models. 
Link with thc libraries cdrvdll.llh, cdrvxf.llb. cdrvhtllb. ~d libswml.llb if you are using the 
medium, large, or huge memory models. The include file e0mm.h must be included in  evcry 
module that makes calls tu the COMM-DRVILIB libraries. The UC++ definition MSWIN and 
M S W D L L  must be defined ahead of the m m . h  inclusion as follows. 

#define MSWIN 
Wdcfine MSWlt4Dl.L 

MSWIN and MSWINDI.1. may instead be declared from the command line or from the 
workbench as well. 

It is a good idea to staIt development by first compiling and linking example8.c. A Microsoft 
Visual Workbench project for this example is found in subdirectory prJnmexS under l e  COMM- 
DRVLlB root inetaliation direclory. 

To compile and link the example type 

insQllgofh\binlnexarnple example8.exe model insrallpafh 

where 

install path 
model 

Example: 

e:\cornmdw\binlnexarnple exampfeS.exe &rga c:kornmdw 

is  the root installation directory of COMM-DRV/LIB. 
is the memory model to use (large or small). 
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To create a Microsoft CfC++ compiled Windows application in which the libraries are an actual 
part of the executable, compile your 8pplication. then link with h e  libraries conmdwms.llb, and 
libswm.lib for the small and compact memory models. Link with the libraries commdwml.Hb, 
and Iibswml.llb if you are using the medium, large, or huge memory models. The include file 
c0mm.h must be included in every module that makes calls to the COW-DRV/LIB libraries. 
The ffC++ definition MSWW must be defined ahead of the a m a h  inclusion as fol~owB. 

MSWIN may instead be declared from the command line or from the workbench as well. 

It is a good idea to start development by first compiling and linking example9.c. A batch file 
named mexample.bat is provided to compile this example and many other examples. A Microsoft 
Visual Workbench project for this example is found in subdirrctory prJmsex9 under the COMM- 
DRVLIB root installation directory. 

The mexample.bat batch file contains some environment variables that must be edited to reflect 
your environment(1ocation of compilers. etc.). mexnmpk.bat contains instructions that should be 
followed before running it. Please edit the file with your editor of choice (e.g., DOS edit.exe, etc.). 

mxamplabat places all the wmpQed objects and execubiblcs in the current directory. You 
should create a fieparate directory to build your examples. To conipilc and link the example type 

Wnrlnllgnfh\binknexample exampl&.exe model linztnUporh 

where 

i n d l j u t h  
d l  

Example: 

c:\commdw\blnhexamplc example9.exe large ckommdw 

is the root installation directory of COMM-DRVILIB. 
is the memory model to use (large or small). 
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P, Windows 3 x or a Windows 95 16 bit app!icsrios caa &her be Laked wirh the G0;rbM- 
DRVflJB static Ilbrzrrea or with tile- DLks. Using the ELL i s  the pccrierred p..er!md. 

To create B Borland C/C++ compiled Windows application in which the librmies are a pm of the 
ElLis provided with this package, compile your application, then link with the librazzes 
edrvdll.lib, rdrvxtlib, cdrvhllfb, and liliswbslib for the small and compact memory models. 

medium, large, or huge memory models. The include file ccsmnn.h nuzt  ?re included in every 
moduk ihat makes coils Lo the COMM-DRViEIB libraries. The C/C++ definition MSWIN and 

~~~~~~~ nust be defined ahead ofthe s o m . h  inctusioii as foilows. 

Lick With the Elbi?a~&s edmdl?,lEb. ~dw-uPrg,il'l;, ~dr.thLIlb, 2nd libsy.bi.ZE5 if  y ~ a  are using :he 

#define MSWIN 

#include <comrn.h> 

]It is  a good idea to start development by first compiling and linking exlample&.r. A Borland ID@ 
project for this example is found in subdirectory prJboex8 under the CQMM-DRVLIB r o o t  
instaliation directory. 

To compile and link thc exanipIe type 

inrlallgafh\bin\bcxamplc example8.exe model insiufl2aih 

where 

irrrfullgutk 
model 

Example: 

c:kommdrvr6ln\berample cxampleShxe Irrrge c:lommdw 

is ehe root installation directory of COMM-DRVILIB. 
is the memory model to use (large or smaii). 
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To create a. Borland CIC++ compiled Windows application in which the libranes we m actud part 
of the executable, compile your application, then link with the libraries corr~mdwbs.lib, end 
libswbs.llb for the small and comp~ct memory models. Link WI# the libraries commdwbl.llb, and 
PibRwbl.lib if you are using h e  medium, large, or huge memory models. The include file c o m n ~ h  
must be included in every module h a t  nrdcs caCs io :he CfPMU-DEViLH3 iihria3e.s. The CCct 
tcfinXofi MSWL"cT m"~? be deE-ed zkecL! of tihe C G I I I L ~ P I  inclusion as follows. 

#indude < c o m b  

MSVbilu' m v j  instead be &cia;& konr &e coxm& 239 si b r n  &pi D,o:!G& JDE s we!!. 

it is a good idca to s lar t  development by first compiling and Linlking exampke9.c. R batch file 
mzzd berampIe.hab is provided tc~ compiie this example and many other examples. A Borland 
IDE project for his exampic is Found in srrbdlrwhry prjlbeli3; uader the C6?M?lr,-DRYLIE root 
insraliaiion directory. 

The hexample.toa@ batch tile contains some cnvironmect variables that m ~ s t  be edited to reflect 
your environmentfloeation of compilers, etc.). rnexamphbat contains instructions that should be 
followd before running it. Piease edit Lfie fik with your editor of choice (c.g., DQS editexe, clc.). 

bexampEe.bat places all the compiled objects 8nd executable6 in Ihc current directory. You ~hould 
create u separate directory to build your examples. To compile and link the example type 

~ ~ f u f l q a r h \ ~ i n \ m e x ~ p l ~  example9.exe model hstaltpath 

where 

InstalCpuffr 
rn ode! 

ExaiEpkz 

is the root installation directory of CBMM-DRVILIS. 
is the memory model to use (large or small). 

c:komrndrvUinkbexampie exumple9.exe large c:kcomrndrv 
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C/C++ Windows 95 & Windows NT Aoplications 
A Windows 95 and Windows NT C/Ct+ applicalions should link to the 32 bit DLLs pravidcd with 
COMM-DRVILIR. 

Ihe include file commh must be included in every module that makes calla to the COMM- 
DRV/I.IB DLLs. The CK++ dcfinition MSWLN, MSWIN32, and MSWMDLL. must be 
defined ahead of the comm.h inclusion as follows. 

#define MSWIN32 
#define MSWINDU 
#include <comm.h> 

The application program should be linked with Ihe import librsriea cdrvdl3Z.lib. cdrvhO2.llb, 
cdrvxi32.lib, commsc32.lib. These import libraries correspond to the D k  thnt with the same 
renpcctive base names. 

Note that the above mentioned definition could have been defined either on the compile c o m m d  
line or from the workbench. 

It is a good idea lo slart development by first compiling and linking exemple8.c. A Microsoft 
Visual Workbench project for this example is found in subdirectory prj11uw32 under the COMM- 
DRV/LlB rwt installation directory. A Borland IDE project example is in prJbow32. A Waicom 
project example is in prjwow32. A Synmtec project example ia in prJgyw32. 
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Microsoft Visual Basic For MS-DOS Applications 
lnlcrfacing COMM-DRVICLB to a Microsoft Visual Basic For MS-DOS (VBDOS) application i s  
v e q  simple. The libraries are actually linked into tbe VBDOS applications. All the files related lo 
VBDOS application dcvclopmeot are in subdirectory vbdos found in the COMM-DRV/LIB 
installation directory. 

The file vbdocdrv.lib is the library wiIh the serial communication func&ions that is linked to lhe 
application when compiled to an .exe program. The fie vbdocdrv.qlb is the quick library that 
should be loaded by the YBDOS environment when developing the applicalion. 

The file vbdocdr2.lib is e library that contains all the COMM-DRVLib serial communication 
routines without the Microsoh C runlime library. If you are having duplicate definitions when 
linking several third party libraries, you should use this library for linking the basic program into 
an executable. 

A VBDOS example project is provided in subdirectory vbdos namcd vbdoexarnmak. This 
example provides a very complete example of using severd of the COMM-DRVILLB API 
functions. 

It is important to note that all COMM-DRV/LIB functions that r q u k  a string as output require 
that a NULL character be added to the end of the string as the following EOWX clip demonstrates. 

I 'Set Modem lnlt String 
oS="ATSBrOQCl&DZ"+CHR$(O) 

'Output the strlng 
slat = PutString@ort,SEGADD(A$)) 

Additionally, all strings should be pre-initidid before calling any function that retrieves a slring 
or a packet of information. If this is not done the COMM-DRVILIB wiU cGrtainly write over 
random memory. The following illustrotu, an example of prei-initializing string variables. 

OS = SPACE$(SO) 
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char var 
unatgned char V K  

signed cher var 
Int var 
onstgned int V Q ~  
signed int var 
short var 
unsigned short vay 
slgned short var 
long var 
unsigned long var 
slgned long var 

IPlM var as STRING * 1 
DIM vu f!s S'I'lilNE * I 
DIM VIU as STRING * 1 
DIM var .as F f f  TEGER 
DIM var as WFEGER 
DIM var as lNTECER 
DIM var as INTEGER 
DIM var as INTEGER 
DIM v x  as lNTECER 
DIM var as LONG 
DIM var 8s LONO 
DIM var a5 LONG 

MicrosoEt VisuaI Basic For Windows Appliccatians 
Interfacing COMM-DRVLTB to Visual Basic For WIII~QW is very simpie. The most simpie and 
pzefezd x.e:hod of interfaciag Visua! Bait :c ~~~~~~~~~~~~ ~ C W P Y ~ T ,  is vis L?Z COMM- 
DBV D U s .  

The base and festest way to get up to speed with using CBKM-DRVILIB wid! Visual Basic is to 
start f ~ o m  the example project. En fact, you should be abk to cut portions aut of the txmpte 

core of the exsrnple project. The sxax~ple VislszE Eesic project is found is, the smt.dkatary vkwkn 
under the COMM-DRVlLEB root installation directory. The make file used by he  Visuai Basic 
environment is d i d  vbwiexam.mak for 16 bit applications and vb32exam.rnak fur 32 bit 
applications. 

Before running the developed appiieatioa 01 flit exampie, &e necessary ELLS must be i n s ~ d k d  
correctly by ccpying &e DLLs cdrvdi.dlli, cckrvhf.dP6, commscrw.dll, cdrvd.dll, and *.bin for 
16 bit applications, or cdrvdI32.dl1, cdrvhf32.dll, edrvlY132.dFE, and commsc32.dll for 32 bit 
applications, to the Windows system diectmy @g., C:\WINDOWSSYSsTEM). Alternatively, 
DLLs may be placed in lhe dlreotory that will be UIE default directory when the compiled 
application is run. 

It is impoaanr to note that all COMM-DRVILIB functions that require a string as output require 
bat a NULL cbaracler be added Lo the end of the string as the following source clip demonstrates. 

& I: &*&fiY iGt3 yo'j: sp${cfigs3, % .-&e %> &:teqk &cii-,vsr $9 ...&rs'&q& &.e 

a$='IATSrr=ea@m&er9'+cmR%io) 

'Output thesthing 

Additionally. all suing6 should be pre-initialized before caPling any function that retrieves a string 
0r a packc! UP information. If !his is not done the COMM-DRVLIB will certainly write over 
random memory, The foflowing illustrates an example of pre-initializing string variables. 
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‘Allocate a 100 byte string. 
a$ = SPACES(100) 

‘Get a string from the serial port 

All the funciions detailed in he major section of the manual, Using The CLlbrory Interfucs, and 
its sub-sections, may be used by the Visual Basic applicatiom The description for the functions 
applies to any language that can make DLL cdls (e.g., ACCESS, Visual Basic, Magic, etc.). The 
equivalent declaration to all the functions and dcfinitions detailed in the above mentioned sections 
a n  declared in the Visual Basic include file called ubwicomm.bn8 for 16 bit applications, or 
vb32com.baa for 32 bit applications. 

As a matter of completeness we will map the C data types to the Visual Basic data types. This may 
be useful to the few who are interested in getting more technical with Visual Uasic than required. 
var is the declared variable. 

Mapping for 16 bit applicalions 

C Declaration VisualBaslc Declaratbn 

char var 
unsigned char var 
slgned char var 
Int var 
unslgned Int vw 
slgned Int var 
shod var 
udgned  short vat 
slgned short VBT 

long var 
unsigned long var 
signed long var 

DIM v u  a9 STRING * 1 
DIM var as STRING * 1 
DIM vax as STRING * I 
DIM v u  as INTEGER 
DIM var as INTEGeR 
DIM var as INTEGER 
DIM var as INTEGER 
DIM var as INTEGER 
DIM var as INTEGER 
DIM var as LONG 
DIM var as LONG 
DIM var as LONG 
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Mapping for 32 bit applications 

C Declaration VisualBasic Declaration 

char var 
unsigned char var 
dgned char var 
fnt var 
unsigned Inl var 
slgned int var 
short var 
unsigned short vtu 
signed short var 
long var 
unsigned long var 
signed long var 

DIM var as STRING * 1 
DIM vat as STRING * 1 
DIM vat as STRlNG * 1 
DIM var as LONG 
DIM var as LONG 
DIM vat as LONG 
DIM var as INTEGER 
DIM v m  as INTEGER 
DIM var as INTEGER 
DIM var as LONG 
DIM var as LONG 
DIM var BS LONG 
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~Vicrosoft Access For Windows Ap~llcations. 
Interfacing COMhl-DRV to Microsoft Access Pot Windows is very simple. The most simple and 
preferred rnelhod of inlerfacing Microsoft Access to CCIMM-~RVfiAB is via the COMM- 
DRVlLED DLLJ. 

The best and fastcst way In per up tn qpecd =;!h !!sing C@XM-ERVG,!E vi:h Micn;si;R Access 
is !o start from the example database provided in the subdirectory access round in the COIL1M- 
D R V A D  installation directory. IR fact, you ~ h ~ ~ l d  be skle t~ cui and paste portions out of Lile 
eiiimpic projtcE and pasie it directiy into your appiication. The Microsoft Access dtniabase is 
celled eccerdrv.mdb for I6 bit appliicarions, and sc32edw.mdb for 32 bit ap, nlicst;ons. 

Before running the dcveloped application or Ihe example, &e necessary DLLs must be installed 
correctly by copying the DLIs cdndll.dil, cdrvhtdl?. conunscm.dIl, cdrvxF.dll, and *.bln for 
16 bit appketioos, or edrvdtJiS.dlll, fdwRl?if.dtt: cdrvxf3t.dll, and camnsc32.dFt fcr 32 Sit 
eppliczticns. ta tire Winciciiirs system directory {e.g., C:\WIdVDOW$SYSTEM>. Wliernalively, 
DLLa may De plzccd In &e dircciory that WE be bte deFauh directory when the cornpiid 
application is run. 

It is important to note khat all COMM-DRYAJB functions h a t  require a string as ouiput require 
that a NULL character be added to the end of the string 8s the following source clip demonskatcs. 

a$=''~TSO=O&Cl&~2''+C~~$(O) 

'Output thestdng 

Additionally, all suing9 should be pce-initialized beFore calling any function that retrieves a string 
or a packet of informafion. If this is not done rhe COMM-DRVILIB will certainly write wet 
random memory. The fullowing illustrates 5a example ofpra-initializing stricg v~<&!es. 
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PiGf the functions detailed in the Riajor seition of the msnud, using The e .f..ibmv Interface, and 
t:r nzb-~&cp~,  r r ? q  be US& by &z Micmssok ~c.co~ss qpliceticx. The descripdor? for the 
&unctions apply to any Imguage &tit c a  make DLC calls (e.& M ~ C K Q S O ~ ~  Access, Visual Basic, 
Magic, etc.). 

Thc. equivalent declaration to a l l  the functions and definitions detailed in the above mentioned 
sections are declared in Microsoft Access form in the module portion ofthc example database. A8 
a matter of completeness we will map t:e C data t y p  to &e W.cc:oso€t Access data types. This 
may be useful to the few who are interested ia getting more technicd with Microsoft Access rirm 
required. YW is the declared variable. 

Mapping for 16 bit appffcmtlons 
C Declaration Mfcroscrft Aecw Dedmation 

char var 
unsigned char var 
signed char var 
frrt var 
unsigned int var 
signed Int vare 
short VBT 
unslgned short v u  
signed short YBT 
long v u  
unsigned long var 
signed long vm 

DIM vm as STRING * I 
DUI! war as STRING * 1 
DLM viu as STRING * I 
DlM var as INTEGeR 
DIM VBT as INTEGER 
DIM vat as INTEGER 
DlM VBT as INTEGER 
DlM var as INTEGER 
DIM VBT as INTEGER 
DIM vat as LONG 
DIM vw as 
DIM var as LONG 
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Mapping for 32 bit nppllcalions 

C Declaration Microsoft Access Declaratlon 
char var 
unsigned char v u  
slgned char var 
int vu 
unslgned lnt YBT 
slgned int var 
short var 
unsfgned short var 
signed short var 
long var 
unslgncd long VBT 
slgncd long VBT 

DIM var 89 STRING * I 
DIM var as STRING * 1 
DIM VEU iu STRING * 1 
DIM var m LONG 
DIM var as LONG 
DIM var as LONO 
DIM VBT BJ INTEGRR 
DIM var ps INTEGER 
DlM var as INTEGER 
DIM var as LONO 
DIM VBT as LONO 
DIM var as LONG 
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Microsoft OuickBasic 4.x Ap~lications 
QuickBasic 4.x (QB45) has limited interface capabilities to objecle from other languages. AS such 
it can only use a subset of the COMM-DRVILIB functions. This subset corresponds lo We 
COMM-DRYLIB low level functions. 

The file qb45cdrv.lib is the library with the serial communication functions that is linked to the 
application when compiled to an .em program. The file qb4Scdrv.qlb is the quick library that 
should be loaded by the QB45 environment when developing the application. 

All strings should be pre-initialized before calling any function lhat rctrievcs a packet of 
information. If this is not done b e  COMM-DRV/LW will certainly Write over random memory. 
The following illusbates an example of pre-ipitializing string variables. 

‘Allocate P 100 byte strlng. 
a$ SPACES(100) 

‘Get a s a g  from the serial port , stat E ser .rs23~getpaeket~~, lOO,SADD(eS)+ 

Some COMM-DRVILIB functions ettempl to allocate memory when called. A QB4S applicalion 
generally allocates all of mcmory when it slats. In order to release somc of this memory to allow 
the COMM-T)RV/LLB API to allocate memory. the SmMEMO QBQS function must be used. 

All the low level functions detailed in the major section of the manual, Using Ths C Libnuy 
Infetf‘, and its Sub-Sections, mny be used by the Visual Basic applicalh. The equivalent 
declaration to all the functions and definitions detailed in the above mentioned sections arc 
cclartd in the Q845 include file called qb4SCormabas. 

Care must be taken when 4845  strings art passed to COMM-DRVILIB . In general when calling 
any COMM-DRVlLII function. the string address must be calculated as shown in the examplc 
below. 

( s l a f  =ser.rs232.pufbyk@ort, SADD(ch$) + VARSEG(ch$) * 65536) I 
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As a matter mfcffrnpietcness we wil! map the Cdata types la Ihe Visual &sic data types. This may 
Bc U S C ~ U ~  ttr fire Sew who arc interested in getting more technical with QD45 than required. 

C Dcciareiion QuickSasic Deciaratlnn 

char v x  
unsigned char vm 
signed char var 

irasigoed i d  vdr 
slgned fllt cw 
66lQrg V E '  

unsigned short var 
signed short VK 
lnng vx 
lanslgned long 'tar 
signed Iwg Yar 

T4!M "ai aj STR:k"G * ! 
D I M  var as STRENO * t 
DIM var as STRING * i 
DihS va RS INTEGER 
DIM var as INTEGER 
DIM 'fz: as INTZGEP, 

DPM vm as INTEGER 
DIM var as LONG 
DIM VET as LGNG 
DIM YE.r 9s LOX3 

fnt vat DrM vm FNTEGG'I~R 

DIM v a  as INTEGER 
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Microsoft Professional Basic 7.x Arpplicmtionns 
Inkrfacing COMIM-DRVLIB to R Microsoft Frofessional Basic 7.x fBC7) appiicationn is very 
sirnpfe. Ere iibiaries are imualiy ti&& into &e BC'? eppplicahtai?~. Atl ~ h c  A!es mlaied to BCT 
application dewlopment are in subdirectory bc7 found in the COMM-DRVKIB instdlatiwn 
direclory. 

The fie bc7cdrv.llb is thhc libracy with the serial mmrrrunication fu~ctions &st is [inked to &e 
sppllczeica whez cr;=~pi!sd :e ss .cxe p~?.;.pr~r. The 6k hc?cdrv.tr,!!b is riie qskk I I b z ~ y  &at 
S~POUM bs Loaded hy tht BC7 eCVkQn~eflF when dewloping h e  epplicatian. 

The fiie bc7cdrv2.lib is a Iibrary ths: con:&iis aI1 the COMM-DRV&Ib serial ccrzmunicedox 
routines without the Microsoft C runtime library. JF you am having duplicate definitions when 
linking several third party Ilbraries, YOU should use this Iibrary for linking the basic program into 
an ekKiiW.bk 

Them are several example programs in the bc7 of the COMM-DKV&B installation directory 
showing how to use CQMM-DRVILIB with BC7. Among them are the files bc7exambas and 
bc'fexmZ.bas. 

Ail &e hnctions detaiied in the majar section of tile rnacua?, L%g The C Library hle&ce, and 
its subsections, may be used by the BC7 application. The equivalent declaa:ion to dl h 
functions and definitions detailed in the above mentioned sections are declared in the B M  include 
file called bc7comm.bas. 

Caxe must be tnken when BC7 strings ere passed to COMM-DRV/LIB . In general whcn calling 
any COMM-DRV/LlB Eunction, thc string address must be calculated as shown in the example 
below. 

stat = ser.m232.putbyte@o1t, SEGSADD(ck$)) 
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It i s  important to note that all COMM-DRViLIB Functions that require n suing as output require 
that a NULL character be added IO the end of Ihe string as the following soirrce clip demonstrates. 

‘Set Modem lnit String 
a$=~‘A’~O=O&Cl&~Z”+CCCRS(O) 

‘Output the string 
slnt = PulStrlnn(DmtSSEGADDIASI) 

Additionally, all strings should be pre-initialized beforc calling any function that reeicvcs a string 
or a packet of information. If this is not done the COMM-DRVILIB will cedainly write over 
random memory. The following illustrates. an example of prc-initializing string variables. 

a$ = SPACES(S0) 

‘Get a string from the serial port 
stat = C;dSttIng(port,W$SEGADD(a$)) 

Some COMM-I)RV/LIB functions attenlpt to allocate memory when called. A BC7 application 
generally allocates all of memory when it starts. In  order to release some of this memory to allow 
the CDMM-DRVfiIB API io allocate memory, the SETMEMO BC7 function mus: be used. 

A# a matter of completeness we will map the C data types ta the BC7 data types. This may bc 
useful to the few who are interested in gelling mort technical with Visual Basic than required. 

C Declaration Professional Basic For Declaration 

char var, 
unsigned char var 
signed char var 
fnt var 
unsigned Int v u  
slgacd int var 
short var 
unslgned short var 
signed short var 

Dlhl var as STRING 1 
DIM var as STRING * 1 
DIM VBC as STRINO 1 
DIM var as INTEGER 
DIM var as INTEGER 
DIM var as INTEGER 
DIM var as INTEGER 
DIM var as INTEGER 
DIM VBT as INTEGER 

COMM-DRV/LJBTY Professional Serlal Communlcatlon l ibrary 
Wlllies Computer Software Company 

Paee 36 Microsoft Professional B d c  75 A D p l i d O J m  

long var 
d g n e d  long var 
signed long VEX 

DIM var as LONG 
DIM var as LONG 
DIM var as LK” 
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@OMM-P)RV can be used with d l  compilers arid tools that dl~yi its applicahas to be linked with 
Windows 3.x, Windows NT, or Windows 95 DLLP [eg., P E ~ ~ ~ w c ,  Deiptri'M, P5xpr0, ete.1. 
Review the readme fiie (readmect.dw) for infomation rcgaading tools and compiEers not listed in 
elis rm..-.rnl 

( I I IYL.YLU. 
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Using CQMM-DRVILib with CQ1MM-DRVNxD 
COW-DRVkib can be integrated with WCSC's ultra Righ speed serial camunicatiion VxD. 
The ultra high q-eed VrD is sold S S ~ X E ~ C ! ~  under t!te R ~ E  COMM-DRYNxD. This VxD &LOWHE 

COMM-DRVLiG to receive serial data in excess of 115.2k baud with the 
8250/164$0/16550/16650 f a d y  of UARTs on severd pods concurrently under Windows 3.n and 
%Yi&ows 35. 

Using COMM-DRPI&ib with @B,VM-DRVmxD requires tea1 change in the sppiication 
programmer's code. The only difference is hat  when specifying the cardtype, the eonstant 
CAW-WCSCVXD instead of CihRD-NCJRMAL or eny other- 

Exampiel: 

/: The firs'. t h i n g  to be done is tc i n i t i a l i z e  the port 
if { s t a t  = EnftetrrFceFortEpor;,airZpiyrt,COrJIDR,COMIRO, 
cnaz-~;~scvxn,n,20.Ie,IQZ"O: 1 f =  RE232"Pa - NONS1 

E 
printf("Eiroi #%d initizlizing serial port\n',stat:; 
exit (1) ; 
I 

EKampk& 

pcb.ser-rs232-base = Ox31R; 

pcb.bnud = BAUD9600; 

pcb.cardtype = CARD-WGSCVXD; 
if ([stat = ser_rs232_sctup(po~,rPcpcb)) I= RS232ERkNONE) 

peb.irq = 4; 

{ 
printf("Error # %dW'); 

I* Take remedial action *I 
1 
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Usinp COMM-DHVfiAb with COMM-DHV/Dos 
COMM-DRV/LIb can be integrated with WCSC's state of the art serial communication TSR. 
The TSR i s  sold separately as a pari of the product COMM-DRV/Dm. When the TSR is used, 
COMM-DRVkIB gcts all its serial communication services From the TSR hy dynamically linking 
to it at runtime. 

Dynamically linking to the 'I'SR is useful for multiport DOS applications that ere inuliiiasked by 
multitaskers like Desqview or Windows UOS boxes. Since multiport cards generally sham one 
intempt. it is necessary that there be only one software object controlling the entire multiport 
card's behavior. The COMM-DRVlDos TSR serves that purpose. In general. the TSR should be 
loaded before Windows or Desqview is started. The applications then runs within a DcJqvicw 
window or a Windows DOS box. 

One great advantage of using this procedure is that while you application is running in one 
window(task), you can monitor statistics on that same port horn anoihcr window. In fact, COMM- 
DRV/Dos includes a monitor that can allow you to snoop at byte counts, data ratel. error rates, and 
much more while the application is running. 

There is very little difTerence in telling your application to uae the TSR as opposed to ita own built 
in routines. The procedure follows. 

Example: 

#define COMMIlRV-DRIVER 
#include <comm.h> 

main0 
I 
int stat; 

N Dynamically link to the TSR 
if ((stat = ser-rs232jNt0) I= RS232ERR-NONE) 

I 
prinlf("Enor #%d dynamically linking to TSRW,stai); 

I/ Program as usual from this point on 
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When creating the MS-DOS application with the Microsoft UC++ compilers, compile your 
application. then link with the libraries commdms.lib, and Pbsms.lib for the smdl and compact 
memory models. Link wilh the libraries c o d m l l b ,  and Ubsml.llb if you are using the medium. 
large, or hugc memory models. The include file commh must be included in every module that 
makes calls to the COMM-DRVILUB libraries. 

When creating the MS-DOS application with the Borland C/C++ compilers, compile your 
application. then link with the libraries commdbs.lib. and llbsbs.llb for the small aod compact 
memory models. Link with the libraries commdbl.Ub, and Ubsblllb if you are using the medium, 
large. or huge memory models. The include file commh must be included in everf module that 
makes calls to the COMM-DRVILIB libraries. 
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Rebuilding The Libraries 

To build any Borland library type 

insQllpnrh\bin~akeh~i b librarynams instollgoth 

where 

libmryqnrne 
instnllgafh 

Example: 

c:\comnidrv\binhakeblib cumrndr&l.lib c:\commdrv 

is the name of the libray IO rebuild. 
ia the root irislallatian directory ofCOM?II-DRV&:3. 
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Basic Definitions And Conventions 

At this point it is important that we go 0ver some basic definitions that we will be using throughout 
this rnanuai. This section wiii give you a basic overview af serial communications. It is not a 
ieplacciiisiit for tiny good book aii serial coiI.mritkattuii. ;t. is however aii h a t  shauid be uecessxy 
to w e  the COMM-DRY package. 
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Serial CommunicationlA Basic Tutorial 
Serial communication is basically the conversion of a 5 to E bit byte data to a s h a m  of digital 
data and back. In effect, a byte may transmitted as its binary equivalent over a single wire or 
received over a single wire. The advantage to this method of transmission is that less wires me 
required to transmit data which means this method of communicarion is much cheaper and simpler 
&an transmitting the data one full bytc at one time. It is thc responsibility of an clcctronic device 
called the Universal Aaynchronous Receiver Transmitter(UART) to take a 5 to 8 bit byte and 
convcrt it to a serial data stream and back. 

At any given time the signal on B serial line(wire) is either at a positive voltage (logical I). also 
known as the MARK state. or at a negative voltage (logical 0). also known ns the SPACE state. 
Before the first bit of any bytc is sent, the signal drops to a logical 0 to indicate the start of a 
stteam of data. This logical zero ai the start of the stream is called the STARTBIT. Following this 
START BIT the signal fluctuates between logical 0 and logical 1 depending on the character being 
transmitted. At the end of the transmission of the character, the signal refurns to the MARK state. 
The MARK state immediately after the transmission of a stream of data is called aSTOP BIT. 

Flpre 2 gives a graphical example of the above. 

Flgure 2 

At this point you may want to know what is the duration of a bit. In other words, how lnng does the 
signnl stay in a parlicular state to define a bit. The answer is simple. It is dependent on the baud 
rate. The baud rate is the number of timcs thc signal can switch states in one second. Therefow, if 
the line is operating at 9600 baud, h e  line can switch states 9,600 limes per second. This means 
each bit hm the duration of 1/9600 of a swond or ahout 104.17 psec. 

COMM-DRV/LlB" Professlonal Serial Communication Library 
WillIes Compulet Software Company 

Paee 44 Sedal CommunlealionlA Basic Tutodal 

When transmitting a character then are other characteristics other than the baud rate that must bc 
known or that must be setup. These charactenstics define the entin interpretation of the data 
stream. 

The first characteristic is the lcngth of the byte thal will be transmiUed. This length in gcneral c ~ n  
be anywhere horn 5 to 8 bits. 

The second characteristic is parity. The parity characteristic can be even, odd, mark, space, or 
none. If even parity, then l e  last data bit transmitted will be a logical 1 if the data bansmitted had 
M odd amount of 1 bib. If odd parity, then the last data bit tranwnit&ed will be a logical. 1 if the 
data transmitted had M even amount of 1 bits. If mark parity, then the last transmitted data bit will 
always be a logical 1. If space parity, then the last transmiUed data bit will always be a logical 0. If 
no parity then thcre is no parity bit transmitted. 

The third characteristic is the amount of stopbits. This value in general is 1.1 Y,, or 2. 

Assuming we wanted to send the letter 'A: over the serial port. The binary representation of l e  
letter 'A' is 01000001. Remembering that bits are IransmiUcd from least significant bit(LSB) to 
most significant bit(MSB), Le  bit sheam transmitted would be as follows for the line 
characteristic8 8 bits, no parity, 1 slop bit. 9600 baud. 

GSB (1 1000 0 0  1 00)  MS5 

The above represents 

(Start Bit) (Data Bits) (Stop Bit) 

To calculate the actual byte hansfer rate simply divide the baud rate by the number of bits that 
must be transferred for each byte of data. In the case ofthe above example, each charactex requires 
10 bits to be transmitted for each character. As such. at 9600 baud. up to 960 bytes can be 
transferred hone second. 

"he above discussion was concerned with the "elcciricaVlogical" characteristics of the data stream 
We will expend the discussion to line protocol. 

Serial communication can be half duplex or full duplex. Full duplex communiuhon means that a 
device can receive and transmit data at the same time. HalF duplex means that the device cannot 
send and receive at the same timc. It can do them both, but not at the same time. Half duplex 
communication is all but outdated exapt  for a very small focused set of applications. 
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Half duplex comrnunicalioii needs at a rnhiini.unr two tvlrcs, s:gnal ground and &e dsiz line. Fdl! 

duplex conmunication needs ai a minimum three wires, signal gr~und, transmit data line, End 
receive data line. The R5232 apectficalion governs the physical and elcclrical cilaracierispics of 
serial communications. This specificatcon defines several additional signals that are RssertedCse! to 
logical 1 )  for inrrlrnwion niid control heyand thc data signals and signa! geund. 

These Sig?!ds we ?!!s Cz:rie; D@iCCi  .%gael(C"D), aSSCrted by nlQdemS 60 signal I successhi 
connechnn to another W O ~ E Z ,  Ring k!icelc:j2fj, asscited 5y mu6erns io signa! the phone 
ringing, Data Set Ready(DSR1, asserted by modems to show their presence, Clear To Send(C'IY), 
asreded by modems if they can T ~ C C ~ V ~  data. Data Terminal Ready[DTR), asserzed by !erz&u& t~ 
show their presence, Rcquesl To SendCRTS), asserted by tenninaIs if they can receive data. 'The 
section RS232 C a b h g  describes these signals and how they are ccancc:ed. 

The above paragraph eluded to hardware flow c~ntrol. !Fardwarc flow control is a method hat  two 
connected devices use to tell each other electronically when tQ send or when not to send data. A 
modem in general drops (fogml 0) its CTS line when it can no longer receive ckxcte:s. I t  ;e- 
assees i: wher. it CJP. receive agdn. A ierdnd docs nyle same thing instend with the RTS signal. 
Another methud of hardware ROW control in practlcc is io perform the same procedure in the 
previous paragraph except that the DSR and DTR signals are used for the handshake. 

Note that hardware flow control requires the use of additional wires. The benefit tu this however is 
crisp and reliable flaw control. Another method of flow contnl used is known ES softwme fiow 
control. This method requires R simple 3 wire serial camunication iink, transmit data, receive 
data, and signal ground. I F  using this method, when a device can no longer receive, it wll transmit 
a character that the lwo devices agreed on. This character is known as the XOFF character. This 
characfer is generally a hexadecimal 13. When a device c m  receive again it franstNis an XON 
chnracter that both devices agreed Lo. This characrcr is generally a hexadecimal E f . 
COMM-DRV has the sbifity to perform all th6 above mentioned flow control protocols internally, 
and without user intervention. 

There is B special line condition that should be mentioned here. Whenever !he transmit signal 
remains in the SPACE state for mnre than the time it fakes EO iransmit a character, it is called a 
SRE.4K. This is i;sual!y used :i) get ihe attention of anurher device. 

Page 46 RS232 Cabline, 

RS232 cabling is one of Ltie sicrlpksl p8.13~ wf s e d  comunlcationr &at is mad- dlfFicu8t by the 
prcponderarc:: of poo:ty made a3spter~ like xu!! modems. Pol!owing u c  a few d e s  of h m b .  
This discussion will simply deal with the DB-25 standard connectors and csbles. 

Scr id  devices are shipped in iwu basic configuration. Tnese are 3CB (dam communications 
equipment) or DTE (data t e m n d  equipment). Devjces like terminals are considered PIT& while 
devices !&e moderns are considered X E S .  When connmeilig device. usbg skmdzd straight 
through cables (a straight through cable is a cable where pin 1 on one side of the cable is dnwtiy 
coniiec:ed to piii m e  oii the 0;her side) it is assumed tk 0ne device is a DCE device a k i k  b e  
oher Is B 5TE. Ef both devices ere FlTEs or bo& ere DCEs, then E ~ u i i  madem is 8 d e d  ix 
between the two cables. The null modems simply remap the pins. 

hWL hiaah%< C M c E  SiRAiGH i ?HROUGH C&IE 

Figure 3 

Most serial ports on PCs or rnultiport cards are shipped assuming they will be connected to a 
modem. Flgure 3 show& the configuration for the prevalent two types of cables. 
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The relcvant pin name and numbers arc: 

DB25 Plnouts 
Pln Sirnal Svmbol Slgial Name 
1 NC Chassis Ground 
2 TX l’ransmit Data 
3 R x  Receivc Data 
4 RTS Request To Send 
5 crs Clear To Send 
6 DSR Duta Set Ready 
7 GND Signal Ground 
8 CD Carricr Detect 
20 DTR Data Terminal Ready 
22 RI Ring Indicator 

DB9 Pinouts- 
PTn Signal Symbol Slensl Name 
I CD Carrier Detect 
2 RX Reccive Data 
3 TX Transmit Data 
4 DTR Data Terminal Ready 
5 CND Signal Ground 
6 DSR Data Set Ready 
7 RTS Request To Send 
8 CTS Clear To Send 
9 RI Ring Indicator 

COMM-DRVLUP Professional Sertsl Communication Library 
Witltes Computer Software Company 

Paee 48 Port address. Port Number, & Devlce exdanatlon 

Port address, Port number, & Device explanation 
Note that when we refer to ports, in general we are rcfcning simply to some number that will refer 
to a specific UART. We use that number to keep track of a myriad of information about some 
UART(physical address, IRQ, buffers, etc.). When the COMM-DRY TSR(C0MM-DRVRPOS) 
is Loaded, this number i s  used to talk to a serial port that was explicitly mnpped to the port number. 
Likewise. when COMM-DRV is linked into (he application, the port number is used to map to, 
and identify a serial pori. 

The physical address of the UART(serid port) is the hardware address that that UART is residing 
at on the PC Bus. These am numbers th&t can range between OOO and 3ff hex on ATs and higher on 
ElSA and MCA machines.. In the case of a smart multiport card, this is the address of the pori 
used to access the smart multiport card. 

The COM device is yet another level of abstraction. The COM device in general have names like 
COMl, COM2. COM#, DOG, CAT, etc. These am true MS-DOS character device drivers. 
Remember a character device driver wuld be considered a set of subroutines that the operaling 
system knows about that make any piece of computer hardware perform input and oulput like any 
standard file. COMM-DRVIDOS can create devices by installing the COMMDRV.DRV device 
driver. 

An IRQ is the intempt q u e s t  lint that a serial port(uART) uses to tell the CPU that it needs to 
be serviced. That is, a character has come in, a character was transmittcd, or some UART state 
changed. COMM-DRV uses the IRQ to acquire dam, statistics, and to transmit data. 

Note that by convention IBM PCs and compatibles map COMl to port 0 on IRQ 4 at physical 
address 3W. This again is only by convention. COMM-DRV allows you to remap any port, COM 
device, IRQ, or physical port address. Thereforc one could remap COMl to port 5 on IRQ 7 at 
physical address 2aO. Alternstively it could map devicc COMMDEVl to port 10 on IRQ 14 at 
physical address 280. 

Note that when the COMM-DRV objects are linked into the application, there arc no charactcr 
devices to address. 

COMM-DRVfLbfH Profaslonal Serlal Communtcatron Llbrary 
Willies Computet Software Company 



Using The C Library Interface 

COMM-I)RVA.IBTM Protesslonal Serial Communlcatlon Library 
WI1k.s Computer SoEtwnre Company 

High Level Functions 
These functions ate the high level CQPMM-DRVlLIB functions. Programming via ihe use of the 
high !cvei AP! Is the prefemd method of using COMM-DRQILIE. 

Returns h e  number of bytes in &e receive buffer. 
Returns the number of bytes in the uansmir bufkr. 
Determine if time expircd form a previous cP1 io 
CdrvSetTime[). 
Returns the f6bit CRC of a packet. 
Re?un!s the 32hit CRC ofa pecket. 
Deiay specified rime. 
Returns a pointer to the port's PCB. 
Return5 the address of the passed string. This function is used 
in !zF.guages !&e Visufl? Eask LO gst eddreesses cf s!rings sins5 
they are not ready avdabje. 
Sets a timer to a specified deiay. Expiration is tested by 
CdrvCheckTimeO. 
Sets the address of B %netion that gets &led when Delay() or 
CdrvCheckTimeO is called. 
Sets rhe time: :eso!utian used by CdwvSeE?mefi and Deleyo. 
Turn5 DTR OR. 
Turns DTR on. 
Discards the contents of !he receive buffer. 
Discards the contents of the transmit buffer. 
Gets a byte from the receive buffer. 
Converts a received ASCII number from the serial pon into a 
binary value. 
Get the current inter-character pace time. 
Gets a packet from receive buffer. 
Gets a carriage return, line feed, or null terminated string from 
receive buffer. 
Get L~YP curen! tirn-out vdue. 
Initializes the serial port(A1locate buffers, cardtype. etc.). 
Returns m e  if all data has left the UART/Serial dcvice. 
Returns true i t a  break signal was detected. 
Returns true if carrier detected. 
Returns true if C T S  signal high. 
Returns true if DSR signal high. 
Returns true if a framing error occurred. 
Returns me if the COMM-DRV receive buffer was QVCITUO. 
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IsOverrunErrorO 
IsPaarllyError() 
IsPortAvallobleO 
IsReceiveDufferEmpty() 
IsMngO 
IsTransmit~ufferErnpty() 
PeekCharf) 

PU t Byte() 
PutPacketO 
PulSt ring(] 
RecelveBuFferSlzeO 
RtsOffO 
RtsOnl) 
ScndBrtnkO 
SctBauW 
SelIlataStreamFunctlon() 

SetFlowControlCharnclers() 
SctFlowControlThreshold() 
SetPaceTlrne() 
SetPorZCharoct ertstlcso 
SetSpeclalBehevtorO 
SetTirneou t() 
SpacclnRecclreBuiTer() 
SpaceInTransmltBufferO 
Transmi tBaerSlze0 
Unlnitt alizePort() 

WnitForO 
Wait ForFlxedO 

WaltForPeekO 
Walt ForPeekFixedO 

WailForPeek'IbbleO 

WaitForPeekTableI;ixed() 

WaltForTobleO 

Returns h u e  if the UART receive register was overrun. 
Returns true if a parity u m r  occurred. 
Determine if a particular is in use. 
Returns bue if receive buffer is empty. 

Returns true if transmit buffer is empty. 
Returns the next character from receive buffer non- 
destructively. 
Qurws a byte for transmission. 
Queues a packet for transmission. 
Outputs n null terminated string. 
Returns the receive buffer size. 
Turns RTS off. 
Turns RTS on. 
Sends a break signal. 
Sefi new baud rate. 
This function caiises functiona like WaitWrO to call the 
specified function for all Ihe data that it read3 From the serial 
port. 
Scts characters used for flow control. 
Scts high and low receive buffes thresholds. 
Sets the current inter-character pacc h e .  
Set line control pnramcter.s(baudrate, length, panty, etc.). 
This Functions changes the behavior of other Functions. 
Sets the current transmirfrcctive ti=-oats. 
Returns space unused in receive buer.  
Returns space unused in transmit buffer. 
Returns transmit buffer size. 
Undo the effects of InitializePortO (unhook vectors. release 
m r m w y .  etc.). 
Outputs a sting and waits for a matching response. 
Samc as WaitFor() except that it docs not depend on NULL 
terminated string, but fixed size character array of data. 
Non-destructive WailFor(). 
Same as WaitForPeck() except that it does not depend on 
NULL terminated slring, but fixed size character arrays of 
data. 
Outputs a string and non-desbuctively waits for a matching 
response to a table of strings. 
Same BS WeitPorPeekTable(j except that it does not depend on 
NULL ferminaled string, but fixed size character array of data. 
Destructive WaitForPeeKrablcO. 

Return m e  if ring de(ected. 

COMM-DRVILIB'" Proresslonol Scrlal Communlcallon Llbrnry 
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Paee 52 Hieh Level Functlonq 

W aitForTableFixedO Same as WaitForTableO except that it does not depend on 
NULL tennhated string. but fixed size character may of data. 
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klrytet4iEnReceIveU~~~~~ 
Descdpf ian- 

Reiurns h e  number of hytcs irr the receive buffer. 

Syntax- 

count = BrteslnReceiveDuffeT(P.LPTt); 

On &?try- 

int port: 

Port previously opened with InEtislhePortO. 

On Exit- 

int count; 

Nurnbcr of bytes in thc receive buffer. 

else 

- I  if port is lioi active. . 

See Also- 

IsReceiueButfer~mpty Il 
ReeeiveBufferSEzeO 
SpaceInRecelveHufferer() 

Example- 

#include <comm.h> 

COMM-URVIIJU'H I'rofesslonal Serial Uornmuntcatfon Library 
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BytesInTransmitBuffer 
Description- 

Returns the number of bytes in the bansmit buffer. 

Synten- 

count = BytcslnTransmitBuffer(port); 

On Entry- 

int pori: 

Port previously opened with IniIietlzePortO. 

On Ed t- 

int counl; 

Number of bytes in the transmit buffer. 

else 

-I  if port does not exist 

See Also- 

IsTransmltBufCerEmptyO 
SpPceInTrensmitBufferO 
TranamilBufferSlzc() 

COMM-DRV&IBTU Professional Serial Communfcetlon Wbrary 
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Farce 56 BytesInTransmitBuffer 

Examplc- 

#include <comm.h> 

count; int 
int 

if ((count I = BytcslnTrnnsmitBufort)) == -1) 

p0rt=O; 

. printf("Port WBS not initinlized\n"); 

I+ Take remedial action *I 
1 

else 
printf("Nurnber of bytes =>%dW,count); 

COMM-DRViLIBTH Professional Serial Communication Library 
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int stat; 

fF the C'tlNSetTtmeoutFunclInnl) was not catlcd to instali a user time-out 
function then the return values are as follows. 

0 If timer expired. 
[=O If tinier not expired. 

If the FdnSe~rlmeoii~FunctlonO was called to iastnll a user function, this 
function returns !he return value of the user function immediately. 

See Also- 

CdrvDelay() 
CdrvSctTimcO 
CdrvSetTinieou tFunctIon() 
CdrvSetTlrnerResolu(iun() 

CQMM-DRVKILP Professional Serlsl Communlcalion Library 
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CdrvCrcl6 
Deseriptfon- 

This function returns a 16 bil CRC for the pajsed packer 

Syntax- 

crc=CdrvCrcl fi(count, buffer); 

On Enlry- 

int count; 

Number of bytes in the passed buffer. 

char +buffer; 

Pointcr to thc buffer with the data to CRCed. 

On Exit- 

unsigned short crc; 

16 bit CRC of the passed packet. 

See Also- 

CdrvCrr320 

COMM-DRV/[.IBm Professlonal Serlal Communleallon Llbrary 
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Example- 

#include ccomm.hz 

int port=& 
int count; 
unsigned short crc; 
char buq2561; 

if ((count = GctPncke~@ort,sizeof(buf),buf)) == -1) 
( 
prinlf('%rt not initialized errorh''); 

I* Take remedial action */ 
1 

cro-CdrvCrcI 6(count. buffer); 

printf("l6 Bit CRC =>%dh".crc); 

COMM-DRVLUBN Professlond Serial Cornmualeation Llbrary 
Willies Computer Soflwore Company 



fldrvCrc32 
Descrlptlon- 

,-. :his ru'u..ci;ni: ic:x.".s B 32 bit CRC Frlr i h t  ptlPred packet. 

Syntax- 

crc=C~drvCrc32(ccunt buffer); 

Qln Entry- 

in: counl; 

Number ofhytes in &e passed buffer. 

ChW *b Bffer; 

Puinler Io the buffer with the data lo CRCed. 

oa Ed:- 

unsigned long crc; 

32 bit CRC of the passed packet. 

See Also- 

CdrvCrclti() 

COhlM-DRVA,PBTM Professional Serial Comniunlcnlion Library 
P V l l l l e s  Computer Software Company 

Example- 

#include <com.h> 

int count; 
int port&; 
unsigned short crc; 
char buq2561; 
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CdrvDelay 
Descrlp tlon- 

This Function delays for the specified amount of time. Additionally, if the 
~drvSetTimcoutFunctlon0 was used to install a time-out function, h e n  that time-out 
function will be called each lime this routine is callcd. That time-out function can control 
die status returned by his function. 

Syntax- 

stat = CdrvDelay(port.delayfime); 

On Entry- 

int port: 

Port previously opened with InlllalizcPortQ. If this value is -1 lhen this function 
will not attempt to validate the port or will not cell any user installed function. 

int delay-time; 

Number of tics to delay. Noie that the tic resolution is dependent on the setting 
by the function CdrvSetllmerRosoluHon(). 

On Edt- 

int slat: 

If the CdrvSe(nmeautFiinctIon0 was not called to install a user time-out 
hnctiun then the rcturn vdua arc as follows. 

0 If successbl. 
I=O If  port WBJ not initialized. 

I f  the CdrvSclTlmeoulFunctlon() was called to install a user function, and the 
return value from the user function is 0, this function returns immediately. 

CdrvDelav Pane 64 

See Also- 

CdrvCheckTfmeO 
CdrvSetTtmeO 
CdrvSetTSmerRasolutlonO 
CdrvSetTlmeouWunclionO 

Example- 

#include <comm.h> 

int rel; 
int port=O; 
int titnwut=l(l; 

if ((ret = CdrvDelay@ort,timeout)) =s -1) 
I 
printf("Port was not initialized W'); 

I+ Take remedid action */ 
1 

COMM-DRV/LIBn" Professional Serial Communication Llbrary 
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CdrvGetPcb 
Dcscrlption- 

This function getq a pointer tu the port control block for the specified port. This function 
is provided for conrpieteness and is generally net used ti) applica:ion programmers. 

pcbpir = @OrvGetPcb(poer); 

Syntsx- 

On Entry. 

int pfl; 

Port yreviously a p e d  with InPtta!lzcl’cr!f). 

crr Ex&- 
StFdCl port-param *pcbp;; 

. Pointer to the port control G!ack for the s p ~ i f i e d  port. Tht elements OF tinis 
smcture that would bc of interest is detailed in Appcndix C. 

See APSO- 

COMM-DRVltIEL7M Professfoorual Serial Communlcatlon Library 
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Example- 
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CdrvRetu rnS tringAdd ress 
.Description- 

This function i s  used to return the addregs of (he passed sting. It is necessary since 
certain langutlge~ do not allow access to their actual location. 

Syntax- 

address = CdrvRetuniStringAddresr(str); 

On Eniry- 

char +SI; 

Address of string to pass, 

o n  Ed t- 

unsigned long address; 

Argument description. 

See AIso- 

Example- 

. ‘Visual Basic Example 

address& = CdrvReturnStringAddress(r$~ 

COMM-DRV/IJBm Professlonol Serial L‘ommunicntion 1,lbrary 
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CdrvSetTime 
Drscription- 

This function sets a timer to a specified interval. The timcr is then queried with the 
CdrvCheclrTimeO function to determine if the timer interval has expired. 

Syntrx- 

stat = CdrvSetTime(port,time-inte~~,timerblk); 

On Entry. 

int port; 

Port previously opened with InithllzcPorto. If this value i s  -I then this function 
will not attempt to validate thc port. 

int time-interval; 

Length of time interval. Note that the tic resolution is depcndcnt on Le selting 
by the function CdrvSet’NmerRcsolutIonO. 

unsigned int timerblkU01; 

An array of integers that is initialized by this function and is subsequently used 
when calling thc C d n n )  function. 

On Exit- 

int stat; 

-1 If port was not initialized. 

See Also- 

CdwCbeckThneO 

COMM-DRV/I,lW’ Professional Serlal Comnrudcatlon Library 
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Exampls- 

Descl-lptfon- 

Syntax- 

int port; 

port previously opened with EnitlalizePortO. 

(*Func)(int port); int 

On Enit- 

int 

Painter to a user function that is called while awaiting a time-out set by 
CdrvDelayO or B time-out being checked by CdrvCheckTime(J. The user 
function is called at least once when either of the above functions is called. It 
wiii be cdkd repeatedly fur fhe duration of &e; time h e r d  set wit? 
CdrvDelayO. It Will be callcd each time CdrvCTheokTime(E is called Lo 
determine if R time-out has occmed. The user function shouEd return 0 to abort a 
delay in progress(CdrvDelay(l), to cause CdrvCheckTheO to indicate that 
the timer has expired, or to came any function dependent on the time-out set by 
SetTimeout() Function to be aborted. 

stat; 

If port was not initialized. -1 

COMM-DRV,%B~ Profcsslonsl Sertal Conrinunlcation Library 
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See Also- 

CdrvChecWime() 
CdrvZlelayO 
CdrvSet'rlme() 
CdrvSetl'irnerResolulion~ 
SelTimeoii t() 

COMM-DRVILIBTM Professional Serial Communlcatlon Library 
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Example- 

#include cc0mm.b 

int stat; 
in1 port=O; 
int timc-interval=lE; 
int count 
char buf12561; 

if ((stet = CdrvSetTimcoutFunction@ort.TimtoutFuoctio = -1) 
1 
printf('%tror setting timeout functionh"); 

I* Take remedial action *I 
I 

I 
printf("8nor setting timeouth"); 

/*Take remedial action */ 
1 

if ((stat = SctTimeout@ort.timn~w~)) == -1) 

I* Get packet will wait for up to *'time-intuval" tics to return Y 
I* or when the user hits the eacap key or button */ 
count = GetPecket(port,sizeaybuf).buf); 

...................................................... 

int TimeoutFunction(int por1) 
( 
if (user hit escape cause an abort) 

else 

1 

return@); 

return( 1); 

COMM-DRV/LIBm Professional SerJal Communlca(ion Library 
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Descdplloa- 

int port; 

in! 

On E&- 

rcsolu?ion; 

0 V I R  second pcr tic. 
1 WOOU secoiid per tic(l millisecond pcr tic). 

in$ stat; 

- 1  If port was not initialized. 

See Also- 

CdrvC:hcckTime() 
CdhuUeIay() 
CdrvSetTtme(} 
CdrvSe tTlmeoutFuncHon() 
SetTlmeuutO 

COMM-DRVhlBTM Professland Serial Cotmunlcation Library 
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#include <comm.h> 

I 
printf(“Error setting timerin”); 

/* Take remedial action */ 
1 

while(CdrvCheckTime(ti~ecbi~~ I =  0) 
t 
/* Do desired work for “ h e r  not cxpired yet” *I 

I 
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DtrOff 
Description- 

Turns the D’PR signal off. 

Syntax- 

stat = DtrOff(porl); 

On Entry- 

ini port; 

Port previously opened with InillalizePortO. 

On Ed& 

int stat; 

- 1 If pod was not initialized. 

S C ~  A b -  

DlrOn() 
HtSOff() 
RfsOnO 

COMM-DRV/LIIP Proresslonal Serial Communication Llbrary 
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Example- 

#include ccomm.h> 

port--o; int 
int stal; 

if ((stat = DtrOff(part)) = -1) 
. I  

printf(”Port not initislizedh”); 

I* I Take remedial action */ 

COMM-DRV/LlBT” Professional Serial CommunlcaUon Library 
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DtrlOn 
Descrlptlon- 

,m 
I UEnS &z stgrrt!l on. 

Stntax- 

Stat = DtpOn(port); 

On Enfry- 

In: port; 

Port previously opeaed with I d t t d h e Q ~ t ~ .  

On Exit- 

irit m; 

- I  If port wm not initialized. 

See AOsa- 

COMM-DRVfl.IBT’ Professlorla1 Serial Cornmunlcation [.(brat-y 
Willies Computer SoRware Compqny 

Example- 
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FlushReceiveBuffer 
Daerlp tion- 

Discards the contents of the receive buffer. 

Syntax- 

stat = IilushReceiveRuffer(part); 

On Entry- 

int pod; 

Port previously opened with InftlsllzePort(). 

On Exit- 

int stal; 

- I  If potf was not initialized. 

COMM-IIRVfLIB'H Professional Serial Cammudcatlon Library 
Wlllies Computer Sonware Company 
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SW AIBO- 

IsReceiveBu fferEmpty 0 
ReelveBuKerSizeO 
SpaceInReeciveBufferO 

Exnmple- 

#include <comm.b 

in1 
int S U I ;  

port=& 

if ((slat = FlushRcceiveBuffer(p0rt)) == -1) 
I 
printf("Port not initializedh"); 

I* Take remedial action *I 
I 

COMM-DRVTC;IBTM Professlonal Seriai Coinmudmaon Library 
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See Aiso- 

int polt=0r 
ini. SiQt; 

/*Take remedial action *I 
E 
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GetByte 
Descripllon- 

Gets a byte from h e  rcccivc buffer. Thia hlnction will wait for up I? the amount of time 
set by SetTirneoul() before returning failure if a byte i s  not present. 

Syntax- 

byte = GetRyte(pclrt); 

On Entry- 

in1 port 

Port previously opened with InillallzePortO. 

On Exit- 

int byte; 

The returned byte. 

else 

- 1 i f  poa not initialized or no byte to be read. 

GetPacket() 
CdS trlngo 

COMM-DRV/LIBTu Professional Serlnl Communlcation Library 
Willies Computer Software Company 

GetBvte Pase 84 

Example- 

#include <comm.h> 

int data; 
int i; 
int port=& 
char bufl2561; 

for (i=o;i<sizcaf(buf);i+t) 
[ 
if ((data=GetB yte@ort)) == -1) 

( 
pring("No more bytes availableW); 

/* End of serial data collection *I 
break; 
1 

bul[i] = (char)data; 
else 

1 

COMM-DRV/LIBm P~urfe'eeslonel Serial Communlcstlon Library 
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GetNurnber Beee PS 

GetMumbes 
Descripdlon- 

On Entry- 

:-. L L l L  

int 

C I l X  

On Exit- 

int 

pod; 

Port previously opened with laEtializePort0. 

cauct; 

One less than the size of the buffer to store returned string. 

*str; 

Pointer to buffer to place data. 

stat; 

0 if no error. 

COblM-DRVfC81B5M Professional Srrlul Carnmunicatfon Library 
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Example- 

Get thc number 

i: 

1 

i f  iCetNunlber(Fort,count,s~~ i= 0) 

N Error reading number from h e  serial port 
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GetPaceTime 
Description- 

Get the current inlcr-characier pacc time. The timc retrieved is in i i w r  tics. The iimcr tic 
resolution is set with h e  CdrvSetTfmcrResolutnO function. 

Syntax- 

pacetirnc = GetPaceTinle(pon); 

On Enlry- 

int pod; 

Port previously opened with InltlelIzcPorlO. 

On Erbt- 

unsigned int pacetime; 

The current pacetime in timer tics. 

else 

O x m  If port was not inilialized. 

SN Also- 

CdnSe YTlmerResolutlonO 
SetPseeTlme() 

COMM-DRV/LIBTM Professlonal Serlal Communication Library 
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Exnmple- 

tincludc <comm.h> 

unsigned int oldpacetime; 
unsigned int newpacclime=l; 
int port=& 

I+ Save old pacc time *I 
if((oldpacelimc=GetPaceTime@ort)) == -1 ) 

1 
printf("Pori not initialiidb"); 

/*Take rernedial action */ 
1 

I* Set a new pacc timc *I 
SctPaccTimc(port,ncwpa~time); 

I* Restore h e  old pace timc *I 
SC tP~eTimc@ort,oldpa~time); 

COMM-DRV/LIBTM Professional Serlal Cemmunleetlon Ubrary 
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Bescription- 

This fbnctions waits for a cull, annswers the phone, arid returnnu when twn ritodcrnr havt 
succcssiuiiy connecied. 

On Entry- 

int pcirl; 

Fort previously opened with InitlallzePort(). 

int RingCount; 

Number cfrings bcforc: answering the phone. 

int 

0 Puts modern in ado answer mode to answer on specified ring coiint. 
Determines connect based on receiving the string "CONNECT" or )he 
string specified RS being the connect string. 

The n i d e m  is set to non auto answer mode The stream is scanned for 
thc string "RING" or the siring specified as being the ring string. 
Dclerniincs ccmnecl b a s 4  on receiving the string "CONNECT" or tlle 
string specified es being the connei: string. 

{*fnc)(int pari); 

1 

COMM-DRVII,IRTM Professtonal Sertal Conimunlcnlton Library 
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Pointer to R function that will be called periodically to a h w  rhc applicatiorr 
programmer to kmninate this function before connect or orlier failure. The 
function pointed to by this poinler must return 'W' to indicate that this function 
shouid RQL be aborted. Any other return will cause this function to abort and 
return said rctum value. The function pointed to by this function sRipu6d not 
ret;= c cqa:ivc vdua BS these zc: i e s e i d  fur iilieid i i j ~ .  If the U&:UO ~f ihis 
funclion pointer is NULL., Lhen ED catlitreck f!!r!ck?n is d k d  t?nd this hnCt;on 
will only return on an eiror or when a connection occurs. 
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int sta; 

0 
- I  
Positive W i r e  

If the modern i s  connected to another modem. 
If a hardware error or modem error has occurred. 
Relum value if function aborted by application. 

COMM-DRVflJIP Professional Serial Communlcatlon Library 
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ModemWaitForRing 
Descdption- 

This function waits for the modems "RING" sbing. This command msumes the modem is 
in the command state. The modem remains in the command atate at the end of this 
function. 

Syntax- 

stat = ModemWaitForRing(port,RingCount,Tirneouth 

On Entry- 

int pofi; 

Port previously opened with InlUaIizePortO. 

int RingCount; 

Number of rings to wait for before relum. 

Timeout; int 

Number tics to delay before returning if a "RING" is not detected. 

On Edt- 

int Sta1.l; 

0 Ifsuccessful. 

else 

-1 If time-out. 

COMM-DRVLIBTM Professional Serial CommunfcaUon Library 
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Example- 

lincfude C C D P ~ I ~ D  

int  parl=il; 
int slat; 

!flurn Ihe speeker vohtie on modem to medium 
if ((stat = MadeniWairForRing(porP,1.185)) == -1) 

I 
printf('Tirneout waiting for a rin@.n"); 

/* Take remedial action */ 
1 

CClhZM-DRV/I.IRTK I'rofes4onnl Serlnl Cornmrrnicntlon Llbrnry 
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Transmit or receive file(s) with specifid protocol to 
cornpieticin. 
'This hnction IS used lo close my opened files if one of the 
stzte driven file transfer calls is stopped abruptly. 
Receive filcfsf with specif;,kd. pr~ioca!, %%st be cdld m e r d  
times till transfer ~omplete. 
Transmit tiie(s) wit'n specified promcal. Musi be ca"rie& sevemi 
times til1 transfer coinplete. 
Transmit or receive file(s) w i h  specifid pcotwai to 
campleticn(addiriona1 features). 
Creaies a f i l e  trmstex diiaiog box. 
Destroys B file transfer dialog box. 
Updates information in fik uansfer dialog box. 
Enablcs an automatic dialog to be displayed 
file transfer functions. 
Set file transfer parameters. 
Trader Ries. . 

some of tho 
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cdr vxfer-files 
Descrlptlon- 

Transmit or rcccive Jilc(s) with specified protocol to completion. This function is uJerl for 
transmitting and receiving files. It does not mlurn IO l e  callcr until the file w f m  
completes. tt docs however call the f'unclion that the cdler passed when the function was 
called in  order to allow the caller to get a progrcss report on the file transfer. This 
function wlll not stop other Windows applicstions from running or prevent mssagcs for 
the current application from bcingproccssed. 

Syniax- 

stat = cdrvnfcr-files(port.dircction,protocol,fsptc,fc); 

OnEntry- . 

int pori; 

Port previously opened with InlHnllzePori(). 

int . direction; 

int 

0 Tosendafile. 
I To receive a file. 

protodol; 

XMODEM 
XMODEM IK 
Y MODBM 
YMODEM Batch 
YMODEM G 
YMODEM G Batch 
ZMODEM 
XMODEM(Checksum) 

char *fspec; 

COMM-DRVA.lIP Proresslonsl Serial Communlcatlon Library 
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int 

On Exit- 

int 

Filename including.path to file to transfer. Note that i f  receiving a file, 
h e  file is placed in the directory pertaining lo the path portion of the 
filCSpCC. 

(far *fnc)(int chgflg,char *fnamt,long bytcnt.int curblk, int 
errcnt, unsigned rate); 

Pointer to routine that is  callcd by h i s  function anytime one of the pmsd 
parameters changes. This function may abort the transfer by rclurning a non-zero 
value. If this pointer is NULL, h e n  no display function is called. 

int 

char 

long 

iat 

int 

chgflg; 

Non zero if calling due to a new file being transferred. 

*faam; 

Filename being processed. 

bytcnt; 

Current file byte count. 

curbk, 

Current block being worked on. 

errcnt; 

Current error cnunt for file. 

unsigned rate, 

Current transfer rate in byes per second. 

stat; 

ORVXFER-ERR-OK If the file aansfer was succe~~fiil.  

COMM-DRVLIB? 
Wiliies 

Professional Serial Communication Library 
Computer Softwnre Company 



CDRVXIBR-EPER-CANCEL The remote issued B canccI 

CDRVXFER-ERR-INVPORT 

CDRVXFER-ERR-FNAME 

CuRcrxFeP,e~_r.~eh-zaRY 

An invalid serial port was selected. 

An invalid filename was given. 

A memory allocation error has occurred. 
This error may be caused due to a lack of 
memory. Most cumpiEers causes an 
executable to allocate all memory on stamp. 
You n a y  want to m e  the exehdr program or 
some other compiler utility lo adjust the 
maximum amount of memory the executable 
may allocate. 

See Alea- 

Examplcs- 

COMM-DRVklBTM PraRssionnll Serlnl Communlratlon I h - a r y  
Wil l ies Computer Software Campany 

CdrFxkP Files Paw 242 

finciude <com.h> 

inr 
int 

COMM-DRVILWM Professional Seriul Conununlcatlan Llbrary 
W l t i ~ s  Computer Softwarc Company 
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cdrvxfer-gclose 
Ncrtpfion- 

This Function is used to closc opened files and resources when one of the slate driven file 
hsnsfcr functions is abruptly ended by the application programmer. Specifically this 
function should be called if the user stops calling cdrvfler'er_gclfllcs(), or 
cdnxTer_sendfiler(), 

Syntar- 

On Entry- 

sbuct cdrvxfer-npcb *p; 

Pointer IO a file transfer port control block. It i s  amncd that Le shctvre that is  
being pointed to wns initialized as specified In the cdrvller~tfilus() 0~ 
cdrvxfer-scndftles() funclinns. 

On Exit- 

None 

See Also- 

COMM-DRVILIBTM Professional Serlal Co&muslcalfon Llbrary 
Wlilies Computer Suflwnre Company 

Example- 
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Description- 

Ihis hnction gris a pmiicuhr 6iie(s] hascd On thc telecltd file Iransfer protocol. Note that 
the !?!e hacsfcr esgine i s  e staic mcitilte. As such. this rourint: must he callcd repeateelly 
unril m return value other Lhm C!lRYXF!3%.-S3R-EUSY {piuiocoi cngine busy so file 
transfer is siill in progrtssi i s  returned. This filnttai allows ati application to mn severe! 
file transfers concurrently by calling this hnction repeaiedLy with different port numbers. 

stat =cdrvxfer_g~tfiles(proiocol,Apcb); 

XMODEM 
XMODEM IK 
Y MODEM 
YMODEM E R ~ C ~  
Y MODEM G 
YMODEM G Batch 
ZMODEM 
XMODEM(Ct1ecksum) 

struct cdrvxfer-Rpcb *f?pcb; 

Pointer to the stmcturc with the information to provide and to rcceive for the file 
transfer. Dcscription of perlinent elements follows. 

frpcb-zfspecr j 

Null  terminated filename to use if the filename not given by the 
particular f i fe l18nsfcr protocol. @+lay contain wildcords for protocalr 
that dfow it) If a path is specified lhen !he file(P) received will be 
placed in the subdirectory specified by the path portion of the fspec 
given. 

COMM-DRVR,1BTM Professional Serfal Commiinlcatfon Llbrary 
Willies Computer SoRware Company 

Ftpcb->bufsir. 

Size ofbuffci pointed 10 by ftpcb->buf. 

Rpcb->Aag 

Set to one of the foilowing values if receiving a file. 

CDRVXFER-FLAG-RECOVER 

If a file with the name of the file being received exists, and Lhr. 
file is shorter than the file being received, lhen restart the file 
transfer from where the last transfer left off. 

CDRVXFHR-FL AG-OVERWRITE 

If a file with the name OF the file being received exists, 
averwtite it. 

CDRVXr;EK-F;LAC-RENAE 

If a file with the name of the file being received exists, change 
the name of Ihe file being received. 

ftpcb-xctrycnt 

Maximum number of times to rehy sending the same failed packet. 

COMM-DRVLIBTM Professional Serin1 Communication Library 
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ftpcb->rcvtimcoui 

Number of 1118th of a sccond tics to wait for incoming bytes. This 
value is generally lEO(l0 seconds). 

ftpcb->xmttimeout 

Number of 1/18th of a second tics to wail for space to become available 
in transmission buffer. This value is generally l8qlO seconds). 

On Exlt- 

int stat; 

CDRVXW.R-ERR-OK 

CDRVXFER-ERR-SERIN, 

If the file trnnsfer was successful. 

A serial Uo error haa occurred. This could be caused 
by a broken i d a l  coinmunication cabk, a h d  
UART or some other serial error. 

An MSDOS error occurred. This may be caused by 
an error opening, writing, reading, or closing a file. 

CDRYXFER-ERR-PROTOCOL A protocol emor. This happens when an 
incompatibility between (he file hmsfer protocol 
between (he two transferring rnwhines occur. 

If file hanafer is still in progress. Note this routine 
should be constantly called until this code is not 
returned. The stluclure elements below are kept 
updated in between calls to cdrvxfer-getnles(). 

CDRVXWR-ERR-OS 

CDRVXFER-ERR-BUSY 

CDRVXWR-ERR-CANCEL 

CDRVXWR-ERR-INVPORT 

CDRVXFER-ERR-FNAME 

The remote issued a cancel. 

An invalid serial port was selected. 

An invalid filename was given. 

COMM-DRV/LIETH Professlond Serlal Communicallon Library 
Willies Computer Software Company 

CDRVXFER-ERR-MEMORY 9 memory allocation error has occurred. This error 
may be causd due to a lack of memory. Most 
compilers causes an cxccutable to allocate dl 
mcmory on startup. You may want to use the exehdr 
program or some other compiler utility to adjust the 
maximum amount of memory the executable may 
allocate. 

ftpcb-rblksiz 

ttpcb->curblk 

Apcb->currenterr 

npcb->error 

ftpcb-renterror 

Apcb->fhandle 

ftpcb->numbytca 

ftpcb-wffsctbytes 

Size of the block bcing transferred. 

Current block being transferred. 

Error count for the tile currently being transfemd. 

Current error code(usual1y 
CDRVXPER-ERR-BUSY during file transfer). 
This is the samc value returned by this function. 

An extended error code. 

Operating system file handle of file cumotly beiag 
transferred or -1 if file is closed. 

Fully qualified pathname and filcnamc of the file 
bcing eansferrul. 

Number of bytea trmfened in the current file. 

This is the offset in the file where the current file 
began. The diffacnce bwff in  flpcb- 

Pnumbytcs and this value gives Ihe actual number of 
bytes transferred in the current file this session. This 
value i a  greatu lhaa zero for the ZMODEM transfer 
when crash recovery is in effect. 

Total of all errors for the current scssion. 

COMM-DRVlLIBW Professional Serial Communication Library 
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'!k hit CDIBYZXFEP, PLAG-G_:;ILEDONE is set 
when tfre file transfer an a particrrlar fi!e Is con:pktc. 
Th15 bit should he rcsei afrer it is tested. This bit may 
be used 60 determine when some statistics need 
updu:ing(filename, cowits, etc.). 

COMM-DKVILffYTM Profeeastonal Serial Cummunirath Library 
Wil1ie.a Coniputer Software Coniprlny 

#include <cunun.h> 

rctum; 
1 
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cdrvx fer-send files 
Ihcripllon- 

This function sends a particular file(s) based on b e  selected file transfer protocol. Note 
that the tile transfer engine is a state machine. As such. this routine must be called 
repeatedly until a return value other than CDRVXFER-ERR-RUSY (protocol engine 
busy so file transfer is still in progress) i s  returned. This format allows an application to 
run several file transfers concunenfly by calling lhis funciion repeatedly with different 
pori numbers. 

Syntax- 

stat =cdrvxfer-sendfiles(prntocol.Rpcb); 

On Entry- 

int protocol; 

XMODEM 
XMODEM IK 
YMODEM 
YMODEM Batch 
Y MODEM 0 
YMODBM 0 Batch 
ZMODEM 
XMODEM(Checksum) 

stmt cdtvxfer-flpcb 'fipcb; 

Pointer to the slruciurt with Ihe infomation to provide and to receive for the file 
transfer. Description of pertinent elemcnts follows. 

ftpcb->f~pec[ J 

Null terminated filename to USE if the filename not given by Ihe 
parlicular.file transfer protocol. (May contain wildcards for protocols 
that allow it). 

COMM-DRVLIBrM Professional Serial Communtcallon Llbrary 
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fipcb->port 

Port file transfer calring place on. 

Apcb->sIetc 

Must he sct to CDRVXPER-SSTATE-mlT before the fist  call to 
cdnxkr-sscndfhs(). 

ftpcb->buf 

Pointer to the buffer that the file transfer engine will use. This buffer 
must be at least 1K 

ftpcb->bufsiz 

Size of buffer pointed to by ftpcb->buf. 

ftpcb->flag 

Set to 0. 

ftpcb-xeisycnt 

Maximum number of times to retty sending thc same failed packet. 

ftpcb->rcvtimeout 

Number of lll8lh of a second tics to wait for incoming bytcs. This 
valuc is generally I8qIO seconds). 

ftpcb->xmttimeout 

Number of 1118th of a second tics to wait for space to become available 
in Uansmission buffer. This value is generally 18q10 sands). 

On Erlt- 

int stat; 

CDRVXFER-ERR-OK If the file transfer was succe~sful. 

COMM-DRV&IBTM Professional Serial Cornmudcation Library 
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Ci>RVXI.:ISiT_ERR_Siil3ihrL A serial 110 error has occitrred. 'This could 
be caused by a broken seriel cwrnmunicattar~ 
cable, a bad UARP or some other scriat 
error. 

An ErlSDQS tzar ncc::rred. This a a j i  be 
caused by an error openillg, writing. readkg, 
or closing ti file. 

CDRVXFW. ERR-?R(f'E'13CBI, h prcjtosd enor This happens when an 
incompatibility between he file transfer 

g protocol between the !WE) hecsferric 
machines occur. 

If file transfer is stili ir; progress. Nn!e this 
routine should be conrtanCy celled until :his 
code is not ie:umed. The S E P J C ! ~ ! ~ ~  e!cKccb 
below are kept updated 111 between calls to 
cdruxCer-sendfltes{). 

The reniofe issited a cancel. 

An invalid serial port was selected 

CDRVXFER ERR-  O S  

CDRVXI;ER-f?RR BllSY 

CDRVXFDR ERK-CANCEL 

CDRVXFER ERR-IINVPORT 

CDRVXFER-ERR-FNAME 

CDRVXFTR-ERR-MEMORY 

An invalid filenamc was given. 

A memory ahcation error has occarred. 
This error mny he caused due ro a lack of 
memory. Most compilers causes Bn 
executable to allocate all memory on startup. 
You may want to use the exehdr program or 
some other compiler utility to adjust the 
maximum amount of memory the executable 
may allocate. 

Size of the block being transferred. 

Current block being transferred. 

Error count for the file currentIy being 
transl'ened. 

ftpcb->blksiz 

ftpcb->curb1 k 

Apch-zcunenterr 

ftpcb ->error 

fipcb-snumbytes 

Current emor cadcluaudly 
CDRVXFER_ERR-€3USY durirlg file 
transfer). This is the game value returned by 
th is  hinciion. 

An Extended emor code. 

Operating system file handlc of file currently 
being trmsfcrred or -1 if file is closed. 

file being ms€e;red. 

Number of bytes nansferred in the CiLZeiit 
file. 

This is the offset in  tiic rlie where the currenk 
file transfer began, The diffcrencc between 
Rpcb-xumbytes and this value gives the 
actual number of bytes transferred in the 
current file his session. This value is greater 
than zero for the ZMODEM transfer when 
crash recovery is in effect. 

Tote! of all errors for the Current session. 

PLlly qzz!lf;,d p"&"%%e --d /r!e,a, d i k e  

The bit CDRVXFER-FLAG-FrLEDoNE 
is set when the file irsnsfer an a particlllar 
tile i s  cornpleke: This bit should be reset 
after it is tested. This bit may be used to 
determine when some statistics need 
updating(fi1ename. counts, etc.). 
Size of file that is being transmitted. fipcb->f.fbuf.dos-size 

fipcb->f.fbuf.das_watc Date of the. file being transmitted(D0S file 
date format). 

Time of the file being transmitted@OS file 
time format). 

ftpcb->f,fbuf.dos_wr_~ime 

See Alao- 
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cdrvxfer-gc tfltes() 
cdr vxfer-fllcs() 
cdrvrfer-sflles() 
TransCerFIMs() 

Examples- 

return; 
I 

COMM-DRVkIBTU Profesdonal Serlal Communlcntlon Librsry 
Willies Computer Software Compsny 
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cdrvxfer-sfiles 
Desrdppblon- 

Transmit or receive file(s) with specified protocol to completion. This function is used for 
rransmitting and receiving files. It does not return to the caller until the file transfer 
completes. It docs however call the function that the caller passed when the Eunction was 
called in order to allow the caller to get a progress nport on &e tile transfer. This 
function is similar to the Cdrvxfer-WesO function. This function differs in that it 
additionally passes a pointer to the file transfer port contra1 black (a scnrctun with a 
wealth of information about the active file transfer) to the user specified callback 
function. 

Syntax- 

stat = cdrvrfer_sfiles(port,direction,protocal.f,~c); 

On Entry- 

int pMt; 

Port previously opened with ~attldfzePort0. 

in! direction; 

0 To send a file. 
1 To receive a file. 

int protocol; 

XMODEM 
XMODEM 1K 
YMODUM 
YMODEM Batch 
YMODEM 0 
YMODEM G Batch 
ZMODEM 
XMODEM(Chcchum) 

COMM-DRV/LIBM Professional Serial Communication Llbrary 
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iat 

Dul:y qudified piiihname rind filename of the Rlc heing transfemed 

(far *fracj(inl chgflg.char *hame,long hytcn!.int curblk, Ent emcnt. 
unsignuui TSC. struck cdrvxfeer-ftpcb fa- +FLpcb); 

Pniilter to iilittirte that  is called by this function anytime one of the pessek 
parameters changes. This hnction may ebort rhe tsnsfer by refuming R nnn-zero 
value. Ittliis poiriier is MULL, then no display functien is called. 

in[  

char 

long 

ini 

irit 

chgflg; 

Nun zcm if calling for a new filename. 

* h n e ;  

Fifenume being processed. 

bytcnt; 

Cument file bytecount. 

curhlk; 

Current hlnck being worked on. 

WUXlt; 

Cuncnt error count for file. 

unsigned rote; 

Currcnt transfer rate in bytes per second. 

slnict cdrvxfer-llpcb *ftpcb; 

Pointer 10 !he file fransfer control stnicture. Between calls to this 
funclicn, this structure wit1 contain updated hfornlaiion as folluws. 
These values may bc displayed or processed by the calling application. 

ftpch->b.hlksiz SiLe of the block being trensfened. 

COM[tl-DRVfiJ[W Professional Serlal ComniiinEcaflon Library 
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f?pcb-senai 

ftpcb->fspec 

Bpcb->nunbytes 

fipcb->offse tbytes 

ftpcb->io talerr 

ftpcb->f.size 

ftpcb-zfdate 

Ctinent Mock being transferred. 

Exor m u n t  for h h s .  file currerrrky being 
i;aqsfcrrsci. 

codeEusualiy Cwrent error 
CDRVXFER-ERLP-BUSY during file 
kansfei). This is the same value retrvrned 
by 6 . 3  FJ?..S!iC2. 

An extended error code. 

Opereling system file handle of file 
currently being transferred. 

Fully qualified pathname and fikname of 
the file being transferred. 

Number of bytes transferred in the current 
fiie. 

This is the offset in thc file where the 
current file transfer beger. The diFiercncc 
between ftpcb->numbytes and this value 
gives the actual number of b p s  
transferred in the current file this session. 
This value is greater than zero for !he 
ZMODEM transfer when crash recovery I s  
in effect. 

Tolal of all errors for the. current session. 

Size of file that is being received. Note 
that some file transfer programs do not 
transmit the file size. In said case this 
value will be zero. 

Date of the file being received(D0S file 
date format). Nute that some file tronsfcr 
programs do not trmsmit the file date. In 
said case this value will bc zero. 

' COMM-DRVfi,lB7M Prcfessiunal Serial Comtnuzdcatlon Library 
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On Exlt- 

in1 

ftpcb->f.riine ' t h e  of the file being meived(D0S tile 
time format). Note that some file transfer 
pmgrams do not transmit the file time. In 
said case this value will be zero. 

ftpcb->f.fbuf.do~nirc 

ftpcb->f.lbuf.dos_~._dllk 

Size of file that is being transmitted. 

Date of the file being transmiiied(D0S file 
date format). 

flpcb->f.muf.dos-~-time Time of h e  file being trarismiitcd@OS 
file tinre format). 

Etnl; 

CDRVXPER-ERR-OK 

CDRVXWR-ERR-SERIAL 

CDRVXFRR-ERR-OS 

CDRVXFER-I!RR-PROTOCOL 

CDRVXPER-ERR-BUSY 

CDRVXFER-ERR-CANCEL 

CDRVX WR-ERR-INVPORT 

CDRVXFER-ERR-PNAME 

If the file transfer was successful. 

A serial 110 error has occurred. This could 
be caused by a broken serial communication 
cable, a bad UART or some other serial 
error. 

An MSDOS error occurred. This may be 
caused by an error opening. udting. reading, 
or closing n file. 

A protocol error. This happens when an 
incompatibility between tha file aansftx 
protocol between the two eansferring 
machines occur. 

Rle transfer is S l i l l  in progress. 

The remote issucd a cancel. 

An invalid serial pori was selected. 

An invalid filename u1m givcn. 

COMM-DRVklSTH Professional Serlal Comunfcatfon Library 
WNlfcs Cornpuler Software Company 

CDRVXFER-ERR-MEMQRY A memory allocation ermr h a  occurred. 
This error may be. caused due to a lack of 
memory. Most compilers causes an 
executable to allocatr, all memory on stactup. 
You may want to use the erehdr program or 
some other compilcr utility IO adjust he 
maximum amount of memory the executable 
may dlocatc. 

I 
In1 
1111 
irr 
Qal 
In1 
int 

CQMM-DRV/LIBm Professional Serial Communication Library 
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CdrvX fer C rea teDja2ag 
Description- 

This fundoas crcates a dialog bax thilt displays the file transfer s t a 6 k d C S .  It is used in 
conjunction witin the Cdrv2iFeriipciraieiTiniogQ ana CoFwXa'erDestrQ_vDielog0 
F.,.,.&:,4J 
."..UL."IL . 

OR Entry- 

Pointer tu 3 fife iimsfer port coniral block tu b ~ i  used with a Fiie transfer. This 
funcdon is usually used when one of the state driven file transfer functions 
(EdrmTergetbiies(). cdntxfer.-getfliesQ. TransferFiles[)). 

int slat; 

0 if no error. Otherwise error opening a dialog box that may be caused by low 
memory or low resource conditions. 

See Also- 

cdrvxfcr-getfiles0 
cdrvxfer-sendWes0 
CdrvXferDestroyDlalog() 
CdrvXferUpdateDIalog() 
TransferFllesO 

COMM-ORVII,llilrM Professiona~ Serittl Communication Library 
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Example- 

#include <comm.l~z 
i truct cdrvxfer-fipcb p; 
Int Blal; 
inc pfM=O; 

int pmtocol=6; 
Ink . direclinn.ll; 

char *f6pcC=’\!lmp\\*.*”; 

see AISO- 

cdrvrfer_gefllesO 
cdwxfer-sendlle@ 
Cd rvX ferCreateDhlogO 
C6rVXferUpdateDialogO 
TralisrerFUesO 

Page 264 CdrvXferDeslrovDlalop 

CdrvXferDestray Dialog 
Description- 

This functions destroys a dialog box that displayed the file eansfer statistics for a stale 
driven file transfer. It is used in conjunction with the CdrvXferCreateDialogO and 
CdrvXferUpdaleDtaIogO functions. 

Syntax- 

stat = CdrvXferDestroyDialog(fipcb); 

On Entry- 

struct cdrvxfer-ftpcb *ftpcb; 

Pointer to a file transfer port control block to be used with a file transfer. This 
function i s  usually used when onc of the state driven file Wmsfcr functions 
(cdrrdcr_getflicaO, cdrvxfer_gclfiiiles(). TraoeFerNlarO). 

on mt- 
int stat; 

0 if no error. 

COMM-DRV/lABTM Proresslonal Serlol Conununlraflon Llbrary 
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Exampie- 

1.. .,,. 
char 
in! 

C63MM-DRV&llP ProFesslonsl Serial ('oirununicetion Llhrary 
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CdrvXferUpdateDiaIag 
Description- 

Pointer to a file transfer port control Mock to b:: used with 8. file transfer. This 
function is usually used when oue of the state driven file transfer functions 
(cdrvxkr_getfiles(), cdrvder_getfdes0, TransferFilesQ). 

Oli E&- 

int stat; 

0 if no error. 

See Also- 

cdrvxfer_getfiles() 
cdrvxfer-sendfilen0 
CdrvXfer CrcateDinlogO 
CdrvXferUpdsteQlalogO 
TrPnsferFilesO 

COMM-DRVILIBTM Professlonal Serial Communication Library 
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Exampfe- 

Yincluda ccomm.h> 

COMM-DRVILIIP Professional SCrIal Communlcatlon J.lbrary 
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FileTransferDialog 
Descdptlon. 

This function enables or disables the display of a dialog box with file transfer progress for 
the cdrvxfer-.files(), cdrvxfer-sfilesu, and TrsnsferFiltsO funclions. 

Syntax- 

stal = FikTransferDialog@or,modc); 

On Entry- 

in1 

int 

on Eri t- 

int 

See Also- 

PO* 

Port previously opened with IdtlsUzePortO. 

mode; 

Disable the file transfer dialog. 
Enable the file h.ansfa dialog. 

0 
1 

slat; 

If port was not initialized. -1 

COW-DRVfLIbM Professional Serial Communication Llbrary 
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SetXferParameters 
Dcscrlptien- 

Sers fiie transfer custom parameters like retries, time-outs, etc. 

Spntax- 

stat = SetXfi: PusmctcrsIcsrrt~rtid~~~~~~, 

on Entq- 

unsigned int canimanct 

This vm'kble is set to one of h e  fo'oikowing symbols. Note kat  the vahe variabk 
cocrelnr; BP, VE!K or syrnkls IS cxpkined nex: tcj the ccimmnaid symbol. 

unsigned long value; 

This value depends on command above and its possible content are described 
above BS well. 

Sets one OF the receive file options. Thc options are described below. 

value = CDRVXFER-PAW-RECOVER 

Used cause a restart of a RIe transfer that crashed or was previously 
discontinued from lhe crash polnt 

value = CDRVXFER-FARM-OVERWRITE 

Used to cause the oveiwite QF a fik if it dready exists. 

value = CDRVXFER-PARM-RENAME 

Used to cause the incoming file to be rcnamed if a duplicate file was 
present. 
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value = enRVXPER-PhRM-SKJPSAMP, 

Used to cause the incoming file to be skipped if a duplicate tile was 
prcsent and have the same datdtimc and si72. 

conimand = CDRVXFER-RCVReTRYCNT 

Sets the rctry count nn railed packets while rccciving files. 

value = retry couni 

coninlend = CDRVXPER-RCVl'TIMER 

Sets the number of 1118th aeconds tics lo wait for characters while receiving 
files. 

value= t ics 

command = CDRVXFER-RCVOTIMER 

Sets the number of I / tR th  seconds to wait for outgoing characters IO be 
transmitted before assuming an ermr vrhilc xecdving files. 

vnlue=tics 

commend = CDRVXPER-XMTRIZTRYCNT 

Sets the retry count on failed packets while sending files. 

valut=retty count 

command = CDRVXFER-XMTITIMER 

Sets the number of 1118U1 seconds tics to wait for characten while sending files. 

vslue=lics 

COMM-DRVILIB" Professional Scrlal Communfcoilon Library 
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command = CDRVXFER-mTOTIMER 

Sets the number of 1118th seconds to wait for outgoing characters Lo be 
transmitted before assuming an error while sending files. 

valuestics 

On Edt- 

int stat; 

CDRVXFER-ERR-NONE If the file transfer was successful. 
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Tra nsferF'i tes 
Descrlplion- 

Transmit or receive fi!c(s) with specified protocol. This function is SFCI! for t:anslti:ting 
and receiving files. rbr any file trarisfer session il must be called with three differen? 
cornlands with the m i e  augments. The first is to initialize some file wansfe'er 
parameters. Thc second Command la to actually pcrform the fiic transfer. The user shhoirld 
continue to cef! this k?nc?ioe ~ i g h  the seccnd co;;iiiimii tilntii it returns a status other than 
CORVXFER..EWR-IiUSU. Before the user exits &e fiie transfer session, the third 
command should be Sent to release any resources that wcre al!clea!ed. If the ::szi aa& io 
pre'ematurciy aboit fie transfer, rhe function with the third command should be calf& and 
the session exited. 

On Ertlcy. 

int poi;; 

Port over which transfer will OCCUF. 

int cmd: 

0 Initialize transfer. This Function should be called once with this 
command for thc sfart of every file transfer session. 

Perform t rader .  This functiaa should be called with this command 
continuously until it no longer returns the status 
CDRVXFER- ERR-MUSY. To abort the transfer prematurely, simply 
s t q  cd!tng 

Cleanup when transfer complete or abotced. This function must be 
called at the end of a fite transfer function. 

1 

hiinctian wii this command. 

2 
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int direc bi on; 

0 'To send a file. 
I To receive a fiie. 

int prCitQCOl; 

XMODEM 
XMODEM 1K. 
YMODaM 
YMODEM Bttrch 
YMODEM G 
YMODBM G Batch 
M O D E M  
XMODEM(Checksurn) 

*fspec; 

Filename. If the filename has a path and files are being received, the files, will 
reside in  the directory in the path. 

stmci cdrvxfer-ftpcb 'ftpcb; 

Pointer to the file transfer control structure. Between calls lo this hnction, this 
structure will contain updated information as follows. These values may be 
displayed or processcd by the calling application. 

On Exit- 

ini stat; 

If the file transfer was successhl. CDRVXFER-ERR-OK 

CDRVXPER-ERRSERIAL A serial 110 error h a s  occurred. This could 
be caused by a broken serial communication 
cable, a bad UART or some olher s e n d  
error. 

h MSDOS error occurred. This may bc 
caused by an error opening, writing, reading, 
or closing a file. 
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CDRVXWR-ERR-PROTOCOL A protocol enor. This happens when an 

CDRVXWR-ERR-BUSY 

CDRVXFER-ERR-CANCEL 

CDRVXFER-ERRJNVPORT 

CDRVX PER-ERR-PNAME 

CDRVXFER-ERR-MEMORY 

Apcb-Pblksiz 

Rpcb->curblk 

Rpcb>currenterr 

flpcb-%mor 

ftpcb-xxtmor 

ftpcb->thandb 

incampatibilily between the file transfer 
pmtocal between the two transfming 
machina occur. 

File transfer is still in progress. 

Thc remote issued a cancel. 

An invalid h a 1  pnn wns selecled. 

An invalid fiknamc WBS given. 

A memory ahcalion mor hla occurred. 
This error may be c a d  due to II lack of 
memory. Moat campitem csuses an 
executable to allocate all memory on startup. 
You may want lo use he ucbdr program or 
some othcr compiler utility to adjust the 
maximum amount of memory thc execulablc 
may allocate. 

Size of the block being t ransfed.  

Current block being transferred. 

Emr count for the file currently being 
transferred. 

Current enor codc(usudly 
CDRVXFER-ERR-BUSY during file 
Iransfkr). This  is  the sntnc value returned by 
this function. 

An extended error code. 

Operating syslem fife handle of file cumnily 
being transferred or - I  if file is closd. 

Fulfy qualified pathname and filename of the 
file being transferred. 
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fcpcb->numbytes Number of bytes transferred in the current 
tile. 

ftpcb-dfSetbytes This is the offset in the file where the current 
file transfer began. The difference bctwcen 
ftpcb->wmbytcs and this value gives the 
actual number of bytes transferred in the 
current file this session. This value is pea- 
than zero for the ZMODEM transfer wben 
cresh recovery is in effect. 

ftpcb->f.sizr: 

flpcb->f.datc 

Apcb->f.tirne 

Total of all errors for the current session. 

The bit CDRVXFER-FLAC-FILEDONE 
is set when the file transfer on II particul~ 
file is complete. This bit should be resct 
afier it i s  tested. This bit may be uscd to 
determine when some statistics need 
updatin&hlcname. counts, etc.). 

Size of file that is being received. Note that 
some file transfer programs do not transmit 
the file size. In said case this value will be 
zero. 

Date of the file beiog received(D0S file date 
format). Note that some file transfer 
pmgrams do not transmit the filt date. In 
said case this value will bc zero. 

Time of the file being reCtivcd(D0S file 
time format). Note that some file transfer 
programs do not transmit the file time. In 
said case this value will be zero. 

ftpcb->f. fbu f.dos-size 

ftpcb->f.fbuf.dos-wr-date 

Size of file that is being transmitted. 

Date of the file being transdtted(DOS file 
date format). 

Time of the hie bcing transmitled(D0S file 
time format). 

ftpcb->f.fbuf.dos_wime 
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See Aka- 

#include cco1nni.b 
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l l0W Level Functions 

Set time-outs on character reception &L &ms~mission. 

Tuns the DTR signal off. 
Tunis the DTR signal on. 
Seiectiveiy Bushes input and ourput buffers. 
Gets pointer to COMM-DRV system data mea. 
Reads R byte from input buffer, 
Reads R packet from input buffer. 
Gets port informatton. 
Gets port modem and line stntus. 
Returns the highest addressablc port number. 
COMM-DRV multiplex function. Used to setup user callback 
functions, initialiLe certan variables, ctc. 
Qictiee a byte for transmission. 
Queues a packet for transmission. 
Writes to specified 8250 type register. 
Turns RTS off. 
Turns RTS on. 
Setup user in?crrqt knctions(uscr callback). 
Sets baudrate diviswr for 8250 style UARTs. 
Instatls or modify a serial part. 
Non-destructively rcads a packet from input buffer. 

Uz-izs+Ais 2 pes. 
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ser-rs232-bIock 
Descdptton- 

Thin routine seis Ihe blocking time on boih the inputting and outputting of data 

Syntax- 

stat = ser-rs232..block(porc,inblnck,outbl~k) 

On Entry- 

in1 port; 

A porr previously opened with the scr~r~23Z-scCup~ function. 

int inblock, 

Number of ll ldth I)M: incremcnls to wait for input. The ~er_rs232_gctpacket(), 
ser-n232~vfrwpacket0, and ~er-ra232-getbyteo functions will hang for up to 
the amount before returning with an error. 

int outblock; 

Number of 1118th sec increments lo wait For the ourput buffer to get space for 
data. The rer-rsW2-pu~packetO and scr-rcr232-puthytc0 functions will hang 
for up to the amount before returning with an mor. 

On Exlt- 

int stat; 

Error codes described under errors in APPENDIX C, 

Set Also- 

ser-rsZ3Z-setup() 
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Examples- 

#include <com.h> 

int 
int 
int 
int 

slat; 

inblock&, 
outblock=4; 

port*; 

if ((stat = ser~rs232~block(p6~inblac~outblock)) I= RS232EW-NONE) 
I 
printF("Error # %d\n"); 

I* Take remedial action *I 
1 
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ser-rs232-d t r-o ff 
Description- 

Turns the DTR signal off. 

Synlax- 

stat = ser_rs232_.dtr_olf(pnrt); 

On Entry- 

int pow 

A port previously opened with the scr-rs232-setupo function. 

On Exit- 

int sia1; 

Enor codes described under errom in APPENDIX c. 
!kt Also- 

scr-rs232-d tr-onfl 
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Examples- 

#include <comm.b 

int stnt; 
int port=o; 

if ((slat = ser_re232_dtr_off(port)) I= RS232ERR-NOHE) 
I 
printf("i?rror # %dW); 

/* Take remedial aclion */ 
1 
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Exampiea- 

#include <comm.h> 

int Stat; 
inr port=O; 
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ser-rs232-flush 
h r l p t l o n -  

This routine selectively flushes either the input. output, or both the input and output 
communicntion buffers. 

' 

Syntax- 

stat = ser_rs232_flus~(port,arg) 

On Entry- 

int pout; 

A port prcvioualy opened with the eer-m232_setup() function. 

int wg; 

0 to Rush input buffer. 
1 to flush output buffer. 
2 to flurh input/output buffers. 

On Exit- 

int stat; 

Error codes dcsctibcd under errors in APPENDIX C. 

S n  A b -  
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Eramples- 

#include <comm.h> 

int stat; 
int pOrt=O; 

if ((stat = ser-rs232-flush(port,O)) I= RS232ERRJONE) 
1 
printf('6mor # %dW); 

I* Take rcmddial action *I  
I 
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ser-rs232-getby E& 
Descrlp ttan- 

This routine gc!s a by?" &om rhe c l r c d ~  i n p i  com%nuniceiirrc huffe:. If a lime-ooi was 
set with Lhe ser-rs232-block(E or ffle ser-rs232-selupll call, hen rhis CE!! gll! h%:g 
up to !he time-out value before reitwing with RIP error if no data was present. 

Syntax- 

stat = ser-rs232. geihyte(poa,ck) 

07" Enlry- 

int p a  

A port previously opened aith the ser-m232_sefup() fitt?ction. 

Cilar 'Ch; 

Pointer to a byte in which to place the received character. 

QE? Exit- 

int stat; 

Error codes described under errors in APPENDIX C. 

See Also- 

ser_rs232-gdpacket0 

COMM-DRV/LWM Professionai Serial Comtnunkstlon Lllurarjl 
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E%xampies- 

#include ccomn~.h> 

int B U G  
int p0ri=O; 
char ch[lI; 
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ser-rs232-getpacke t 

Ikscrlptlon- 

This function gets a fixed length packet from h e  input communication buffer. Note that fl 
the size of rhc input communicaiion buffer is nul ai ! e m  the size ofrhc pucker. then this 
call will ulwuys fail. If a time-out was sel with the ser-ra232-block() or thc 
scr-rs232:_sotupO call, then this cat! will hang for up to the time-out value before 
returning with an error if enough data was not present. 

Syntax- 

stat = ser~m232_getpacket(po1i,coun1,ch) 

On Entry- 

int 

int 

char 

On Exit- 

int 

See Also- 

P O K  

A port previously opened with the ser-rs232-se~upO function. 

count; 

Number of bytes to read. 

+Ch; 

Fainter to lht buffer to place L e  packet. 

stat; 

Error codes described under errom in APPENDIX C. 

ser.-rs232_gethyfe() 
ser.-rs232-vlewpacket 0 
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Examples- 

#include <comm.h> 

int sta1; 
int pon=O; 
Char chllO]; 

if ((stat = ser-rs232_gctpacke~@ort,sizeof(ch),ch)) I= RS232ERRJONE) 
( 
printf("Error # %dW); 

I* Take remedial action *I 
I 
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Titi? rotAiic gels B copy of the particular port's port con1101 block(pcb). '€he port control 
brock is d e h d  IF. d e t d  tn APPEXfXX B & AFCPZNbiX e. 

Sytltax- 

s;a: = ses-s s2;2_geiport(port,pctl) 

On Entry- 

int Po@; 

A port pres'iausly opened vt1Lf the ser_ra23~-settrp\~ thclian or a port no6 
ini:ialircd. If the pori WE$ n=t p;e;liii;s!j opened, &en the mturned PCB is a 
defBull lemplale This fumt?QrI should be calied beforc the first LISC OF the 
filnctiun ser-r923Z_setupO to pre-iniiieiize the i?CB template. 

strhcl port-param *pcbb; 

Pointer to the structure that will contain the copy of the port control black. The 
different items in the structure above arc defined in APPENDLX B and 
APPENDIX C. 

On Exit- 

int stat; 

Error codes described under errom in APPENDIX 0. 

See klso- 

~er-r~23z-~et~pi) 

Examples- 

#include <com.h> 

in t stat; 
port=0; int  
pcb; suucc port-param 
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ser-rs232-ge tregis ter 
Lkscdpfloc 

This rouline gets the particuler register from the UART. It is as sun^ that it is a UART 
compatible with the 8250 regisler sc!. Because COMM-DRY work with rnultiport cards 
that may not contain an 8250 or compatible UART. it k possible that all the registers will 
not be implemented. Sub-deviccs in general will always mum a valid 8250 sryle MSR 
and LSR register. 

Synian- 

stat scr_rs232_ge~egister(po~,offset,value~ 

O n  Entry- 

int Pan; 

A port previously opened with the ser-r~232_selupO hnction. 

int offset; 

Offset from base of the physical UART addresa. Thew offsets am define 
symbolically in commh. They are 

BAUD-LOW 
BAUD-UICH 
DATABUF 
LER 
IIR 
FCR 
LCR 
MCR 
MSR 
SCR. 

int 

Low baud rate divisor register. 
High baud rate divisor regisrr. 
Inputlourput data register. 
Interrupt enable register. 
Intettupt identification register. 
FIFO control register. 
Line control register. 
Modem control register. 
Modem slatus register. 
Scratch register. 

*value; 

Pointer to the byte where register content is placed. 
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On Wt- 

int stat; 

Error d e s  described under errors in APPENDIX C. 

See Also- 

ser-rs232-putreglsterO 

Examples- 

#include <commh> 

int 
int 
int 

SW;  

value; . 
pmdk 

if (@ut = 1 ser-r~232_gelregister(pott,MCR.&vaIuc)) I= RS232ERRJONE) 

prini$’Emr # %d\n”); 

I+ Take remedial aclion *I 
1 
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ser-rs232-getstatus 
Dewriptian- 

T h i r  routine remew? hz !!::e s?a:iis ad modenr S:EIUS for e pwlc.?!crpit. ?hts Function 
may be used to dctetiti~nc if Carrier Detect, CTS. USR, Ring Kndrcafor. Breek, or Line 
Errors have OccurTed. 

Syntl3x- 

stat = ser-rsZY2 getstatuslpoat,status) 

OR Entry- 

int port; 

A port previously opened with (he ser-rs232-setup() fur;c:lon 

char *status; 

Poinfer lo a two byte array to store the MSR and LSR. 

On Ex& 

char *s talus; 

s\atus[Qj mudem sttilus regis~er. 

If  onding stet[Qj with MSR-CTS is Lrue. the CTS signal presenl. 
If anding statIQ) with MSR. DSR is tmc, the DSR signal present. 
If anding slst[OI with MSR-RI i s  hue, the Ring lndlcator signnl present. 
If unding slat[Ql with MSR-DCD is true, the Carrier Detect signal present. 
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See Also- 

Examples- 

in1 
int 
Char 

stat; 
port=o; 
slatus[2]; 

if ((stat = ser_rs232_gctstatus@u~,status)) I= RS232ERR-NONE) 
I 
prhf("Enor # SbdW'); 

/*Take remedial action */ 
1 
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ser-rs232-maxport 
Descdptlon- 

This routine returns the highest port number supported by this package. 

Synlax- 

numport = ser-rs232. maxporl() 

On Enlry- 

None. 

On Exlt- 

int 

Srt Also- 

numport; 

Highest port number that may be used. 

Examples- 

#include <comm.h> 

int 
int 

numport; 
port=& 

if ((numport=setrs232maporl~) I= RS232ERR-NONE) 
I 
prinlf("Error I %d\n'3; 

I* Take remedial action */ 
1 
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ser-rs232-misc-func 
Descriptton- 

This mutine is the COMM-DRV catch all function. The use of this call is shown in 
erample8.c. edntfhcc. e*sniple'l.e, and others. It i s  used to sct paramcbrs for 
asynchronous callback functions, setup timcd callback functions, send data immediately 
ahead of the output buffer queue, and much more. 

Syntax- 

On Entry- 

int port; 

A port ptcviously opened with the eer-r~232_setup() function. 

unsigned short cold; 

Sub-command for this function. Scc nota below. 

unsigned long arg; 

Value specific to the particular command selected. 

Notes- 

All commands beginning with the prefu WAIT create a timcd asynchronous event. A 
timed asynchronous event calls the user function on two conditions. The first is if the 
timed event had occurnd. In this case the user interrupt routine is called with the lowest 
bit of the val parameter to lhe user interrupt function set to 1. The second is if the timed 
event did not occur and the time has expired.. In this case the lowest bit of the val 
panmeter to thc user interrupt fnnction is set to 0. 
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?'ire rerjrn value %rim die user determines if the event will be recycied If the rebum from 
thc user iRleirilpC h~un~lion is 6 then the event is freed, otherwise it is recycled with fhe 
returned vafue being the new event t h e  out The user iniemupt function nlust have been 
prcwusly instailed wid1 tire ser-rs232-seiJntluncO function with h e  
rk fi JKC-O'i h E R  kilt sc:. Sze the description 1 "... 

W.4 ITCTSON 

WA ITLTSOFF 

WAI'I'DSRON 

WAITDSROFF 

This cornrnnnd creates a limed nrynchtcr:cns evcli: 
callhnck that will wait up m the specified tics in nrp 
for t he  carrier deteel to turn an. The User interrupt 

INTWNC-VWMTCDON. 

This command creaies a timed nsynchronous even[ 
that will wait up to the specified tics in arg for the 
carrier deiect to turn off. The user interrupt function 
is called with the high 5y:e i~ id  set $0 
INTPUNC-VWMTCDOFF. 

This command creates a tined ssynchronoils eVmF 
that will wail up to Ihe specified tics in srg for the 
clear to send signal to turn on. The user infermpt 
function is called with flie high byte in rd s t t  to 
INI'FUNC-VWAITCTSON. 

This command creates a timed asynchronous event 
that will wail up lo thc specificd lics in arg for the 
clear to send signal to turn off. The user intempt 
fiinction i s  called with the high byte in vut set to 
1NTWNC-VWAITCTSOI. 

This command creates a limed asynchronous event 
that will wail up to the specified tics in arg for [he 
data set ready signal to turn MI. The user infempt 
function is caFled with he high byte in vat sei io 
IN TF;PINC-V WAITDSKO N. 

This command creates a timed asynchronous event 
that will wait up to the specified tics in arg for the 
data set ready signal to ~ U I R  off. The user intempt 
function is called with the high byte En vnl set 10 
INTFUNC-VWNTDSROFP. 

F.n*i.^r ...,LUn, is csiIel: wirh ihc high byre in vat S E ~  to 

WAITRIQFF 

WAITXEMPTY 

WAITREMPTY 

This c o m n d  creates 8 timed asyncbonous ewene 
:&it. wi!! v&: LO &e s p ~ i k d  tics ix arg ksr the 
ring indicator signd to turn aa. Thc user intemp! 
function is csiieri with the high byte in vai 5et to 
INTrZJJNC-VW~TRrCN. 

This command creates a timed asynchronous event .\-. ii r r  wi" i E  cdi .. 
ring indicator signal to turn OK. The user intempt 
function is called with the high byte in vaI set to 
INTFUNC-VWAITFJOFF. 

This command creates a timed asynchronous event 
that wiii wait up to the specified tics in arg for the 
tldasmit buffer to empty. The user intempt  function 
is called with the high byte in VEI set tQ 
INTPUNG-V WAITXEMPTY. 

This cormand creates a tiad asyacb~cwus evext 
that will wait up to the specified tics in arg for the 
transmil buffer to be not empty. The user interrupt 
function is called with the high byte in vat set to 
INTFUNC-VWAETNQTXEMPTY. 

This cornmanil creates a timed asynchronous event 
that will wait UP to the specified tics in srg for die 
receive buffer to empty. The user intempt function is 
called with the high byte in vaE set to 
INTFUNC-VWAITREMPTI. 

~p in &e s p i S e 9  tics in arg b i  tke 
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WAITRNOTEMFTY This command creates a timed asynchronous event 
that will wait up to the specified tics in arg far the 
receive buffer io  be not empty. The user intempt 
function is called wilh the high byte in V a l  set to 
INTFUNC-V WAJTRNOTEMPTY. 

WAITl'IME 

WAITXCOUNT 

This command cream n timed asynchronous event 
that will wait up to the specified tics in lug before 
issuing a callback to the user intempt function. l'hc 
user inturupt function is called with the high byte in 
v d  set Io I"C-VWAITI1ME. 

This command crc~telt a timed a3ynchous  event 
that will wait up to the specified tics in arg for Ihc 
transmit buffer to be equal to or less thsn the value set 
with the ser-r&3Z-m&c-funcO SETXCOUNT 
command. The u d c ~  inlenupt tbnction i s  called with 
Ihe high byte in vel wt to 
INTFUNC-VWAITXCOUNT. 
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SENDNOW 

SETRCVCHR 

SMmyNTCHR 

This command causes data to be transmittd ahead of 
any data buffiicd in the transmit buffer. arg is the far 
painterto datn shuclured as follows 

slruct 
I 
unsigned 
char &talcountJ; 
I: 

count; 

Count cannot be larger than SENDNOWBUFSIZE. 
This mechanism that is used to transmit thc datn is 
referred to as the "sendnoslr" mechaniim, 
transmission, or method throughout the manual. Note 
that then can bc only one outstanding "sendnow" in 
effect per port at anytime. As such if  another thread 
of the application issued a "sendnow" transmission, 
and it is not complete when tb function is dkd, 
this function will fail. Whenever a SENDNOW datn 
transmission terminates. the asynchronous user 
callback (if it was instnllcd with the 
rer_lrt32~er-in#iic() function) Will be called with 
the high byte of the val parumeer set to 
INTFUNC-VSENDNO WDONE. 

Thu command seta the character that will be used as 
a receive character comparator (nrg). It is u d  by rht 
asynchronous callback function 
INTFUNC-RCVCHR that is set with the 
ser~rs732~iet~~nUuncO function. 

This command sets the character that will bc used as 
a transmit character comparator (Erg). It is used by 
the asynchronous callback function 
MTFONC-XMTCHR that is act with the 
ser~r~232-1stt_fntfunc~ f'unction. 
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SETORFICWT 

SETRCOUNT 

SETXCOUNT 

'This cornma!:d sets thc c w n t  flriil will bc used ~ I J  

gerlcrate BR esynckronous ca!lback to the user 
intemp! Function. 'I'he callback occurs when the 
input buffer dccrcnicats !o the count i n  arg. It is used 
by tbe t15~ncbiious cdtiback ~ U G R C ~ ~ O R  

INTmlNC-IBFDCNT that is set with 
serrs232_set_Entfune() funciion. 

This command sets the couriC thai will be uscd io 
generate an asynchracnnacnua caflbeck thi: zser 
inierrupt funclion. The callback Q C C U ~ S  when the 
inpiit Stiffer 'increments to the count in erg. it is used 
by fie asynchronous callback function 
INTIUNGIRFICNT that is sei with the 
ser_rs232_set_tnlfun(~ function. 

This command sets the count ths: will he rased to 
generate an asynchronous callback to the user 
inicrmpt function. The callback OCCUTS when ~ h c  
output buffer decrements to ihe count in arg. Et is 
used by the asynchronous collback function 
fNTF34C-OBFPCNT Lhet is set with the 
ser-rst32. set-intCuncO hnciion. 

This command sets the count that will be used to 
generate an asynchronous cdlbtlck to ihe user 
intempt h ~ t i ~ n .  Tha callbnck cccuis when the 
output buffer increments lo the count in arg. I t  is used 
by the asynchronous callback function 
INTIWNC-OBFfCNT that i s  set with the 
ser-rs232-set_intr~nc() func ticn. 

l h b  command sets ihe receive buffer count used by 
the WAITRC3.JNT timed event. arg specifics the 
count. 

This command sets the receive burfer count used by 
the WAITXCOUNT timed event. arg specifies the 
count. 

CC~MM-I~KV/LCBTM Professlonot Seriei Cammuntcattnn Llbrery 
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irYt 
illt 

stat; 
port=0; 

I* Take remedial action *I 
1 
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ser-rs232-putby te 
Descrlp tfon- 

This routine piits a byte into the circular output conrmunication buffer and is queued for 
transmiasion. If a time-out was set with the ser-rs232-blork(J or the str-rs232-~ctup() 
call, then this call will hang for up to the time-out value bcforc returning with an error if 
no space in output buffer wus available. 

' 

SYtltSX- 

stat = ser-.rs232-putby!e(port,ch) 

On Entry- 

in! pori; 

A port previously opened with the scr_rs232-setup() function. 

char +ch; 

Pointer to buffer with charactcr to output. 

On Eldt- 

int stat; 

Error codes described under crron in APPENDIX C. 

SFX Also- 

scr-rs232-putpacket0 
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Examples- 

#include <comm.b 

int stat; 
int port=@ 
static char chll='a'; 

if ((stat =~scr_rsZ32_putbyte@ort,ch)} I= RS232ERR_NONE} 
I 
printf("Errar # % d W h  

/* Take remedial action Y 
1 
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ser-rs232-p utp acke k 
Desedptlon- 

'k'tiis routine puts a fixed size packei i ~ i o  die output communication circular huffcr. No?e 
rtiat if the output  huffcr is nul aL leari the size of the p~ckcl  the cail will alwnys fail. If a 
time-out was set wiih the ser..rs232-hlnck() OF the ser-rs232-selup6~ call. then this cai! 
will hang for up In tiis tirne-wt vaCuc before returning with an  ITO OF i f  no space in output 
Suffer y1"s suailshle. 

Syntax- 

Slat = ser.~rs232_pu~~ackct(port,cuunt,ch) 

Examples- 

#inch& <conun.hs 

ict Stat; 
i nt port=@ 
static c h z  ch[J="FtZSSWORD: ; 

if ((stat = ser-.rs23~-purpacht(port,sizeoych),ch)j I= RS232ERR_E.fOE\iE) 
f 
piPntf("8rror # %dW'); 

opit Eii:ry- 

int 

int 

char 

On Exit- 

int 

See Also- 

p0rt; 

A port previously opencd wilh thc ser-rs23Z-setup0 function 

couns; 

Numbw of bytes to read {Size ofpacke!). 

*ch; 

Pointer to buffer to place packet.. 

stat; 

Enor codes described under errors in APPENDIX C. 
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ser-rs232-putreg is ter 
Descrfptlon- 

Writes a byle to a parlicular UART’s register. Because COMM-DRV also works with 
non-standard serin1 port, this call may not be supported in those instances. 

Syntnx- 

stat = ser-rs232 puircgister(piri.o~fsct,value); 

On Entry- 

int port; 

A port prcviausly owned with the scr~rs23Z~selup() funclion. 

int offset; 

int 

Offset from base of l e  physical UART address. These offscls are define 
symbolically in e0mm.h. They arc 

BAUD-LOW 
BAIJD-IIIGH 
DATABUF 
IER 
IIR 
FCR 
LCR 
MCR 
MSR 
SCR. 

Low baud rate divisor register. 
High baud rate divisor register. 
Inpu(lou1put data register. 
Intempt enable register. 
Interrupt identification rcgisler. 
PlPQ control register. 
Line control register. 
Modem control register. 
Modem statw registcr. 
Scratch register. 

value: 

Value to put in register. 

int stat: 
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Error codes described under errors in APPENDIX C. 

See Also- 

ser_rs23Z-getregtsterO 

Exnmples- 

#include <comm.hr 

int 
int 
int 

stat; 

value=Ox3e; 
por(=o; 

if [(stat s scr_rs232_putrcgister~~~CR,v~ue)) I= RS232BW-NONE) 

printff‘,€?rror If %d\n”); 

/*Take remedial action *I 
1 
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Syntax- 

irit 

Baudrare index. This corresponds 10 the baud rate whose divisor will b6 replaced 
(e.g., RAUD9fifJO). 

batiddiv; 

Ef cardrype=@ART)_NORMAL or CARD-WCSCVXD, then &e value to w e  as 
the new baud rate divisur I s  

BaodrateDivisor =L&42,2_00 - 
(CesiredBaudrate X 16j 

If cardtype=CARD-WNAPI. then the value to use as the new baud rate divisor 
i s  simply the baudrale(e.g., for boud=4650 then bauddiv=4650). Other cardtypes 
are not supported. 

On Exit- 

int stat; 

Error codes described under errors i n  APPENDIX C. 
See A b -  
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int 
int 
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ser-rs232-rts-off 
Descrtptlon- 

Turns the RTS signal off. 

Syntax- 

stat = serrs232_rts-off(~~)t); 

On Entry- 

int port: 

A port previously opened with the ser-ra232-setup() function. 

On Exlt- 

int SIOI: 

Error codca described under errors in APPENDIX C. 

See Also- 

ser-rs232-rls-on() 

COMM-DRV&IBrM Professlonnl Serial Commnnlcation Library 
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Examplee- 

%include <comm.h> 

int Stat; 
int port=& 

if ((stat = ser-rs232-rts-off@ort)) I= RS232ERR-NONE) 
I 
print€("Error # sbd\n"); 

I* Take mmedial action *I 
I 
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ser-rs232-rts-on 
Descrdptlon- 

Turns  he R'TS signal o n  

Synta?- 

stilt = ser_ts232_rt~_on(pc~~~;  

on Entry- 

-... i n 1  poz; 

A port previously opened with the ser_rs232_setup() function. 

OR Exit- 

int stat; 

Error codes described under errors in APPENDIX C. 

See Mso- 

ser-r~232-rcs-off(fo 

Examples- 

#include ccomrn.h> 
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ser-rs232-set-intfunc 
kcriptfon-  

Installs or de-installs user interrupt function. The example cnfntfnc.e and several 
Windows examples illustrates the uaage of this routine. The routine &et is insidled is 
called either during a timer interrupt or a serial communicalion interrupt. As such the user 
interrupt function must be reentrant. 

Syntax- 

On Entry- 

int 

short 

short 

stat = ser~rs232~~et~int~nc(port.fun3mask); 

port; 

A port previously opcncd with the ser-rs232-sclup() function. 

((far * (far *func))(shon vat): 

Variable with pointer IO the user interrupt function. This WRJ defined this way so 
that with one argument we are able lo get bolh the function and its data segment. 

imask; 

The diffcrent masks in imask tells what asynchronous events to monitor. The 
special mask INTFUNC-X allows the setting of an additional set of masks. 
Following are the events. If imask==O then all interrupts to user intempt 
functions arc disabled The different masks may bc orred together to create 
asynchronous callbacks for several events. 

Masks valid only If INTFUNC-X Is not orred to Imus&. 

INTFUNC-MODEM Causes a callback to the user interrupt function on 
every modem status change. Thc user intempt 
function is called with the high byte of the os1 
parameter set lo INTFUNC-VMOUEM, The low 
byte of V a l  contains the modem status register. 
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INTFUNC-STAT Causes a callback to !he user inlempt function on 
every line s tam change. The user intempt function 
is called with Ihc high byte of L e  V a l  paramckr Set to 
INTPUNC-VSTAT. The low byte of val contains 
the line s t ~ t u s  register. 

Causes a callback to the user intempt fuaction on 
rcception of every character. The user intempt 
function i s  called with the high byte of the vnl 
parameter set to INTJNNC-VRCV. The Low byte of 
Val contains the received character. If the user 
i n tmpt  function returns -1 then the character is not 
buffered, othenvise the user return is taken as the 
actual character to buffer. 

Cwxs B callback lo the user intempt function before 
transmission of evcry character. If the user interrupt 
function returns a -1 then the charactet is not 
transmitted. othenvisc the user return is takcn as the 
actual chsracter to transmit. The user interrupt 
function is called with the high byte of the val 
paramem set to LNTFUNC-VXMIT. The low byte 
of val contains the character to be transmitted. 

Causes a callback to Ihe user interrupt function whcn 
the input buffer decrements to the value that was 
previously specified with s e r ~ r s Z 3 2 ~ ~ ~ f u o c O  
fundon. sub-command SETIBFDCNT. 

Causes a callback to the user interrupt function when 
the input buffer increments to the value that was 
previously specified with ser-rs2j2_mfsf_Eunc0 
f'unction, sub-command SETIBFICNT. 

INTFUNC-OBFDCNT Causes a callback to the user intempt function when 
the output buffer decrements to the value that was 
previously specified with ser-rs232-dsc-func~) 
function, sub-command SETOBFDCNT. 

INTFUNC-RCV 

INTFUNC-XMlT 

INTFUNC-IBFDCNT 

INTFUNC-IBFICNT 
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rnisxs a cabiback to :he i i x i  Iri:empt function when 
!be nutput buffer increments to the value &at was 
prcviously specified with ser-us232-rnisc~~ne~ 
hnction, wb-conmad SETQBFLCNT. 

This bit FWSl be set if  their will be rimed event 
cdlbscks that arc setup wiU1 clte 
ser-rs~~l-rmsc.-~uuecU. 

Causes E cdlbzsk to rhc use; izterrrspt f i ~ ~ i i c n  cic 
reception of !he character set by brie 
ser-cs232_1P1Esc-PrtnfO Function's si&-command 
SETRCVCFEIE. The user inrerrupt  med don is called 
with the high byte of the rat parameter set to 
INTFUWC-VRCVCHR. The user in6cnupt function 
shcu?(? rctum the sew cbase?er that wilt cause rhe 
nex! intempt firnciion of this type. 

Causes a callback to the user iaiempt function on 
transmission of the character sei by the 
s e r ~ r s 2 3 2 ~ m 1 s c ~ ~ w n c 0  hnctionb sub-command 
SE'I'XMTC8IR. The use: ititempi Function is caiied 
with fke high byte of the vel' pncameter set to 
INTFUNC..VKMTCHR. The uRer intempt function 
should return the new cbaracler that wilt cause the 
next intempt function ofthis type. 

Mnsks w i l d  only if 1N'I"C-X Is orred lo imask. 

IN'I%UNC-X-C'FS Causes a callback to the user interrupt function on 
every change of the State of the CTS input. The user 
ifitempt function is cailed with h e  high byte of the 
val parameter set to INTFUNC-VX-CTS. Note that. 
the low byte of vel contains the modern starus 
register. As such, the actual stale may be delem'ned 
by icsting the low byte of vat with MSR-.CTS. This 
mask is only valid if INTFUNC-X is also omed 

Causes a caiiback to the user inrcrmpt function an 
every chmnge of the state of the CD(canier deacct) 
input. The user intempt [unction is called with the 
high byte of the vai parslmeter set to 
LWTFUNC-VX-CD. Notz &at $he low byte of vaI 
contains the modern status regisher. As suck the 
actual skate may be determined by testing the iow byte 
of unl with MSR-DCD. This mask is only d i d  if 
XNTFUNC-X is also orred. 

Causes a callback to the user Entempt hnction on 
every change of the state of the DSR input. The user 
intempt tunction is called wilh the high byte of the 
val pwarneter set to ENTFUNC-VX-DSR. NaCe that 
the iow byte of rag contains the modern stam 
register. As such, LIle actual stale rmy be d e t e m h x l  
by testing the low byte of V a l  with MSR-DSR. This 
mask is only valid IIINTFUNC-X is also orced. 

Causes a caiihack to the user interrupt function on 
every change of the state of the Iu(ring indicatorj 
input. The user intermpl function is  called with Lhe 
high byte of h e  vel parameter set to 
INTFUNC-VX-RWG. Note that the low byte of val 
contains h e  modern statas register. As such, &e 
actual stale may be determined hy testing the low byte 
of val with MSR-RI. This mask Is only valid if 
INTFUNC-X is also orred. 

INTFUNC-X-BREAK Causes a callback to the user interrupt funcdon on a 
break detect. The user intenupr function is calied 
with the high byte of the val parameter set to 
INTFUNC-VX-BREAK. Mote that the low byte of 
val contains the iine status register. This mask is only 
vdid ifINTFCJNC-X is also OIE~. 
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INTFUNC-X-PARER Causes a callback to the user intermpi Function on a 
parity error detect. The user intempt Function is 
called with the high byte of the val parameter set to 
INTFUNC-VX-PARER. Nale that the low byte of 
vel conLaina thc line atahlr register. This mask is only 
valid if INTPUNC-X is also orred. 

lNTFUNC-.X-FRAME C a w s  II callback to Ihc user inicnupt function on a 
frnm error detect. The user interrupt function is 
called with Iht high byte of the vsl  parameter stt to 
INIFUNC-VX-FRAME. Note ihu the low byte of 
v d  contains the line atatus register. This mask is only 
valid if INTFUNC-X is also orrcd. 

INTFUNC-X-OVRUN Causes a callback to the UKT interrupt k t i o n  on an 
ovcrmn error detect. The user interrupt finctim i s  
called with the high byte of the u d  paramttm sei to 
INTFUNC-VX-OVRUN. Note that the low byte of 
rrl contains Lhc line status registcr. This mask is only 
valid if INTFUNC-X is also orrcd. 

On Edt- 

int slat; 

Error coder described under errors in APPENDIX C. 

SN Also- 

ser-rs232-mlsc-funr~ 

ser rs23Z set intfunc Page 324 

Examples- 

#include <comm.h> 

int stat; 
int port=% 
int 

IIFunction called at interrupt time 
short F A R  intCunc(short v . s w t  pQarm far *p) 

value=o; 

( 
s witch(v>>8) 
[ 
/* Modem slatus change *I 
case INTPUNC-VMODEM: 
value++; 
break, 

return(v); 
1 

ahort (FAR CDECL func)(short v,struct portgaram FAR *p)=intfunc; 

I* Tdce r e d i a l  action*/ 
I 
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ses-rs232-sef up 
Description- 

int purl; 

Port number lo  opcn. 

SlrULl port- pE?zm *pCb; 

Pointer to an iniliatized port conhol block. See APPENDlX B to determine the 
vatucs necessary for this stmctures initidizarion. 

On Exit- 

int slat; 

Error codes describ~d under errors in APPENDIX C. 

s@e E x m ? p ! s -  

ser_.rs232_gcfpurt() 
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Exampies- 

pcb.ser-rs232-base 
pcb.irq . 
pck.tiaud 
pcb.parity 
pc b.lngth 
pcbstopbit 
pcb.brk 
pcb.protocoi 
pcb.blackI01 
pcb.block[l] 
pcbhbuf-low 
pcb.inbuf-hi& 
pcb.buffcr-6eg 
pcb.buffer-off 
pcb.inbuf_len 
pcb.oulbuf_len 
pcb.cardtype 
pcb.aux-addrl 
pcb.cardseg 

= COLI 1ADK; 
= COMlIRQ; 
= BAUD9600; 
= PAR-NONE; 
= LENOTH-8; 
= STOPBIT-1; 
= BREAK-OW, 
= PROT-NONNOIU'; 
= 0; 
=4; 
= INBUF/4, 
= INBUFQ; 
= (unsigned short)(((Pong)((uoid far *)buf))>>l6); 
= (unsigned short)((Iung)(void far 3buf); 
= INBUF; 
= OUTBUF, 
= CARD-NORMAL; 
=o; 
= OXO; 
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I* 'like remedial action *I 
I 
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ser-rs232-viewpacket 

This routine gets a fixed length packet from the input communicalion buffer. Note that if 
the size o f  the input communication buffer is not at least the six of the packet then this 
call will always fail. The data isn't actually removed from the buFfer. It i s  a non- 
destructive read. 

Synlax- 

stat = ser~rs232~viewpacket@ort,count,ch) 

On Entry- 

. int 

ini 

char 

On Exit- 

int 

See Also- 

port; 

A port previously opened wilh the ser-rs232-setupO function. 

count; 

Number of bytes to read. 

. *ch; 

Pointer to the buffer to place the packet. 

stat; 

Error codes described undcr errom in APPENDIX C. 

ser-r~Z32-ge tb yte0 
ser-rs232_getpacket 0 
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Era mp!es- 

dfincltide <comm.hz 

/* Tske remedial action *t 
1 

User Callback Functions 
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ser-rs232-ifnc-dtr-off 
Desrription- 

Turns the DTR signal (111. 

Syntax- 

slat = ser_rs232_ifnc_d~-off(p~, 

On Eniry- 

struct port-parani *Pi 

On Exit- 

int 

Pninter to the PCR €or the particular port. This is the second parameter passed to 
the user inbrmpt function. 

slat; 

Error codes described under errore in APPENDIX C. 

See Also- 

ser_n232_lfnc_dtr_on() 

Pare 332 ser rs232 Ifnc dlr off 

Examples- 

#include<comm.h> 

int stat; 
int port=O; 
char ch[lQl; 
slruct port-param pcb; 

if ((stat = ser_rs232_i~c_db_off(f(&pcb)) I= RS232ERR-NONE) 
( 
printf("Error # %d\n"); 

I* Take remcdial action *l 
1 
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On Exit- 

in t  siat: 

Error codes described under errors in APFENDtX C. 

See APSO- 

ser_rrr23Zbl'nc-dtr-off~) 
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i* Take remedial acdon 'i 
1 
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ser-rs232-ifnc-getpacket 
Drscrlptlon- 

This functions is called from a user intempt function. The function Ides data from he 
COMM-URV receive buffer and stuffs it at the location specified by the pass4 pointer. 
If the requested number of bytes is not present, then the function fails. 

Syntax. 

stat = ser~rs232_ifnc_gctpackel(p,huf,cnt); 

OR Entry- 

strucl port-param 'Pi 

Pointer to the PCB Tor the particular port. This is h e  second parameter passd 
the user interrupt Function. 

char *buk 

Pointer lo Ihe buffer for inpulled data. 

int count; 

Number of characters to input. 

On ExIt- 

.int 5la(; 

Error codes described under errars in APPFaDIX C. 

scf Also- 

. scr-rs232-lfnc-putpacket() 

COMM-DRVLIBrU Professional Serial Communication Lihrary 
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see m232 Xnc eetpackt Paee 336. 

Examples- 

int 
int 
char 
struct port-param 

if((stat = ser-rs23 

Slat; 
pork% 
chllOl; 
pcb; 

.ifnc_getpacket. p .ch.sireof(ch))) I= RSUZERR-NONE) 

I* Take remedial action-*/ 
1 
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Syntax- 

On Entry- 

char 

int 

On Exlt- 

int 

Pointer to the FCB forthe particuk pori. 'Ris is the second perameter passed to 
!he user inte~upt function. 

*but 

Pointer to the buffcr with data to ourput Note !!IS! this ciala must remain 
availablc since when ibis funclion returns ihc data transnkission would most 
likely not be catnplcied as yet. 

count; 

Number of characters to output. 

stat;  

Enor codes described under errors in API'ENDIX C. 
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Wincludetcomm.h> 
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ser-rs232-ifnc-rts-off 
DescrIptlon- 

Turns the R'TS signal off. 

Synlex- 

stat = aer_rs232_ifnc_rls_off(p); 

On Entry- 

struct pori-parm *p; 

Pointer to the PCR for the particular port. Thin is the se.cod parameter passed to 
- the user intempt function. 

On Edt- 

int stat; 

Error codcs described under errors in APPENDIX C. 

See Also- 

COMM-IlRVII.IB" Professional Serial Conununlcallon Library 
Willies Computer Sonware Company 

Pope 340 see m a 2  ifnc rts off 

Examples- 

Uincludc <cornm.h> 

int stat; 
int port=& 
char ch[lO]; 
struct portjaram pcb; 

if ((stat = scr_rs232_ifnc_rts_off(&pcb)) I= RS232ERR-NONE) 
I 
printf("'Enor #I %d\n"); 

/*Take remedial action */ 
1 
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Examples- 

#include<comrn.h> 
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Usine The Assembly Language Interface 
Assembly language programmers may c ~ l l  any of \!IC serial communication routines without the C 
overhead. These routine3 will be cnibedded in the application code. ' h s c  routines are simply 
called as per the cunvention?r shown below. 

Applications should have the following externals declared 

extrn 
exlrn 
exm 
CXIIn 

CX(m 
extrn 
exon 
extm 
extrn 
exm 
extrn 
CXbn 
exhn 
extrn 
extrn 
exfrn 
extrn 
t x t m  
extrn 
extrn 
:or 

ser-rs232-block:near 
ser ~s232_.clennup:near 
sct-rs232-d~-off:near 
scr_rs232.-db._on:near 
ser-rs232-flushnear 
ser-rs232-getbyte:near 
ser_n232_getpack~:near 
ser-rs232-gelport:near 
scr-rs232- getregistemear 
ser-rs232_getsta~s:near 
set-rs232-pulbyte:near 
~er_rs232._pu~ackei:near 
ser-r~232_putregister:near 
scr-rs232-max-port:near 
scr~s232-rts-off:near 
scr-rs232-r1s-on:near 
ser_rs232_ac~-intfunc:near 
ser-rs232-setbauddiv:nelr 
ser-rs232-setup:near 
ser-rs232-vicwpacke t:near 
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exbn 
exlm 
emtm 
exlm 
exlm 
CXlm 
emlm 
extrn 
exkn 
C X h  

CXtm 
exkn 
exlrn 
extrn 
cxtm 
cxtrn 
exlm 
cxtrn 
cxun 
cxun 
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Description- 

Sets the riuiilbcr of IfiEitin secands In wait for nutputting data or receiving date. 

On Entry- 

si port #![O-n). 
ai 
atr 

i'iurnberui i l l i r ~  scc~nds to wait on input. 
Number of I/ltith seconds to wait CJI! ou!pt?t. 
!fbs& el = 255 etiG ab = 255 ihcn 

bx 
cx 

Number of l l l8lh seconds to wait on input 
Nurnbcr of M B t h  second3 t~ waif on output 

O R  E!&- 

Carry is sei if error. 

All registers preserved. 

COMAI-DRV/I.IB1 Professtonal Serlal Communlcellon Librnry 
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Restorcs intempt vector if was not changed, reset 8259, reset& 8250, aod clcrrizup 
necessary port irrforrna:ion. 

Carry is set if error occurred. 

All registers preserved. 
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ser rs232 dtr off 
Descrlptlon- 

Turns UTR off. 

On Enlry- 

si pm#((l-n). 

On Exlt- 

carry set if an errclr occurred. 

All registers preserved. 

COMM-DRVII,IBTU Professional Serial Communtcation Library 
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ser rsW2 dtr  on Pane 348 

ser rs232 dtr on 
Description- 

Turns DTR on. 

On Entry 

si port #(O-n), 

On Enlt- 
if stc then error. 

All registers prcserved. 
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ser rs232 flusix 
Descripficmn- 

On Entry- 

COMhf-URV/IJB'M Prdesslorrul Serial Cornrnunlcailorr Idhmry 
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a1 Extracted byte 
ah Line status register 

AG registers preserved. 
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ser rs232 Petpacket 
Dcrcriptlon- 

Get a packet from the circular input buffer. Note that iT fhc input buffer i s  not at least the 
size of lhc packet the call will always fail. 

O n  Entry- 

si port #to-n). 
CK Byte count of packet. 
cs:di Segnientoffset of packet. 

On Edl- 

ah I.inc status register 

If carry set thcn an ertor occurred. 

NI registers preserved. 
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ser rs232 getport 
ntseripUon- 

Get the byte counts, error codes, and status flag for the particular port. The resu l~~  are 
either returned in registers or placed into a user provided structute (stmc portqaram) 
defined in COMM.INC. 

On Enlry- 

s i  port #(O-n). 

a1 0 Then return select metrics in registers. 
1 
2 
3 

ds:di points to buffer defined with the portgaram structure. 
ds:di poinu, to buffer defined With the port-param structure. 
Then return select mcbics in rcgisters. 

On Exit- 

if ala on input 

ax 
bx 
cx 
dx stateflag 

etror code for last occurring CITO~. 
#of characters in output buffer. 
# of charactcrs in  input buffer. 

if a14 on input 

Data copied to memory storage that was passed in ds:si. The data was defined by 
ths structure portgaram in COMM.INC or C0MM.H. Values as shown in 
Appendix D. 

if al = 2 on input 

Same as (al=l) but only returns the first 20 words of the por tgaram structure. 
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if a1 = 3 OR input 

ax 
bx Size crlinput huffier. 
cx 
dr Si7.a ofowtpmr buffers. 

h of characters in input buffer. 

if ofcharacters in output kulfer. 

If carry sei iiie an error occurred 

Ali registers preserved. 
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SeF rs232 getsePister 
Description- 

Gel KS232 register. 

On Entry- 

Si port #{@-Si). 

ai register affset from part base 

On ZGi- 

ah vdue read f a ~ m  port. 

if carry set he M error Q C C U K ~ ~ .  

NI registers preserved. 
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ser rs232 aetstatus 
Description- 

Get the status as pcr INTi4. 

On Entry- 

si port#(O-n). 

On Exit- 

ah line status register 
a1 modem status register 

If carry set the an error occurred. 

All registers preserved. 
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ser rs232 max port 
Description- 

Get maximum numbcr of ports allowed by this library. 

On Entry- 

None. 

On Exit- 

ax maximum number of ports. 

1f carry set the an error occurred. 

All registers preserved. 
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ah Linc status register 

E f c a q  set r b  2" czo: ccczrred. 

AX registers preserved. 
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ser rs232 putpacket 
Dmcription- 

Put B packet in circular crutpplt buffer. Note that if the output buffer is not nt 1- "ash the size 
ai the packet the caPl will always Fail. 

On E:&- 

& t ine  s t a t u  regis:cc 

If carry set the E ~ I  error occurrcd. 

All registers preserved. 
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ser rs232 Qutrcpister 
Destriptlon- 

Put RS232 rcgisrcr. 

On Entry- 

s i  part #(a-n). 
a1 register offsel From port base 
ah value10put 

On Exit- 

If carry sei the an error occurred. 

All ngisrcrs presetved. 

P a ~ e  360 ser rs232 rts o n  

ser rs232 rts off 
Description- 

Turns RTS off. 

On Entry- 

si port #(O-n). 

On Exit- 

If cany set the an error occurred. 

All repiateten prmervcd. 
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if c a n y  sei the WI error occurcd. 

All registers preserved. 

ser rs232 set intfuac 
D&SCrfpdGR- 

Sets the adkess of a user function that will be intcrmptcd on interrupts. 

On Entry- 

si 
ds:di 

SX 

On Eldt- 

Ifcarry set error occurred. 

All :egisteis preserved. 
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ser rs232 setbauddiv 
Dcscrlptlon- 

Sets the baud rate divisor IO a new value.. 

On Entry- 

cx New baud raie divisor. 
dx Index to the appropriate baud. 

On ExJt. 

If c"y set then error. 

All registers prcscrved. 
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ser rs232 setug 
Descdption- 

Perform aclual serial port and intempt handier initialization. 

On Entry- 

si port#(O-n) 
ds:di Points to memory storage defined by the structure port-param in COMMJNC or 

C0IMM.H. See APPENDIX B for values to bc used for initialization. 

On Ed t- 

ah line Btatus rcgistcr 
a1 modem status register 

If cany set then mor. 

All registers preserved. 
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set  rt.332 viewaecket 

ser rs232 viewgp.acket 
Description- 

sh Line statits register 

If carry set, an error occurred 

All registers preserved. 
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Page 366 Appendlr A !Tine! 

Check your cabling. You may have selected hardware pratuco! end not znsscrt CTTs end 
GSR. Try running with no harciware or software protocoijprotocd = PROT_"ON.L 
If prablem persist, veiify that the send car6 is on your select& IRQ. 

Problem: 

When lirking the libraries directly inta thc iipplicaiion, there are several undefined 
symbois. 

Solution: 

Pro bPem: 

After exiting my application in Windows or MS-DOS. my system hangs. 

Solution: 

This problem typically occurs if the COMM-DRY routines are actually linked into the 
application or if the CDRVDLL.DLL DLL is used. It  is necessary LO issue the 
U~;Idtia!izePurtC) oi szr-rs232-ckaaupG cail un every port that was opened wich the 
InfttallzePortO or ser_rs232_setup() before the application exits. 

ProbPem: 

I only need one port in my application. How do I reduce Ihe overhead that i s  imposed by 
the COMM-DRV libraries for supporting 32 ports and scvcral diffecent types of 
communication boards?. 
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Solutlon: 

Modify the files c0mm.h and comm.inc to reflect the amounl of resources needed. If 
your application only needs one port you could make the Following changes to comalnc. 
c o m h .  Note that a batch file i s  distributed wilh COMM-DRVILIB to rebuild the 
libraries. Simpiy run makemJib.bat and makebllb*bst to make the Microsofi or Borland 
COMM-DRV libraries respectively. 

MAX-PORT 7 Maximum port number to use. 
MAX-PORTS 1 Max number ofconcurrently active ports. 
MAX-DRIVERS I Only using generic serial porn. 
MAX-IRQ 12 Manimum IRQ number used. 
MAXIHQS I Maximum concurrently a c h e  IRQs. 
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ApDendix B (Initialization Structure1 

All calls that use the port-pararn sllucture for initialization should stuff the individual structllre 
elements. Note that i f  the port was already ini&licd then only the baud, parity, In&, stopbit, brk, 
protocol, and block fields can be changed. In general it is a good practice to first read In the 
port-param structure for the particular port (using the serLrs232-getport call) and modifying 
only the elements that should be changcd. 

Following are thc.eIements and the valucs they can take on. Note that the symbolic valucs can be 
found in c0mm.h or comlnc .  

ser-rs232-hnse 

Base address of the 8250(or compatible chip) port. If a smart card is being used then it would be 
the address of the smart cuds 010 port. 

frq 

0 
I 
2 
3 
4 
5 
6 
7 

9 
IO 
11 
12 
13 
14 
15 

8 

IRQ 0 
NQ I 
1RQ 2 
1RQ 3 
mQ 4 
IRQ 5 
IRQ 6 
mQ 7 
IRQ 8 
IRQ 9 
IRQ 10 
IRQ 11 
IRQ 12 
IRQ 13 
1RQ 14 
IRQ 15 
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Prn-NON E none 
PAR-ODD odd 

PAR-SEDD sficky odd(MCiRK Parity) 
PAR_SEVEN sticky even(SPACE Parity) 

brk 

PAR-EVEN EYCii 

BREAK-OFF Off 
BREAK-ON On 

lngth 

LENCTIE-5 5 bits 
LENQ?’iT 6 6bits 
LENGTH-7 7 bits 
LENGTH-8 8 bits 

stopblt 

STOPBIT- 1 1 slop bit 
STOPBIT-2 2 stop bits 
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block[lDl 

0-255 Enput block(1ow byte). Number of Eitlth of a second inlervals Po wait for B 
cheracter. 

hh,‘.=&.!$l 

0-255 [ n p i  blockihigli byie). Number of 11 8th of a second interua?a*256 lo wait for ii 
chwacter. 

biuckjlj 

0-245 Output block(1ow byte). Number of LlfBth of a second intervals to weit for 
output buffer to have available space. 

kShckli] 

0-255 Output block(high byte). Number of 11!8th of a second intervair*256 to wait for 
output buffer ti? have av i labb  space. 

protocol 

PROT-RTSRTS 
P R O T T §  XON 
PROT-RTSDTR 
PROIT-RTSNON 
PROT-NONNON 
PROT-NONXON 
PROT-XONNON 
PROT-XONXON 
PROT-DTRNON 
PRQT-DTRRTS 
PRQT-DTRDTR 
PROT-DTEUCOM 
PRQT-NONRTS 
PRQT-NONDTR 
PROT-XONRTS 
PROT-XONDTR 

Local CTSt’RTS handshake-Remote CTSRTS handshake. 
Iacd CTSRTS handshake-Remote XONRlOPF handshake. 
Lacal CTSRTS handshake-Remote DSIUDTR handshake. 
h c a l  CTS/RTS handshake-Remote no handshake. 
Local no protocol-Remote no protocol. 
Local no protocoI-XONIxOFF handshake. 
Local XOPWXON protocol-Remote no protocol. 
Local XONIXQFF protocol-Remote XONlXOFF prutwo1. 
Local DSRlDTR protocol-Remote no protocol. 
Locttl DSIUDTR protocol-Remote CTSlRTS protocol. 
Local DSR/DTR prolocol-Remote DSRlDTR protocol. 
Local DSWDTR protocol-Remote DSWDTR protocol. 
Local no protocol-Remote CTSlRTS protocol. 
Local no protocol-Remote DSWDTR prolocol. 
Local XOFFlXON protocol-Remote CTSRTS protocol. 
Local XOFPlXON protocol-Rcmotc DSR/DTR protocol. 
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The first thnx bytes specifies the protocol the local computer i s  using, while the last 
lhree bytes specifies h e  protocol the remote device is expected to be using. 
PROT-RTS???, PROT-DTR???, and PRO"-XON??? means that when the local 
computer's input buffer is filling up. the local computer will ae-assert RTS. DTR. or send 
an XOFF reapcclivefy to tell the remote device to stop sending. The local rnachinc will re- 
assert RTS. DTR. or send an XON to make remote device r e s m  transmission. 
PROT-???RTS. PROT-777DTR. and PROT-?T?XON means that when the rcmoic 
device's input buffer is filling up. the remote device is expectcd io de-assert RTS, DTR, 
or send an XOFP respectively to tell the local computer to atop sending. The remore 
device is expected to re-assefi RTS. DTR, or send an XON to make thc local computer 
restart transrnission.(Default PROT-RTSRTS). 

inhuP-Iaw 

I-n Buffer threshold at which an XON. an RTS high, or a DTR high is sent if XONlXOFP or 
herdware prolocol is enabled. 

inbuf-high 

2-n Buffer threshold at which an XOFF, an RTS low, or a DTR low is sent if XONIXOPP or 
hardware protocol is enabled. 

buffer-scg 

The segment for both input end output buffers. 

butler-ort 

Offset to the start of the communications YO buffern. IF the DWFXBUF bit was Ret in flag2 
structure eJemenl. then this address indicates the offset for the input buffer. Olherwise it is the 
offset to the input buffer and the output buffer i s  locakd Inhnf-len+l bytes away from this offset. 

obufieg 

Segment of the outpui communication YO buffers. If the DIFFXBUF bit was not set in the flag2 
s w u r c  element, then thin element is not used and thc output buffer segment i s  given by 
bu ffer-seg. 

Page 372 ADPendlX €3 (Initialization Structure1 

obufoff 

Offset to the s m  of the communications UO buffers. If thc DIFFXRUP bit waa not sct in the 
flag2 structure element, then this element is not used and the output buffer offset is givcn by 
buffcr-off+lnbuf_len+l. 

lnbuf-len 

Input communication buffer length. Note that the actual allocated buffer must be 1 b p  longer than 
*is value. 

outbuf-ten 

Output wmmunication buffer length. Notc that the actual allocated buffer tnust be 1 byte longer 
lban this value. 

Note that buffkr-seg:buffcr-off points lo a buffer of length inbuf-lentoutbuf-len+2 if 
the DIFFXBUF bit in &gZ is not set. Otherwise it poinls to a buffer of length 
Inbuf-lcn+l. . 

nux-addrl 

This value should be 0 unless a multiport card is being used or unless cardlype = 
CARD-WINAPI. If a multiport card is being uscdgnd cardtype is not CARD-WINMI), then the 
first serial poa on the multiport card is 0. The second port is 1, and so on. If cardtype = 
CAW-WlNAPl, then this value i a  used to specify which COM port is being used(0 for COM1, 
1 for COW. 2 for COM3, and so an). 
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This corresponds to the type ofszriat card. This number tells C O M ~ - O R V  what device to use for 
the particula. port. 

Sttindisd PC COMI. COM2, C0M3. ond COM4. P-fsc us-:! fj: mes: 
dumb c z d s  on rhe market. 
Inlet iEUB 6 rnultiport non-intelligent cad-  
Digibond COMXI multipart cards. 

BOCA 1610 

BTEK 
3rd partylNT14H driver. 
WCSC high spccd VxD for 8255 famity. Used  ith hi^ s!errdmd PC 
CQMI, COM2, CCM3, ~ i i d  CC3t4. Also used for rnasi dumb car& OR 
the market. This setting requires that tple ~~~~-~~~~~~ product 
be insiaiicd. 
Use Windows 3.x. Windows 95, or Window NT's built in driver. Note 
that when this type is selected, aux-mddrl must be used to specify the 
COM port (c.g., COMl => pcb.aux-addrl = 4 COM2 => 
peb.aur-sddr! = 1, and so on). 

Cgcfades rsa L PCE Yx Cuds, 

Digiboaid PCX 

cerdseg 

Scgmcnt address of the shared memory used hy smart multipart cards. Additionally i t  has specid 
meanings for dumb cards used with the NORMAL aub-deui~~conundv00.ssrpr). For the BOCA 
Dumb Multlport Port Cards, the value should be fFfT. For the WCSC AST Compatible Four 
Port Multlport Csrd(PCCOM4 or LCS 8880) the value should be lbf or 2bf depending on 
whether the first POL? on the card is la0 or 2a0 respectively. For the AST Four Port Muftlport 
Csrds the value should be flbf or f2bf depending on whelher the first port on the card is laQ or 
2aQ respectively. For the Cyclades' CyclomY ISA cards it is the segment address of the card(the 
CD14OQ). For the Cyclades' CyelomY PCI it is the slot number in which the card is located. 
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flag2 

This oflset mast be initialized (a the flags that further modify the behavior of COIMWIDRQ. 

CEWNINT 

DIFEXBUF 

LEAVE-RTS 

NOCHANCE-MQDEMSIG 

STOREALL 

STORESOME 

LOCKBAUD 

If this bit is set, then if the intempt was not generated by this 
pon, hen t'ne intempt is chilined to tire interrupt handier 
ins:a??ec! tiefore CCMM-DRV. 

If this bit is set, then COMM-DRV wiii give separate 
segments for both transmit and receive buffem. lo this mode 
buffer-geg and buEeer-oR must be initialized t~ the 
seg,i;cni:ofkci oi %e receive buZer. ohaiseg and. rr%trr"ot"r mast 
be iriitialtzed to the segmentoffset of the trilarsnit buEer. 

IF this bit is set, &en kie DTR & RTS signds are disabkd 
when tiic ser-rs232-setup0 hxtiun is issued. 

If this bit is set, then he E6550 UART is not ensbld if 
detected. 

l i  this bit 2s se!, then the DTR s i g d  wil! be IeR ~t th.2 sEte it  
is a: when &e ser-mZ32-deanop0 funcdcs is issued. 

If this bit is set, then h e  RTS signal will be left at the state it  
is at when the aer-rs2.32-cIeanup() function is issued. 

If this bit is set, then when thc ser-rs232-setupf,l function is 
made the UTRERTS signals are left in their pre-instdied slate. 

If this bit is set, then for every byte that is received, here 8re 
four bytes written to the receive buffer. These byte5 are the 
data, line status register, modem status regisler, and port the 
data is &om i.n. this order. 

If this bit is set when rer_ts232_sefup() is called, &en 
COMM-DRY will store the data followed by the poFt number. 

If this bit is set when ser-rs232-Mup[) is called, baud rate 
commands will only have an effect when the port is f b t  
opened. 
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POLLONSTATUS If this bit i s  set when scr~rs232-~ehrp() i s  called. COMM- 
URV will poll the specific hardware anyiime the 
ser-rs232_gctstatus0 function Is called. 

MULllDROP Use the multidrop protocol when outputting data. When data is 
outputted with PulPaektl(), the RTS aignal is dropped after 
all data has IcR the UART. This commonly uscd with 
multidrop configuretiom with RS485 devices. This i s  only 
functional w h  cardtype = CARD-WCSCVXD. 

NINEBITPROTOCOL when data is outputted with the PutPacketO function. it 
forces the fin1 byie transm*ttcd to have the parity bit-set. All 
charsctcrs sent thereaner m sent normally. This is commonly 
referred to as the nine bit protoco~. This is ody hmctional 
when cardtype = CARD-WCSCVXD. 

If lhis bit is set and h e  Amet Smartport is Wing used, then an 
initial reset of the h t  device i s  ignored. 

If this bit is set and the Digiboard pcflce is being us&. then 
f ie board will operate in 64K mode. 

CUSTOMFLAG1 

CUSTOMFLAG2 

PPOd 

Port reception characteristics can be inherited. In other words, several ports can sharc the same 
receive buffers. To enablc this each port is said io have a parent pod. If the port has no parent part 
then pporl must bc sct to the same port number (COMM-DRV ini i ialhr the structure lhis wsy) 
otherwise it must bc set to ita parent. If pport is sei to some port other l h ~  the current port then all 
data received by this port will go to thc parent port. The STOREALL flag in flag2 can be used to 
ala0 buffm the port number so (he originating port can be determined. 

char-xob 

The character that will be interpreted as an XOFFcharactcr from the remote. 

char-xon 

The character &at will be intcrpnled as an XON character from the remote. 
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char-%off 

The character that will be transmitted 89 an XOFF charncter to the remote. 

cbar-non 

The character that will be transmitted as an XON Charackc to the remote. 
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Appendix E: (Returned Sfrmcturel 

Following ic R description of (he values retwnsd in !he po;t-pr;rsm simcfiJre whes e 
ser-rrZJ2_getport or similar function call ia made. Note that &e values that wtn, stuffed in those 
t!emen:s described in  APTENiiiX E6 remain unctianged rand as such will not be fplrther discuss& 
here. 

error 

RS232ERR-NONE 
Rs232PR-R-BU??3R 

RS232ERR_ACTM? 
RS232ERR-XMTBUP 

RS232ERRSYNTAX 
RS232ERRBUFS1Z 
RS232ERR-PORT 
RS232ERR-FfANDLR 
RS232ERR-BAUD 
RS232ERRJARITY 
RS232ERRLNGTtI 
RS232ERR-STOPBIT 
RS232ERR-PROTOCOL 
RS232ERRIRQCHANGED 
RS232ERIP-PORTCIIANGED 
RS232ERR-THRESHOLD 
RS232ERRJNVIRQ 
RS232E~-lNTOFF 
RS232ERR-BREAK 
RS232ERR-FATAL 
RS232ERR-DSR 
RS232ERRJNVhDR 

RS232ERR-ENVIRON 
RS232ERR JOCTL 
RS232ERR-AlP.XI'T 
RS232BRR-DEVINIT 
RS232ERR-DOSOPEN 
RS23210RR-MALLOC 

RS232ERR-RCVBUP 

0 
1 

2 
3 
4 

6 
7 
R 
9 
10 
11 
12 
i 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
2s 
26 
27 
28 

T 
~ 

No error. 
Buffer m i  set OF zrt aniempi to change the hulrer 
while the port is active was made. 
Pod not active. 
Transmit buffer FulL 
Rweire bdffer empty. 

Invalid bulfer size. 
lniral'id pon. 
Handler changed. 
Invalid baud rate. 
lnvelid parity. 
Invelid data lcngrh. 
Invalid # stopbits. 
Invalid protocol. 
IRQ changed. 
Por! changed. 
Invalid threshold. 
lnvelid IRQ. 
Iritempts not enabled. 
Invalid break syntax. 
Fatal error. 
CTS error, 
Invalid RS232 address. This usually means that a 
serial chip is not at the specified address. 
Environment variable not set. 
Error issuing I W L  call . 
Error issuing alenit cleanup . 
Error mapping for direct calk. 
Enor opening Device . 
Error allocating memory. 

SyZr8X t S G i .  
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RS23ERR~NLEiO 
RS232ERR-HMEhr1664 
RSWPERR-MMVD 

flag 

ACTIVE-FLG 
XMTOFP-STATE 

RC5'QFF-STATP. 

INTFUNC-MODEM 
MTFUNC-STAT 
INTFONC-RCV 
INTFUNC-XMIT 
INTPUNC-RCVPKT 

INTFUNC-RCVCHR 

INTFUNC-IBFDCNT 

INTFUNCJBPICNT 

INTFUNC-OBFDCNT 

29 
30 
31 
32 
32 
34 
35 
36 
37 
38 
29 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Error on external micro card. 
Csd chmged mor .  
Card type error. 

Card corninand b U S C ?  fa. 
Parent port error. 
Na subdevice far this poa. 
Unknown error 
External cad  tiusy 
No mare iiinere avdtskls 
NT14 vector WRS changed 
Ih'TOi3 vector was changed 
DPMf error 
TSR buFfer too small or non-existent 
No asynchronous TeSOUFCeS left. 
KO timer cesou~ces ieR 
Na "oiher" timer resources left 
File VO error. 
Hardware memory exceeded 64K. 
VxD not loaded. 

Not SUppOSeb. 

Set=Port is active. 
Is set when XQPF received, DSR reset, or CTS reset. Is reset when 
XON received, DSR set, or CTS set. 
Is sei when XOFF is sei, DTR reset, or RTS reset. is reset when XON . 
sent, DTR set, or RTS set. 
Set=COMM-DRV will call user interrupt function on MSR intempt. 
Set=COMM-DRV will call user intempt function on LSR interrupt. 
SekCOMM-DRV will call user intempt function on RCV interrupt. 
Set=COMM-DRV will call user intempt function on XMT interrupt. 
Sct=COMM-DRV will call user interrupt function on framed packet 
reception. 
SetXOMM-DRV will call user intempt function on rcception of 
particular character. 
Set=COMM-DRY will call user interrupt hnction when input buffer 
decrements to particulnr count. 
Set=COMM-DRV will call user intempt function when input buffer 
increments to particular count. 
Set=COMM-DRV will call user intempt function when output buffer 
decrements to particular count. 
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Amendix C (Returned Structure) Peee 379 

IN"C-OBFICNT 

INTPUNC-XMTCHR 

INTFUNC-OTIIER 

Set=COMM-DRV will call user intempt function when output buffer 
increments to particular count. 
Set=COMM-DRV will call user intempt function when e partkular 
character i s  about lo be transmitted. 
Sei=COMhl-DRV will call user intempt function when a timed 
asynchronous event or other event occurs. 

Inbur-count 

Number of bytes cunenily in the input communicau'on buffer. 

outbur-count 

Number of bytes cumntly in the output communication buffer. 

lost-lchsr - 

Number of characters that were lost on input. Note that this value increases both when the input 
buffer is full and a new byte comes in. or when the input buffer is flushed. 

lost-ocher 

Number of hytes that did not make it into the output buffer when any of the write character or 
packet routines are called. Note this value also increases when the output buffer is flushed. 

total-khar 

Total number of bytes that was inputted. This is the sum of lost characters plus the read characters 
plus those in the input buffer. 

total-ocher 

Total numbcr of hytes that were outputted are attempted. This is the sum of the bytes in the output 
buffer, plus lost outpuiied bytes, plus bytes actually outputted. 

m r n g  

Cumnt Modem Status Register. 
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Pane 380 Aumndix C (Returned Structure) 

lar-reg 

Current Line Status Register. 

auxpcb 

This the a pointer to the Auxiliary Port Control Block(6truct auxgparanl). See the comah file 
for the description of the contents of the shucturc. 

h e  
This is the pointer to the Intekpt Control Block(stolctirq-param) for this port. See the cDmnth 
file for the description of the contents of the structure. 

O F b  

This is the pointer to the actual Pod Control Block(8truct port-param) for this port. Remember 
hat when the ser_ra232jetport() call is issued only a copy of the port i s  received. This address 
gives one the ability to query items dmctly from the actual sbucture witbout issuing slowcr 
acr~raZ32-getportO calls. 

The above elements are read only. Do not modify under any circumstance. 
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/ /  If windo.ci6.h was included i issume compilation for 
/ /  Windows (Quickwin or similar 
tiifclef 
#define 
Ildef ine 
#endif 

%include 

#ifdef 
#de€ine 
#de€ i r i e  
#define 
#de E i  n e  
telae 
#define 
ltdefine 
#define 
#def irie 
asndif 

main ( 1  

inE 
i n t  
char 

- INC-WIP3~OWS 
MSWXN 
MSWIMDLL 

<co~pm. hz 

MSWIN 
COHADR 
CONIRQ 
CARD'CY PE 
SUBPORT 

CQMADR 
COMIRQ 
CARDTYP 
SUBPORT 

stat; 
port=Q; 
ch(8Q1; 

0x0 
oxo 

1 /IO=COM1, l=COM2, etc 
CARD-MINAPI 

Ox3f8 
0x4 
CARD-NORMAL 
0 

/ I  The first thing to be done is to initialize the port 
if  ({stat = InitializePort(port,SUnPORT,COMADR,COMPRO, 
CARaTYPEr0,2048, 1D24.0)) I =  RS232ERRJ"NE) 

r 
printf('Error #%d initializing aerial port\n",stat); 
exit (1) ; 
1. 

/ /  At t h i s  point data may he sent and received from 
/ /  the serial port. 

/ I  Oucput a string 
putstring(port,"This is a t e s t \ r \ n " ) ;  

/ /  Get a string 
if (GetStrimg(port,sizeof (ch) ,ch) > 0 )  

printf("Returnec3 string=r%s\n.,ch); 

/ /  Close the serial port. 
unInitia3izePort (port) ; 

exit (01 i 
1 
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B) Universal Serial Cornrriunicatiori Driver For 
MS-DOS 

COMM-DRVIDOS is a robust and reliable serial communication TSR, 
MS-DOS device driver, and supporting utilities for MS-DOS@. Win- 
dows@, and Desqviewm. It will not interfere with other serial drivers, 
DLLs. or TSRs that follow standard Windows and MS-DOS conven- 
tions. 

COMM-DRV/DO§ has several interfaces It is tho FOSSIL DRIVER of 
choice for many BHS operators In fact it 15; licensed to several BBS 
developers It also provides the most common file transfer protocols 
and programs that allow sending and receiving f iks given a filoname. 
filename with filepdth, or filepath with wild cads 

COMM-DRVIDOS is compatible with packages like PROCOMM Plus 
Network Version, PAOCOMM@/Windows, PCFioard@, PC Any- 
where, and all cornmuiwation packages using the standard INT14t-i It 
will run perfectly iirider tnultitaskers like Desqview, Omniview, 
Tmkview, and Windows. 

COMM-DRVIDOS is comprised of several indepondenl and interde- 
pendent component:; These components may be used separately or 
combined, depenijirig on the application. The major components 
comprising this pruduct are as follows 

~ ~ . .  . . ~ ~ ~~-~ .~ .~.  

* A true MS-DOS device driver that allows addressing the serial 
port as a standard file. This driver a l lo~s  the user to send and 
receive data from the serial port exactly as if hdher were reading 
and writing from a standard disk file. This interface is compatible 
with any database package that can read and wfita u standard DOS 
file. Moreover, this interface is compatible with both MS-DOS and 
Windows. Ode could even transfer a file between two computers as 
simply as typing “copy file.txt COMi” !)n lhe sending computer and 
typing “copy COIL41 file.txt” on the receivirig coniputer without 
getting the dreaded “Abort, Fail, Retry” message. 

* A dynamically configured communication TSR. This one TSR gives 
the application programmer several APls that may be used con- 
currently to perforni sarial I/O. This TSR contains the FOSSIL in- 
terface, the standard INTIJH(BIQS) interface with extensions, and 
[he Direct Addros:; Mapping(DAM) Interface, our version of dynamic 
linking under MS-DOS. In addition it supports the INT21 H(MS- 
DOS) interface with large set OF IOCTL calls. Iri general one or n’iori? 
of these interfaces are used by off-the-shelf applications to allow 
them to use non-standard multiport and other serial cornrnunica- 
tions carcls. 

0 A serial communication rncmitor that aids in troubie shooting sciisl 
communication problems. 

* A TSA that redirects the incoming seri;il data to the keyboard buffer. 
ailowing applications to get keyboard data from the serial port 
transparently. 

e A custom file transfer utility that allows a computer to transfer files to 
and from a remote computer without remote user intervention. 

* A spawnable XMODEMNMODEMiZMODEM file transfer program 

9 A standalone dumb terminal emulator that can display com- 
munication on several ports concurrently. 

A very user friendly installation program that builds the necessary 
configuration files for tho user’s choice of multiport cards. The install 
program also has extensive context sensitive help. 

+ PC COMl -CDM4 
Arnet(Smartport, Smartport Plus, Ports Plus) 

* Digiboard(CC)M/Xi, PCIXi, PCIXe) 
Boca ResearchiB61610, 888002) 

* All non-intelligent multiport cards 
Any card with an INT14H driver. 

GIEK(PCSS-8FA, PCSS-8FX) 

Supports baud rates up to 11 5,200 baud This baud rate is sus- 
tainable on several ports concurrently with the 825011 645011 6550 
family of UARTs 

e Support standard and non-standard baud rates lo 115,200 baud 
Peek ahead virtually any number of bytes. 
Supports transparent XONIXOFF & hardware (RTSICRS, DTRIDSR) 
flow control 
Supports virtually any number of serial ports running at the same time 
Interrupts. buffering, and flow control handled in 32 bit mode of !he 
GPU in Ring 0 

+ Supports COMi -COM4 and virtually any manufacturer s 
825011 645011 6550 based multiport cards Different vendor 5 mukipon 
cards can be in the same machine and running at the same time * Both Windows applications and MS-DQS applications running in DOS 
boxes have access to the high speed VxD at the same time 
Transmit 8, receive buffers are adjustable up to 128K per port 

Q Autodetects 16550 and uses it in high speed mode 
e Allows sharing IRQs on supporting hardware 



Ultra High Speed VxD for 
8250/16450/16550/16650 UARTs under Win- 

dows 3.x & Windows 95. 

COMM-DRVNxD is the state of the art serial 
communications Virtual Device Driver (VxD) for 
Windows and MS-DOS applications running 
under Windows. COMM-DRVNxD extracts the 
last ounce of performance from the aging 
8250, & 16450 UARTS as well as lightning fast 
performance from the 16550 & 16650 family of 
UARTs. If your application requires ultra fast 
serial communications, COMM-DRVNxD is 
the tool of choice for most serious developers. 

COMM-DRVNxD was designed with in- 
teroperability in mind. It uses the Windows 
standard DLL calling conventions. As such, 
COMM-DRVNxD may be integrated with any 
Windows tool, application, or language that 
can call the Windows API (application pro- 
gramming interface). COMNI-DRVNxD may be 
used with Visual C/C++, Borland C/C++, Wat- 
com C/C++, Visual Basic, Access, Excel, 
Paradox, and a myriad of other tools and ap- 
plications. 

COMM-DRVNxD is extremely easy to use. 
The API is simple, concise, and intuitive. Ample 
examples are provided.. COMM-DRVNxD may 
be integrated with all other WCSC communi- 
cation products. 

: .- 
<L L P q  EXAMPLEV 

-- 
WCSCVxDBytesinRcvBuf Gets number of bytes in receive buffer. 
WCSCVxDByteslnXmtSuf Gets number of bytes in transmit bufter. 
WCSCVxDCleanup Closes an opened port. 
WCSCVxDDtrOff Turn DTR off. 
WCSCVxDDtrOn Turn DTR on. 
WCSCVxOFfush Purges communication buffers. 
WCSCVxDGetPacket Get a packet of data. 
WCSCVxDGetPort Get port metrics. 
WCSCVxDGetRegister Read an 8250/16450/16550 register value. 
WCSCVxDlnit Map dynamically to the VxD. 
WCSCVxDlnitializePort Open a port. 
WCSCVxDPutPacket Output a packet of data. 
WCSCVxDPutRegister Write to an 8250/16450/16550 register. 
WCSCVxDRtsOff Turn RTS off. 
WCSCVxDRtsOn Turn RTS on. 
WCSCVxDSetBaudDiv Set new baud rate divisor. 
WCSCVxDSetPortCharacteristics Set baud rates, etC. 
WCSCVxDSetup Extended port open. 
WCSCVxDSiteOfRcvBuf Gel size of receive buffer. 
WCSCVxdSizeOfXmtBuf Get size of transmit buffer. 
WCSCVxDSpacelnRcvBuf Get available space in receive buffer. 
WCSCVxdSpacelnXmtBuf Get available space in transmit buffer. 
WCSCVxDVlewPacket Non-destructively reads a packet of data. 

D 

b 

Supports baud rates up to 11 5,200 baud. This baud rate is sustain- 
able on several ports concurrently with the 8250/16450/16550 family 
of UARTs. 
Support standard and non-standard baud rates to 1 15,200 baud 
Peek ahead virtually any number of bytes. 
Supports transparent XON/XOFF 8 hardware (RTS/CRS, DTRIDSR) 
flow control. 
Supports virtually any number of serial ports running at the same time 
Interrupts, buffering, and flaw control handled in 32 bit mode of the 
CPU in Ring 0. 
Supports COM1 -COM4 and virtually any manufacturer's 
8250/16450/16550 based multiport cards. Different vendor's rnuitiport 
cards can be in the same machine and running at the same time. 
Both Windows applications and MS-DOS applications running in DOS 
boxes have access to the high speed VxD at the same time. 
Transmit & receive buffers are adjustable up to 128K per port. 
Autodetects 16550 and uses it in high speed mode. 
Allows sharing IRQs on supporting hardware. 

,- 
1. 



72.3 Source Code for C 

The COMM.11 file is the header file providing d e h e s  and links to the COMM-DRVILIB 
softwan:, 

'Ihe following items, which were explicitly referenced in the DATA ATT.C file, have 
been extracted from the CQMM.H file. These items (in this greatly reduoedsubset) are COMM- 
DRV functions or deiines. This list of explicitly referenced items may not be complete. In 
addition, COMM.1-1 may contirin itcms necessary for the COMM-DRV hnctions, which the are 
indirectly referenced through the ftmction's separate source code, However, this list serves to 
illnstra~e i h e  portion of the software package that was used. 

Function p r o k o k ~ e s  
b i  0-s c : r  n 11 up 
b .i o-s c t c: ur s o r  x y 
G e t  S t: 1-i  n g 
Un I n i t . i (a 1 i z e Po r t 
I n i  t i a 1 i z e Po r t  
S e t  P o r t  Char  a c t  e r  i s t. i c s  
CdrvSe t T i m e r  R e  s o:Lut. ion 
Set time nu-t 
s er rs 2 3 2 r n i  s c-f unc: 
ser-ru2 32-set -i.nt ftinc 

- ~ _ i  

found i n  CQM4.H 
E n t r y  inLo BLOVIDEO.ASM 
Entry i n t o  BIOVIDEO.ASM 
High l e v e l  COMM-DRV f u n c t i o n  p r o t o t y p e  
High l e v e l  COMM-DRV Eunct ion p r o t o t y p e  
High l e v e l  COMM-DRV f u n c t i o n  p r o t o t y p e  
High l e v e l  COMM-DRV f u n c t i o n  p r o t o t y p e  
High l e v e l  COMM-DRV f u n c t i o n  p r o t o t y p e  
High level COMM-DRV f u n c t i o n  p r o t o t y p e  
High l e v e l  COMM-DRV f u n c t i o n  p r o t o t y p e  
H i  gli l e v e l  COMM-DRV f u n c t i o n  p r o t o t y p e  

IYTFUNC: -~ RCVCHR 

in C 0 M . H  
COMM-DRV de f jne  = 0 / /  RS232 no e r r o r  
COMM-DRV d e f i n e  = 0 / /  Normal c a r d s  
COMM-DRV d e f i n e  = 7 / /  9600 baud 
COMM-DRV d e f i n e  = 0 / /  No p a r i t y  
COMM-DRV d e f i n e  = 3 / /  8 b i t s  
COMM-DRV deEine = 0 / /  L Stop b i t  
COMM-DRV deEine = 4 / /  P r o t o c o l  Index 

COMM-DRV d e f i n e  = 0x0020 

COMM- DRV D e  E i  n i t i o n  = cdecl 
P o r t  C o n t r o l  Block s t r u c t u r e  ( P C B )  
P o r t  C o n t r o l  Block structure ( P C B )  
Port C o n t r o l  Block s t r u c t u r e  (PCB)  
P o r t  Con t ro l  B l o c k  s t r u c t u r e  ( P C B )  
P o r t  C o n t r o l  Block s t r u c t u r e  ( P C B )  
Port C o n t r o l  B l o c k  s t r u c t u r e  ( P C B )  
Port Cont ro l  Block s t r u c t u r e  ( P C B )  
Port C o n t r o l  B l o c k  s t r u c t u r e  ( P C B )  

/ /  Local no p r o t o c o l  - Remote no p r o t o c o l  

/ /  Set. = Exec r e c e i v e  i n t e r r u p t  f u n c t i o n  

The following is a listing of the C0MM.H file, which will serve as an example of the 
source code documentation included in the COMM-DRV/LIB package. 



c0rnm.h ----- *I /* 
/* */ 
/* Wi 1 7  -i es '  Coin u tcr  Sof tware  Company *I 

/* A7 1 r i g h t s  reserved. *I 
/* *I 
/*Aut h o r * /  
/* Egberto Willies 06-FEB-1989 */  
/*  */ 
/*Oescrl p t i  on- * /  
/ *  Include f e r  comn-iunicatons package. */  
/***k*kt***k****f************~***,~****************************~********* / 
/* $Header: 0: /projects/commdrv/work/ inc/rcs/cornm. h 1.9 1996/12/14 18:31:01 
e w i l ' l i c s  Exp ewillies $ * /  
/*****k***************************~***********************~************** / 
Nifndef F I L E  COMM H 
#def  i ne FI LE-COMM-H 1 
/*****k*****~*~**~*****************~************************************* / 

a.---- 

/* C o p y r i g h t  ( C y  1989-1992 Egberto W i l l i e s ,  1989 */  

#endi f 
Sfendi f 
$61 se 
#def i ne HANDLE unsi gnecl 
#define DWORD unsigned 
I j d e f i  ne WlNAPI 

. #define HWNU unsiclnecl n .t 
#define WPARAM unsigned in t  
#def i ne LPARAM 
#endif 

n n s i  gnerf 1 ong 

S f i  f d e f  cpl  uspt us 
extern Ti { /* Assume C declarations f o r  C++ */ 
#e'ntiif ;* I cplusjllus "/ 

# i  fdef MSWIN32 
#i fndef CDECL 
#define COECL cdecl 
#endi f 

Iifndef FAR 
#def ine  FAR 
iiendi f 

#i fncle-f FARC 
#define FARC CDECL 
#endi f 



#i fnde f  FARPAS 
#def ine FARPAS W I N A P I  
#endi f 

# i f n d e f  CDRVUINT 
#de f ine  CDRVUINT unsigned i n t  
#endi  f 

#i fndef CDRVIFNC 
#def  i ne CDRVI  FNC 
#endi f 

unsigned 1 ong 

# d e f i n e  FP SEG(s) ( (CDRVUINT)~) 
#de f ine  FP-OFF( - s) ((CDRVU1NT)s) 

#e l se  

#i fnde f  CDECL 
#de f ine  CDECL cdecl 
#endi f 

# i f n d e f  FAR 
#de f ine  FAR f a r  
#endi f 

J 
/; 

Y 

# i f n d e f  FARC 
#de f ine  FARC FAR CDECL 
#endi f 

#i f n d e f  FARPAS 
#de f ine  FARPAS FAR PASCAL 
#endi f 

# i f n d e f  CDRVUINT 
#de f ine  CDRVUINT unsigned s h a r t  
#endi f 

# i f n d e f  CDRVIFNC 
#de f ine  CDRVIFNC shor t  
#endi  f 

#endi f 

# i f n d e f  DOSDEF t i  
#i n c l  ude Cdosdef. h> 
%endi  f 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*======Version in fo rmat ion  *I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
#de f ine  COMMDRV COMPANY " W i l l i e s  Computer Software Co, (WCSC)" 

#de f i ne  COMMDRV-VERSION1 - "v17. Oa I' 

#def  i n,e COMMDRV-VERSION *"COMM-DRV I' 



# d e f  i rie COMMDRV VERSION2 "Copr (C)  1989-1999 WCSC" 
# d e f i  ne COMMORV-VERS lON3 
# d e f i n e  ~ ~ M M ~ R V - V E ~ S ~ O N  MAJOR I 7  
# d e f  i ne COMMORV-VEKSION-MINOR - ._ C) 

I. 7,0,0,0 

/ 
/*======General Synibol 5 */ 

/ 

/**k**~***.~****************~~*****~~*******k******************************* 

/.k***~~****k*****k*********~*~****~*****************************.k*********** 

# d e f i  ne CDRVPATHLEN 64 /* COMMDRV p a t h  a r r a y  l e n g t h  */ 

# d e f i n e  CDRV ON 1 
# d e f  i tie CDRV-OFF 0 
#def  i tie CDRV-TRUE 1 
#def ine CBRV-FALSE s 0 

/ 
/ * = = = ,z I :: These va lues  may be changed t o  reduce t h e  amount o f  space used */  
/* f o r  p o r t l i r q l o t h e r  resources.  I f  any o f  these i tems change, */ 
/* * /  
/*  */ 

/ 
#c lef ine MAX I R Q  16 /*Maximum I R Q  #*/ 
# d e f  i ne MAX-IRQS 17 
#c le f i  ne MAX-PORT 3 1  '- /*Maximum p o r t  #*/ 
#clef i ne MAX--PORTS 32 
#de f  i ne MAX-DRIVERS 10 
# d e f  i ne MAX--TIMEKS 42  /*Max # o f  Timer resources*/  
# d e f i n e  MAX-ASYNCS -_ 32 /*Max # o f  async c a l l b a c k  resources* /  

/ / * * * * *kk***~*** *~*** * * * * * * * * * * * * * * * * * * * * * *~*** * * * * * * * * * * * * * * * * * * * * * * * * * * *  

/*=====Argument 1 i m i  t s  *I 
/ / * * * * k ~ * * * * ~ * * * * * * * * * * * ~ * * * * * * * * * * ~ c * * * * * * * * * ~ * * * * * * * * * * * * * ~ * * * * * * * * * * * * * *  

# d e f i n e  MAX BAUD 2 1  /*Max baud*/ 
# d e f i n e  MAX-'-BREAK 1 /*Maximurn break*/  
# d e f  i ne MAX--LENGTH 3 /*Max char  1 ength*/ 
# d e f  i ne MAX--PARITY 4 /*Max pa r+ i t y * /  
# d e f  i ne MAX-PROTOCOL 15 /*Maximuni p r o t o c o l  */ 
# d e f i  ne MAX-STOPBIT - 1 /*Maximum s t o p  b i t * /  

/ * * * * -k  * ~k * * * * * * * *.k * * X *.k * * *.k.k.k * * **k * 71. X* *-k * J( * * ** * *** * ** * * *.* * *** J; 3; Jr Jc * * J( * Jc * ** Jr 

t hen  t h e  corresponding i t e m  i n  COMM.INC must be changed. The 
1 i b r a r i  es must t h e n  be reassenibl ed and recompi 1 ed. 

/****k~X**.k***.k*Q******************************************************** 

/*Max # o f  [RQs a c t i v e  c o n c u r r e n t l y * /  

/*Max # o f  p o r t s  a c t i v e  c o n c u r r e n t l y * /  
/*Max # o f  sub-devi ce drivers*/ 

/ * * * * * * * * ~ * k * L k ~ X * f d * * * ~ ~ * * * * * ~ * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  / 
/*==,,= D e f a u l t s  . */ 
/ k k * X ~ * X X X * * * * * * * * * * * * * * * * * * * * * * * * * * . k * * * * * * * * * * * * * . k * * * * * * * * * * * * * * * * * * * * * * * *  / 

1 

# d e f i n e  DEF AUXAoDK 0 /*Defaul t aux i  7 i a r y  address*/ 
# d e f i n e  DEF--BASE: Ox3f8 / *De fau l t  p o r t * /  
# d e f i n e  IIEF-BAUD BAUD9600 / *De fau l t  baud r a t e  (9600 baud)*/ 
# d e f i  ne BEF-BLOCK oxo / *De fau l t  xmi t l r e c v  b l o c k  t ime* /  
+ d e  f i n e  LILT-BREAK 9 R I A K  OFF 

# d e f i n e  DEF-CSEG 0 / *De fau l t  ca rd  segment*/ 
i l d e f i  ne DEF-1NLP.N 1024 / * I n p u t  b u f f e r  l e n g t h * /  
# d e f i n e  DEF-IRQ 4 / *De fau l t  I R Q * /  
# d e f i n e  DEF-ITIMEOUI 0 /*DefauS t i nput  t imeout*/  

# d e f  i ne DtF-OTIMEOUT 0 / *De fau l t  ou tpu t  t imeou t * /  

/*Dcf au?  t break (OFF) *I 
/ *De fau l t  ca rd  t y p e  * /  CARD NORMAL ft"defi  ne D E F - C A K D  - 

LENGTH 8 / *De fau l t  word l e n g t h ( 8  b i t s ) * /  #def i ne DEF-LENGTH -- 
- 



#de f ine  DEF OUTLEN 
#def  i ne DEF-PARITY 
#def  i ne DEF-PORT 
#de f ine  DEF-PORTTYPE 
#def  i ne DEF-PROTOCOL 
#de f ine  DEF-STOPBIT 
#de f ine  DEF-THHIGH 
#def  i ne DEF-THLOW - 

256 /*Output bu f fe r  length* /  
PAR - NONE 
0 / *Defaul t  p o r t  number*/ 
0 /*Default p o r t  type(Normal)*/ 
PROT NONNON /*Defaul t  p ro toco l  * /  
STOPBIT - 1 
1 /*Defaul t High Threshold*/ 
0 / *Defaul t  low threshold*/  

/ *Defaul t  p a r i t y  s e t t i n g  (NONE)*/ 

/ *Defaul t  s t o p b i t  (1 stop b i t ) * /  

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flow c o n t r o l  characters  */ /*===== 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#de f ine  XOFF 0x13 / * A S C I I  code f o r  XOFF */ 
#de f ine  XON 0x11 / * A S C I I  code f o r  XON */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*=====INT14 B i t s  and f l a g s  */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#de f ine  SER INT14 ERROR B I T  0x80 /* E r r o r  b i t  */ 
#de f ine  SER-INT14-ACTIVr 
# d e f i n e  SER-INTl4-FOSSIL ox2 / *  Foss i l  d r i v e r  f l a g  * /  
#de f ine  SER-INT14-INTERRUPT 0x14 /* I n t e r r u p t  */ 

ox 1 /*  Por t  can be i n i t t e d  v i a  INT14 */ 

f -  

- - 

/*=====€I250 Asynchronous adapter o f f se ts  and b i t s  *i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#de f ine  BAUD LOW 
#def  i ne DATAEUF 

#de f ine  BAUD - HIGH 
#de f ine  I E R  
#de f ine  I E R  RDA 
#de f ine  IER-THRE 
#def  i ne I ER-RLS 
#def  i ne IER-MS - 
#de f ine  I I R  
#de f ine  I I R  RLS 
#de f ine  I IR-RDA 
#de f ine  IIR-THRE 
#de f ine  I IR-PEND 
# d e f i n e  IXR-MS 
#de f ine  IIR-FIFOL 
#de f ine  I IR-FIFOH - 

#de f ine  FCR 
# d e f i n e  FCR ENAB 
#def  i ne FCR-RRESET 
#def  i ne FCR-XRESET 
#def  i ne FCR-DMASEL 
#def  i ne FCR-RTRGLSB 
#def  i ne FCR-RTRGMSB - 

#de f ine  LCR 

0 
0 

1 
1 
ox001 
0x002 
0x004 
0x008 

2 
0x6 
0x4 
0x2 
0x1 
oxo 
0x40 
0x80 

2 
ox01 
oxo2 
0x04 
Ox08 
0x40 
0x80 

3 

/*Offset  t o  l o w  by te  o f  baud d i v i s o r * /  
/ *Of fset  t o  rcv/xmt bu f fe r * /  

/ *Of fset  t o  h igh  by te  o f  baud d i v i s o r * /  
/ * I n t e r r u p t  Enable Regis ter* /  
/*Receive Data AvaS 1 ab1 e i n t  b i t * /  
/ *Transmi t ter  Hold Reg. Empty i n t  b i t * /  
/*Receive L ine  Status i n t  b i t * /  
/*Modem Status i n t  b i t * /  

/ * I n t e r r u p t  I d e n t i f i c a t i o n  Regis ter* /  
/**equal* i f  Receiver L ine  S ta t  i n t * /  
/**equal* t o  i f  character  ready*/ 
/**equal* t o  i f  TX b u f f e r  empty*/ 
/* zero i f  any i n t e r r u p t  pending*/ 
/**equal* t o  i f  Modem Status i n t * /  
/ *FIFO ACTIVE* /  
/*FIFO ACTIVE*/ 

/*FIFO Contro l  Regi s te r * /  
/ *F IFO Enable*/  
/*Recei ver  F IFO Reset*/ 
/*Xmi t t e r  FIFO Reset*/ 
/*DMA Select* /  
/*Receiver Tr igger  LSB*/ 
/*Recei ver  T r igge r  MSB*/ 

/ *L ine Control Regi s te r * /  



#de f i r re  LCR W t S O  
# d e f  i t i e  LCR-WLS1 
# d e f i n e  LCR-STOPBIlSl 
# d e f i  ne  LCR-PARI T Y  EN 
# d e f i n e  LCR-EPARi TY 
# d e f i  tie LCR-SPARITY 
Kdef-i IIP LCR-BREAK 
# d e f i  ne LCR-DLAB - 

# d e f  i IIE? MCR 
# d e f i n e  MCR DTR 
# d e f  i iw MCR-RTS 
# d e f  i nc: MCR-OUT1 
# d e f i n e  MCK-OUT2 . 
#clef i n e  MCR-.LOOP - 

l fde f  i ne LSR 
# d e f i n e  LSR D A l A  
# d e f  i ne LSR-OVERRUN 
# d e f i n e  LSR--PARITY 
# d e f i n e  L.SR-FRAMING 
# d e f  i ne LSR-'BKEAK 
# d e f i n e  L S R - ~ V H R E  
f idef  i ne LSR-TSRE _. 

# d e f i n e  MSR 
# d e f i n e  MSR DEL. CTS 
# d e f i n e  MSR-DEL-'IER 
# d e f  -i ne MSR--€DGF R I  
# d e f i n e  MSR-DEL SIGO 
# d e f  i ne MSR-CTS-' 
# d e f i n e  MSR-DSR 
#def ine  MSR--RI 
# d e f  i ne MSR-DCD - 

Kdefirie SCR 

0 
ox a. 
ox4 
0x8 
ox 10 
0x%O 
0x40 
0x80 

4 
Ox'l 
ox2 
ox4 
0x8 
0x10 

5 
ox 1 
Ox2 
0x4 
0x8 

/*Word Length S e l e c t  B i t  0*/ 
/*Word Length S e l e c t  B i t  I*/ 
/*Number OF s t o p  b i t s * /  
/*Enab P a r i t y (  see SPARPTY & E P A R I T Y ) * /  
/'kEven P a r i t y  B i t * /  
/ * S t i c k  P a r i t y * /  
/ * s e t  i f  break des i red* /  
/ * D i v i s o r  La tch  Access B i t * /  

/*Modem C o n t r o l  Reg is te r * /  
/'kData Terriii n a l  Ready*/ 
/"Request To Send*/ 
/*Output 1 (unused)*/ 
/*Output 2 ( E x t e r n a l  I n t  Enable)*/ 
/*Loopback cnabl  e* /  

/ *L I  ne S t a t u s  Reg is te r * /  
/ *Da ta  Ready b i t * /  
/*Overrun e r r o r  b i t * /  
/ * P a r i t y  e r r o r  b i t * /  
/*l;'raml nq e r r o r  b i t * /  

0x10 /*Break Detect* /  
0x20 ','r /*Transmit  Ho ld ing  R e g i s t e r  Empty*/ 
0x40 /*Transmi t Shi P t  Regi s t e r  Empty*/ 

6 
ox1 
ox2 
0x4 
0x8 
Ox10 
Qx2Q 
0x40 
Qx80 

/*Modern S t a t u s  Reg is te r * /  
/ *De l ta  C l e a r  To Send*/ 
/ *De l ta  Data Set Ready*/ 
/ *T ra i  1 i ng Edge - o f  Ring I n d i  c a t o r * /  
/*Del La Receive L i n e  S igna l  Detect* /  
/ *Clear  To Send*/ 
/*Data Set Ready*/ 
/*Ring I n d i c a t o r  - d u r i n g  e n t i r e  r i n g * /  
/*Data C a r r i e r  Detect  - on l i n e * /  

7 / *Scratch R e g i s t e r * / '  

tidefine PORT 8259 REG1 0x20 /*8259 r e g l * /  
f idef  i ne PORT-8254-REG2 - 0x21 /*8259 re@*/ 
# d e f i n e  EO1 - 8259 0x20 /*End o f  i n t  i n s t r u c t i o n  t o  8259*/ 

# d e f  i ne t3AUD110 0 / *  110 baud */  
# d e f i n e  BAUD150 1 /*  150 baud */  
# d e f i n e  BAUD300 2 /" 300 baud * /  
# d e f i n e  BAUD600 3 / *  600 baud */  
#d& i  ne BAUDI.200 4 /* 1200 baud */  
# d e f i n e  BAUD2400 5 /* 2400 baud */ 
Kdef-i ne BAUD4800 6 / *  4800 baud * /  



#def  i ne BAUD9600 
#def  i ne BAUD19200 
#def  i ne BAUD38400 
#de f ine  BAUD57600 
# d e f i n e  BAUD115200 
#def  i ne BAUDUSEROO 
# d e f i n e  BAUD14400 
# d e f i n e  BAUDUSEROl 
# d e f i n e  BAUD28800 
# d e f i  ne  BAUDUSER02 
# d e f i n e  BAUDUSERO3 
# d e f i  ne BAUDUSER04 
#def  i ne BAUDUSER05 
#de f ine  BAUDUSER06 
#de f ine  BAUDUSER07 
#def  i ne BAUDUSER08 
#def  i ne BAUDUSER09 

7 
8 
9 
10 
11 
12 
12 
13 
13 
14 
15 
16 
17 
18 
19 
20 
21 

/* 9600 baud */ 
/ *  19200 baud * /  
/ *  38400 baud */ 
/* 57600 baud */ 
/* 115.2 kbaud */ 
/*  User baud r a t e  */ 
/* 14400 baud */ 
/* User baud */ 
/* 28800 baud */ 
/*  User baud r a t e  */ 
/* User baud r a t e  */ 
/* User baud r a t e  */  
/* User  baud r a t e  */ 
/* User baud r a t e  */ 
/* User baud r a t e  */ 
/* User baud r a t e  */  
/*  User baud r a t e  */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*=====Pari ty Indeces */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
# d e f i n e  PAR NONE 0 = /*  No p a r i t y  * /  
#def  i ne PAR-ODD 1 ''* /* ODD p a r i t y  */ 
#def  i ne PAR-EVEN 2 /* Even p a r i t y  */ 
# d e f i n e  PAR-SODD 3 /* S t i c k y  ODD p a r i t y  */ 
#def  i ne PAR-SEVEN - 4 /*  S t i c k y  Even p a r i t y  * /  

#i f n d e f  MSWIN32 
# d e f i n e  PARITY NONE 0 /* No p a r i t y  */ 
#def  i ne PARITY-ODD 1 /* ODD p a r i t y  */ 
#de f ine  PARITY-EVEN 2 /* Even p a r i t y  */ 
#def  i ne PARITY-SODD 3 /* S t i c k y  ODD p a r i t y  */ 
# d e f i n e  PARITY-SEVEN - 4 ' /* S t i c k y  Even p a r i t y  */ 
#endi  f 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*=====Length Indeces */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
# d e f i n e  LENGTH 5 0 /* 5 b i t s  */ 
# d e f i  ne LENGTH-6 1 /* 6 b i t s  */ 
# d e f i n e  LENGTH-7 2 /* 7 bits */ 
# d e f i n e  LENGTH-8 - 3 /* 8 b i t s  */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*===== Stopbi  t Indeces */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
# d e f i n e  STOPBIT 1 0 /* 1 S t o p  b i t  * /  
#def  i ne STOPBIT-2 - 1 /*  2 Stop b i t  * /  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*===== Break Indeces */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
# d e f i n e  BREAK OFF 0 /* Break o f f  */ 
#def  i ne BREAK-ON - 1 /* Break on */ 



/ 
*/ 
/ 

/*.k**VVk~*******%*%****************~~**.k********************************** 

/*k******~******X**********************%*******%*****%******************* 
/ * .= = = = = P ro  t o c o 1 I ndec es 

# d e f i n e  PROT RTSRPS 0 / *Loca l  CTS/RTS-Remote CTS/RTS */ 
# d e f i n e  PROT-RTSXON x /*Loca 1 CTS/ RTS -Remot e XON/XOF F*/ 
# d e f  1' ne PROT-RTXTR 2 /* 1-0 ca 1 CTS / RTS - Rerno t e OS R/ DTR*/ 
# d e f i n e  PROT-RTSNON 3 / *Local  CPS/RTS-Remote no p r o t * /  
# d e f i n e  PROT-NONNON 4 / *Local  no prot-Remote no p r o t * /  
# d e f  i ne PROT-NONXON 5 / *Loca l  no p r o t o c o l  -Remote XOFF/XON*/ 
# d e f  i ne PHOT-XONNON 6 / * L o a  1 XOFF/XON-Remote no prot*/ 
# d e f i n e  PROT-XONXON r /* Loca I XON/XO FF- Rem0 t e XON/XOFF*/ 
# d e f i  ne PROT-DTRNON t3 / *Loca l  DSR/DTR-Remote no  p r o t o c o l  */ 
# d e f  i ne PR0T'-DTRRTS '3 /*Lo c a 1 DS R/  DTR- Remo t e CTS / RTS*/ 
# d e f i n e  PROT-DTRDTR 10 / * l o c a l  DSR/DTR-Remote DSR/DTR */ 
# d e f i  rie PROT-DTRXON 11 / *Loca l  DSR/DTR-Remote DSR/DTR*/ 
#defi  rip PROT-NONRTS 12 / *Loca l  n o  prot-Remote CTS/RTS p r o t * /  
# d e f  i ne PROT-NONUTR 13 /" local  no  prot-Remote DSR/DTR p r o t * /  
# d e f i n e  PROT-XONRTS 14 / *Loca 1 XO FF/XON - Rem0 t e CTS/RTS*/ 
# d e f  i ne PROT-XONDTR I 15 f*Loca 1 XOFFIXON-Remot e DSK/DTR*/ 

/**Q*.k%~~*%t*****k*lk********************%************************%******* s / 
/ * = = = 2 =: Card t y p e T n ti e c e s * /  
/**XXkk~****k*****k********.~*~**%**%************************************ / 
# d e f  i tw CARD NORMAL 0 /* Normal  cards * /  
# d e f i  ME? CARD-INTELH I /*  In t e l  HUB card(No Longer suppor ted)  * /  
# d e f i n e  CARD-CYCL.OMY 1 Cyc lades  I S A  & P C I  Yx Cards */  
#clef i ne CARD-DIGCXI 2 /* D i g i b o a r d  COMXI  * /  
#clef i n e  CARD-ARNETSPLUS 3 / *  A r n e t  Smar tp lus  * /  
#de f ine  CARD-BOCAI~~O 4 / *  BOCA 1610 */ 
Hdef i ne CARD-DIGPCX 5 / *  D i g i b o a r d  PCX */ 
Hdef i ne CARD-GTEK 6 /* GTEK b o a r d  */ 
# d e f i  ne  CARD-INTI4 7 /* 3 r d  p a r t y  INTl4H board */ 
# d e f i n e  CARD-WCSCVXD 8 
# d e f i n e  CARD-WINAPI - 9 /* Uses Windows AQI */ 

/**XX*k**k***%**k*t***%****.k*****~.k**.~*********************************** / 
/ *=====Flag  b i t  s e t t i n g s  (System F l a g ( p c b . f l a g ) )  "I 
/X**X*k******k*~*******~:********************%**************************** I 
#;define A C T I V E  FLG / *  Set  = p o r t  i s  a c t i v e .  * /  
# d e f i n e  XMTOFF--S'TATE 0x0002 / *  Set  = Remote h o s t  i n  XOFF s t a t e .  * /  
# d e f i n e  RCVUFF-STATE . 0x0004 /* Se t  = Loca l  h o s t  i n  XOFF s t a t e .  */ 
# d e f i n e  TNTFUNC MODEM /*  Se t  = Exec modem i n t r p t  f u n c  * /  
# d e f i n e  INTFUNC-"STAT /* Se t  = Exec s t a t u s  i n t r p t  f unc  */ 
f d e f  i ne INTFUNC-RCV / *  S e t  = Exec r e c e i v e  i n t r p t  func  * /  
# d e f i n e  ENTFUNC--XFTIT 0x0040 /* S e t  = Exec x m i t  i n t e r p t  f unc  */ 
iiderint? INTrUNC-AVAIL oxooco / A  s e t  = * /  
# d e f i n e  INTFUNC-RCVCHR OxOlOO /* Set  = Exec s p e c i f i c  c h a r  rcv i n t r p t  f u n c  */ 
# d e f i n e  INTFUNC--IBFDCNT 0x0200 / *  Se t  = Exec i n b u f  dec t o  v a l  i n t r p t  f u n c  * /  
#de f ine  INTFUNC--IBFICNI Ox0400 / *  Se t  = Exec i n b u f  i n c  t o  v a l  i n t r p t  f u n c  */ 
# d e f i n e  INTFUNC--OEiFDCNT 0x0800 /*  Se t  = Exec o u t b u f  dec t o  v a l  i n t r p t  f u n c  * /  
# d e f i n e  INTFUNC-QBFTCNT 0xlOO0 /*  Set = Exec ou tbu f  i n c  t o  Val i n t r p t  f u n c  * /  
# d e f i n e  INTFUNC--XMTCWR ." Ox2000 /" Se t  = Exec i f  about  t o  x m i t  c h r  i n t r p t  f n c  
"/ 

/ *  WCSC h i g h  speed VxD f o r  8250 f a m i l y  */ 

~ ~ 0 0 0 1  

Ox0008 
0x0010 
0x0020 



# d e f i n e  INTFUNC X 0x4000 
#def i ne INTFUNC-OTHER 0x8000 
#de f ine  INTFUNC-X BREAK Ox0001 
# d e f i n e  INTFUNC-XIFRAME Ox0002 
# d e f i n e  INTFUNC-X-OVRUN 0x0004 
# d e f  i ne INTFUNC-X-PARER 0x0008 
# d e f i  ne INTFUNC-X-CTS Ox0010 
# d e f  i ne INTFUNC-X-DSR Ox0020 
# d e f  i ne INTFUNC-X-CD 0x0040 
#de f  i ne INTFUNC-X-RING - -  0x0080 

/* Set = Use extended masks */ 
/*  Set = Exec by o t h e r  c o n d i t i o n s  */ 
/ *  Set = Exec on Break i n t r p t  f unc  */  
/* Set = Exec on Frame i n t r p t  f unc  */ 
/* Set  = Exec on P a r i t y  i n t r p t  f u n c  */ 
/* Set = Exec on Fu'ame i n t r p t  f u n c  */ 
/*  Set  = Exec on CTS i n t r p t  f unc  */  
/* Set = Exec on DSR i n t r p t  func */ 
/*  Set = Exec on CD i n t r p t  func */  
/* Set = Exec on R I N G  i n t r p t  f unc  */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*===== F1 ag2 b i t  s e t t i n g s  (User f l a g  (pcb. f l  ag2)) */ .......................................................................... 
# d e f  i ne 
# d e f  i ne 
# d e f i n e  
# d e f  i ne 
# d e f  i ne 
# d e f i  ne 
#de f  i ne 
# d e f i n e  
*/ 
# d e f  i ne 
# d e f  i ne 
# d e f  i ne 
# d e f  i ne 
*/ 
# d e f  i ne 
# d e f  i ne 
# d e f  i ne 
# d e f  i ne 
# d e f i n e  
# d e f i n e  
# d e f  i ne 

STOREALL 
DIFFXBUF 
CHAIN INT 

LEAVE-RTS 
IGNORE 16550 
DISABLE MODEMSIG 

LEAVE-DTR 

NOCHANGE-MODEMSIG 

STORESOME 
LOC KBAUD 
POLLONSTATUS 
PARENT PORT 

0x0001 
0x0002 
0x0004 
0x0008 
0x0010 
0x0020 
0x0040 

-.e 0x0080 

* 0x0100 
0x0200 
0x0400 
0x0800 

/*Set = 
/*Set = 
/*Set = 
/*Set = 
/*Set = 
/*Set = 
/*Set = 
/*Set = 

/*Set = 
/*Set = 
/*Set = 
/*Set = 

s t o r e  LSR/MSR/ PORT/ DATA*/' 
D i f f e r e n t  seg f o r  x b u f  */ 
Chain i n t e r r u p t s  */ 
DTR unchanged on c leanup * /  
RTS unchanged on c leanup */ 
Do n o t  enable 16550 */ 
D isab le  RTS/DTR on se tup  */ 
On setup l eave  RTS/DTR as i s  

S t o r e  PORT/DATA on ly * /  
Lock baud a t  i n i t i a l  se tup  */ 
caf 1 uopr ime&uipr ime */ 
VxD w i l l  use p p o r t  for p a r e n t  

CUSTOM FLAG 1 Ox1000 /*Custom usage exp la ined  e l  sewhere */ 
CUSTOMFLAG2 Ox2000 /*Custom usage expl  a i  ned e l  sewhere */ 
T I  MESTAMP BYTES 0x2000 /*Timestamp by tes  i n  s t ream */ 
CUSTOM F LAG3 0x4000 /*Custom usage exp la ined  e l  sewhere */ 
NINEBITPROTOCOL 0x4000 /*Use Nine B i t  p r o t o c o l * /  
.CUSTOMFLAG4 0x8000 /*Custom usage exp la ined  el sewhere */  
MU LT I DROP 0x8000 /*Use mu1 t i  drop p r o t o c o l  */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*===== Values r e t u r n e d  t o  i n t f u n c ( )  h a n d l e r  */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
# d e f i n e  INTFUNC VMODEM Ox0000 /* Modem i n t r p t  */ 
# d e f i n e  INTFUNC-VSTAT 0x0001 /* S ta tus  i n t r p t  * I  
# d e f  i ne INTFUNC-VRCV Ox0002 /* Receive i n t r p t  */ 
# d e f i n e  INTFUNC-VXMIT 0x0003 /* X m i t  i n t e r p t  */ 
# d e f i n e  INTFUNC-VAVAIL 0x0004 /*  */ 
# d e f  i ne INTFUNC-VRCVCHR 0x0005 /*  S p e c i f i c  char  r c v  i n t r p t  */ 
# d e f i n e  INTFUNC-VIBFDCNT 0x0006 /*  I n b u f  dec t o  Val i n t r p t  */ 
t i de f i ne  INTFUMC-VIBFICNT 0x0007 /*  Inbuf  i n c  t o  va l  intrpt */ 
# d e f i n e  INTFUNC-VOBFDCNT 0x0008 /* Outbuf dec t o  v a l  i n t r p t  */ 
# d e f i n e  INTFUNC-VOBFICNT Ox0009 /*  Outbuf i n c  t o  Val i n t r p t  */ 
# d e f i n e  INTFUNC-VXMTCHR OxOOOa /*  X M I T  s p e c i f i c  char  i n t  * /  
# d e f i n e  INTFUNC-VWAITCDON OxOOOb /* W a i t f o r  CD on i n t  */ 
# d e f  i ne INTFUNC-VWAITCDOFF OxOOOc /* W a i t f o r  CD o f f  i n t  */ 
# d e f  i ne INTFUNC-VWAITCTSON OxOOOd /*  W a i t f o r  CTS on i n t  * /  
# d e f i n e  INTFUNC-VWAITCTSOFF - OxOOOe /*  W a i t f o r  CTS o f f  i n t  */ 



# d e f  i ne INTFUNC VWAlTDSRON 
# d e f  i ne INTFUNC-VWAITDSROFF 
#de f i ri e I NT FUNC"V WA 1 T R  I ON 
# d e f i n e  I~TFUNC-VWAI l -RI~~F 
#dePi ne I WTFUNC-VWAITXEMPTY 
H d e f i  ne INTFUNC-VWAJ:TXNO'TEMPVY 
# d e f  l' ne INTFUNC-VWATTREMPTY 
# d e f  i ne INTFUNC-VWAITRNOIEMPTY 
# d e f  i ne INTFUNC-VWAXTTIME 
# d e f i n e  IN'TFUNC-VX BIiEAK 
Hdef i tie INTFUNC-VX--FRAME 
# d e f  i ne INTFUNC-UX--OVRUN 
Kdef i ne INTFUNC-VX-IPAFER 
# d e f  i ne INTFUNC-VX--C'TS 
# d e f i  tie INTFUNC-VX-BSR 
# d e f i  ne INTFUNC-VX-CD 
# d e f  i ne INTFUNC-VX-IRING 
# d e f  i IW INTFUNC-VWRI'TRCOUNT 
# d e f  i t ie  INTFUNC-VWAITXCOUNT 
# d e P i n e I NT FUNC-v - s EN DNOW DON I: 

OxOOOf 
0x0010 
0x0011 
0x0012 
5x0013 
0x0014 
0x001 5 
0x0016 
0x0017 
0x0018 
0x0019 
OxOOla 
0x804. b 
Ox001c 
OxOOld 
Ox00 l e  
0x001 f 
0x0020 
t)xoo2 1 
0x0022 

/*  W a i t f o r  DSR on i n t  * /  
/* W a i t f o r  DSR o f f  i n t  */ 
/*  W a i t f o r  R I  on i n t  */ 
/* W a i t f o r  R I  o f f  i n t  */ 
/ *  W a i t f o r  x m i t  empty i n t  */ 
/ *  Wa i t fo r .  x m i t  n o t  empty i n t  */ 
/* W a i t f o r  r e c e i v e  empty i n t  * /  
/ *  W a i t f o r  r e c e i v e  n o t  empty i n t  * /  
/ *  W a i t f o r  t i m e  i n t  * /  
/ *  Break i n t r p t  */ 
/* Frame i n t r p t  */ 
/* Overrun i n t r p t  */ 
/* P a r i t y  i n t r p t  */ . 
/* CTS i n t r p t  */ 
/* DSR i n t r p t  */ 
/" CD i n t r p t  * /  
/" R I N G  i n t r p t  * /  
/* RCU Count i n t r p t  */ 
/*  XMT Count i n t r p t :  */ 
/ *  Send now done */  

/ * * X * k * ~ * * * k * * * * * * k f * * * ~ * " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  / 
*/  

/ * f t * * h . I t . h J r * 3 X * X - h J c ~ - k . ~ X * ~ J r k * % k J r . k * - k & J ; . k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  / 
# d e f i n e  WAITCBON 0x0000 /*  W a i t f o r  CD on */ 
#clef i ne WALTCDOFF Ox6001 /* W a i t f o r  CD o f f  */ 
# d e f i  rie WAITCTSON 0x0002 / *  W a i t f o r  RTS on */  
# d e f  i ne WAITCTSOFF 0x0003 /* W a i t f o r  RTS o f f  */ 
# d e f  i n e  WAITDSRON 0x0004 /* W a i t f o r  DSR on */ 
# d e f  i ne WAITDSROFF 0x0005 /* W a i t f o r  DSR o f f  * /  
# d e f i  ne WAITRION 0x0006 /* W a i t f o r  R I  on */ 
# d e f  i ne WAITRIOFF 0x0007 /* W a i t f o r  R I  o f f  * /  
#de f - i  ne WAITXEMPTY 0x8008 /* W a i t f o r  x m i t  buf empty */ 
# d e f i n e  W A I ~ X N O ~ ~ M P ~ Y  0x0009 /* W a j t f o r  x m i t  b u f  n o t  empty */  
#clef i ne WAITREMPTY 
# d e f i n e  WAPTRNOTEMPTY OxOOOb / *  W a i t f o r  r e c e i v e  b u f  n o t  empty */ 
# d e f i n e  SETRCVCHR 0 x 0 0 0 ~  /* Set r e c e i v e  c h a r a c t e r  comparator */ 
# d e f i n e  SETXMTCHR OxOOOd /* Set t r a n s m i t  c h a r a c t e r  comparator */ 
H d e f i n e  SETIBFDCIUT 
# d e f i n e  SETIBFICNP 
# / d e f i n e  SETQBFOCNT 
#/def i ne SETOEFTCNT 
# d e f i n e  WAITTEME 0x0012 /*  W a i t f o r  t i m e  "/ 
# d e f i n e  WAITRCOUNT 
# d e f  i ne WAITXCOUNT 
# d e f i n e  SETRCOUNT 
I' lf G Z  I T i  ne StTXCO!JT'IT 
# d e f i n e  SENDNOW 

/" = = I , >e~-  ,- rs232 mise f u n c ( )  (Fommands 

OxOOOa / *  W a i t f o r  r e c e i v e  b u f  empty */ 

OxOOOe /* Set i n p u t  b u f f e r  down count t h r e s h o l d  */ 
0xOOO-f /* Set f n p u t  b u f f e r  up count t h r e s h o l d  */ 
Ox0010 / *  Set o u t p u t  b u f f e r  down count t h r e s h o l d  *I 
0x0011 /* S e t  o u t p u t  b u f f e r  up count t h r e s h o l d  */  

0x0013 /* W a i t f o r  a t  l e a s t  RCV b u f f e r  count  */ 
0x8014 /* W a i t f o r  a t  l e a s t  XMT b u f f e r  count * /  
0x0015 / *  W a i t f o r  a t  l e a s t  RCV b u f f e r  count * /  
0x0016 /*  W a i t f o r  a t  l e a s t  XMT h u f f e r  rount  *I  
0x0017 / *  Send a s t r i n g  ahead o f  b u f f e r e d  da ta  */  

/.kXx~kk**k***k*.k*~*****~*******-h~*k************************************** I 
/ * = = - = = I R Q  Flag b i t  s e t t i n y s ( i c b . i r q  f l a g )  */ 
/***~*~****fr**Vk******fr*k*******~****~********************~*************** / 
# d e f i n e  IRQ ACTIVE 
# d e f i n e  IKQ-Ct iA iN I N T  0x0008 / *  Chain i n t e r r u p t  * /  

(I x 00 04 / *  I R Q  a c t i v e  * /  
- _- 



/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Return e r r o r  codes */ /*===== 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#de f ine  RS232ERR NONE 0 / *RS232 no e r ro r * /  
#de f ine  RS232ERR'-BUFFER - 1 /*RS232 b u f f e r  no t  set  o r  buf 
changed*/ 
#def ine RS232ERR A C T I V E  2 / *RS232 p o r t  no t  ac t i ve* /  
#def i ne RS232ERR-XMTBUF 3 / *RS232 xmi t  b u f f e r  f u l l * /  
#de f ine  RS232ERR-RCVBUF 4 / *RS232 recv b u f f e r  empty*/ 
#def  i ne RS232ERR-SYNTAX 5 / *RS232 p o r t  syntax e r ro r * /  
#def  i ne RS232ERR-BUFSIZ 6 

#de f ine  RS232ERR-HANDLR 8 /*RS232 hand1 e r  changed*/ 
#def  i ne RS232ERR'-BAUD 9 
#de f ine  RS232ERR-PARITY 10 / *RS232 i nval i d  p a r i  ty*/ 
#de f ine  RS232ERR-LNGTH 11 /*RS232 i nval i d  data length* /  
#de f ine  RS232ERR-STOPBIT 12 / *RS232 i n v a l i d  # s topb i ts* /  
#de f ine  RS232ERR-PROTOCOL 13 / *RS232 i nval i d  p ro toco l  */ 
#de f ine  RS232ERR-IRQCHANGED 14 / *RS232 I R Q  changed*/ 
#de f ine  RS232ERR-PORTCHANGED 15 / *RS232 p o r t  changed*/ 
#de f ine  RS232ERR-THRESHOLD 2 16 / * R S 2 3 2  i nval  i d t hreshol d*/ 
# d e f i n e  RS232ERR-INVIRQ '*- 1 7 / *RS232 i nval  i d  I R Q * /  
#de f i ne  RS232ERR-INTOFF 18 /*RS232 i n t e r r u p t s  no t  enabled*/ 
#de f ine  RS232ERR-BREAK 19 / *RS232 i nval i d  break syntax*/ 
#def  i ne RS232ERR-FATAL 20 / *RS232 f a t a l  e r ro r * /  
# d e f i  ne RS232ERR-DSR 21  / *RS232 CTS er ro r * /  
#de f ine  RS232ERR-INVADR 22 / *RS232 I n v a l  i d  RS232 address*/ 
#de f ine  RS232ERR-ENVIRON 23 /*Environment va r iab le  no t  se t  */ 
#def  i ne RS232ERR'-IOCTL 24 /*Error i s s u i n g  I O C T L  c a l l  */ 
#def  i ne RS232ERR-ATEXIT 25 / *Er ro r  i s s u i n g  a t e x i t  cleanup */ 
#de f ine  RS232ERR-DEVINIT 26 
#def  i ne RS232ERR-DOSOPEN 27 / *Er ro r  opening Device */ 
#def  i ne RS232ERR-MALLOC 28 
#def  i ne RS232ERR-EXTMICRO 29 / *Er ror  on external  micro*/ 
#de f ine  RS232ERR-CARDCHANGED 30 /*Card changed e r r o r  */ 
#de f ine  RS232ERR-CARDTY PE 3 1  /*Card type e r r o r  * /  
# d e f i  ne RS232ERR-NOSUPPORT 32 /*Not supported */  
# d e f i  ne RS232ERR"CMDBUFFULL 33 /*Card command b u f f e r  f u l l  */ 
#de f ine  RS232ERR-PPORT 34 /* InVal  i d  parent PCB*/ 
# d e f i n e  RS232ERR-NODEYICE . 35 / *No device f o r  t h i s  po r t * /  
#def  i ne RS232ERR-UNKNOWN 36 /*Un know e r ro r * /  
#def  i ne RS232ERR-BUSY 37 /*Busy*/ 
#de f ine  RS232ERRINOTIMER 38 /*No more t imers avai 1 ab1 e*/ 
#de f ine  RS232ERR-INT14VEC 39 / * I N T  1 4 H  vec tor  changed*/ 
#de f ine  RS232ERR-INTlCVEC 40 /*Timer vec to r  changed*/ 
#def  i ne RS232ERR-DPMI 41 / *DPMI  error*/ 
#def  i ne RS232ERR-WINBUF 42 /*NO windows b u f f e r  o r  t o o  small * I  
#def  i ne RS232ERRINOASYNCRES 43 / *No asynchronous resources 1 e f t  */ 
#de f ine  RS232ERR-NOTIMERRES 44 / *No t i m e r  resources l e f t  */ 
#def  i ne RS232ERR-NOOTHERES 45 /*Out o f  o ther  resources */  
#de f ine  RS232ERR-FILE10 46 / * F i l e  1/0 e r r o r  */ 
#def  i ne RS232ERR-HMEMG64 47 /*Hardware memory exceeded 64K */ 
#de f ine  RS232ERR-MAPVXD - 48 /*VXD/Kernel D r i v e r  no t  loaded */  

/ *RS232 i nval  i d  b u f f e r  s i  ze*/ 

/ *RS232 i nval  i d  baud ra te* /  

#def  i ne RS232ERR-PORT 7 / *RS232 i n v a l i d  po r t * /  v i  

/ * E r r o r  mapping devi ce f o r  d i  r c a l l  s*/ 

/ *Er ro r  a1 1 ocat i ng memory */ 



# d e f  i ne RS232ERK JHREAD 
# d e f i  ne iIS232ERR-"MAPVDD -I 

49 
5 0 

/*Could not: s t a r t  a t h r e a d  */ 
/*NV VDD CDKVVDD.DLL n o t  loaded */ 

# d e f  i ne CALLBACK MSR 
# d e f  i ne CALLBACK-XMT 
# d e f i n e  CALLBACK-"RCV 
# d e f i n e  CALLBACK--LSR 
# d e f  1 rie CAL,LBACK--SE,TTIM 
# d e f  i ne CALLBACK--RSTTIM 
# d e f  i rie CAI..LBACK--GE-:TPAl-H 
#de f i ri e CAI-LBAC K--G -_ ETIIATA 

0 
4 
8 
1.2 
16 
20 
2 4 
28 

/* C a l l e d  on every MSR change i n t :  * /  
/* C a l l e d  on every X M I T  i n t e r r u p t ,  * /  
/* C a l l e d  on every RCV i n t e r r u p t .  */ 
/* C a l l e d  on every LSR i n t e r r u p t .  */ 
/* C a l l e d  t o  s e t  a t i m e r .  */ 
/* C a l l e d  t o  r e s e t  a t i m e r .  */ 
/* C a l l e d  t o  r e s e t  a t i m e r .  */ 
/* C a l l e d  t o  g e t  d a t a  p o i n t e r .  * /  

/ 
O f f s e t s  t o  sub-device Puvlct ions */  

/ 

/ * X k * ~ ~ X X * * X I Q * * * * * t * ~ ~ * * * k * * ~ * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

/'k = = =: = = 
/ * * * * k * k * * * * * * * * * * ~ * * * * * * * * ~ ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * *  

# d e f i  ne CALLDEV - CALLBACK 
*/ 
# d e f i n e  CALLDEV - UINTIiDR 
* /  
# d e f  i rte CALLDEV UDTROFF /.f 8 /* I D X  f o r  sub-dev d t r  o f f  f u n c t i o n  */ 
# d e f  i ne CALLDEV-UDTRON 12 / *  TDX f o r  sub-dev dt r -on f u n c t i o n  */ 
# d e f i  rie CALLDEV-UGEiTIIEG I 1.6 /* I D X  f o r  sub-dev gez u a r t  r e g  func  
*/  
# d e f i n e  CALLDEV U I f R l M E  
# d e f i n e  CALLDEV-UOPREME 24 /* I D X  f o r  sub-dev o u t p u t  p r i m e r  */ 
# d e f  i ne CALLDEV-UPUTKEE I 

* I  

0 

4 

/ *  I D X  f o r  adr o f  p t r  t o  c ' back  funcs 

/* I D X  f o r  sub-dev i n t e r r u p t  h a n d l e r  

20 

2% 

/ *  I D X  f o r  sub-dev i n p u t  p r i m e r  * /  

/* I D X  f o r  sub-dev p u t  u a r t  r e g  f u n c  

# d e f  1' IW CALLDEV URESET 
# d e f i n e  CALLBEV-URTSQFF 
# d e f  i n c ?  CALLDEV-URTSON 

' #def.i ne CAI_LDEV-IJSI~TUQ 
# d e f I  ne CALLDEV-UXMI T 
#clef i ne CALLDEV-UKXMIT 
# d e f i n e  CALLBEV-UIXMIT 
#clef i ne CALLDEV\lBAUDIV I 

*/ 
# d e f i  ne CALLDEV IN'TENTER 
# d e f  i n e  CALLDEV-INTEXIT 
# d e f  i ne CALLDEV-MPX I 

3 2 
35 
40 
44 
48 
52 
56 
60 

64 
68 
72 

/* I D X  for sub-dev r e s e t / c l e a n u p  */ 
/* I D X  f o r  sub-dev r t s  o f f  * /  
/ *  I D X  f o r  sub-dev r t s -on  */ 
/* I D X  f o r  sub-dev i n i T / s e t u p  * /  
/* I D X  f o r  sub-dev x m i t  t r i g g e r  * /  
/* I D X  f o r  sub-dev k i l l  x m i t t e r  */ 
/* I D X  f o r  sub-dev immediate x m i t  * /  
/* IBX f o r  sub-dev baud r a t e  d i v i s o r  

/* I D X  f o r  sub-dev e n t e r  i s r  * /  
/*  1DX f o r  sub-dev e x i t  i s r  * /  
/*  I D X  f o r  m u l t i p l e x  f u n c t i o n s  */: 

# d e f i n e  CUMMDRV SUSDEV FLAG 96 /*  0 , f f s e t  t o  subdevice f l a g s  */ - I 

/*:=:====fluxi 1 i a ry  f I ag liits (auxpch.  a i i x  f l  ag) * /  
/*fk*kkk*XX***k********.~*************,k~*****.~*************,k************** / 
# d e f  i ne AUXFLAG HRKERK 0xO0Q00001L / *  Set=Break e r r o r  occu r red  * /  
Ndef i ne AUXFLAG-FRAMERK -. / *  Set=Frami ng e r r o r  o c c u r r e d  
"/ 
# c l e f i  t7e AUXFLAG I. IOVRERR /* Se t= Inpu t  ove r run  occu r red  
* /  
f d e f  i ne AUXFLAG I OVRERR / *  Set=UART ove r run  o c c u r r e d  
* /  

0 x o  0 00 0 0 0 2 L 

Ox 0 0 0 0 0 0 0 4 L 

0xO0000008L , 



# d e f i n e  AUXFLAG - PARERR 
* /  

0x00000010L /* Set=Par i  t y  e r r o r  occu r red  
I 

' # d e f  i ne AUXFLAG - R I N G  
*/ 

0x00000020L / *  'Set=Ring de tec ted  on UART 

# d e f  i ne AUXFLAG - XFERDLG 
*/ 

0x00000040L /* Set=Show F i l e  X f e r  D i a l o g  

# d e f i n e  AUXFLAG XFERCAN 0x00000080L / *  Set=Cancel F i l e  X f e r  * /  
# d e f i n e  AUXFLAG-NOMSGLOOP - 0x00000100L /* Set=No t o  2ndary Msg Loop 
*/ 
# d e f  i ne AUXFLAG NOTIMER 0x00000200L 
# d e f  i ne AUXFLAG-SWITCHONDELAY 0x00000400L /* Set=Force c o n t e x t  on de l  * /  
# d e f i n e  AUXFLAG-9BITTOGGLEl 0~00000800L /* Nine b i t  t o g g l e * /  
# d e f  i ne AUXFLAG-9BITTOGGLE2 - 0x00001000L /*  N ine  b i t  t o g g l e * /  

/ *  Set=No t o  t i m e r  r o u t i n e  */  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*====== Async Event Resource */' 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
s t r u c t  async - r e s  
I 
#i f n d e f  MSWIN32 
CDRVU I NT 
CDRVUI NT 
CDRVUI  NT 
C DRVU I NT 
CDRVUINT 
# e l s e  
s t r u c t  async r e s  
uns igned 1 o n i  
s h o r t  
s t r u c t  p o r t  - param 
i n t  
#endi  f 
1; 

async p t r ;  
as y n c-t i m ; 
as y n 03 a 1 ; 
as y n c-p c b ; 
a s y n c- - f n c ; 

*async p t r ;  
async Tim; 
as yn c-v a 1 ; 
*asynT pcb; 
async - Tnc; 

/* P o i n t e r  t o  n e x t  async resource  */  
/* Timer * /  
/* Value t o  pass t o  i n t f u n c  */  
/* P o r t  PCB */  
/* T e s t i n g  sub - func t i on  */ 

/* P o i n t e r  t o  n e x t  async resource  * /  
/* Timer */ 
/* Value t o  pass t o  i n t f u n c  */ 
/* P o r t  PCB */ 
/* T e s t i n g  s u b - f u n c t i o n  i n d e x  */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*====== Timed Event Resource */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
s t r u c t  t i m e r  - r e s  
{ 
CDRVUINT 
C DRVU I NT 
v o i d  FAR * t i m e r  f n c ;  /* u s e r  f u n c t i o n  */ 
CDRVUINT t i m e r  - Ftm; /* Timer r e l o a d  */ 
} ;  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*====== Modem I n f o r m a t i o n  s t r u c t u r e .  */ 
/ * * * * * * * * * * * * * X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * *  / 

Pacet i me ; /*  Modem pace t ime(de f=> l )  */ 
i' 
i n t  P1 uspacetime; / *  +++ Pacetime(def=>Z) */  
i n t  Wai t response; /* Timeout t o  w a i t  f o r  modem(def=>1*18) */ 
i n t  Wai t connec t ;  /*  Timeout f o r  connect (def=>30*18) */ 

t i  mer p t  r ; 
t i mer-t i m; 

/* P o i n t e r  t o  nex t  t i m e r  resource */ 
/* Timer * /  

s t r u c t  modem - param 

i n t  



i n t  
i n t  
i n t  
i n t  
char  
char  
char  
char  
char  
char  
char  
char  
cha r  
char  
char  
char  
char  
char  
char  
char  
char  
char  
char  
cha r  
char  
char  
char  
char  
char  
cha r  
1 ;  

Wai techo;  
Wai tcommantl 
Wai t d t r :  
RingInteu'va 

/* Timeout t o  wait  f o r  echo(def=>l*18) 
/* Timeout t o  wait  f o r  command(def=>1*18) 
/*  DTR f l a sh  time(def=>2*18) 

; /*  :Interval between rings(def=>10*18) 
/*  AT command p re f ix  (def=>"AT") 
/ *  ln 1' t i  a1 i r a t  i on s t ri ng  (def =>' lV 1QO") 
/* 'lone D i a l  (def=r"DT") 

; /*  Pulse Dial (def=>"DP") 
/* Reset modem s t r i n g  (def=>"Z") 
/* Escape t o  command mode (def=>"+++") 
/* Hangup s t r i n g  (def=>"H") 
/ *  AT cotnmand suff ix  (def=>"\ r" )  

CmdPref C4.1 ; 
In1 t [80] ; 
ToneDi a1 r41 
Pul seDi a1 [4 
Reset [4] : 
Escape[12]; 

Cm d S u f x [ 41 ; 
Ok[10] ; /*  AT corninand acknowledge (def=;"OK") . 
Error  [ 101 ; /* AT command f a i  1 ure (def=>"ERROR") 
Connect [ZSJ ; /* AT command connect (def=>"CONNECT") 
NoCarri e r  [15] ; / AT command c a r r i  e r  (def=>"NO CAKRS: ER") 
Busy[lO] ; /"  AT command connect (def=>"BUSY") 
NoTone[15] ; /* AT coinmand connect (def=>"NO DIALTONE") 
Verbose[lOl; /*  AT Verbose mode (def=>"VlQO") 
Answer [:lo] ; /* AT Verbose mode (def=>"SO=") 
C a r r i e r  [:LEI] ; /*  AT command connect (def=>"CARRIER") 
Ring[lBf; /* ATJi ngi ng (def=s"RING") 
AnswerCmd[4] ; /* A T -  Answering (def=>"A") 
On1 i ne[4:] ; /* AT *Go Oril i ne  (def=>"O") 
Offhook[4] ; /* AT Go Offhook (def=>"Hl") 
Spea kerOfff41; /*  AT S p a  ker Off (def =>"MO'l) 
Sped kerOn [4] ; /* AT Speaker On (def =>''M1'') 
VoltimeLow[4] ; /* AT Voluine Low(def=>llLll') 
VolumeMedium[4] ;/* AT Volume Mediuin(def=>"LZ") 
VolumeHigh[4] ; /* AT Volume tiigh(def=>"L3" 

HangupC4J ; 

*/ 
*/ 
*/ 
* /  
* /  
*/  
*/ 
*/ 
*/ 
* /  
*/  
*/  
*/ 
* /  
* /  
*/ 
*/ 
*/  
*/ 
*/ 
*/ 
*/ 
*/ 
* /  
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 

#def ine  SENDNOWBUFSIZE 10 
unsigned long aux itr'Iner[3]; 
unsigned long aux-ktimer[3] ; 
unsigned 1 ong . aux--rcv.int; 
unsigned long aux--timint; 
unsigned long aux--xmt'int; 
unsigned long aux-1 s r  i n t  ; 
unsigned long aux-msrint; 
unsigned long aux--ovrint; 
u n s i g n e d  l o n g  aux--pdr in t ;  
unsi gned I ong aux--frmi n t  ; 
unsi gned 1 ong aux-brki n t  ; 
unsigned 'I ong aux--rcvxon; 
unsigned long aux-rcvxoff; 
unsigned 1 ong aux--xrntxon; 
unsigned long aux--xmtxoff; 
unsi gned 1 ong aux--ctson; -- 

/* S i r e  0.f send now buf fe r  */ 
/ *  Input t imer  block */ 
/* O u t p u t  t imer  */ 
/ *  Receiver i n t e r r u p t s  */ 
/* Timeout Receiver i n t e r r u p t s  */ 
/*  Transmit i n t e r r u p t s  */ 
/*  LSR i n t e r r u p t s  */ 
/" MSK i n t e r r u p t s  */ 
/ *  Overrun e r r o r  */ 
/* P a r i t y  error */ 
/*  Framing e r r o r  * /  
/* Break e r r o r  */ 
/*XONs received*/ 
/*XOFFs received*/ 

"/*XONs xrni tted*/ 
/*XOFFs xmitted*/ 
/*CTS o f f  t o  on t r a n s i t i o n s * /  



unsigned l o n g  aux dsron; /*DSR o f f  t o  on t r a n s i t i o n s * /  
uns igned l o n g  aux-rtson; /*RTS o f f  t o  on t r a n s i t i o n s * /  
uns igned 1 ong aux-dtron; /*DTR o f f  t o  on t r a n s i t i o n s * /  
uns igned i n t  aux- ib lk[5] ;  /*  I n p u t  b u f f e r  c o n t r o l  b l o c k  */  
unsigned i n t  aux-ob1 k[5] ; 
v o i d  FAR *auX w in t func ;  / *  func */ 
CORVU I NT 
unsigned cha r  
CDRVUINT aux- ibfdcnt;  / *  I n p u t  b u f f e r  dec f l a g  p o i n t ( i n t f u n c )  * /  
CDRVU INT a u x - i b f i c n t ;  /* I n p u t  b u f f e r  i n c  f l a g  p o i n t ( i n t f u n c )  */ 
CDRVUINT aux-obfdcnt; /*  Output b u f f e r  dec f l a g  p o i n t ( i n t f u n c )  */ 
CDRVU I NT /*  Output b u f f e r  i n c  f l a g  p o i n t ( i n t f u n c )  */ 
uns igned char  aux-rcvchr; /*  Receive c h a r  f l a g  p o i n t ( i n t f u n c )  */ i 

unsigned char  aux-xmtchr; /* Transmi t  cha r -  f l  ag p o i n t  (i n t f u n c )  */ 
unsigned cha r  aux-cmask; /* Character  mask */ 
unsigned cha r  aux-spareZ[l] ; /* Spares * /  
CDRVUINT aux-rcount ; /* RCV B u f f e r  Count Event t h r e s h  */ 
CDRVUINT a ux-x count ; /* XMT B u f f e r  Count Event t h r e s h  */ 
i n t  a ux-w - p o r t ; /* Windows d r i v e r  p o r t  f o r  t h i s  PCB*/ 
C DRVU I NT 
unsigned cha r  FAR *auX sendnowptr; /* P o i n t e r  t o  data */ 
c h a r  aux sendnowbqjt[SENDNOWBUFSIZE] ; /* Send now b u f f e r  s i z e  */ 
1 ong aux-sendnowtot; / *  # o f  sendnow charac te rs  sen t .  * /  
1 ong aux- ichar f lush;  / *  # o f  i n p u t  c h a r a c t e r s  f l u s h e d  */ 
1 ong aux-ocharf lush; /* # o f  o u t p u t  c h a r a c t e r s  f l u s h e d  */ 
1 ong aux-charnotbuf; /* #of chars d isposed by "RCV"  i n t f u n c  */ 
1 ong aux-charnotsent ;/* #of chars n o t  sen t  because of"XMT"i n t f u n c * /  
CDRVU I NT aux-user [ 51 ; 
1 ong a u x-w i n t f u n  c 1 os t ; 
CDRVIFNC (FARC *(FAR *aux c a l l  back))  ( s h o r t  c , s t r u c t  p o r t  param FAR *p) ; 
i n t  aux pacetTme; / *  Charac te r  p a c i n g  t i m e - i n t e r v a l  */ 
i n t  aux-ft imeout; /* Func t ion  t i m e o u t  */ 
i n t  (FARC *aux - t f u n ? ) ( i n t  p o r t ) ;  /* Fnc s e t  w/CdrvSetTimeoutFuncti  on () 
*/ 
i n t  aux t imer res ;  /*  Timer r e s o l u t i o n  */  
1 ong aux-f lag; - /* F l a g  used by h i g h  l e v e l  f u n c t i o n s  
*I 
s t r u c t  modem - param FAR *aux modem; /* Modem I n f o r m a t i o n  */ 
1 ong aux c a r r i  ersfjeed; /* Modem c a r r i e r  speed */ 
1.0 n g aux-connect speed; /* Modem connect speed */ 
v o i d  (EARC *aux - d s f k ) ( i n t  p , i n t  c y  cha r  FAR * h ) ;  /* Data stream f n c  */ 

/* # o f  c h a r a c t e r s  i n  d e l i m i t e r  l i s t  i n t  
*/ 

/ *  P o i n t e r  t o  d e l i m i t e r  l i s t  *I char  FAR - 
1; 

/ *  Output b u f f e r  c o n t r o l  b l o c k  */ 

aux i i n t f u n c d s ;  /* Windows f u n c t i o n  da ta  segment */ 
aux-spare01 [Z] ; /* */  

aux-obf icnt ;  

aux sendnowcnt; /*  Send now count */ 

/*  F o r  u s e r  purposes */ 
/* C a l l s  n o t  made t o  c a l l b a c k  */ 

aux de l  imcnt ; 

*aux de l  i m p t r ;  

- 

/' / .A. .~ .& .k .k 2. .k .k Jr .k .A .i * .k * .A. ... d k k k k k k k -k k rk k k * -A * k k.k * z l .  k % .k k * - k t  .k & Jr ,k X * k * j, k * 7t * * j, k * * k k k * 
/*======I  n t e r r u p t  C o n t r o l  B lock  s t r u c t u r e  ( I C B )  *I 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s t r u c t  i r q  - param 

/* O f f s e t  t o  I R Q  hand le r  */ 
{ 
CDRVUINT 
CDRVUINT i r q - l n k ;  /* Head o f  a l l  PCB be long ing  t o  t h i s  I R Q  */ 
v o i d  /* Old I R Q  v e c t o r  f o r  t h i s  I R Q  */ 

irq hdr;  

(FARC * i r q  - Cldvec ) ( ) ;  



C[)RVUINI' i r q  num; / "  I R Q  number */ 
C ORVU I N I' i rq-f 1 ag  ; 
unsigned 1 ong i rq-pass; 
unsigned 1 ong i rq-i n t  ; 
unsi gned 7 ong -4 rq-i g n ;  / *  Interrupts  ignored 
unsigned long "irq--~ldvec2[2] ; /* Old IRQ vector f o r  t h i s  I R Q  */ 
urisigried 'tong irqUspare[37 - ; / *  Spares */ 
1 ;  

/* '===z-=p 

/* Flags/Subdevices may use upper 8 b i t s  */ 
/* Total interupts  passed t o  next handler */ 
/*  Interrupt  instances processed */ 

/ 
ort Control Block s t ruc ture  ( P C B )  * /  

/ 

/*****~****X****k******~***.~***~**k************************************** 

/****kk**~****k***k****~**********k~**********************.k************** 

s t r u c t  port -- param 

CDRVUINT 
unsigned short  irq; /*Interrupt number*/ 
C13 RVU I NT baud;  /*baud r a t e  index*/ 
unsigned short par i ty ;  /*parity index*/ 
unsigned short l n y t h ;  /"1 m y t h  index*/ 
unsigned short s t o p b i t ;  /*stopbi t index*/ 
unsigned short  b r k ;  /*Urea k*/ 
unsigned short protoco 1 ; .: /*protocol index*/ 
unsigned c h a r  block[2] ; ',. /*#/ o f  1/18.2 secs count*/ 
C D R ~ U  IN-r inbuf low; /*Low threshold of recv buffer*/ 
CDRVU T NT 
CDRVU 1 N"r buffey seg; /*Segment t o  s t a r t  o f  buffer*/ 
C D R V U I N T  buffer-off; /*Offset t o  s ta r t  o f  buffer*/ 
CDRVUINT inbuf Ten; /*Input buffer 1 ength*/ 
CDRVUINT outhu? "{en; / * O u t p u t  buffer length*/ 
unsigned char aux adldrl; /*Auxi 1 i a ry  Address*/ 
unsigned char s f l a g ;  /*System f l  ag*/ 
CDRVUINT carclscg ; /*Memory card segment*/ 
unsigned short cardtype; /*Card Type*/ 
CDRVI  FNC (FAR * (FAR *i ntfunc)) (short c ,  s t r u c t  port - param FAR *p) ; 
C D RV U I N 'T /*  Error flag*/ 
CDRVU I NT f 1 ag ; /* general purpose flag*/ 
C D RV 11 I NT /* # bytes in i n p u t  buf*/ 
CDRVU IN 1 /" # o f  bytes in o u p u t * /  
unsigned f ong 1 ost  icliar; /* Lost inputted bytes*/ 
unsigned 9 ony 1 ost-ochar; /* Lost outputted bytes*/ 
unsigned long t o t a T  ishar ;  /*  T o t a l  attempted bytes in*/ 
unsigned 1 ong total-ochau.; / *  Total attempted bytes out* /  
v o i d  FAR * FAR *dev7uncs; 
*/ 
unsi Lined char mcJr reg; /* Current modem s t a t u s  regis ter*/  
unsigned char 1 sr--reg; / *  Current l i n e  s t a t u s  regis ter*/  
CUKVUINT drlat-ci; / %  D d t a  t h a t  sub-device driver may use * /  
C D RV tl I N T i n b u f  start.;  / *  Input buffer control block*/ 
C DRVl.11 PIT outbu-f s t a r t ;  / *  O u t p u t  buffer control block*/  
s t r w t  irq I param FAR *irqp; 
CbRVl l  I NT p o r t  ; / *  P o r t  number * /  
CDRVII I NT f 1 ag2; I* Secondary f lag  * /  
CDRVlJINT o b u  fo- f f ;  
C D RV U I NT ottufsey; 

s e r  rs232 I base; /*Rase address o f  port*/ 

i nbuf-hi g h ;  /*High threshold of xmit buffer*/ 

e r ror ;  

inbuf count; 
outbulp count; 

/" Pointer t o  tab le  of pointer t o  dev funcs 

/ *  Pointer t o  irq parameter b l o c k  */ 

/* Output buf o f f  i f  DIFFXBUF s e t  */ 
/*  O u t p u t  buf seg i f  DIFFXBUF se t  */ 



CDRVUINT ppo r t  ; /* Parent p o r t  */ 
CDRVU I NT ppcb; /* Parent pcb */ 
CDRVU I NT t imer  i b l  k; / * T i m e r  b lock.* /  
CDRVUINT timer-ob1 k; /*Timer block.* /  
unsi  gned char 
unsigned char char xon; / *  XON charac ter  */ 
unsigned char char-xoff; /* XOFF character  */ 
unsigned char char-xxon; /* XON xmi t  character  */ 
unsigned char char-xxoff ;  /* XOFF xmi t  character  * /  
s t r u c t  aux pparam FAR *auxpcb; 
unsigned int p r o t  l o c a l  ; / *  Local p ro toco l  */ 
unsigned i n t  prot-remote; /* Remote pro toco l  */ 
s t r u c t  p o r t  - param FAR *opcb; 

unsigned char o baud reg[2] ; /* Old baud ra te * /  
unsigned char o - lc r  Teg; /* Old l i n e  con t ro l  reg i s te r * /  
unsigned char o-mcr-reg; /* Old modem con t ro l  reg i s te r * /  
unsigned char o-ier-reg; /* 01 d i n t e r r u p t  enable r e g i s t e r * /  
unsigned char t iar ty  / *  Type of UART*/ 
CDRVUINT next  - pcb; /* Po in te r  t o  next */ 
1; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ /*,,,,, System Data 
/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s t r u c t  ser  rs232 - sdata 

dfunc; /* O f f s e t  t o  t a b l e  of d r i v e r  f unc t i ons  */ 
I 
CDRVUINT 
unsigned shor t  drvmn; /* Maximum number o f  d r i ve rs  */ 
unsigned shor t  drvna; /* Number o f  a c t i v e  d r i ve rs  */ 
unsigned shor t  i cbmn; /* Highest I R Q  allowed */ 

CDRVUINT i cbs ;  /* O f f s e t  p o i n t e r  t o  pool o f  i cbs  */ 
CDRVUINT icbss;  /*  O f f s e t  t o  pool  o f  i cbs  */  
unsigned shor t  icbna; /* Number o f  ICBs  Ac t ive  */ 
unsigned shor t  pcbmn; /* Highest p o r t  number allowed */  
unsigned shor t  pcbmx; /* Max num o f  concurrent ly  a c t i v e  ports */ 
CDRVUI NT pc bs ; /* O f f s e t  p o i n t e r  t o  pool o f  pcbs */ 
CDRVUINT pcbss; /* O f f s e t  t o  pool o f  pcbs */ 
unsigned sho r t  pcbna; /* Number o f  PCBs Act ive  */ 
unsigned sho r t  timmx; /* Maximum Number o f  t imers *I 
CDRVUI~T t imss; /* S t a r t  o f  t imers  */ 
CDRVUINT t imact ;  /* S t a r t  o f  t imers  ac t i ve  */ 
CDRVUINT t i m f r e ;  /* S t a r t  o f  f r e e  t imers */ 
unsigned shor t  asyncmx; /* Maximum Number o f  async resources */ 
CDRVUINT as yn cs s ; /* S t a r t  o f  async resources * /  
CDRVUINT asyncact ; /* S t a r t  o f  async a c t i v e  * /  
CDRVUINT asyncfre;  /*  S t a r t  o f  f r e e  asyncs */ 
vo id  FAR *wbuf; /*  Po in te r  Windows shared b u f f e r  */ 
CDRVUINT wbuf s z  ; /* Windows b u f f e r  s i ze  */ 
CDRVU I NT wbuffg; /* Windows shared b u f f e r  f l a g  */ 

vo id  FAR *o ld  - thandler ;  /* Old t i m e r  handler */ 

hb l  ocl7[2] ; /*  Hi by te  o f  input /output  t imeouts */ 

/ *  Po in te r  t o  a u x i l i a r y  PCB*/ 

/* Po in te r  t o  t h i s  PCB*/ 
1 CDRVUINT d f l a g ; .  / *  Subdevice s p e c i f i c  f l a g  */ 

r 

P 

- 

unsigned sho r t  icbmx; /* Max num o f  Concurrent ly a c t i v e  I R Q s  */ 

v o i d  FAR "wint func; / *  D P M I  f u n c t i o n  t o  c a l l  Windows func */ 
CORVUINT i r q i g n ;  /* I n t s  ignored dur ing  COMM-DRV i n i t  */ 

I 



void FAR *cal lback[ lO] ;  /*  Army o f  po in te r s  t o  ca l lbacks  */ 

char  cdrvpath [:CDRVPATI.iLEN'I ; /*  Pa th  t o  COMMDRV */  
unsigned char  baudremap[22] ; / *  Baud r a t e  remapping */ 

i n t  cfevpoll time; /* Devjce pol  'I t i m e  */ 
void (FARC *begr'ncrit:ica'l) (vo id) ;  /*  Begin c r i t i c a l  s ec t ion  */  

/* End c r i t i c a l  s ec t ion  */  

void ( F A K C  *i endcri  t i  ca 11 (void) ; /*  End i n t  c r i t i c a l  s ec t ion  * /  
1 ong  c r i  tden i ed; /*  C r i t i c a l  sec t ion  denied */  

1; 

unsigned s h o r t  FAR *dev head; /*  S t a r t  of MS-DOSICOMMDRV device chain */ 
*/ uns igned  short clev tounE; 

s t ruct  port: - parani FAR (FARC * y e t p c b f p t r ) ( i n t  p o r t ) ;  /* Get P C B  fnc  */ 
i n t  /* [)=NONE 1=MTASK 2=Desqvi ew 3=WindowsE * /  

/*  Number of MSDOS/COMMDRV devi ces  

niul t i t a s k e r ;  

vni d 
void (FARC * i b e g i n c r i t i c a i )  (vo id) ;  /" Begin i n t  c r i t i c a l  s ec t ion  */ 

1 ong /* C r i t  s ec t ione  denied from in t* /  

(FAKC *endcri  t i  cal  ) (void) ; 

i c r i  tden i ed; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*==-==IOC'I 'L Commarids f o r  COMM-DRV/Bos */ 

/ /k***~~*t*fk*****.~******~~*********~~*************************************** 

# d e f i n e  SEI? IOCTL OUT SET 0 /* Set communication parameters */ 
#def i ne SER-IOCT1.-OU'i-PUT'RE(; 1. /*  Change r e g i s t e r  */ 
#de f i n e S E R-I 0 CT L.-OUT-B 1.OC K 2 /* Set  blocking */ 
#de f i ne 5 E R-I OCT L-OUT-F 1.U S H 3 / *  Flush bu f fe r s  */ 
Kdefi rig SER-IQCTt-OUT-DT'R ON 4 /*  T u r n  DTR on */ 
# d e f i ri  e S ER-I OCT L-OUT-DT'R-0 f:' F 5 /* T u r n  DTR o f f  */ 
#defi  tte S€R-IOClL.-C)U'T-R'fS-~~N 6 . /* T u r n  RTS on */ 
# de f i n e * S ER-I OCT I--OU'r-KTS-0 f- F 7 /*  Turn RPS o f f  */ 
f d e f i  t ie SER-IOCVL.-OUT-INT~UNC 8 /*  User I n t e r r u p t  Function */ 
#de .f 1' 11 e S ER-I 0 CT I-.-OUT-li B 1-0 I: I( 9 /.* Set  b l o c k i n g  16bi t  */  
k" d e f .i rt e S E R-I OCT k.-OU'T-AS ET a (3 /" Set advance comm parameters */  
#def i ne SUR-IQCTl,.-~UT-OKAW - - -  11. I /* S e t  raw mode */ 

/ 
*/ 
/ 

/ K x Y X ;i. e ii Y x % Y A k.k .h j ;  -k * k -j; A *k jr; -k -k k X- Jr. i $r -h- * J; x' A * X X*'k.k A x' * * X k k X. k k X. * A k j, *. * * * k A -k x A * - k  Y Jr. -k 

/*===:=I: S t r u c t u r e  f o r  I n i  t i a l i z i n c j  COM po r t  through IOCTL 
............................................................................ 

union s e r  i o c t l  - a u t  

s t r u c t  s e r  i s c t l  o u t  s e t s  

_- , I  
I I .I 

/*Funct-i o n  type*/ 
{ 
iinsigned cha r  type;  



unsigned char baud; 
unsigned cha r  p a r i t y ;  
unsigned cha r  1 n g t h ;  
unsigned cha r  s t o p b i t ;  
unsigned char b r k ;  
unsigned cha r  protocol ; 
unsigned cha r  block[2] ; 
} se t ;  

{ 
struct ser i o c t l  ou t  putregs 

- unsigned cha r  type; 
- - -  

unsigned char reg; 
unsigned cha r  value; 
1 put reg ;  

s t r u c t  ser - i o c t l  - -  out  blks  
{ 

/*baud r a t e  index*/ . 

/*par i ty  index*/ 
/*l engt h index*/ 
/*stopbi t index*/ 
/*Break*/ 
/*protocol index*/ 
/*# of 1/18.2 secs  count*/ 

/*Function type*/ 
/*Register t o  change*/ 
/*Value t o  stuf */ 

unsigned cha r  type;  /*Function type*/ 
unsigned cha r  block[2] ; /*Blocking counts*/ 
} b lk ;  

s t r u c t  ser i o c t l  out  f l s h s  
{ 
unsigned cha r  type; 
unsigned cha r  f lu sh  - bu"f,; /*Buffer t o  f l u s h  */ 
} f l sh ;  

s t r u c t  ser i o c t l  ou t  dtron 
{ 
unsigned char  type; 
} d t r  on; 

{ 
unsigned char type; 
} dtr o f f ;  

s t r u c t  se r - ioc t l  - - -  out  r t son  
{ 
unsigned cha r  type; 
} r ts  on; 

c 
unsigned cha r  type; 
} r ts  o f f ;  

s t r u c t  ser-ioctl - - -  out  i n t func  
c 
unsigned cha r  type; 
unsigned cha r  f i l l e r ;  
CDRVIFNC (FAR *(FAR *func)) ( sho r t  val , s t r u c t  por t  - param FAR *p) ; 
s h o r t  imask; 
} i n t f u n c ;  

s t ruc t  ser i o c t l  o u t  hblks 
{ 
unsigned cha r  type;  
unsigned cha r  f i l l e r ;  
unsigned i n t  block[2] ; /*Blocking counts*/ 
} h b l k ;  

- - -  

/*Function type*/ 

- - -  
/*Function type*/ 

s t r u c t  se r - ioc t l  - - -  out  d t r o f f  

/*Function type*/ 

/*Function type*/ 

s t r u c t  se r - ioc t l  - - -  out  r t s o f f  

/*Function type*/ 

/*Function type*/ 

- - -  
/ * F u n d i  on type*/ 

s t r u c t  s e r  i o c t l  out  a s e t s  - - -  



{ 
unsigned char type;  
unsigned char subtype; 
unsigned char baud; 
unsigned char  pari  ty;  
unsigned char  lng th ;  
u t i s i g n e d  char s t o p b i  t ;  
utisigned char  b r k ;  
unsigned char protocol ; 
unsigned short  block[2]  ; 
uiisi gned char xon; 
unsigned chdr x o f f ;  
u n s i g n e d  char xxrm; 
unsigned char  xxnff; 
unsigned short spare[:l9] ; 
} t i se t ;  

s t r u c t  s e r  i o c t l  o u t  oraw 
I 
ilnrji gned char type ;  
u n s i g n e d c ha r f 1 ii g ; 
} oraw; 

1 ;  s 

I .- - 

/*Function type*/ 
/*  =o * /  
/*baud r a t e  index*/ 
/ * p a r i t y  index*/ 
/*1 engt h i ndex*/ 
/*stoptti t index*/ 
/*Break*/ 
/*p ro toco l  index*/ 
/*# o f  1/18..? secs count*/ 
/* XON */ 
/" XOFF */ 
/*  XON xmi t  */ 
/*  XOFF xmit */ 
/* Spares */ 

/*Funct i on type*/ 
/ *  Flag */ 

union s e r  -. i o c t l  _" i n  
{ 
s t r u c t  s e r  rs232 I rou t ines  
s t r u c t  porF I param pert;  /*  Por t  param block */ 
1 ;  

' 

FAR *ser  - rs232; /*Pt r  t o  rout ine ptrs*/ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*===:==Offsets  t o  func t ions  i n  d i  rwt address  mapping t a b l e  o f  ptrs */ 
/***~.************%*****~~~*******%**************************************** / 
ffdef i ne CLEANUP 0 
Xdefi ne GETBYTE 4 
#def i ne GETPORT 8 
#def ine  GETREGISTER 12 
Hdef i ne GETSTATUS 16 
I d e f i  ne PUTBYTE 20 
Hdefl'ne PUTREGISTER 24 
# d e f  .i ne MAXPDRT 28 
#def i ne SETUP 32 
Hdef-i ne PUTPACKEP 36 
#def.i ne GETPACKET 4 0 
htiei-i ne FLUSH 4 ii 
#def  .i rie BLCK 48 
#de f , i ne  DTR ON 52 
#def . i  ne DTR--OFF 56 
K d e f i  n e  RTS-ON 60 
#def . i  n e  RTS-OFF 64 
tde f , i  ne  SET-INTF'UNC 68 
Sidef.i ne GETISDATA - 72 



# d e f i n e  MISC FUNC 76 
#def  i ne SETBWUODIV 80 
# d e f i n e  VIEWPACKET a4 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t r u c t u r e  o f  ptrs t o  s e r i a l  r o u t i n e s  i n  COMMTSR *I I*===== 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
struct ser  - r s232  - r o u t i n e s  
I 
i n t  (FAR *cleanup)  ( i  n t  p o r t )  ; 
i n t  (FAR " g e t b y t e )  ( i n t  p o r t , u n s i g n e d  c h a r  FAR *ch);  
i n t  (FAR * g e t p o r t )  ( i  n t  p o r t  , struct port param FAR *pcb) ; 
i n t  (FAR * g e t r e g i s t e r ) . ( i n t  p o r t , i n t  o f f z e t , i n t  FAR * v a l u e ) ;  
i n t  (FAR * g e t s t a t u s )  ( i n t  p o r t , u n s i g n e d  char  FAR * s t a t ) ;  
i n t  (FAR *pu tby te )  ( i  n t  p o r t ,  unsi gned char FAR *ch) ; 
i n t  (FAR * p u t r e g i s t e r )  ( i n t  p o r t , i n t  o f f se t , in t  v a l u e ) ;  
i n t  (FAR *rnaxport) ( v o i d ) ;  
i n t  (FAR *se tup )  ( i n t  p o r t  , s t r u c t  p o r t  param FAR *pcb) ; 
i n t  (FAR "pu tpacke t )  ( i n t  p o r t , i n t  coun t ,uns igned  char FAR *ch);  
i n t  (FAR "ge tpacke t )  ( i  n t  p o r t ,  i n t  count , unsi gned c h a r  FAR *ch) ; 
i n t  (FAR * f l u s h ) ( i n t  p o r t , i n t  a r g ) ;  
i n t  (FAR *block) ( i n t  p o r t , i n t , + i n p u t , i n t  o u t p u t ) ;  
i n t  (FAR * d t r  on) ( i n t  p o r t )  ; '-- 
i n t  (FAR *dtr-off)  ( i n t  p o r t )  ; " 
i n t  (FAR *rts-on) ( i n t  p o r t ) ;  
i n t  (FAR *rts-of f) (i n t  p o r t )  ; 
i n t  (FAR *se t - in t func )  ( i n t  p o r t ,  
CDRVIFNC (FAR-*(FAR *func ) )  ( s h o r t  va l  ,struct p o r t  - param FAR * p ) ,  
s h o r t  imask);  
struct ser rs232 s d a t a  FAR * (FAR *ge t  s d a t a ) ( v o i d ) ;  
i n t  (FAR *fiiisc func )  ( i n t  po r t , uns igned- shor t  cmd,unsigned long Val) ; 
i n t  (FAR " se tbaudd iv )  ( i n t  c a r d t y p e , i n t  baudidx,unsigned bauddiv) ; 
i n t  (FAR *viewpacket) ( i n t  p o r t , i n t  coun t ,uns igned  c h a r  FAR *ch);  
1; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*===== INT14 PCB *I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
struct ser - i n t i 4  - pcb 
{ 
i n t  
1; 

ser - i n t l 4  - f l a g ;  / *  Flags  */ 

/ * * * * * * * * * * * * * * * * * * * * * * X k * * X X k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  I 
/*====== I n t  14 hand1 e r  i nformati  on r e c o r d .  */ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s t ruc t  ser - intl4 - i n f o  
I 

. c h a r  
s t r u c t  se r  - rs232 - r o u t i n e s  FAR 
1 ong 
1 ;  

hdrnarne[9+1] ; 
* s e r  r s232 ;  
o 1 dvzc ; 

/*  Name o f  h a n d l e r  *I 
/*Ptr t o  r o u t i n e  ptrs*/ 
/* Old INT14H v e c t o r  */ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 



*/ /*==== =Control b l  oek used by s e r l  prim, c .  
/ /****~:**********~***~~***~k.~*~:********************************************* 

struct: cotnmdrv et1 

unsigned i n t  f l a g ;  /* ,Flag */ 
Bdef i ne COMMDRV I I’OKT -- OPEN 
i n t  I I  ; /* Handle */  
unsi griecl char kbu f ;  
char *dcv; /* Pointer t o  device name */ 
1; 

- 

0x0001 / *  Por t  was opened */ 

/ *  Pointer t o  buf f o r  data */ 

s t r u c t  dev - head 
I 
unsigned FAR “next dev; 
unsi g n e d  a t t r i b u t e ;  
uns i gned s t ra tegy  ; 
unsigned .i n t e r r p t  ; 
char dev name[8:] ; 
unsigned c:orn-i d ; 
unsi gneti r h  zeg; 
uns i gncd vh‘-off; 
unsi yned device f l a g ;  
unsi y n e d  char i thead byte; 
unsigned char dev - f r a g ;  
1 ;  

+* 
5 -  

/ *  Pointer t o  next device */ 
/* Type o f  device */ 
/* Pointer t o  strat:egy routine */ 
/*  Pointer t o  interrupt  routine */ 
/* Device name */ 
/* Port id */ 
/* Request Header segment */ 
/ *  Request Header o f f s e t  */ 
/* Local device f l a g  */ 
/*  Look ahead byte */ 
/* * /  

/ 
/*====-Fri l e  travlsfer def in i t ions  */ 

/ / * * * * h X ~ * * * * * * * * k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

/* Definit ions */ 
#define CDRVXFER SOH ‘ \ O O l ‘  
#define CDRVXFER--STX ’ \002‘ 
iidefi ne CURVXFER-EOT ‘ \ O O 4 ‘  
t i d e f i  ne CDRVXFER--ACK ’ \BO6 ’ 
#def i ne CDRVXFER--NAK ’ \025 ’ 
HdePi ne CDRVXFER-CAN ‘ \030‘ 
#clef i ne CDRVXFER-CC ‘\E03’ 
#define CDRVXFEIX-G ‘\E07 ‘ 
Kdefj ne CDRVXFER-XON ’ \ 02 l  ‘ 
Kdefi ne CDRVXFER”-XOFF ’ \0?3 ‘ 
#defi ne CDRVXF ER”-DEL I ‘ \ 177  ’ 

f ”  Zmodem special packel. characters */ 
f, detr rie CDRVXFLR i P A U  ‘ / p  0 5 2  Pad charac te r  begin5 f rames ”/ 
frdefi t ie CDRVXFER-ZULE Ox18 /*  Ctrl-X Zmodern escape * /  
# d e f i n e  CDRVXFfR-ZDL E €  (Ox18^Ox40) /*  Escaped Z D L E  as  transmitted */ 
{define CDRVXFEK-ZBIN A ‘  / *  Binary frame indicator  * /  
#def i ne C D R V X F T K - Z H F X  ‘ B  ’ /* H E X  frame indicator  */ 
#define CDRVXFER-ZBIN32 I I C ‘  

/f***~~~k**k***k*~~k****~********k*~***********************~*********~**** 

/ *  Binary frame with 32 b i t  FCS */ 

/ *  Z D L E  escape pa i rs  ”/ 



# d e f i n e  CDRVXFER ZCRCE ’h ‘  
#def  i ne CDRVXFER-ZCRCG i 
#def  i ne CDRVXFER-ZCRCQ ’ j ’ 
#def  i ne CDRVXFER-ZCRCW k ’ 
#def i ne CDRVXFER-ZRUBO ’ 1 ’ 
#def  i ne CDRVXFER-ZRUB1 - m 

/* B i t  Masks f o r  Z R I N I T  f i r s t  f l a g  byte(flagO=offset+3,flagl=offset+2,. . . */ 
#def i  ne CDRVXFER CANFDX /* Rx can snd and r c v  t r u e  FDX */ 
#def  i ne CDRVXFER-CANOVIO /* Rx can r c v  data dur ing  d i s k  1/0 */ 
#de f ine  CDRVXFER-CANBRK /* Rx can snd a break s igna l  * /  
#def i ne CDRVXFER-CANCRY 010 /* Rx can decrypt  */ . 
#de f ine  CDRVXFER-CANLZW 020. / *  Rx can uncompress */ 
#de f ine  CDRVXFER-CANFC32 
#de f ine  CDRVXFER-ESCCTL - 
*/  
#def  i ne CDRVXFER - E X 8  

/* CRC next,  frame ends, header p k t  f o l l ows  * /  
/* CRC next, frame cont inues nonstop */ 
/* CRC next,  frame continues, ZACK expected */ 
/ *  CRC next,  ZACK expected, end o f  fpame */ 
/ *  Translate t o  rubout 0177 */  
/* Trans la te  t o  rubout  0377 */ 

0 1  
02 
04 

040 / *  Rx can use 32 b i t  Frame Check * /  
0100 

0200 

/* Rx expects c t l  chars t o  be escaped 

/* Rx expects 8 t h  b i t  t o  be escaped */ 

/* Byte p o s i t i o n s  w i t h i n  header a r ray  */ 
#de f ine  CDRVXFER ZFO 3 /* F i r s t  f l a g s  by te  */ 
#def i ne CDRVXFER-ZF1 2 
#de f ine  CDRVXFER-ZF2 1 = 
#de f ine  CDRVXFER-ZF3 0 ‘2z 

# d e f i  ne CDRVXFER-ZPO 0 
#de f ine  CDRVXFER-ZP1 1 
#de f ine  CDRVXFER-ZP2 2 . 
#de f ine  CDRVXFER-ZP3 - 3 
*/ 

/*  Low order  8 b i t s  o f  p o s i t i o n  */ 

/* High order  8 b i t s  o f  f i l e  p o s i t i o n  

/* Parameters for Z S I N I T  frame */ 
#de f ine  CDRVXFER ZATTNCEN 32 
/*  B i t  Masks for-ZSINIT f l a g s  by te  ZFO */ 

. #de f ine  CDRVXFER TESCCTL 0100 
#de f ine  CDRVXFER-TESC8 - 0200 

/* Parameters f o r  ZFILE frame */ 
/* Conversion opt ions one o f  these i n  ZFO */  
#de f ine  CDRVXFER ZCBIN /* Binary x f e r  - i n h i b i t  conversion */ 
#def  i ne CDRVXFER-ZCNL - 
*/ 
# d e f i n e  CDRVXFER ZCRESUM 3 /* Resume i n t e r r u p t e d  f i l e  t r a n s f e r  * /  
/* Management inc lude opt ions,  one o f  these ored i n  ZF1  */ 
#def ine CDRVXFER ZMSKNOLOC 
/ *  Management opfions, one o f  these ored i n  ZF1 */  
# d e f i n e  CDRVXFER ZMMASK 
#def  i ne CDRVXFER-ZMNEWL 
#def  i ne CDRVXFER-ZMCRC 
#def  i ne CDRVXFER-ZMAPND 
#def  i ne CDRVXFER-ZMCLOB 4 /* Replace e x i s t i n g  f i l e  */ 
# d e f i  ne CDRVXFER-ZMNEW 5 /*  Transfer  i f  source newer */ 
/ *  Number 5 i s  aTive . . . */ 
#de f ine  CDRVXFER - ZMDIFF 
*/ 
#de f ine  CDRVXFER - ZMPROT 7 / *  Pro tec t  d e s t i n a t i o n  f i l e  */ 

/* Max leng th  o f  a t t e n t i o n  s t r i n g  */ 

/* Trans expects c t l  chars t o  be escaped */ 
/ *  Trans expects 8 t h  b i t  t o  be escaped */ 

1 
2 /*  Convert NL t o  l o c a l  eo1 convention 

0200 

03 7 
1 
2 
3 

/* Skip f i l e  i f  no t  present a t  r x  * /  

/* Mask f o r  t h e  choices below */ 
/* X fe r  i f  source newer o r  longer  */ 
/ *  X f e r  i f  d i f f  f i l e  CRC o r  leng th  * /  
/* Append contents  t o  e x i s t i n g  f i l e  */ 

6 / *  Xfer  i f  dates o r  lengths d i f f e r e n t  



/”  Transport options, one of’ these i n  Z F 2  * /  
#def i ne CDRVXFER ZI’LZW /* Lempel - z i  v compress 
#define CDRVXFER--ZlCRYPT 2 /* Encryption */ 
# d e f  i rie CDKVXFER- ZTRLE 3 / *  Run Length encoding 
/“ Extended optians f o r  ZF3,  b i t  encoded * I  
# d e f i n e  CDRVXFER -- ZXSPARS 64 / *  Encod f o r  sparse f i  

/* Parameters f o r .  ZCOMMAFID frame %F0 (otherwise 0 )  */ 

1 

#def i rre CDRVXFER _ _  ZCACK1 

/* Zmodcm frame types */ 
Hdefirie CDRVXFER Z R Q i N l T  
#def i nc CDRVXFER--ZRINIT 
#define CDRVXFER-ZSINIT 
#define CDRVXFER-lZACK 
Kdef i ne CDRVXFER-IZFI L E  
#def ine CDRVXFER-ZSKTP 
#define GDRVXFER--ZNAK 
#def i ne CDRVXFER”ZAB0RT 
#define CBRVXFER’-ZF‘PN 
Kdefi rre CDRVXFER”ZRP0S 
*/ 
#def i rip CDRVXFER ZDATA 
#def i tie CDRVXFER- ZE.W 
Kdefi tie CDKVXFER--Zt -- ERR 
*/ 
#def-i ne CDKVXFER _I Z C K  
*/  
#def i ne CDRVXFER ZCHALLEIUGE: 
#define CDRVXFER~-~ZC:OMPI_ 
#define CDRVXFER--ZCAN 
#define CDRVXFER--ZFREECNV 

’ #define CDRVXFER--ZCOMMAND 
ifdef i rie CDRVXFER--ZSTDEKR ““I 

*/ 

1 

0 
1. 
2 
3 
4 
5 
6 
7 
8 
9 

..‘. 
* 1. 

.;.. 1.0 
1.1 
92 

1.3 

1.4 
I. 5 
1.6 
1. 7 
1.8 
3.9 

/*  Lengths */ 
#define LEN - FSPEC 255 

/.* States ”/ 
#define CDRVXFER RSTATE INIT 
#de f i ne CDRVX F ER--’RSTATE-BEG I N 
#def i n e  CDRVXFER’-~RSTATE-‘SENUSYNC 
#d e f i t i  e C DRVX F ER=-RSTAT E‘--‘G EVCHAR 
fdef .i rie CDRVXFER.-RSTATE-SENDACK 
#de f i t i  E! C DRVX F ER’-”RS‘TAT E-S EN EN AK 
ii d e f i 11 c C DRVX F ER.‘KxIAI E---Z C 1: N I - I  
# de f i t i  E! c D RV x F E K’-’Kc; TAT E-’S EN [IH EAD ER 
# d e f 1’ n e C DRV X F E R--RSTAT .. . E-hZ .- 1) KTO 1 

/* Sub-S ta tes  */  

on * I /  

* I  
e operat ons */ 

/ *  Acknowledge, then do  command */ 

/ *  Request receive ini  t .*/ 
/” Receive i n i t  * /  
/* Send i n i t  sequence (optional) */ 
I* ACK t o  above */  
/* File  name from sender */ 
/* To sender: skip t h i s  f i l e  */ 
/*  L a s t  packet was garbled */ 
/ *  A b o r t  batch t ransfers  */ 
/* Finish s e s s i o n  */ 
/ *  Resume data t rans  a t  t h i s  posit ion 

/ *  Data packet(s) follow */ 
/* End of f i l e  */ 
/*  F a t a l  Read or  Write e r ror  Detected 

/* Request f o r  f i l s  CRC and  response 

/ *  Receiver’s Challenge */ 
/*  R e q u e s t  i s  complete */ 
/ *  Other end canned session w/CAN*5 */ 
/ *  Req f o r  f r e e  bytes on f i lesystem */ 
/* Command from sending program */ 
/ *  O u t p u t  t o  stdd e r r o r ,  d a t a  follows 

t 

# d e f  i tie CDKVXFER RSIJBSPAPE GETFRAME 20 
# d e f i t i  e C DRV X F E R-”RS U B STAT E--(; ETB 1. KBY T 1 2 1 
# d e f i n e C D KV X F E R”’RS .- U 13 ST AT E--G - ET B 1. K R  Y T 2 2 2 



#define CDRVXFER RSUBSTATE GETDATA 
#def i ne CDRVXFER-RSUBSTATE-GETCRCi 
# d e f i n e C D RVX F E R-RSU BST AT E-G ETC RC 2 
#def i ne CDRVXFER-RSUBSTATE-SENDHDR 
#def i ne - CDRVXFER-RSUBSTATE-SENDDATA - 

/* Sending States  */ 
#define CDRVXFER SSTATE I N I T  
#def i ne CDRVXFER-SSTATE-BEGIN 
#define CDRVXFER-SSTATE-RECVSYNC 
#def i ne CDRVXFER-SSTATE-SENDPACKET 
#de f i ne C D RV X F ER-S STAT E-S EN D F I N FO 
#def i ne CDRVXFER-SSTATE-SENDHEADER 
#def i ne CDRVXFER-SSTATE-READBLOCK 
#def i ne CDRVXFER-SSTATE-REPLY 
#def i ne CDRVXFER-SSTATE-EOT 
#def i ne CDRVXFER-SSTATE-ZRQINIT 
#define CDRVXFER-SSTATE-WZPKTOl 
# d e f i n e C D RV X F ER-S STAT E-S TA RTS PAC K ET 
#def i ne CDRVXFER-SSTATE-SENDBFRAME 
#def i ne CDRVXFER-SSTATE-WZPKTOZ 

/ *  Substates */ r 

#defi ne CDRVXFER SSUBSTATE PUTFRAME 
#define CDRVXFER-SSUBSTATE-PUTBLKBYTl 
#def i ne CDRVXFER-SSUBSTATE-PUTBLKBY T2 
#def i ne CDRVXFER-SSUBSTATE-PACKETSENT 
#def i ne CDRVXFER-SSUBSTATE-EOTSENT - - 

1 
- - 

5 

/* Error code */ 
#define CDRVXFER ERR OK 
#def i ne CDRVXFER-ERR-NONE 
#def i ne CDRVXFER-ERR-SERIAL 
#def i ne CDRVXFER-ERR-OS 
#def i ne CDRVXFER-ERR-PROTOCOL 
#def i ne CDRVXFER-ERR-BUSY 
#def i ne CDRVXFER-ERR-CANCEL 
#def i ne CDRVXFER-ERR-INVPORT 
#def i ne CDRVXFER-ERR-NOPCB 
#defi  ne CDRVXFER-ERR-MTASK 
#def i ne CDRVXFER-ERR-ACTIVE 
#def i ne CDRVXFER-ERR-FNAME 
#define CDRVXFER-ERR-KILLED 
#def i ne CDRVXFER-ERR-MEMORY 
#define CDRVXFER-ERR-NOCD - -  

/*  X(Y)MODEM Definitions */  
#def i ne CDRVXFER MAXGRETRY 
#define CDRVXFER-MAXCRETRY 
#def i ne CDRVXFER-MAXRETRY 
#define CDRVXFER-MAXBRETRY 
#define CDRVXFER-MAXTIMEOUT 
#def i ne CDRVXFER-MAXPAUSE - 

0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

2 
5 
10 
10 
180 
90 

23 
24 
25 
26 
27 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

60 
61  
62 
63 
64 

/* Complete without  errors  */ 
/* Complete without errors  */ 
/* Some ser ia l  I t 0  error  */ 
/* MSDOS Error */ 
/* Protocol Error */ 
/* Protocol engine s t i l l  busy */ 
/* Cancel terminated */ 
/* Invalid Port */ 
/ *  N o  more PCBs */ 
/* MTASK er ror  */ 
/* XFER on port s t i l l  act ive */ 
/* Invalid filename */ 
/* Transfer ki l led */ 
/* Memory a1 location e r ror  */ 
/* No Ca.rrier Detect */ 



/ *  ZMOOEM Defin i t ions  */  
#def ine  CDRVXFER ._ MAXORETRY 
*/ 
#def ine  CDRVXFER MAXOTIMOUT 
#clefi ne CDRVXFER--MAXIREI’RY 
# d e f i n e C D R V X F E i T M A  X I T I MO UT 

IO 

180 
10 
540 
10 

/* Max number o f  char o u t p u t  r e t r i e s  

/* Max time f o r  char  o u t p u t  */ 
/*  Max number of char input r e t r i e s  */  
/*  Max time. f o r  char input */ 

K d e f  i ne CDRVXF;ERu-MAXZRETKY -. 

/* User  Provided */ 
char 
i nt 
i n t  
unsigned char FAR 
u n s i g n e d  i nt. 
i n t  
irit 
i n t  

fspec[LEN - FSPEC+l]  ; 
p o r t  ; 
s t a t e ;  
*bu-E; 
bufsi z; 
r e t rycn t ;  
rwt imeout ;  
xmttimeout; 

/*  X f e r  Progress 
i n t  
i n t  
1 o n g  
1 ong 
i n t  
i n t  
i n t .  
i n t  

Info */ 
curb1  k;  
bl k s i  z ;  
n umby t e s ; 
o f f s e t  bytes ; - 
e r r o r ;  
ex t e r ro r ;  
t o t a l  e r r ;  
cu r ren te r r ;  

/* Sy:;t~m Usr tgc  ”/ 
i n t  fhandle;  
i n t  saveerror ;  
i n t  del taerr; 
i n t  subst a t e  ; 
i n t  b l  k i d x ;  
iiit r e t r y ;  , 

i n t  c r c r e t  r y  ; 



i n t  
i n t  

g r e t r y ;  
b r e t r y ;  - 

# d e f i n e  CDRVXFER FLAG NOTCRC 
# d e f i n e  CDRVXFER-FLAG-SYNCED 
# d e f  i ne CDRVXFER-FLAG-YMODEM 
# d e f  i ne CDRVXFER-FLAG-YMODEMG 
# d e f i n e  CDRVXFER-FLAG-SFIRST 
# d e f  i ne CDRVXFER-FLAG-SCNVHEX 
#def i ne CDRVXFER-FLAG-SDOCRC 
# d e f  i ne CDRVXFER-FLAG-SCRC32 
# d e f i n e  CDRVXFER-FLAG-SCRC 
# d e f  i ne CDRVXFER-FLAG-RFIRST 
# d e f i n e  CDRVXFER-FLAG-RNHEX 
# d e f  i ne CDRVXFER-FLAG-RNOREAD 
# d e f  i ne CDRVXFER-FLAG-RCRC 
# d e f  i ne CDRVXFER-FLAG-RZDLE 
# d e f  i ne CDRVXFER-FLAG-RESC 
# d e f  i ne CDRVXFER-FLAG-NEXTFI LE 
#de f  i ne CDRVXFER-FLAG-NORHEAD 
#de f  i ne CDRVXFER-FLAG-SENDING 
# d e f  i ne CDRVXFER-FLAG-SESC 
# d e f  i ne CDRVXFER-FLAG-SHDX 2 

# d e f  i ne CDRVXFER-FLAG-SCANDO$2 
# d e f  i 
# d e f  i 
# d e f  i 

ne CDRVX FER-FLAG-RECOVER 
ne CDRVXFER-FLAG-OVERWRITE 
n e C DRVX F E R-F LAG-RENAME 

# d e f  i ne CDRVXFER-FLAG-SKIPSAME 
# d e f  i ne CDRVXFER-FLAG-RCVACK 
#de f  i ne CDRVXFER-FLAG-FI - - LEDONE 
unsigned 1 ong 
unsigned s h o r t  
unsigned s h o r t  
unsigned s h o r t  
1 ong 
unsigned char  
uns igned char  
uns igned s h o r t  
uns igned i n t  
uns igned i n t  
unsigned i n t  
uns igned i n t  
unsigned char  
uns igned c h a r  
uns igned 1 ong 
uns igned i n t  
uns igned i n t  
unsigned chdr FAR 
unsigned char  
unsigned i n t  
uns igned i n t  
unsigned cha r  
unsigned i n t  
unsigned i n t  
uns igned cha r  FAR 

0x00000001L 
0x00000002L 
0x00000004L 
0x00000008L 
OxOOOOOOlOL 
0x00000020L 
0 ~ 0 0 0 0 0 0 4 0 t  
0x00000080L 
0x00000 1 OOL 
0x00000200L 
0x00000400L 
0x00000800L 
OxOOOOlOOOL 
0x00002 000 L 
0x00004000L 
0x00008000L 
0x00010000L 
0x00020000L 
0x00040000L 
0x00080000L 
0x00100000L 
0x00200000L 
0x00400000L 
0~00800000L 
0x01000000L 
0x02000000L 
0x80000000L 
f l a g ;  
i t i m e r  b u f  [6] ; 
ot imer-buf [6] ; 
f t imer -bu f  [6] ; 
e l  apsea; 
blockn[2]; 
c r c  [2] ; 
ccrc;  
f l a g 2 ;  
zconv; 
zma n ag ; 
z t rans ;  
z fe ;  
t z f e ;  
o crc3 2 ; 
xmt cn t ; 
xrnt i dx ; 
*xintdat ; 
xmtopkt [ Z ]  ; 
xmtocnt ; 
xmt o i dx ; 
xmtp k t  [ZO] ; 
xmt pcn t ; 
xmtpi dx; 
*xmtpdat ; 



unsigned i n t  
uns igned  i n t  
unsiyried char FAR 
unsi g r i d  i n t  
unsi griecl i n t  
unsigriecl char 
uns i grlecl 1 ong 
unsigriecl irit 
unsi gried i n t  
unsigned i t i t  
unsigried i n t  
unsi gried i n t  
unsi g r i d  i n t  
unsi gncd i n t  
unsigned char FAR 
unsi gtied i n t  
unsigned char 
unsigned i n t  
unsigned i n t  
unsigtied i n t  
uns igned  char 
unsi gnerl i n t  
unsi y n e d  i n t  
unsi g i x d  char 
s t r u c t  cdrvxfer t i l  einfo 
struc:t port  I parii i i i  
1 ;  

xmtncnt ; 
xmtnidx; 
"xrntndat ; 
.txm t cn t ; 
txmti dx; 
t x r n t p k t  [ Z O ]  ; 
icrc32;  
c r c s t a t  ; 
1 a s t h d r ;  
rcvst a t e ;  
rc v s u b s t a t E ; 
rcvcancel ; 
rcv h type ; 
rcvcnt ; 
9x r c v d a t ; 
r c v i  dx; 
r c v p  k t  [ZO:] ; 
t rcvi  dx; 
xbufcnt ; 
xbufidx; 
xbuf [50] ; 

,-+ rbufcnt; 
rbufidx; 
r b u f  [ 5 O ]  ; 
f ; 
pcb; 

8.. 



/ *=====Def in i t i ons  for t h e  Se tspec ia l  Behavior ( )  f u n c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# d e f i n e  SB SetGetStr ingDel  i m i t e r  0 /* Set S t r i n g  D e l i m i t e r s  */ 
# d e f i n e  SB-DoNotCal 12ndMsgLoop 1 /* No Secondary l o o p  */  
#de f  i ne SB-Di sabl  eTimi ng 
# d e f i n e  SB-Swi - tchOnDel ay 3 /* Context  s w i t c h  on d e l a y  */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F i l e  Custom f i l e  t r a n s f e r  d e f i n i t i o n s  /*====== 

# d e f i n e  SER2XFER ERR NONE 0 I* No e r r o r  * /  
# d e f i n e  SER2XFER-ERR-SERIAL -1 /* E r r o r  opening s e r i a l  p o r t  */ 
# d e f i n e  SER2XFER-ERR-RFOPEN . -2 /* Remote f i l e  open e r r o r  */ 
#de f  i ne SER2XFER-ERR-LFOPEN -3 / *  Local  f i l e  open e r r o r  * /  
# d e f  i ne SER2XFER-ERR-RFREAD -4  /* Remote f i l e  read  e r r o r  */ 
# d e f i n e  SER2XFER-ERR-LFREAD -5 /* Local  f i l e  read e r r o r  */ 
# d e f  i ne SER2XFER-ERR-RFWRITE -6 /* Remote f i l e  w r i t e  e r r o r  * /  
# d e f i n e  SERZXFER-ERR-LFWRITE -7 /*  Local  f i l e  w r i t e  e r r o r  * /  
# d e f  i ne SERZXFER-ERR-TIMEOUT -8 /* Remote t imeou t  */ 
# d e f i n e  SER2XFER-ERR-CRC -9 /* CRC e r r o r  */ 
# d e f i n e  SERZXFER-ERR-SYNTAX <-.- -10 /* Syntax e r r o r  */ 
# d e f i n e  SERZXFER-ERR-CLEANUP '*-* -1.1 
# d e f i n e  SER2XFER-ERR-RFCLOSE -12 /* Remote f i l e  c l o s e  e r r o r  */ 
#def i ne SERZXFER-ERR-LFCLOSE -13 /* Local  f i l e  c l o s e  e r r o r  */ 
# d e f i n e  SERZXFER-ERR-BUFOVR - 14 /* B u f f e r  ove r run  */ 
# d e f i n e  SER2XFER-ERR-NOFILE -15 /* No more f i l e s  */ 
# d e f  i ne SERZXFER-ERR-DRIVER - 16 
# d e f i n e  SERPXFER-ERR-SEQ - -  -17 /.* Out o f  sequence e r r o r  */ 

# d e f i n e  SERZXFER RETRY 3 
# d e f i n e  SERZXFER-PACKET - - LEN 256-si  z e o f  (Pac ketH) /* Packet l e n g t h  */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/It===== Custom X f e r  packet  s t r u c t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t y p e d e f  s t r u c t  

*/ 
/ 

2 /* Don' t  use t i m e r  */ 

/ 
*/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 

/* S e r i a l  p o r t  c leanup f a i l e d  */ 

/* E r r o r  i n i t i a l i z i n g  d r i v e r  * /  

/ 
*/ 
/ 

/* CRC o f  packet  s t a r t i n g  a t  " l e n "  */ 
/*  Length o f  d a t a  p o r t i o n  o f  packet  */ 

c 
unsigned s h o r t  c r c ;  
unsigned s h o r t  fen; 
unsigned shor; seq; /* Packet sequence number */ 
unsigned s h o r t  date;  /* F i l e  d a t e  */ 
unsigned s h o r t  t ime; /* F i l e  t i m e  */ 

# d e f i n e  SERZXFER OPEN READ 0 /* Open f i l e  f o r  read  s lave  command * /  
# d e f i n e  SERZXFER-OPEN-WRITE - - 1 /* Open f i l e  f o r  w r i t e  s lave  command 
*/  
h'def i n e  SERZXFER CLOSE 2 /* Close f i l e  slave cominand "/ 
# d e f i n e  SER2XFER-READ 3 /* Read f i  1 e s l a v e  command */ 
# d e f i n e  SERZXFER-WRITE 4 / *  W r i t e  f i f e  s l a v e  command */ 
# d e f i n e  SERZXFER-FINDFIRST - 5 /* F i n d  f i r s t  matching f i l e  s l a v e  
cmd*/ 
#def i ne SERZXFER FINDNEXT 6 /* F ind  n e x t  match ing f i l e  s l a v e  cmd*/ 

unsigned s h o r t  cmd; /* Slave command v a r i a b l e  */ 
short s t a t ;  /*  S t a t u s  o f  s l a v e  command *I  



} P a c k e t H ;  

t ypedef  struct 
I 
Packet.H head; /* P a c k e t  header * /  
unsiyried char  
} Packe t ;  

data l :SER2XFE.R - PACKET - LEN] ; /*  P a c k e t  d a t a  buffer */ 

/ 
COMMDRV screen sub-fiincti on equates *I / * = G I  :: = 

/ /****k******************~*~~*********'k********************************~** 

# d e f i  rie COMMDRVW C H A R S C R E E N I N I T  0 
#defi ne COMMDRVW-"CHAKSCREENRESIZE: 1 
#de f i ri e CO MM 0 R V W--C HA RS C KEEN W K I T E 2 
# d e f i  ne C O M M ~ R V W - - C ~ A f ~ S C R ~ E N ~ ) A  I NT 3 
# d e f  i ne COMMDRVW-CHARSCREENVSCROLL 4 
#de f i ri e COMMDRV W-C tI ARSC REENHSCROII.. 5 
#de f i r1 e COMMDRV W-*C tl A I?$ C R E EN S ET F8 C U S 6 
# d e f  i ne CBMMDRVW--CtlARSCR&ENI"\Il_LFOCUS 7 

8 

25 f f d e f i  ne COMMDRVW MAXROW 
#de f i t i  E: COMM D RV W"MAXC0 , I- ,'. 80 

#i f d e f  MSWIN 

/****~***t**~k*k.k***'k*~*************'k***********************'k**'k********** 

# d e P i t i  e C OMM D R V W-C - tI A KS C R E EN C L EA N I J  I) 

s 
, .. 

1 
*I 
1 

/ * t** .k f3~**********~*******~~******************************~**~***  

/*===-=-CDRVRMAP ti WINCDRV dt-lfi nit.i ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*  N u m b e r  of ports r e s c r v e r c l  fo r  o l d  c o m m . d r v  */ 
#define OLDCNT 4. 

/* M e n u  i t e m s  * /  
# d e f  i DE? CDRVRMAP MENU ABOUT 
#clef i n e  C D K V R M A P - - M ~ ~ U - K ~ M ~ P  _. - 

(WM USER+1) 
( WFP-U - S ER+2 ) 

#define CDRVRMAP C I D  UP (WM USER+SO 
#def i ne CDRVRMAP--C:[D-DOWN ( WM-u s ER+ 5 I 

#de f i n e  CDRV RMAFDO I T  (WM-USERc53 

# d e f i n e C B RV RM A P--P 6 RT-DO W N ( W M-U S E R+ 5 5 
#def ine  C ~ R V R M A P - - P ~ R T - T ~ X T  (WM-USER+56 

fiendi 1: 

#def ine  C D K V R M A P - ~ K - T E X T  

ffdef i n e  CDRVRMAP-PORT UP 

( WM-U S E R+52 

( WM-U S ER+ 5 4 

/ ** 'k************~****~************ ,k~******R . . . . . . . . . . . . . . . . . . . . . .  

# d e f i n e  V A C T I V E  F L G  0x00000001L /*  */ 
#define V D I S A B L E  .- MOOEMSIG Ox00000002L I* *I 



#def  i ne VIGNORE 16550 
# d e f i n e  VNOCHANFE MODEMSIG 
#def ine  VLEAVE RTS 
#def  i ne VLEAVE-DTR 
#def  i ne VXMTOFF STATE 
#def  i ne VRCVOFF-STATE 
# d e f i n e  VSEND XBN 
#def  i ne VSEND-XOFF 
# d e f i  ne VSTORFALL 
# d e f i n e  VPARENTPORT 
#def  i ne VNINEBITTOGGLE 
#def i ne VNINEBITTOGGLE2 
# d e f i n e  VNINEBITPROTOCOL 
#def  i ne VMULTIDROP 
#de f ine  VTIMESTAMPBYTES 
# d e f i n e  VLSRINT 
#def  i ne VRCVINT 
#def  i ne VXMTINT 
#def  i ne VMSRINT 

0~00000004L 
0x00000008L 
0x000000 10L 
0x00000020L 
0x00000040L 
0~00000080L 
0~00000100L 
0x00000200L 
0x00000400L 
0x00000800L 
0x00001000L 
0X00002000L 
0x00004000L 
0x00008000L 
0x000 lOO0OL 
0x00020000L 
0~00040000L 
0x00080000L 
OxOOlOOOOOL 

/* */ 
/* */ 
/* */ 
/ *  *I 
/* * /  
I*' */ 
/*  */ 
/* */ 
/* */ 
/* *I 
/* */  
/* *I 
/* */ 
/* */ 
/*  */ 
/ *  * /  
I* */ 
/*  */  
/* */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VxD Por t  Contro l  Struc,ture */ /*===== 

I* */ 
I* s t r u c t u r e  read. */ 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#i f def  MSNTDRV 
#pragma pack(push) 
#pragma pack (1) 
#endi  f 

(VPCBIdx - VTota l In)  'f= r Por t i on  re tu rned f o r  p a r t i a l  

s t r u c t  vxd - p o r t  - param 
I 
unsigned long  . 
unsigned 1 ong 
unsigned 1 ong 
uns i  gned 1 ong 
unsigned long  
uns i  gned 1 ong 
unsigned 1 ong 
unsigned long  ' 

unsigned long  
unsigned 7 ong 
uns i  gned 1 ong 
unsigned 1 ong 
unsigned 1 ong 
unsigned long 
unsigned char 
unsi  y n e d  char  
unsigned char 
unsigned char 
unsigned sho r t  
unsigned sho r t  
unsigned sho r t  
unsigned short 
unsigned sho r t  

VTotal In; 
VTotalOut; 
VInBufCnt; 
VOutSufCnt; 
VIRingSize; 
VORi ngSi ze; 
VMSRIntCnt; 
VLSRIntCnt; 
VXmtIntCnt; 
VRcvIntCnt; 
VRcvtostCnt; 
UmtLostCnt ;  
VOFl ushCnt ; 
VIF l  ushCnt; 
VMSRReg ; 
VLSRReg ; 
VTypeUART; 
VFi 11 e r b l ;  
VPort ; 
VBase; 
VI rq;  
VBaud; 
VBrea k ; 

/*Number o f  characters  
/*Number o f  characters  
/ * Input  b u f f e r  count 
/*Output b u f f e r  count 
/*Size o f  i n w t  b u f f e r  

rece i  ved. */ 
t ransmi t ted .  *I 

*/ 
*I 
*/ 

/*Size o f  output  b u f f e r  *I 
/*Number o f  MSR i n t s  */ 
/*Number o f  LSR i n t s  */ 
/*Number o f  XMT i n t s  */ 
/*Number o f  RCV i n t s  */ 

*/ 
*/ 

/*Output f l ush count * /  
/ * Input  f l u s h  count */ 
/*Current modem s t a t u s  r e g i s t e r  *I 
/*Current l i n e  s t a t u s  register "/  
/*Type o f  UART *I 
/ * F i  1 1 e r  */ 
/*COMM-DRV p o r t  number *I 
/*Base address *I 
/ * I R Q  * /  
/*Baud r a t e  */ 
/*Break */ 

/*Number of received characters  l o s t .  
/*Number o f  t ransmi t  characters  l o s t .  



u n s i g n e d  s h o r t  
u n s i g n e d  s h o r t  
u n s i g n e d  s h o r t  
unsigriecl s h o r t  
u n s i g n e d  s h o r t  
unsi gncd  char  
u n s i g n e d  char 
u n s i g n e d  char  
unsigned char  
u n s i  gnetf 1 ong 
u n s i g n e d  1 ong 
u n s i g n e d  1 ong 
unsi giietl 1 ong 
unsi giietl 1 ong 
u n s i g n e d  1 ong 
unsi giied 1 ong 
unsi ynetl 1 ong 
unsi g r i d  1 ong 
u n s i  gncitl 1 ong 
u n s i  g n c d  1 ong 
u n s i g n e d  1 ong 

u n s i g n e d  s h o r t  
unsi g n e d  s h o r t  
u n s i g n e d  1 ong 
unsi gneti 1 ong 
urisi gned 1 ong 
unsi gncd  1 ong 
unsi gned  1 ong 
u n s i g n e d  9 ong 
u n s i  gnetl 1 ong 
uns  i p e d  1 ong 
u n s i g n e d  1 ong 
uns igned-  1 ong 
uns-i gned 1 ong 
u n s i g n e d  1 ong 
u n s i g n e d  1 ong 
rinsi gncd  char . 
u n s i g n e d  c h a r  
urtsi gned  c h a r  
uris i gned c h a r  
unsigned char 
u n s i g n e d  char 
u n s i  gnccl 1 ong 
u n s i g n e d  l o n g  
unsi grid 1 ong 
u t I 5 .i 'j ri t: i i  1 u 11 CJ 

unsignc2d l o n g  
unsi grid 1 ong 
u n s i  y n c d  1 ong 
unsigned l o n g  - 
u n s i  gned 1 orig 
u n s i  rjned 1 ong  
1; 

Vleng th  ; /*Length *I 
VPari t y ;  / * P a r i t y  *I 
VSt:opbi t ;  /*Stop  b i t s  *I 
V P r o t s c o l ;  / *Pro toco l  *I 
VCardseg; /*Card segment  , *I  

VCharXxon ; /*XON c h a r a c t e r  t o  s e n d  t o  r e m o t e  *I 
VCharXxoff;  /*XOFF c h a r a c t e r  t o  s e n d  t o  r e m o t e  *I 
V F I  ag ;  /*F1 ag  *I 
VCurOverrunCnt; /*Ovrrun err cn t  *I 
VCurPari  tyCnt;  l k P a r . i  t y  err cn t  *I 
VCurFramingCn t ; /"Frami ng err c n t  *I  
VCurBreakCnt; /*Break err c n t  */ 
VBytesRead; /*Number o f  b y t e s  r e a d  f r o m  VxD *I 
VBytesWrite; /"Number o f  b y t e s  written t o  VxD */ 
VXon I n ; /*Number o-f XON r e c e i v e d  *I 
VXoff In ; /*Number o f  XOFF r e c e i v e d  */ 
VXonOu t ; /*Number o f  XON s e n t  */ 
VXof f O u  t: ; /*Number o f  XOFF sent *I 
VF' i l le rb2[10] ;  /*Room f o r  growth  *I 

VPCBIdx; '-* /* Index  t o  t h i s  PCB "I 
V X m  t Cn t ; */ 
VORi  ngTop; / * S t a r t  o f  o u t p u t  b u f f e r  r i n g  */ 
VOliingBottom; /*Bottom o f  o u t p u t  b u f f e r  r i n g c l  */ 
VORi ng l r ipu t ;  /*Current i n p u t  p o i n t e r  t o  o u t p u t  buf */ 
VOliingOutput; /*Current o u t p u t  p o i n t e r  t o  o u t p u t  buf  * /  
VIliingPop; / * S t a r t  o f  i n p u t  b u f f e r  r i n g  *I  
VIliingBottotn; / * B o t t o m  o f  i n p u t  b u f f e r  r i n g i l  * /  
VIRingInpu t ;  /*Current i n p u t  p o i n t e r  t o  i n p u t  b u f  * /  
VIRingOutput ;  /*Current o u t p u t  p o i n t e r  t o  i n p u t  buf */ 
VPro tLoca l ;  /*Local p r o t o c o l  i n d e x  *I 
VProtRemote; /*Remote p r o t o c o l  i n d e x  */ 
VInbuf Hi gh ; / * I n p u t  b u f f e r  h i g h  t h r e s h o l d  *I 
VInbufLow; / * I n p u t  b u f f e r  h i g h  t h r e s h o l d  */ 
VNcxtPCBPtr; / * P o i n t e r  t o  next PCB 'Ir / 
V O 1  dBaudRug [ Z ]  ; /*a1 d Baud Ra te  Regi s t e r  *I 
VOldMCRReg; /*O1 d Modern C o n t r o l  R e g i s t e r  */ 
VO1 dLCRReg ; l * O l  d L i n e  C o n t r o l  Regi ster *I 
UOIdFCRReg; /*Old FIFO C o n t r o l  R e g i s t e r  */ 
VO1 dIERReg; /*Old I n t e r r u p t  E n a b l e  R e g i s t e r  */ 
VFi 7 1 erh3 [2]  ; *I  
VCtsOn; I*# o f  Cts O n  t r a n s i t i o n  *I 
VCtsQf f ; /*# o f  Cts O f f  transit ion * /  
VCdOn ; /*I o f  Cd O n  t r a n s i t i o n  */ 
U C d O f  f ; / " I  o f  Cd O f f  t r a n s i t i o n  : /  
V R i O n ;  /*# o f  Ri On t r a n s i t i o n  *I 
VRiOff;  / *#  o f  Ri Off t r a n s i t i o n  */ 
VDsrOn; /*K o f  Dsr On t r a n s i t i o n  */ 
V b s r O f f  j / *# o f  Dsr Off t r a n s i t i o n  */ 
VFi 1 1  erb4[21 ; /*Room f o r  growth  *I 
VPPCB;  / * P a r e n t  PCB */ 

V C 1.1 a r X  on ; */ 
VCharXoff;  /*XOFF c h a r a c t e r  t o  e x p e c t  f rom r e m o t e  */ 

/*XON c h a r a c t e r  t o  e x p e c t  f r o m  remote  

.r' 

/*Number o f  b y t e s  t o  xmi t  a t  once  

/ * F i  11 er(Comp1 e t e  3 2 b i  t boundary)  



#i f d e f  MSNTDRV 
ifpragma pack  (pop) 
#endi f 

# d e f  i n e  
# d e f  i n e  
# d e f i n e  
# d e f  i n e  
# d e f  i ne 
# d e f  i n e  
# d e f i n e  
# d e f i  ne  
# d e f i n e  
# d e f  i n e  
# d e f  i ne 
# d e f  i ne 
# d e f  i n e  

#i f d e f  
# d e f  i ne 
# d e f i n e  
#define 
# d e f  i ne 
#de f , i  n e  

# d e f i n e  

V X D A P I  NT IOCTL - OFFSET 
VXDAPI-VeFsi on 
VXDAP I -S e t  up 
VXDAPI-Get Pac k e t  
VXDAPI-PutPacket 
VXDAPI-C1 eanup 
VXDAPI -V i  ewPacket 
VXDAPI-Fl us h 
VXDAPI-Get P o r t  
VXDAPI-GetMetri c 
VXDAP I-ModemC t 1 
VXDAPI-BaudDi v 
VXDAP I-UARTReg - 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*I I*===== I n d e x  f o r  WCSCCDRV.386 A P I  f u n c t i o n s  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0x800 
0 
1 
2 
3 
4 .  
5 
6 
7 
8 
9 
10 
11 

/* */ 
I* */ 
/* *I 
I* *I 
I* *I 
I* *I 
/* *I 
I* *I 
I* *I 
I* *I 
/*  *I 
/* *I 
I* */  

-.- MSW I N3 2 
I C T L l  FILE DEVICE UNKNOWN 
ICTL2 VXDAPI  NT IOCTL OFFSET 
I CT L3 
ICTL4 F ILE ANY ACCESS 
I C T L ( i )  CTL - CODET(ICTLl), ( ICTL2+i) ,  ( ICTL3), (ICTL4)) 

VXDAPI Vers ion  NT 

MET HO D-SUF F ER ED- 

CTL CODE( F ILE DEVICE U~KNOWN,Ox80O,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deT ine  VXDAPY SetuD-NT’ 
CTL CODE( F ILE  DEVICE-UNKNOWN,Ox801 ,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deTi ne  VXDAPT GetPaZket NT 
CTL CODE( F ILE DEVICE UNKflOWN,Ox802,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#de-fi n e  VXDAPT Putpacket  NT 
CTL CODE(F1LE DEVICE UNKf10WNyOx803,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deTine V X D A P f  Cleanup NT 
CTL CODE( F ILE DEVICE UNKNOWN,Ox804,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deT i  n e  VXDAPT V i  ewPXcket NT 
CTL CODE( F ILE  D E V I C E  UNKN~WN,Ox805,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deT ine  VXDAPT F1 ush-Nf 
CTL CODE(F1LE ib€VIC€~UNKNOWN,Ox806,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deT ine  VXDAPf  Ge tPor t  NT 
CTL CODE(F1LE DEVICE UaKNOWN,Ox807 ,METHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#deT i  n e  VXDAPT GetMeFri c NT 
CTL CODE(F1LE D E V I C E  UNKi”;OWN,Ox808,METHOD I BUFFERED, FILE - ANY .- ACCESS) 
#define V X D A P I  Modemctl NT 
CTL CODE(F1LE D E V I C E  UNS(NOWN,Ox809,METHOD - BUFFEREDy FILE - -  ANY ACCESS) 
#deT ine  VXDAPT BaudDiv NT 
CTL CODE(F1LE DEVICE UNKNOWNyOx80a,METHOD - BUFFERED,FILE - -  ANY ACCESS) 
#deT ine  VX’DAPT UARTReg NT 
CTL CODE(F1LE - DEVICE - U~KNOWNyOx80byMETHOD - BUFFERED, F ILE - -  ANY ACCESS) 
#ena i  f 



#i fde F MSWIN32 
extern CRITICAL - SECTION CSection; 
#endi f 
lfcndi f 

/* COMM-DRV System Software Externals * /  
extern s t r u c t  ser rs232 routines FAR *ser rs232; 
extern s t r u c t  comnldrv - cT1 *commdrv c t l  ; 
extern char commdrv Version [I ; 
extern c h a r  FAR c d rv p a t h  [:] ; 

/* F i l e  Transfer Externdls */,-. 
extern unsigned char 
extern tuisigned char char-([] ; 
extern titisigned char 
extern irnsi gned c h a r  
extern tinsigned char charIg[] ; 
extern trnsignecl char 
extern unsigned char *cdrvxfer h t a b ;  
extern i n t  cdrvxfer & ? b u g  ; 
extern i n t  ser?xfeF--sfl a$; 
extern unsi y n e d  1 ong cdrvxfer-rcvfl ag; 

, extern i n t  c d r vx f e r-r c v r e t  ry c n t ; 
extern i n t  cdrvxfer-rcvrcvt imeout ; 
extern in t  cd r vx Per-r cvxrnt t i meo u t ; 
extern 1.1 tis i gned 1 ong cdrvx fer-xint -f I ag ; 
extern in t  cdrvxfer-xmtretrycnt ; 
extern i n t  c d r v x f e r-xm t r c v t i me o u t ; 
extern i n t  cdrvxfer-xmtxmttimeout ; 

cd r v x f e r-mo n i t o r  cd ; extern i n t  

char ack[' ; 

char-can [I ; 
char-eot [I ; 
char nak[]  ; 

Y 

/" H igh  Level 
extern i n t  
extern i n t  
extern . i n t  
extern .i nt 
C h t c r  II i l l& 
cxtern in t  
extern i n t  
ex te rn  char  
extern char  
extern char  
extern char 
extern char  

Function External s */ 
modern pacetime; 
mod em-p 1 u spa c e t i me ; 
inodem-wiii tresponse; 
modern-wrti tconnect; 
IlloLleiTlbddi techo;  
mo d em-.wci i t comma n d ; 
modein-1v<ii t d  t:r; 
*modem cmdstate; 
*mod em--a t t en t i on ; 
*mod em- ti an g u p ; 
*mod em-e c h o on ; 
*rnoclem--tli - a1 p u l  s c ;  



extern char 
extern char 

#i fdef CDRVOYNA 
#define AUXPCBPTR(pcb) 
*) ( ( ( (1 ong) (FP - SEG ((pcb) ) ) )<<16) +FP - OFF ( (pcb) ->auxpcb) ) ) ) 
#else 
#def i ne AUXPCBPTR( pcb) 
#endi f 

*modem di a1 tone; 
*modem-o k; - 

( (  (struct aux pparam FAR 

(pcb-zauxpcb) 

/ 
/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*=====Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  prototypes */ 

f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*=====Function prototypes of the COMM-DRV low level functions. */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* If dynamically linking to a WINDOWS DLL then */ 
/* MSWIN 81 MSWINDLL must be defined before C0MM.H is */ 
/*  included for WIN32 appgMSWIN, MSWINDLL, and MSWIN32 * I  
/* must be defined beforerC0MM.H. */ 
/* */ 
I* If dynamically linking t o  the MS-DOS TSR then */ 
/ *  COMMDRV DRIVER must be defined before C0MM.H i s  */ 
/* i ncl udea. */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#i fdef COMMDRV DRIVER 
extern int CDECL ser rs232 init(void); 
#define ser rs232 cleanup(p) ser rs232->cleanup( (p)) 
#define ser-rs232-getbyte(p,c) ser’-rs232->getbyte( (p) , ( e ) )  
#def i ne ser-rs232-getport (p, pc) ser-rs232-yetport ( ( p )  , (pc)) 
#def i ne ser-rs232-getregi ster (p, 0 ,  v) ser-rs232->getregi ster( (p) , (0) , (v )  ) 
#define ser-rs232-getstatus ( p ,  s) ser-rsZ32->getstatus( (p) , ( 5 ) )  
#define ser-rs232-putbyte(p,c) ser-rs232->putbyte( (p) , (c)) 
#define ser-rs232-putregister(p,o,v) ser--rs232->putregister( ( p ) ,  (o),  (v ) )  
#define ser-rs232maxport () s e r-r s 2 3 2 ->ma x p o r t ( ) 
#def i ne ser-rs232-setup (p, pc) ser-rs232->setup( (p), (pc)) 
#define ser-rs232-putpacket (p,c,ch) ser-rs232->putpacket ((p) , ( c )  , (ch)) 
#define ser-rs232-getpacket (p,c,ch) ser’-rs232->getpacket ((p) , (c)  , (ch))  
#def i ne ser-rs232”fl ush (p , a) ser4rs232->flush( (p), (a)) 
#def i ne ser-rs232-bl oc k (p , i , 0) ser-rs232->block((p), (i), (0)) 
#define serrs232-dtr off ( ) ser-rs232->dtr off ( ( p ) )  

ser-rs232->dtr-on( ( p ) )  
ser-rs232->rts-off ( (  ) )  
ser-rs232->rts-on ( (p  P ) #define ser-rs232-rts-off (p) 

#def i ne ser-rs232-rts-on (p) 
#de f i ne ser-rs23 2-set-i n t f unc ( p , q r) ser-rs23 2->set-i nt f unc ( ( p )  , (q ) , (r) ) 
#define ser-rs232-get-sdata () s e r-rs 23 2 ->get -s d a t a ( ) 
#def i ne ser-rs232mi SC func (p, c, v) ser-rs232->misZ func((p) ( c ) ,  ( v ) )  
#define ser-rs232-setbauddiv(p,q, r) ser-rs232->setbZuddiv( ( p ) ,  (9) , (r)) 
#def i ne ser-rs232-vi - - ewpacket { p , g , r )  ser-rs232->viewpacket( - (p)  , (q) ,  (r)) 
#else 
#ifdef COMMDRV - A L L  

#def i ne ser-rs232-dtr-on (p P 



extern i n t  CDECL s e r  rs232 in i t (void) ;  
#def i rw s e r  rs232 cleanup (5) 
#define ser l rs232lgetbyte(p,c)  
Hdef i ric ser-rs232-getport (1) ?pc) 
#define sgr-rs232-getrggister(p,o,v) 
#define ser-rsZ32-4etstatus ID s )  ser-gets ta tus((p) ,  - ( s ) )  

scr-cleanup( ( p ) )  
ser getbytet ( P I  Y (d)  
ser-jetport ( (P I  , ( P C )  1 
scr g e t r e g i s t e r (  ( p )  , ( o ) ,  ( v ) )  

ser P U t b Y t 4  ( P )  Y ( c )  1 
p,o,v) ser-putregister(  I ( p ) ,  ( o ) ,  ( v ) )  

#de f i tie s e r-r s 23 2-1;~ t byte ( p ; k 
#define ser-rs232-putregi ster 
Hdefi tie ser-rs232-rnaxport () 
#de f i ne s e r-rs 23 2-s e t u g ( p p c)  
# d e f i n e  ser-rs232-putpacket ( p  
#def i ne ser-rs232-get pac ke t ( p  
#define ser-rs23%-flush(p3a) 
#de f i ne ser-r s 232-11 1 oc k ( p i , o 
#define ser-rs232-dtr o f f ( p )  
#define ser-rs232-dtr-onf~) 

s c r  maxDort 0 
scr:setUp ( (l;j , (PC) ) 

c ,  ch) ser putpacket ( ( P I  , k) ( c h ) )  
c,ct1) ser-getgacket((p) (c) ( c h ) )  

ser-f'lush( ( p ) ,  ( a ) )  
ser-block( (p) ,  (i), ( 0 ) )  
sev-'dtr off  ( ( p ) )  
ser-dtr-on( (p)) 
ser-rts-off ( (  ) )  
ser--rts-on ( ( p  P ) 
5er-s e t-i n t f u n  c ( ( p )  , (q) ( r) ) 
ser-get-sdata () 
s e r m i  SC func( ( p ) ,  ( e ) ,  ( v ) )  

Hdefi ne ser-rs232-rts-off'(p). 
#def i IIC ser-rs232-rts-on ( p )  
#de f i ne ser-rs23 2-5 e t-i nC func ( p q , r)  
K d e f i  tie ser-rs232-get-sdata () 
#define ser-rs232-tnis? func(p,c,v) 
#define ser-rs232-5etbaudd.iv(~,q4r) ser-setbauddiv((p) (9) ( r ) )  
Hdefiiie serlrs23%-viewpaeket(p;y,r) -. - ser-viewpacket - ( ( p ) ,  ( 4 )  ( r ) )  
#el se 
#i fdef MSWINDLL 
i n t  CllECL s e r  rs232 init(void); 
i n t  FARPAS ser rs232 cl canup ( l ' n t  port) ; 
i n t  FARPAS ser-rs232-getbyte( i n t  por t ,  unsi gned char FAR *ch) ; 
i n t  FARPAS ser-rs232-getpsr.t(int port , s t r u c t  port param FAR *pcb) ; 
i n t  FARPAS ser-'rs232-getregister(int p o r t , . i n t  off?%.t,int FAR *value); 
i n t  FARPAS ser-'rs232-getstatus(int port,unsigned char FAR " s t a t )  ; 
i n t  FARPAS ser'-'t-52:32-putby&e(int p o r t  ,unsigned char FAR *ch) ; 
i n t FARPAS s e r-rs2.32-put reg i s t e r  ( i n t port i n t o f f  se t ,  i n t va 1 ue) ; 
i n t  FARPAS ser-rs232-maxport ( v o i d )  ; 
i n t  FARPAS ser-rs232-setup(?nt port ,  s t r u c t  port param FAR *pcb)  ; 
i n t  FARPAS ser--rs232-putpac ket (1 n t p o r t ,  i n t  couKt, 

unsJgned char  FAR *ch) ; 
i n t  FAKPAS s e r  rs232 getpacket(int  port , int  count, 

uUrsigried char FAR *ch) ; 
i n t  FAfiPAS ser r5232 flush(. int  p u r t , i n t  a r y ) ;  
i n t  FAfPAS serIrs232-bluck(int g o r t , i n t  i n p u t , i n t  output);  
i n t  FARPAS s e r  rs232-dtr o f f ( i n t  port); 
i n t  FARPAS ser-rs232-dtrnon(int p o r t )  ; 
i n t  FARPAS ser-rs232-rts-off(int p a r t )  ; 
i n t  FARPAS ser-rs232-rts-on(int port) ; 
i n t FAR PAS s e r-rs 7 3 2-5 e t - i  n 1 fun c ( i n t p o r t  , 

CDaVf FNC-( FAR * ( F A R  '* f unc) ) (short  Val, 
s t r u c t  p o r t  param FAR "p) , short  imask) ; 

s t r u c t  s e r  1x232 sda ta  F A R  * FARPAS s e r  rs232 ge t  s d a t a ( v o i d ) ;  
i n t  FANPAS-ser, 6 2 3 2  rriisc func(int port,unsigkd 5hort cmd, 

unsi gned-1 ong-val ) ; 
int  FARPAS s e r  rs232 setbauddiv(fnt cardtype, i n t  baudidx, 

i n t  FARPAS ser I- rs232 I vicwpacket(int p o r t , i n t  count ,  
u n s i g n e d  Gauddi v )  ; 



unsigned char FAR *ch) ; 

/*  WINCDRV.DRV Specific */ 
i nt FARPAS GetCOMMDRVPort (i nt ci d) ; 
i nt FARPAS GetCOMMDRVPorts (i nt idx) ; 
int FARPAS SetCOMMDRVPort (int cid,int port); 
#else 
int CDECL ser rs232 init(void); 
int FARC ser 7~232 cleanup(int port); 
int FARC ser-rs232-getbyte(int port ,unsigned char FAR *ch) ; 
int FARC ser-rs232-getport (int port ,struct port param FAR *pcb) ; 
int FARC ser'-rs232-getregister(int port,int offset,int FAR "value); 
i nt FARC ser-rs232-getstatus (i nt port ,unsi gned char FAR *stat) ; 
int FARC ser-rs232-putbyte(int port,unsigned char FAR *ch); 
i nt FARC ser-rs232-putregi ster (i nt port, i nt off set, i nt val ue) ; 
int FARC ser-rs232maxport (void) ; 
i nt FARC ser-rs232-setup (i nt port, struct port param FAR *pcb) ; 
int FARC ser-rs232-putpacket (int port,int count,unsigned char FAR *ch); 
int FARC ser-rs232-getpacket(int port,int count,unsigned char FAR *ch); 
int FARC ser-rs232-flush(int p,ort,int arg); 
int FARC sercrs232-block(int port,int input,int output); 
int FARC ser-rs232-dtr off (int; port); 
int FARC ser-rs232-dtr-on(int port); 
int FARC ser-rs232-rts-off(int port); 
i nt FARC ser-rs232-rts-on (int port) ; 
int FARC ser-rs232-set-intfunc(int ort, 

CDWVIFNC-(FAR *(FAR *func P ) (short Val, 
s t ruct port-param FAR *p) , short imas k) ; 

struct ser rs232 sdata FAR * FARC ser rs232 get sdata(void); 
int FARC ser rs232 mise func(int port7unsig:ed short cmd,unsigned long Val); 
int FARC ser-rs232-setbauddiv(int cardtype,int baudidx,unsigned bauddiv); 
i nt FARC ser-rs232-vi - - ewpacket (i nt port, i nt count, unsi gned char FAR *ch) ; 
#endi f 
#endi f 
#endi f 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*=====Interrupt routines prototypes */ 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
int FAR ser rs232 ifnc getpacket(struct port - param FAR *p, 
char FAR *buf, int-cnt): 
int FAR ser rs232 ifnc putpacket(struct port - param FAR *p, 
char FAR *buf, int-cnt): 

i n t  FAR ser-rs232-ifnc-dtr-on(struct port param FAR *p p' ; ; int FAR ser rs232 ifnc dtr off(struct port param FAR * 

int FAR ser-rs232-ifnc-rts-off (struct porT param FAR *p) ; 
int FAR ser-rs232-ifnc-rts-on(struct - - - -  port - param FAR *p); 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/*=====High 1 eve1 COMM-DRV function prototypes */ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
#i fdef MSWINDLL 
int FARPAS BytesInReceiveBuffer(int port) ; 



i n t  FARPAS RytesInTransmi tBuffer( int  port)  ; 
i n t  FARPAS CdrvCheckTimc(unsigned short  FAR '?imerbl k) ; 
unsi g n e d  short FARPAS CdrvCrcl6 (int: count char FAR *buf) ; 
unsigned 1 ong FARPAS CclrvCrc32( i n t  count  ,char FAR *buf) ; 
i n t  FARPAS CdrvDelay(int, por t , in t  t imeout);  
s t r u c t  port paratn FAR * FARPAS CdrvGetPcb(int port); 
i n t  F A R P A S  cdrvSetTime(int port , int:  timeout,unsigned short FAR "timerbl k )  ; 
i n t  FARPAS CdrvSetPimeoutFunction(int p o r t  , i n t  (FAR *func) ( i n t  port)) ; 
i n t  F A R P A S  CdrvSetTimerKesol ut i  on ( i  n t  port  , i n t  resol uti  on)  ; 
void FARPAS cdrvxfer gclose{struct cdrvxfer ftpcb FAR *p) ; 
i n t  FARPAS cdrvxfer g e t f i l e s ( i n t  mode,strucT cdrvxfer ftpcb FAR *p);  
i n t  FARPAS cdrvxfer-'fi les( int  p o r t , i n t  d i r e c t i o n , i n t  protocol, 

char. FAR *fspec, int  (FARC *fnc) ( i n t  chgflg,char FAR'*fname, 
l o n g  by ten t , in t  curbl k , i n t  errcnt,unsigned r a t e ) ) ;  

i n t  FARPAS cdrvxfer sendf i les ( in t  mode,struct cdrvxfer ftpcb FAR *p) ; 
i n t  FARPAS cdrvxfer-sf i les( int  I. p o r t , i n t  d i r e c t i o n , i n t  fjrotocol, 

char FAR *fspec, i n t  ( F A R  *fnc) ( i  n t  chgfl g , 
char PAR *fname,long bytcn t , in t  curbl k ,  
i nt errcnt  , unsi gned r a t e ,  
sl:ruct cclvvxfer ftpcb FAR *ftpcb)) ; 

i n t  FARPAS CdrvXferCr@aLgDialog(struc~ cdrvxfer ftpcb FAR * p ) ;  
i n t  FARPAS CdrvXferDestroyDialog(struct c:drvxfer ftpcb FAR *p) ; 
i n t  FAKPAS CdrvXferUpda LeDi a l z g  ( s t ruc t  cdrvxfer '7tpcb FAR * ) ; 
i n t  FARPAS DataStreamGel:Byte(+nt port ,unsigned char FAR *chS); 
i n t  F A R P A S  DataStreamGet Packet { i n t  p o r t ,  i n t  count ,unsigned char FAR *ch) ; 
i n t  FARPAS Di a1 (i n t  p o r t  , i n t  mode, char FAR *telephone) ; 
i n t  FARPAS DtrOff ( i  n t  port) ; 
i n t  F'ARPAS D t  rOri (i nt: par t )  ; 
i n t  FARPAS Fi I eTransferDia1 og (i nt: por t ,  i n t  mode) ; 
i n t  FARPAS FlushReecivcHuffer(int po r t )  ; 
.i n t  FARPAS F1 ushTransmi ,&Buffer ( i  n t  p o r t )  ; 
i n t  FARPAS EetByte(int por t ) ;  
i n t  FARPAS GetNumber( i n t  p o r t ,  i nt count, char FAR *str) ; 
unsigned i n t  FAfPAS GetPaceTime(int p o r t )  ; 
i n t  FARPAS GetPacket(int p o r t , i n t  'len,char FAR * p k t )  ; 
i n t  F A R P A S  GetS%riny(int port,int 'len,char FAR *s t r ) ;  
unsigned -int FARPAS Get-fimeout ( i n t  port)  : 
i n t  FARPAS I n i t i a l i z e P o r t ( i n t  p o r t , i n t  subport,unsigned short addr, 

unsigned short irq,unsigned short  cardtype, 
unsigned short cardseg,CDRVUINT inbuflen, 
C D R V U I N P  outbufl en ,CDRV.UINT f l  as) ; 

i n t  F'ARPAS IsAI I DaitziOut ( i  n t  po r t )  ; 
i n t  F'AKPAS IsBruak(int port) ; 
i n t  F'AKPAS IsCarri erDetect (i n t  p o r t )  ; 
i n t  FARPAS I sCts ( in t  port); 
i n t  FARPAS IsDsr( int  p o r t ) ;  
i n t  fbRPA7 JsFrdmingFrrnr(int p o r t ) ;  
.i n t  f -AKPAS IsInputOverrun ( i  n t  por t )  ; 
i n t  f ARPAS IsOvcrr'unError { i n t  p o r t )  ; 
i n t  FARPAS IsPari tyErrnr( int  port : ) ;  
i n t  FARPAS IsPortAvdilable(int p o r t ) ;  
i n t  FARPAS IsReceivt.BufTerE:mpty(int p o r t )  ; 
i n t  ['ARPAS IsRing(int po r t . ) ;  
i n t 1-AKPAS I s Tr d n  sm i t Bu f f e r Empt y ( i n t po r t ) ; 



i n t  FARPAS ModemAttent ion( int  p o r t )  ; 
i n t  FARPAS ModemAnswerMode (i n t  p o r t  , i n t  count) ; 
i n t  FARPAS ModemCommandState(int po r t ) ;  
i n t  FARPAS Modemconnect (i n t  p o r t )  ; 
i n t  FARPAS ModemForceAnswer (i n t  p o r t )  ; 
1 ong FARPAS ModemGetCarri erSpeed (i n t  p o r t )  ; 
1 ong FARPAS ModemGetConnectSpeed (i n t  p o r t )  ; 
i n t  FARPAS ModemGetSRegister(int p o r t , i n t  SReg); 
char FAR * FARPAS ModemGetString(int p o r t , i n t  code); 
1 ong FARPAS ModemGetVal ue (i n t  p o r t ,  i nt  code) ; 
i n t  FARPAS ModemHangup (i n t  p o r t )  ; 
i n t  FARPAS ModemIni t ( in t  p o r t ) ;  
i n t  FARPAS ModemModi fyStr i  ng (i n t  p o r t ,  i n t  code , char FAR * s t r )  ; 
i n t  FARPAS ModemModifyValue'(int o r t , i n t  code,long Val) ;  
i n t  FARPAS ModemOffHook(int p o r t r ;  
i n t  FARPAS ModemOnl i ne (i n t  p o r t )  ; 
i n t  FARPAS ModemSendCommand (i n t  p o r t  ,char FAR *cmd) ; 
i n t  FARPAS ModemSetSRegister(int p o r t , i n t  SReg, i n t  V a l )  ; 
i n t  FARPAS ModemSpeaker(int p o r t ,  i n t  OnOff); 
i n t  FARPAS ModemVol ume (i nt  p o r t  , i n t  1 ev) ; 
i n t  FARPAS ModemWai t ForCal l  (i n t  p o r t ,  i n t  R i  ngCnt , i n t  Mode , 

i n t  FARPAS ModemWaitForRing(int p o r t ,  i n t  cnt , i n t  t imeout) ;  
i n t  FARPAS PeekChar(int p o r t ) ;  
i n t  FARPAS Pu tBy te ( in t  p o r t  ,char ch) ; 
i n t  FARPAS PutPacket( in t  p o r t , i n t  len,char FAR *pkt ) ;  
i n t  FARPAS P u t S t r i n g ( i n t  por t ,char  FAR * s t r ) ;  
i n t  FARPAS ReceiveBuf ferSize( in t  p o r t ) ;  
unsi  gned 1 ong FARPAS CdrvReturnStr i  ngAddress ( vo id  FAR * adr) ; 

i n t  (FARC ,ync)  ( i n t  p o r t ) ) ;  

i n t  
i n t  
i n t  
i n t  
i n t  

i n t  

i n t  
i n t  
i n t  

i n t  

i n t  
i n t  
i n t  
i n t  
i n t  
i n t  

i n t  
i n t  
i n t  

FARPAS RtsOf f  ( i n t  p o r t )  ; 
FARPAS R t  son (i n t  p o r t )  ; 
FARPAS SendBreak(int p o r t , i n t  t imeval ) ;  
FARPAS SetBaud (i n t  p o r t ,  i n t  baud) ; 
FARPAS SetDataStreamFunction(int por t , vo id  

FARPAS SetFlowControlCharacters(int p o r t  , i n t  x o f f , i n t  xon, 

FARPAS S e t  FJowControl Threshol d ( i n t  po r t ,  i n t  i nbuf - 1 ow, i n t  i nbuf - high)  ; 
FARPAS SetPaceTime(int p o r t , i n t  t imeval )  ; 
FARPAS SetPor tCharacter i  s t i  c s ( i n t  port,CDRVUINT baud, 

FARPAS SetSpecia lBehavior ( in t  p o r t , i n t  cmd,unsigned long v a l l ,  

FARPAS SetTimeout ( i n t  p o r t  , i n t  t imeout)  ; 
FARPAS SetXferParameters(unsigned i n t  command,unsigned long value) ; 
FARPAS SpaceInReceiveBuffer(i n t  p o r t )  ; 
FARPAS SpaceInTransmi t B u f f e r ( i n t  p o r t )  ; 
FARPAS SpaceTransmitBuffer( int  p o r t )  ; 
FARPAS T r a n s f e r F i l e s ( i n t  cmd,int p o r t  , i n t  d i r e c t i o n , i n t  p ro toco l ,  

FARPAS Transmi tBuf fe rS ize( in t  p o r t )  ; 
FARPAS U n I n i t i a l i z e P o r t ( i n t  p o r t ) ;  
FARPAS Wa i tFo r ( i n t  p o r t , i n t  t imeout,char FAR *out,char FAR * i n > ;  

(FARC * fnc)  ( i n t  p, 
i n t  c, char FAR *h)); 

i n t  xxon, in t  x x o f f ) ;  

unsigned shor t  p a r i  ty,unsigned sho r t  length,  
unsigned sho r t  s t o p b i t ,  unsigned sho r t  p ro toco l )  ; 

. unsigned long va12); 

char FAR *fspec, s t r u c t  cd rvx fe r  - f t p c b  FAR *p); 



i n t  FARPAS WaitForFixed(int p o r t , i n t  t.imeout,char FAR *out  , 

i n t  FARPAS WaitFnrPeek(int p o r t , i n t  timeout,char FAR *out,char FAR * i n ) ;  
i n t  FARPAS WaitForPeekFixed(int por t , in t  timeout,char FAR * o u t ,  

i n t  FARPAS WaStForPeekTable(int por t , in t  timeout,char FAR * o u t ,  
char FAR * FAR *-in) ; 

in t  FARPAS W a i t F o r P e e k T a b l e ~ i x e d ( i n l  p o r t , i n t  timeout,char FAR *out,  
char FAR * i-AR * i n , i n t  o l e n , i n t  FAR "ilen); 

i n t  FARPAS WaitForlable(int p o r t , i n t  timeout,char FAR * o u t , c h a r  FAR * FAR 
* i n )  ; 
i n t  FARPAS Wai tForl~abIeFixed(int por t , in t  timeout,shar FAR *out; 

' # e l s e  
i n t  CDECL BytesInRExeiveBuit'er (i n t  p o r t )  ; 
i n t  C D E C L  Bytes InTransmi tBuffer( i n t  p o r t )  ; 
i n t  C D E C L  CdrvChfckTime(unsigned short FAR *ti.merbl k )  ; 
unsigned short  C D E C L  CdrvCrcXb(int count,c:har FAR *buf) ; 
unsi yned 1 ong CDECL CdrvCrc32 ( i  n t  coun t  , char FAR *buf) ; 
i n t  C D E C L  CdrvDeSay(int p o r t , i n t  timeout); 
s t r u c t  p o r t  param FAR 
i n t  C D E C L  CdrvSetTime(inL poreint timeout ,unsigned short  FAR "timerbl k )  ; 
i n t  CDECI- CdrvSetTitTieoutFunction(int p o r t , i n t  (FAR *func) ( i n t  p o r t ) )  ; 
i n - t  CDECI- CdrvSet:rinicrRtjsolution(inI: p o r t , i n t  resolut ion);  
vol'd C D E C L  cdrvxfcr gclose(s t ruct  cdrvxfer ftpcb FAR *p) ; 
i n t  C D E C L  cdrvxfer g e t f i  Ses(int  mode,strucf cdrvxfer ftpcb FAR *p)  ; 
i n t  C D E C L  cdrvxfer-f i les( int  p o r t , i n t  d i r e c t i o n , i n t  protocol,  

char FAR *fspe?,int (FAR *fnc) ( i n t  chgflg,char FAR *fname,long bytcnt,  
i n t  curb1 k , i n t  errcnt,unsigned u'ate)) ; 

i n l ;  C D E C L  cdrvxfcr sendf i les ( in t  mode,struct cdrvxfer ftpcb FAR *p) ;  
i n t  CDECI. cdrvxier-sf i les( int  p o r t , - i n t  d i r e c t i o n , i n t  protocol ,char FAR *fspec, 

c h a r  FAR *in , in t  olen, int  i l e n ) ;  

char FAR *in, . int  o len , in t  i l e n ) ;  

c h a r  F A R  * FAR * i n , i n t  olen , in t  FAR * i l e n ) ;  

CDECL CdrvGetPcb(int port) ; 

i n t  (FAR *fnc)  ( i n t  chgflg,char FAR *fnarne,long bytcnt,  
l ' n t  curb1 k,.in"c errcnt,unsigned r a t e ,  
struct cdrvxfer ftpcb FAR " f t p c b ) ) ;  

in t  C D E C L  CdrvXferCreateDialog(struct cdrvxfer ftpcb FAR *p) ; 
in t .  C D E C L  CdrvXferDestroyDialog(struct cdrvxfe? ftpcb FAR *p) ; 
- i n t  C R E C L  CdrvXferUpdateDialog (struct cdrvxfer f tpcb  FAR *p) ; 
i n t  CDECL DataStrearnGetByte( i n t  pnrt ,unsigned char FAR *ch) ; 
i n t  CDECL DataStreamGetPacket(int port , i n t  count,unsigned char FAR *ch) ; 
i n t  C D I X L  Dial ( i n t  p o r t , i n t  mode,char FAR *telephone); 
i n t  CDIXI.. DtrOff(int p o r t ) ;  
i n t  CDllCi DtrOn(int port) ; 
i n t  CDECl -  FileTransferDialog(int por t , in t  mode); 
i n t  C D t C L  F1 ushRecei veBuffer ( i  n t  port) ; 

C1 flushTrdnsrnitBufFcr(int par t )  ; 
C l  GctByte (i nt p n r t )  ; 

i n t  L U I L L  GctNumbcr(int port:,int c:ount,shar F A R  * s t r ) ;  
unsi g n e d  i nt C D E C L  Get PaceTime ( i  n t  p o r t )  ; 
i n t  CDE-CL. GetPacket(int p o r t , l ' n t  len,char FAR * p k t ) ;  
i n t CDE C L  GetStri rrg (i nt port , i n t  1 en,  char FAR * s t r )  ; 
unsi'gntd i n t  GetTimeout ( i n t  port) ; 
i n t  C D E C L  Irii tializcPort(int p o r t , i n t  subpart,unsigned short addr, 

unsigned short i rq,unsigned short  cardt:ype,unsigned short  cardseg, 
CORVUPNT inbufl en,CDRVUINT outbuflen,CDRVUINT f l a g )  ; 



int COECL IsAllDataOut(int port); 
int CDECL IsSreak(int port); 
i nt CDECL IsCarri erDetect (int por 
int CDECL IsCts(int port); 
int CDECL IsDsr(int port); 
int CDECL IsFramingError(int port 
int CDECL IsInputOverrun(int port 
int CDECL IsOverrunError(int port 
int CDECL IsParityError(int port);' 
i nt CDECL IsPortAvai 1 ab1 e (i nt port) ; 
int CDECL IsReceive6ufferEmpty(int port) ; 
i nt CDECL IsRi ng (i nt port) ; 
int CDECL IsTransmi tBufferEmpty(int port) ; 
int CDECL ModemAttention(int port); 
i nt CDECL ModemAnswerMode( i nt port, i nt count) ; 
int CDECL ModemCommandState(int port) ; 
i nt COECL Modemconnect (i nt port) ; 
1 ong CDECL ModemGetCarri erSpeed (i nt port) ; 
1 ong CDECL ModemGetConnectSpeed(i nt port) ; 
int CDECL ModemForceAnswer(int port) ; 
i nt CDECL ModemGetSRegi ster (i nt port, i nt SReg) ; 
char FAR * CDECL ModemGetStri@(int port,int code); 
1 ong CDECL ModemGetVal ue (i nt pDrt , i nt code) ; 
i nt CDECL ModernHangup (int port) ; 
int CDECL ModemIni t (i nt port) ; 
int CDECL ModemModifyString(int port,int code,char FAR *str); 
i nt CDECL ModemModi fyVa1 ue (i nt ort , i nt code, 1 ong Val) ; 
int CDECL ModemOffHook(int port P ; 
i nt CDECL ModemOnl i ne (int port) ; 
i nt CDECL ModemSendCommand (i nt port char FAR *cmd) ; 
int CDECL ModemSetSRegister(int port,int SReg, int Val); 
int CDECL ModemSpeaker(int port, int OnOff); 
int CDECL ModemVolume(int port, int lev); 
i nt CDECL ModemWai t ForCall (i nt port, i nt Ri ngCnt , i nt Mode, 
int (FARC *fnc) (int port)); 
1' nt CDECL ModemWai t ForRi ng (i nt port, i nt cnt , i nt t imeout) ; 
int CDECL PeekChar(int port); 
int CDECL PutByte(int port,char ch); 
int CDECL PutPacket(int port,int 'len,char FAR *pkt); 
int CDECL PutString(int port,char FAR *str); 
int CDECL ReceiveBufferSize(1nt port) ; 
unsigned 1 ong CDECL CdrvReturnStringAddress (void FAR * adr) ; 
i nt CDECL RtsOff (i nt port) ; 
int CDECL RtsOn(int port); 
int CDECL SendBreak(int port,int timeval); 
i nt CDECL SetBaud { i nt port i nt baud) ; 
int CDECL SetDataStreamFunction(1nt port,void 

int c, char FAR *h)); 
int CDECL SetFlowControlCharacters(int port,int xoff ,int xon, 

int COECL SetFlowControlThreshold(int port,int inbuf - low,int i n b u f  - high) ; 
int CDECL SetPaceTime(int port'int timeval) ; 
int CDECL Set PortCharacteri sti c s  (int port ,CDRVUINT baud, 

(FARC *fnc) (int p y  

int xxon,int xxoff); 

unsigned short parity,unsigned short length,unsigned short stopbit, 



unsigned s h o r t  p r o t o c o l )  ; 
i n t  CDECL S e t S p e c i a l B e h a v i o r ( i n t  p o r t  , i n t  cmd,unsigned l o n g  v a l l ,  

urisi gned 1 ong va'l2) ; 
i n t  C5EC:L SetTimeout (i nl: p o r t ,  i n t  t.imeout) ; 
i n t  CDECL SetXferParameters (uns igned i n t  command ,unsi gned 1 ong Val ue) ; 
int C U E C L  SpaceInR%ceiveBuffer(int p o r t )  ; 
i nt CDlfCL SpaceInTransmi t B u f f e r  (i n t  p o r t )  ; 
i n t  CDECL SpacpTransmi tBu f fe r ( i n t  p o r t ) ;  
i n t  CDECL T r a n s f e r F i l e s ( 1 n t  cmd, int  p o r t , i n t  d i r e c t i o n , i n t  p r o t o c o l ,  

i n t  CDECL Transmi t B u f f e r S i z e ( i n t  porT) ; 
i n t  CUftCL U n I n i  t i a  I izePort(  i n t  p o r t )  ; 
i n t  CDECL WaitFor( . int   port, i n t  t fmeout:,char FAR *out,char FAR * i n ) ;  
i n t  CIIECL W a i t F o r F i x e d ( i n t  p o r t , . i n t  t imeout ,char  FAR *ou t ,  

cha r  FAR * i n , i n t  o l e n , i n t  i l e n ) ;  
i n t  CIIEXL Wai tForPeek( in t  p o r t , i n t  t imeou t , cha r  FAR *out ,char  FAR * i n ) ;  
i n t  CDECL WaitForPeekFixed(. int p o r t  , i n t  t imeout ,char  FAR *out ,  

char  FAR " i n  , i n-t o l  en, i n t  i 1 en) ; 
i n t  CUEXL Wai tForPeekTable( in t  port, i n t  t in ieout  ,char FAR *out  , 

char  FAR 'r: FAR * i n )  ; 
i n t  C D E C L  WaitForPeekTableFrxed(int p o r t , i n t  t imeout ,char  FAR *ou t ,  

FAR * i n , i n t  o l e n , i n t  FAR *i l e n )  ; 
i n t  CDECL W a i t F o r T a b l c ( i n t  p o r t , i n t  t imeout ,char  FAR *out,char FAR * FAR * i n ) ;  
i n t  CLIECL Wai tFovTab l  c F i  x e d  (i n t  port, 1 n t  t imeou t  , char  FAR *out  , 

# e n d i f  

c h a r  FAR " fspec ,  s t r u c t  c d r v x f c r  f t p c b  FAR * p ) ;  

char  FAR 

cha r  FAR * FAR * i n , i n t  o l e n , i n t  FAR * i l e n ) ;  

I 
/*====.=Vxi) p r o t o t y p e s  */ 

/ /*X**fi**k******~*********~*********k************************************* 

#i f d e f  MSWINDLL 
i n t  FARPAS WCSCVxDBreakOff ( i r t t  i d) : 
i n t  FARPAS WCSCVxDEreakOn (-i n t i d )  ; 
i n t  FARPAS WCSCVxDByt.esInRcvBuf (i n t  i d )  ; 
i n t  FARPAS WCSCVxDBytesInXmtBuf ( i n t  i d )  ; 
i nt FARPAS WCSCVxDCl eanup (i n t  i d )  ; 
i n t  FARPAS WCSCVxDDt rOf f ( i  n t  i d) ; 
i n t  FARPAS WCSC,VxDDtrOn(int i d )  ; 
i t i t  FARPAS WCSCVxDFl  u s h  (i n t  i d , i n t  f l  ag) ; 
1 ong FARPAS WCSCVxDGetMeLri cs (i n t  i d ,  i n t  code) ; 

i n t  FARPAS WCSCVxDGet P o r t  (i n t  i d , s t r u c t  vxd p o r t  parain FAR *vpcb , i n t  f 1 as) ; 
i n t  FAKPAS WCSCVxUGetBegjstgr(int i d , i n t  o f yse t ,?n t  FAR "va lue) ;  
i n t  FARPAS WCSCVxDGni t (vo id )  ; 
i n t  FARPAS WCSCVxUIni t ia l izePort  (inl: FAR * id,unsigned short spy 

unsigned s h o r t  adr,unsigned s h o r t  i r q ,  
unsigned short c t ,  unsigned s h o r t  c s ,  
unsigned s h o r t  f l a g ) ;  

i n t  FARPAS WCSCVxDIsA11 D;itaOut ( i n  t i d )  ; 
i n t  FAKPAS WCSCVxDOpenPort (i t i t  s p o r t ,  u n s i  gned s h o r t  addr , unsi  gned s h o r t  i rq , 

u n s i  gned s h o r t  c typ,  uns i  gned s h o r t  cseg , 
uns i  gncd s h o r t  f l  g ,unsi  gned p p o r t )  ; 

int :  FARPAS WCSCVxDPutPacket(int i d , i n t  count ,char  FAR * p k t ) ;  
.i n t  FARPAS WCSCVxDPutReyi s t e r  (i n t  i d ,  i n t  o f f s e t  , i n t  v a l  ue) ; 

/ * * * * ~ * . k X * * * * * * * * * ~ * * * * * ~ * * ~ * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

i n t  FARPAS WCSCVxDGetPacket(int i d , i n l  count,char FAR * p k t ) ;  . -  



i n t  FARPAS WCSCVxDRt sOf f (i n t  i d) ; 
i n t  FARPAS WCSCVxDRtsOn (i n t  i d )  ; 
i n t  FARPAS WCSCVxDSetBaudDiv(int b i d x , i n t  bd iv )  ; 
i n t  FARPAS WCSCVxDSetPortCharacteri  s t i  cs (i n t  i d ,  unsigned shor t  bd, 

i n t  FARPAS WCSCVxDSetup(struct p o r t  param FAR *vpcb,int FAR * i d )  ; 
i n t  FARPAS WCSCVxDSi zeOfRcvBuf (i n t  i d )  ; 
i n t  FARPAS WCSCVxDSizeOfXmtBuf ( i n t  i d )  ; 
i n t  FARPAS WCSCVxDSpaceInRcvBuf ( i n t  i d )  ; 
i n t  FARPAS WCSCVxDSpaceInXmt6uf ( i n t  i d ) ;  
i n t  FARPAS WCSCVxDViewPacket(int i d , i n t  count ,char FAR *pkt)  ; 

unsigned shor t  pa,unsigned shor t  len,  
unsigned sho r t  st,unsigned shor t  p r o t ) ;  

' 

. 
#e l se  
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 

WCSCVxDBrea kOf f (i n t  i d) ; 
WCSCVxDBrea kOn (i n t  i d) ; 
WCSCVxDBytesInRcvBuf (i n t  i d )  ; 
WCSCVxDBytesInXmtBuf ( i n t  i d )  ; 
WCSCVxDCl eanup (i n t  i d )  ; 
WCSCVxDDtrOff(int i d ) ;  
WCSCVxDDt rOn (i n t  i d) ; 
WCSCVxDFlush(int i d , i n t  f lacrl: 

i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 

i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
i n t  FAR 
#endi f 

#i f d e f  
#i f d e f  

l ong  FAR WCSCVxDGetMetrics(inpid, int.code); 
i n t  FAR WCSCVxDGetPacket ( i n t  i d , i n t  count,char FAR *pkt ) ;  
i n t  FAR WCSCVxDGetPort(int i d , s t r u c t  vxd p o r t  param FAR *vpcb,int f lag) ;  
i n t  FAR WCSCVxDGetRegister(int i d , i n t  o f h e t , T n t  FAR *value); 
i n t  FAR WCSCVxDInit(void); , 

i n t  FAR WCSCVxDInitializePort(int FAR *id,unsigned shor t  sp, 
unsigned shor t  adr,unsigned shor t  i r q ,  
unsigned sho r t  c t ,  unsigned shor t  cs, 
unsigned sho r t  f l  ag) ; 

i n t  FAR WCSCVxDIsAllDataOutfint i d ) ;  
i n t  FAR WCSCVxDOpenPort(int spo r t  ,unsigned sho r t  addr,unsigned sho r t  i r q ,  
.unsiqned shor t  ctyp,unsigned sho r t  cseg,unsigned shor t  f lg,unsigned Pport)  ; 

WCSCVxDPutPacket ( i n t  i d , i n t  count,char FAR *pkt) ;  
WCSCVxDPutRegister(int i d , i n t  o f f s e t , i n t  value);  
1 'dCSCVxDRtsOff(int i d )  ; 
NCSCVxDRt son ( i  n t  i d)  ; 
WCSCVxDSetBaudDiv( i n t  b idx , in t  bd iv)  ; 
WCSCVxDSet Por tCharacter i  s t i  cs ( i n t  i d ,  uns i  gned shor t  bd, 

unsigned shor t  pa,unsi gned shor t  1 en, 
unsigned shor t  st,unsigned shor t  p r o t ) ;  

WCSCVxDSetup( s t r u c t  p o r t  param FAR *vpcb , i n t  FAR * i d )  ; 
WCSCVxDSizeOfRcvBuf ( i n t  i d )  ; 
WCSCVxDSi zeOfXmtBuf (i n t  i d) ; 
WCSCVxDSpaceInRcvBuf ( i  n t  i d )  ; 
WCSCVxDSpaceInXmtBuf ( i n t  i d )  ; 
NCSCVxDVi ewPacket (i n t  i d ,  i n t  count ,char FAR *pkt )  ; 

MSWIN 
MSWINDLL 

i n t  FARPAS CdrvScrCreate(HWND hWnd,int he igh t  , i n t  width)  ; 
i n t  FARPAS CdrvScrDestroy(HWND hWnd) ; 
i n t  FARPAS CdrvScrKi 11 Focus (HWND hWnd) ; 



i n t  FAl iPAS CdrvScrResi ZE! (HWND hWnd) ; 
i n t  FARPAS CdrvScrPai nt (HWND hWnd) ; 
i n t  FARPAS CdrvScrSet Focus (tIWND hWnd) ; 
i n t  FARPAS CdrvScrWrite(HWND hWnd,char FAR *str,int len)  ; 
i n t  FARPAS commdrvw -. char  .- s c r e e n ( i n t  mode,HWND hWnd,WPARAM w , L P A R A M  1 )  ; 
# e l s e  
i n t  CdrvScrCreate(HWN0 h W n d , i n t  h e i g h t , i n t  wid th) ;  
i n t  CdrvScrDestroy(HWNU hWnd) ; 
i n t  CdrvScrKi 11  Focus ( H W N D  hWnd) ; 
int CdrvScrPaint (HWND hWnd) ; 
i n t  CdrvScrResize(HWND hWnd) ; 
i n t  CdrvScrSetFocus(HWND hWnd) ; 
i n t  CdrvScrWrite(HWND hWnd,char FAR * s t r , i n t  l e n ) ;  
i n t  cornmdrvw - char  - s c r e e n ( i n t  mode,HWND hWnd,WPARAM w,LPARAM 1 )  ; 
#endi -I; 
Hendi 5; 

/ /*****k*k*******%******.~*******~~**************************************** 

/ *=====Jn te rna l  prototyping o f  renamed COMM-DRV rou t ines  "/ 
/ 

i nt FAR wWCSCVxDCl eanup ( i  n t  i d )  ; 
i n t  FAR wWCSCVxDF1 us h (i n t  i d ,  int f 1 ag )  ; 
1 ong FAR wWCSCVxDGetMetri c (i n'b id , i n t  val i dx) ; 
i n t  FAl i  wWCSCVxDGet Pac ket ( i  n t  'i d , i nt coun t  , char  F A R  *p k t )  ; 
i n t  FAR wWCSCVxDGetPort ( in t  i d , s t r u e t  vxd - por t  - param FAR *vpcb, in t  f l a g ) ;  
ir i t  FAR wWCSCVxDlni t ( v a i d ) ;  
i n t  FAR wWCSCVxD[niti a1 izePor t  ( i n t  FAR * i d , i n t  subport  , i n t  addr ,  i n t  irq, 

i n t  FAR wWCSCVxDModemCt1 ( i  n t  i d i nt command) ; 
ir t t  FAl i  wWCSCVxDPutPackct(int i d , i n t  count ,char  FAR *pkt ) ;  
i n t  FAR wWCSCVxOSetBaudDi v (i n t  b i  dx, i n t  bdi v )  ; 
i n t  FAR wWCSCVxDSetup (s t:ruct por t  param FAR *vpcb , i n t  FAR *id)  ; 

i n t  FAl i  wWCSCVxDVi ewPacket ( i n t  i d  , i n t  count , char  FAR *p kt)  ; 

i n t  FAR wser rs232 c l eanup( in t  p o r t ) ;  
i n t  F A R  wser-rs232-gptbyte(int port ,unsigncd char  FAR *ch) ; 
i n t  FAR wser-rs232-getport(int  p o r t , s t r u c t  po r t  param FAR *pcb)  ; 
int FAR wser-rs232-getregister(int p o r t , i n t  o f f s c t , i n t  FAR *va lue) ;  
i n t  FAR wser-rs232-getstatus(inL port ,unsiyned char  FAR * 5  t a t )  ; 
i n t  FAR wse~-rs232-putbyte( int  port:,unsigned char  FAR *ch);  
i n t  FAR wserrs232lpulrcgis ler( int  p o r t , i n t  o f f s e t , i n t  va lue ) ;  
i n t  FAR wser-rs232-maxport (voi d) ; 
ir i t  FAR wser-~s232-se tup( in t  p o r t , x t r u c t  port param FAR *pcb) ; 
i nt FAR wser-rs232-putpaskgt (i n t  po r t ,  i n t  count ,  unsi gned char  FAR *ch) ; 
ir i t  FAR wserPrs232-getpackeL(int p o r t , i n t  count ,unsigned char  FAR *ch) ; 
i r i t  Ti\[: wser-rs232-ffus~i(int p o r t , i n t  a rg)  ; 
i n t  FAR wser-rs232-hlock(in.t p o r t , i n t  i n p u t , i n t  o u t p u t ) ;  
i r i t  FAR wser-rs232-dtr off( i n t  po r t )  ; 
i n t  FAR wser-rs232-dtr-on (i tit por t )  ; 
i n t  FAR wser-rs232-rts-'off ( i n t  port.) ; 
i nt FAR wser-rs232-rts-on ( i  nt por t )  ; 
i n t  FAR wser-rs232-set--i ntfunc ( i  n t  por t  , 

/ * h X k ~ k * * * * ~ * * f k , k * * * * * ~ ~ * * * Q * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

i n t  ca rd type , in t  ca rdseg , in t  f l a g ) ;  

. ir i t  FAR wWCSCVxDtJARTRey(-int go r t , i r t t  o f f s e t , i n t  v a l u e , i n t  pu tge t )  ; 

CDi?VIFNC-(FAR * ( F A R  *func:)) ( sho r t  Val ,  



struct port pararn FAR *p) ,short imask) ; 
struct ser rs232 sdata FAR * FAR wser rs232 get sdata(void); 
int FAR wser rs232 misc func(int portyunsigned Short cmd,unsigned long Val); 
int FAR wser-rs232-setb:uddiv(int cardtype,int baudidx,unsigned bauddiv) ; 
int FAR wser-rs232-viewpacket (int port,int count,unsigned char FAR *ch); 
void FAR * FAR ser-rs232 - - -  get routine - table(void); 

int cdrvxfer availfname(struct cdrvxfer ftpcb FAR *p) ; 
int cdrvxfer-build fileheader(struct cdrvxfer ftpcb FAR *p); 
void cdrvxfer cancel (struct cdrvxfer ftpcb FAR *p) ; 
unsigned 1 ong-cdrvxfer OFdateToXFdate(unsi gned short dos - date, 
unsigned short dos time); 
int cdrvxfer fileinfo(int mode,struct cdrvxfer fileinfo FAR *f); 
void cdrvxfe7 flush(struct cdrvxfer ftpcb FAR Tp,int flg); 
int cdrvxfer Torceout (struct cdrvxfer ftpcb FAR *p,char FAR *ch) ; 
int cdrvxfer-getbyte(struct cdrvxfer Ttpcb FAR *p,char FAR *ch) ; 
int cdrvxfer-parse packet (struct cdrvxfer ftpcb FAR *p) ; 
int cdrvxfer-putby%e(struct cdrvxfer ftpc6 FAR *p,char FAR *ch) ; 
void cdrvxymod getfiles(int mode,strict cdrvxfer ftpcb FAR *p); 
void cdrvxymod-sendfi 1 es (i nt mode, struct cdrvxfeF ftpcb FAR *p) ; 
void cdrvzmod getfiles(struct cdrvxfer ftpcb FAR %p); 
void cdrvzmod-sendfiles(struc,P cdrvxfey ftpcb FAR *p) ; 
void cdrvxfer-XFdateToDFdate('upsigned l'iing xfer date, 
unsigned shorT FAR *dos - date, unsigned short FAR *dos - time); 
/* Ring buffer Drototvues */ 
extern int 
extern int 
extern int 
extern int 
extern int 
extern int 
extern int 
extern int 
extern int 
extern int 

BytekInRik~]struct RingCtl FAR *ctl); 
CreateRing(struct RingCtl FAR *ctl ,int len); 
DestroyRing(struct RingCtl FAR *ctl); 
GetByteFromRing(struct RingCtl FAR *ctl) ; 
GetPacketFromRing(struct RingCtl FAR *ctl ,int len,char FAR *ch); 
PurgeRing(struct RingCtl FAR *ctl); 
PutByteInRing(struct RingCtl FAR *ctl ,int ch) ; 
PutPacketInRing(struct RingCtl FAR *ctl ,int len,char FAR *ch) ; 
SpaceInRing(struct RingCtl FAR *ctl) ; 
ViewPacketInRing(struct RingCtl FAR *ctl ,int len,char FAR *ch); 

#i fdef MSWIN 
unsigned short ser rs232 getsel (unsigned short seg): 
unsigned short ser-rs232-retsel - - (unsigned short sel) ; 
#endi f b 

int serZxfer-close(unsigned int port) ; 
int serexfer getfiles(unsigned int port ,char *filespec); 
int ser2xfer-open(unsigned - int port,unsigned int .adr,unsigned int irq, 

unsigned int speed,unsigned int parity, 
upsigned i n t  length,unsigned i n t  stopbit); 

int serilxfer - receive(unsigned int port ,char *local file, 
char *remotefile) ; 

int ser2xfer send(unsigned int port,char *localfile,char *remotefife) ; 
int ser2xfer-sendfiles(unsigned int ort,char *filespec); 
i nt ser2xfer-sl - ave(unsi gned i nt p o r t  P ; 
/I=====* / 



i n t  scr c l e a n u p ( i n t  p o r t ) ;  
i n t  ser--g@tbyte( . int  port ,unsigned cha r  FAR *ch) ; 
i n t  se r - -ge tpor t  (i n t  po r t  , s t r u c t  p o r t  param FAR *pcb) ; 
i n t  ser--getregi  s t e r  (i nt p o r t ,  i n t  o f f s e t  i n t  FAR *Val ue) ; 
i n t  s e r - g e t s t a t u s ( i n t  yort ,unsigned cha r  FAR * s t a t u s )  ; 
i n t  s e r -pu tby te ( in t  po r t  ,unsigned cha r  FAR *ch) ; 
i n t  s e r - - p u t r e g i s t e r ( i n t  p o r t , i n t  o f f s e t , i n t  va lue ) ;  
i n t 
i n t  ser-setup(int p o r t , s t r u c t  p o r t  param FAR *pcb); 
i n t  s e f - p u t p a c k e t ( i n t  p o r t , i n t  count ,unsigned char  FAR *ch);  
i n t  s e r -ge tpacke t ( in t  p o r t , i n t  count ,unsigned cha r  FAR *ch);  
i n t  s e r - f l u s h ( i n t  p o r t , i n t  a r g ) ;  
i n t  se r - -b lock( in t  po r t  , i n t  i n b l o c k , i n t  ou tb lock) ;  
i n t  ser-dtr  o n ( i n t  p o r t ) ;  
i n t  ser'-dtr-of f ( in t  p o r t )  ; 
i n t  se r - r t s -on ( in t  p o r t )  ; 
i n t  s e r - r t s - o f f ( i n t  p o r t )  ; 
i n t  se r -se t - in t func( in t  p o r t ,  

s t r u c t  s e r  rs232 sda ta  FAR *ser ye t  s d a t a ( v o i d ) ;  
i n t  ser misc f u n c ( i n t  port,unsi;ined-short cmd, 

i n t  spr s e t b a u d d i v l i n t  card ty<e , in t  baudidx,unsigned bauddiv) ; 
i n t  ser-vi ewpacket ( i  t i t  p o r t ,  i n t  count ,  unsi gned cha r  FAR *ch) ; 
i n t  :,e!; - m o d e ( i n t  p o r t , i n t  baud , in t  pa r - i t y , in t  l n g t h , i n t  s t o p b i t ,  

i n t  ser - se t type[uns igned  i n t  type) ;  

ser-maxport (voi d) ; 

CDRvIFNc  (FAR *(FAR *func)) ( s h o r t  val  , s t r u c t  p o r t  - param FAR *p) 
s h o r t  imask);  7 

un<igned Song va l )  ; 

int .  brk, int :  protocol  , i n t  i n b l o c k , i n t  ou tb lock) ;  

/* IN]-14 Routines "/ 
i n t  FAR ser i n t l 4  c l eanup( in t  p o r t )  ; 
i n t  FAR ser- int l .4--gutf lay( int  p o r t ) ;  
s truct s e r  i n t l 4  i n F o  FAK * FAR s e r  - i n t l 4  -... g e t i n f o ( v o i d ) ;  
void FAR 5%- i n t J 4  i n s t a l  1 (void) ; 
i n t FAR s er-i n t 1 4--remo ve (vo i d)  ; 
i n t  FAR ser- int14--setf lag(- int  - -- p o r t , i n t  f l a y ) ;  

/*  General */ 
cha r  FAR *CdrvRpad(char FAR *str,int l en )  ; 
1 ong . fa to  I ( cha r  FAR * s t r )  ; 
c h a r  FAR "fatoo(unsigned long val , cha r  FAR *buf )  ; 
c h a r  FAH * f l t o a ( l o n g  val , cha r  FAR *s t r , in t  r a d i x ) ;  
i n t  f f s u b s t r ( c h a r  FAR * s t r , c h a r  FAR *sstr)  ; 
i n k  fmemcmpfvoid FAR *chl ,void FAR *ch2 , in t  coun t ) ;  
void FAR *fmemmsve(void FAK *chl ,vo id  FAR "ch2 , in t  coun t ) ;  
v o i d  f-AR '~fniemsf:t(void FAR *ch, i n t  c , i n t  cuun t ) ;  
unsi g n e d  1 ong fo tou l  (char  FAR *buf) ; 
char  FAR " f s t r ca t  ( c h a r  FAR *chl char  FAR *ch2) ; 
i n t  f s t r cmp(cha r  FAR *chl ,char  FAR *ch2);  
c h a r  FA17 * f s t r c p y ( c h a r  FAR *ch l , cha r  FAR *ch2) ; 
i n t  f s t r l e n ( c h a r  FAR "ch);  
c h a r  FAR * f s t r u p r ( c h a r  
i n t  f t o u p p e r ( i n t  ch) ;  

FAR *strJ ; 



v o i d  FAR * c d r v  alloc(int s i z ) ;  
i n t  c d r v  - free(?oid FAR *ptr); 

#i f d e f  - cpl uspl u s  
1 /* End o f  extern "C" { */ 
# e n d i f  /* c p l u s p l u s  */ 
............................................................... / 
#endi  f 



Conrputotiorral Block Design Doaninentarion Version 1.0 

Source Code for C MM-DRV/LIB Functions Used 

The Cl)ItdM-DRV/I;I3 software package includes three floppy disks, which include 
source code for the entire package, as well as source code for many example applications. 
lnstallation ofthe package places 3 12 files into the \COMMDRV directory and 16 subdirectories 
occupying about 9 M b p s .  The following pages contain directory listings of the files provided. 

The primary source-code information (for the functions used) is most likely in the 
following four directories: 

e \ C O W R V  'Root 
0 \ C ~ M ~ ~ V \ ~ ~ ~ C ~ $  Source code files 

\COMMDRWN@ Include files 
e \COMP/IE)RWLTB. Library files. 

These directories provide a feel for the complete level of documentation provided with the 
package. This directory M a g  also provides insight into the level of complexity and large 
amourit of extraneous software included in the package. 

'The source codes necessary for the portion of the COW-DRV software used appear in 
\COMMDIRWSOUKCES and \COMMI)RWC. Not ail the files in these directories are 
necessary for the compujational block soRware. It is difficult to discover which files are 
extraneous. Those files that have been found necessary for DATA-ATT.EXE software are 
denott:d with a "===:~" on the: left siide. However, there is no one-to-one correlation between the 
COMM-DRV hnctioris called, which are listed above, and the file names containing the source 
codes, which follow in the directories. The high-level COW-DRV functions appear to be 
located in the *.C group of source codes. A detailed examination of all the source files is 
necessary to match all the functional calls with source code files. Th source files contain Code 
for nlriltiyle finctioris and do not index the contents in an initial corn ent. The source files 
contain references to subsequent subroutines. Each file in the CO f *.ASM family contains 
several interrelated assemblylanguage routines used to handle the C@M ports and are highly 
likely to be tnany of these subsequent subroutine calls. 

I 

The following directory listings include all the files provided kith the software. These 
were obtained with a Norton find file (FF) command listing after installing the software. 



FF l i s t i n g  o f  the  COMM-DRV/LTB sof tware provided by WCSC 
C : \COMMDRV 

* .  
d e i  sl 1. i s u  
cdrvl  i b .  bmp 
readmecl .doc 
readmecl . t x  t 
cdrv l  i b.  h l  p 
BC7 
ACCESS 
cdrvcll32. d l  1 
cdrvdl 1 . d l  1 
cdrvhf .  clll 
cd  r v h f 3 2 
cdrvxf . d 
c d rvx f 3  2 
comms c3 2 
commscrw 
boc a 16 10 
xabi os .  h 
xacook. b 
B J N  
EXAMPLES 
I NC 
LIB 
PRJMSEX4 
PRJMSEX8 
PRJMSEX9 
PRJBOEX4 
PRJBOEX8 
PRJBOEX9 
VOWIN 
VBDOS 
QR45 
SOURCES 

d l  1 
‘I 
d l  1 
d l  1 
d l  1 
b i n  

n 
n 

C :  \COMMDRV\SOURCES 

b; acl k. asrn 
b i  a r t c .  asrn 
b io t imer-asm 

= z z >  b i  o v i  dee asm 
cdrv i  fnc .  a m  
c d r v p i  0 .  iisni 
cnvatoi  . asm 
cnvhtoi . a m  
c n v i  t o a .  asm 
cnvi t o h .  a m  

==> commdrvc = asm 
==> commdvO0. asm 
:: :: > commdv0l.asm 
= => cornmdv02 a asm 

4 1 ~ 3  

-41  R> 
14,520 bytes  
10,774 bytes  
31,922 bytes  

516 564 bytes 
4 P R r  
+IR> 

31,232 bytes  
56,320 bytes  
32,768 bytes  
32,256 bytes  
45,056 bytes  
43,520 bytes  
18,432 bytes  
8 ,704 bytes  
3 ,228 bytes  
2,048 bytes  
6,144 bytes  

4,683 bytes  

4 I R >  
<DIR> 
4 l I R r  
4 I R >  

< D I  R> 
<DIR> 
c D I  R> 
<DI R> 
-4IIRS 
<‘D I R> 
<DIR> 
<’D I R> 
4 I R> 

<nr  R> 

<:DI R> 
4 LR> 

4,063 bytes  
4,894 bytes  
7,672 bytes  

12,024 bytes  
8 ,218 bytes  

15,346 bytes 
1,547 bytes 
I., 912 bytes  
1,565 bytes  
1 575 bytes  
8 254 bytes  

40,029 bytes  
67 170 bytes  
46,718 bytes  

5:08 pm Sa t  Mar 3 00 
5:08 pm Sa t  Mar 3 00 
5:11 pm Sat  Mar 3 00 
1:07 am Tue Mar 30 99 

12:25 am Tue Mar 30 99 
12:36 am Tue Mar 30 99 
10:56 pm Sun Nov 30 97 
5:08 pm Sa t  Mar 3 00 
5:08 pm Sa t  Mar 3 00 
1:09 am Tue Mar 30 99 

12:58 am Tue Mar 30 99 
12:59 am Tue Mar 30 99 

1:10 am Tue Mar 30 99 
1:00 am Tue Mar 30 99 
1:10 am Tue Mar 30 99 
1:lO am Tue Mar 30 99 
1 : O O  am Tue Mar 30 99 
6:49 pm Tue Mar 30 99 
6:49 pm Tue Mar 30 99 
6:49 pm Tue Mar 30 99 
5:09 pm Sa t  Mar 3 00 
5:09 pm S a t  Mar 3 00 
5:09 pm Sa t  Mar 3 00 
5:09 pm S a t  Mar 3 00 
5:lO pm S a t  Mar 3 00 
5:lO pm Sa t  Mar 3 00 
5:lO pm Sa t  Mar 3 00 
5:10 pm Sa t  Mar 3 00 
5:lO pm Sa t  Mar 3 00 
5:lO pm Sa t  Mar 3 OQ 
5:lO pm Sa t  Mar 3 00 
5:10 pm S a t  Mar 3 00 
5:10 pin S a t  Mar 3 00 
5:l.O pm S a t  Mar 3 00 

5:lO pm Sa t  Mar 3 00 
5:l.O pm Sa t  Mar 3 00 

12:20 am S a t  Oct 21 95 
12:20 am Sa t  Oct 21 95 
12:20 am Sa t  Oct 21 95 
12:20 am Sa t  Oct 21 95 
12:%1 am Sa t  Oct 21 95 
12:21  am Sat  Oct 21 95 
12:%2 am S a t  Oct 2 1  95 
12:22 am S a t  Oct 21 95 
12:%2 am Sa t  Oct 21 95 
12:22 am Sat  Oct 21 95 
12:22 am Sa t  Oct 2 1  95 
11:37 am Tue Mar 23 99 
11:47 am Tue Apr 7 98 
12:22 am Sat  Oct 21  95 
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==> commdv03.asm 
==> commdv04. asm 
==> commdv05. asrn 

commdv06.asm 
commdv07.asm 

==> commdv08.asm 
==> commdv09.asm 

dosdi r. asm 
dosenv. asm 
dosfattr.asm 
dosfi 1 i o .  asm 
dosfnext .asm 
dosmem. asm 
dost ime . asm 
dostsr.asm 
dostsrl .asm 
dost sr2. asm 
dostsr3 .asm 
dosvect.asm 
mscrnbuf. asm 
mscrtslc.asm 
mscsvec.asm 
serlcbuf. asrn 
serlr232.asm 
ser2i n14. asm 
sersr232.asm 
strdel im.asm 
strupr.asm 
timtime.asm 
wcscvxdl.asm 
cdrv09. c 
cdrvdll c 
cdrvdl32.c 
.cdrvhfOO.c 
cdrvhfO1. c 
cdrv hf 02. c 
cdrvhf03. c 
cdrvhf04.c 
cdrvhfO5. c 
cdrvhf06. c 
cdrvhf07.c 
cdrvhfnc. c 
cdrvl i b. c 
cdrvxf . c 
cdrvxfO1. c 
cdrvxfer.c 
cdrvxfeu. c 
cdrvxfi0.c 
cdrvzmod.c 
c0mmdrvi.c 
commscrw.c 
commver. c 
csi ldrv. c 
c s i  lfi st. c 

-- --> 
--> -- 

48,938 bytes 
47,981 bytes 
69,581 bytes 
36,655 bytes 
27,046 bytes 
46,484 bytes 
21,614 bytes 
4,365 bytes 
2,201 bytes 
5,878 bytes 
12,098 bytes 
4,904 bytes 
4,515 bytes 
4,950 bytes 
7,726 bytes 
4,544 bytes 
7,878 bytes 
3,652 bytes 
2,198 bytes 
15,016 bytes 
4,399 bytes 
2,432 bytes 
4,769 bytes 
34,918 bytes 
5,860 bytes 

124,918 bytes 
1,088 bytes 
1,187 bytes 
3,875 bytes 
26,529 bytes 
19,703 bytes 
11,204 bytes 
72 , 569 lbytes 
12,055 bytes 
8,523 bytes 
27,604 bytes 
11,137 bytes 
5,742 bytes 
13,777 bytes 
1,969 bytes 
2,705 bytes 
14,351 bytes 
9,989 bytes 
11,496 bytes 
33,200 bytes 
30,645 bytes 
34,600 bytes 
15,364 bytes 
47,206 bytes 
5,835 bytes 
17,604 bytes 

821 bytes 
13,119 bytes 
2,949 bytes 

12:22 am 
12:22 am 
12:22 am 
12:22 am 
12~22 am 
6:48 pm 
12:22 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:24 am 
12:24 am 
12:24 am 
12:25 am 
12:25 am 
12:25 am 
8:46 pm 
12:25 am 
12:25 am 
12:26 am 
11:37 am 
4:47 pm 
12:20 am 
11:28 pm 
1:02 am 
12:21 am 
12:04 pm 
12:04 am 
12:21 am 
12:21 am 
12:21 am 
12:21 am 
11:Ol pm 
12:21 am 
11:37 am 
1O:ll am 
10:43 am 
10:51 am 
12:21 am 
12:22 am 
12:22 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 

Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Wed Mar 24 99 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Wed Mar 24 99 
Sat Oct 21  95 
Sat Oct 21 95 
Sat Oct 21 95 
Tue Mar 23 99 
Sun Jan 26 97 
Sat Oct 21 95 
Mon Mar 22 99 
Fri Feb 21 97 
Sat Oct 21 95 
Thu Apr 9 98 
Thu Oct 3 96 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21  95 
Mon Feb 24 97 
Sat Oct 21 95 
Tue Mar 23 99 
Wed Aug 19 98 
Mon Jul 14 97 
Mon Ju1 14 97 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat Oct 21 95 
Sat O c t  21 95 
Sat O c t  21 95 
Sat Oct 21 95 
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cs i  l p a r s  . c 
cs i 1 p s t r II c 
dosraw. c 
d o s t e s t .  c 
kscldi  n p .  e 
ksc1ed.i t . c 
k s c l f i d .  c 
ksc l f  i u . c 
ksc l inp t  c 
ksc lnf l  d .  c 
ksc1rbrk.c 
ksclrebk I c 
k s c l r e f d ,  c 
ksclrep. I: 
k sc l r f1d . c  
ksc2mndv. c 
ksc3el ab e c 
kse31 ab1 . c 
ksc3pl ab.  c 
ksc4wi n .  c 
kscsgpos. c 
kscsini t . c 
1 i b t e s t  , I: 
mkbsi n i  t . c 
mkbsinky.c 
mkbs kch k I c 
mkbskdef I c 
mkbstrap. c 
mkbswaky+c 
mkbswkey.c 
msccrcf6.c  
msccrc32.c 
mseri ng . c 
scri  nex, c 
scrinex1.c 
s c r ?  nex2. c 
scr'inex3. c 
s c r i n v e r . c  
rjcrsbn'd. c 
scrsbuP a c 
scrscol  r .  c 
scrscpos . c 
scrsdraw.  c 
scrseraEj.c 
s c r s in i t . c  
scrsprlrm. c 
scrsprt c 
scrsrefr.c 
scrsscr'i  .I: 
scrssfch.  c 
sc rss r .  c 
scrssvrs. c: 
scrswrt . c 
serlprim. c 

3,219 bytes  
4,169 bytes  
2 ,101 bytes  

707 bytes  
4,979 bytes  

12,263 bytes  
3,068 bytes  
3,056 bytes  
3,922 bytes 
5,580 bytes  
2,284 bytes  
2,261 bytes  
2,877 b y t e s  
2,322 bytes 
2,419 bytes  
6,894 bytes  
2,650 bytes  
2,374 bytes 
2,102 bytes 
9,780 bytes  
2,121 bytes 
3,428 bytes  

51 bytes  
4,499 bytes  
4,151 bytes  
5,409 bytes  
3 ,633 bytes  
4,436 bytes  
1,940 bytes  
2,590 bytes  
2,863 bytes  
3 ,748  bytes  

10,221 bytes  
34,763 bytes  

4,413 bytes  
2,466 bytes  
5,345 bytes 
1,043 bytes 
3,859 bytes 
9,684 bytes  
4,612 bytes  
8,005 bytes  
5,808 bytes  
5,146 bytes  
7,531 bytes  
4 ,896 bytes  
9,869 bytes  
2,861 bytes  
3,102 bytes  
2,740 bytes  
5 ,, 160 bytes  
3 ,903  bytes  
2,474 bytes  

46,532 bytes  

12:23 am 
12:23 am 
12:23 am 
9:27 pm 

12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:23 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 

9:27 pm 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 

9:27 pm 
9:27 pm 
9:27 pm 
9 :27  pm 

12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12:24 am 
12 :24  am 
12:24 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:%5 am 
12:25 am 
12:25 am 

S a t  Oct 21 95 
S a t  Oct 2 1  95 
S a t  Oct 21  95 
Tue Mar 30 99 
Sat  Oct 21 95 
S a t  Oct 21 95 
Sa t  Oct 2 1  95 
S a t  Oct 21 95 
S a t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 2 1  95 
Sat  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
S a t  Oct 2 1  95 
Sat  Oct 21 95 
Sa t  Oct 21 95 
Sat  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 21 95 
Tue Mar 30 99 
S a t  Oct 21 95 
S a t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Tue Mar 30 99 
Vue Mar 30 99 
Tue Mar 30 99 
'rue Mar 30 99 
Sa t  Oct 21  95 
Sat  Oct 21  95 
Sa t  Q c t  21 95 
Sa t  Oct 2 1  95 
Sa t  Oct 21 95 
Sat  Oct 2 1  95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sat  Oct 21 95 
Sa t  Oct 21. 95 
Sa t  Oct 21 95 
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s e r 2 x f e r . c  
s t r l g s f t  . c  
s t r 2 c h s f .  c 
s t r 2 1  pad. c 
s t r 2 r l  .c  
s t r 2 r l t . c  
s t r2rpad.  c 
strZrt .c  
s t r 2 s t c s . c  
s t r 2 u t a b . c  
s t r3addo.  c 
s t r 3 c f c . c  
s t r 3 d t a g .  c 
s t r3g t im.  c 
s t r 3 l g s s . c  
s t r 3 s s l  g c 
s t r 3 v d a t  . c  
strtest . c 
t e s t c s i  . c 
t imst ime.c  
commdvxx . dbg 
cdrvdl l  .def 
cdrvd132. def 
cdrvhf . def 
cdrvhf32. def 
cdrvxf .def  
cdrvxf32. def 
commsc32. def 
commscrw . def 
c o m d r v l .  i co 
wcsc001. i co 
cdrvd132. r c  
cdrvdl 1 rc 
cdrvhf .  rc 
cdrvhf32. r c  
cdrvxf . r c  ' 
cdrvxf32 r c  
comms c3 2 rc 
commscrw.rc 

c: \COMMDRV\INC 

.. 
==> corn. h 

csi . h  
dosdef .  h 
f i  e l  dl en. h 
gene ra l .  h 
keyboard. h 
keybscrn. h 
misc.h 
msccrc. h 
screeni  0 .  h 
s t r i n g s .  h 

Di rec tory  of \COMMDRV 

26,770 bytes  
2,417 bytes  
2 ,168 bytes  
2,072 bytes  
2,150 bytes  
2,021 bytes  
2 ,028 by te s  
2,191 bytes  
2,253 bytes  
1 ,944 bytes  
2,442 bytes  
2,242 bytes  
2,633 bytes  
2,682 b y t e s  
2,700 bytes  
2,209 bytes  
2,986 bytes  

26 bytes  
1,507 bytes  
2,375 bytes  

61,090 bytes  
1,957 bytes  

977 bytes  
2,850 bytes  
2,287 bytes  
1,150 bytes  
1,D23 bytes  

517 bytes  
563 bytes  

1,278 bytes  
766 by te s  

1,110 bytes  
1,111 bytes  
1 ,115 bytes  
1,118 bytes  
2,076 bytes  
2,075 bytes  
1,114 bytes  
.1,107 bytes  

<DIR> 
<DI R> 

123,194 bytes  
1,710 bytes  

10,292 bytes  
1 ,518 bytes  

982 bytes  
6,524 bytes  
5,007 bytes  

571 bytes  
808 bytes  

9,110 bytes  
1 ,573 bytes  

12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:2'5 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
12:25 am 
9:27 pm 
9:27 pm 

12:26 am 
9:27 pm 

12:20 am 
4:51 pm 

12:04 am 
12:04 am 
12:21 am 
8:21 am 

12:23 am 
12:23 am 
12:22 am 
12:26 am 
12:20 am 
12:20 am 
12:21 am 
12321 am 
12:21 am 
12:21 am 
12:23 am 
12:23 am 

5:09 pm 
5:09 pm 
4:05 pm 

12:19 am 
10:47 pm 
12:19 am 
12:19 am 
12:19 am 
12:19 am 
12:19 am 
12:19 am 
12:19 am 
12:19 am 

Sat  Oct 21 95 
Sa t  Oct 21 95 
S a t  Oct 21 95 
Sat  Oct 21 95 
Sa t  Oct 2 1  95 
Sat  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sat  Oct 21 95 
Sat  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Tue Mar 30 99 
Tue Mar 30 99 
Sa t  Oct 21 95 
Tue Mar 30 99 
Sat  Oct 2 1  95 
Sat  Aug 3 96 
T h u  Oct 3 96 
Thu Oct 3 96 
Sa t  Oct 21  95 
Wed Aug 19 98 
Sa t  Oct 2 1  95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sat  Oct 21  95 
Sa t  Oct 21  95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 2 1  95 

Sa t  Mar 3 00 
Sa t  Mar 3 00 
Tue Mar 23 99 
Sat  Oct 21  95 
Wed Aug 19 98 
Sa t  Oct 21 95 
Sat  Oct 21  95 
Sa t  Oct 21  95 
Sa t  Oct 2 1  95 
Sa t  Oct 21 95 
Sa t  Oct 21  95 
Sa t  Oct 21 95 
S a t  Oct 21 95 
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t i m e r .  h 
comm. i nc 
devi ce. i nc 
closdef. i nc 
genera l  . i nc 

z =:. 

C : \COMMDRV\LIB 

cdrvdl32.1 i b 
cd rvd l l  .1  i b 
c d r v h f . l i b  
cdrvhf32 .. 1 i b 

b cdrvxf  . 1 
cdrvxf32 
camms c3 2 
comrns crw 
commdml . 
cammdms . 
cammdrml 
comrndrms 
commdwml 
commd wms 
l i b sml .1  
1 ibsms. 1 
commdbl . 
commdbs. 
commd rb 1 
cotnmd r b s 
c ommdw b 1 
commdw bs 
l i b s b l . l  
1 i bsbs . 1 
1 i bswml . 
1 i bswms. 
s c r i  npml 
scri  npms 
ssri nwnil 
scr i  nwms 
1 ibswbl . 
1 i bswbs. 
scr i  npbl 
s c r inPbs  

981 bytes  
57,165 bytes  

3,272 bytes  
1,859 byte., 

4126 bytes  

<BIR> 
<DIR> 

17,194 byte:; 
3,072 bytes  
8,704 bytes  

!51,168 bytes 
2,048 bytes  

l i b  20,532 bytes 
l i b  5,894 bytes  
l i b  2,048 bytes  
i b 79,045 bytes  
i b 74$437 bytes 
l i b  147,811 bytes  
l i b  143,715 bytes  
l r ' b  180,597 bytes  
l i b  172,403 bytes  
b 29,517 bytes  
b 29,469 bytes  
i b  90,624 bytes  
i b  87',040 bytes  
l i b  164,352 bytes  
l . i b  160,768 bytes  
l i b  165,376 bytes  
l i b  ,159,744 bytes  
b 3 4 ,8  16 bytes  
b 33,280 bytes  
i b  28,399 bytes  
i b  25,839 bytes  
l i b  37,823 b y t e s  
l i b  33,727 bytes  
l i b  53,183 bytes  
l i b  45,503 bytes  
i b  28,672 bytes  
i b  27,136 bytes  
l i b  44,544 bytes  
l i b  39.424 bvtes 

scr l  nwbl .1 i b 
scr inwbs.  1 i b 

. ,  
bc7comm.bas 
bc7exam.bas 
bc7exm2. bas 
bc7make.ba-k 
b c 7 c d r v + l i b  

50; 600 bytes 
44,544 bytes  

.=DIR> 
<DIR=. 

26,124 byte5 
tj917O bytes  
9,341 bytes  
2,176 bytes  

324,551 bytes  

12:19 am S a t  Oct 21 95 
4:05 pm Tue Mar 23 99 

12:19 am S a t  Oct 21 95 
12:19 am S a t  Oct 21 95 
12:19 am Sa t  Oct 21 95 

5:09 pm Sa t  Mar 3 00 
5:09 pm Sat  Mar 3 00 
1:09 am Tue Mar 30 99 

12:59 am Tue Mar 30 99 
1:oO am Tue Mar 30 99 
1:l.O am Tue Mar 30 99 
1:00 am Tue Mar 30 99 
1:lO am 
f :10 am 
1:00 am 

12:56 am 
12:51 am 
12:57 am 
12:54 am 

1 : O l  am 
1:01 am 

12:55 am 
12:51 am 
1:04 am 
1:04 am 
1:04 am 
1:04 am 
1:06 am 
1:06 am 
1:03 am 
1:03 am 

12:59 am 
12:58 am 
12:57 am 
12:53 am 

1 : O Z  am 
1 : O Z  am 
1:07 am 
1:07 am 
1:05 am 
1:05 am 

Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Jue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
lue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
l'iie Mar 30 93  
l'ue Mar 30 99 
T u e  Mar 30 99 
Tue  Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 
h e  Mar 30 99 
Tue Mar 30 99 
Tue Mar 30 99 

1:08 am 'rue Mar 30 99 
1:08 am Tue Mar 30 99 

5:08 pm Sat  Mar 3 00 
5:08 pm Sat  Mar 3 00 

12:14 am Sat  D c t  2 1  95 
12:14 am Sat  Oct 21 95 
1 2 : l 4  am S a t  Oct 21 95 
11:08 pm Sun Apr 20 97 
11:08 prn Sun Apr  20 97 

Di rec to ry  o f  \COMMDRV and  s u b d i r e c t o r i e s  5 



bc7exam.exe 
bc7exm2. exe 
bclcdrv2.1 i b 
bc7cdrv.qlb 

C : \COMMDRV\ACCESS 

.. 
accema ke bat 
accecdrv.mdb 
ac32cdrv .mdb 

C: \COMMDRV\BIN 

. .  
bexampl e. bat 
makeblib.bat 
ma keml i b. bat 
mexample.bat 

c: \COMMDRV\EXAMPLES 
.. 
cdrvpi0c.c 
exampl e4. c 
exampl e8. c 
exampte9.c 
exferdl g. c 
exi ntfnc. c 
exampl e8. def 
exampl e9. def 
exf erdl g . def 
examples. h 
cdrvpioc.exe 
exam8w32.exe 
exampl e4. exe 
exampl e8. exe 
exampl e9. exe 
exferdl g . exe 
exampl e8. i eo 
exampl e9. i co 
exampl e8. rc 
example9.rc 
exferdl g . rc 

C : \COMMDRV\PRJMSEX4 

. * .  

exampl e4 .ma k 

64,410 bytes 
106,068 bytes 
161,851 bytes 
138,290 bytes 

<DIR> 
<DIR> 
194 bytes 

327 , 680 bytes 
266,240 bytes 

< D l  R> 
<OIR> 

26,856 bytes 
18,948 bytes 
18,026 bytes 
24,019 bytes 

<DIR> 
<D I R> 

5,421 bytes 
12,380 bytes 
29,165 bytes 
28,412 bytes 
29,751 bytes 
15,355 bytes 

927 bytes 
1,015 bytes 
925 bytes 

3,203 bytes 
10,799 bytes 
38,400 bytes 
97,363 bytes 
26,112 bytes 
110,080 bytes 
26,112 bytes 

766 bytes 
766 bytes 

6,445 bytes 
5,956 bytes 
5,989 bytes 

<DIR> 
4 I R> 

1,817 bytes 

11:ll pm Sun Apr 20 97 
11:ll pm Sun Apr 20 97 
11:08 pm Sun Apr 20 97 
11:08 pm Sun Apr 20 97 

5:08 pm Sat Mar 3 00 
5:08 pm Sat Mar 3 00 
4:49 pm Sat Aug 3 96 
4:49 pm Sat Aug 3 96 
4:48 pm Sat Aug 3 96 

5:09 pm Sat Mar 3 00 
5:09 pm Sat Mar 3 00 
12:14 am Sat Oct 21 95 
12:14 am Sat Oct 21 95 
9:21 am Tue Jun 18 96 
2:29 pm Fri Feb 27 98 

5:09 pm Sat Mar 3 00 
5:09 pm S a t  Mar 3 00 
12:17 am Sat Oct 21 95 
12:18 am Sat Oct 21 95 
11:36 am Tue Mar 23 99 
10:08 pm Sat Nov 11 95 
12:18 am Sat Oct 21 95 
8:15 am Fri Mar 7 97 
12:18 am Sat Oct 21 95 
12:18 am Sat Oct 21 95 
12:18 am Sat Oct 21 95 
12:18 am Sat Oct 21 95 
12:57 am Tue Mar 30 99 
1:11 am Tue Mar 30 99 
12:57 am Tue Mar 30 99 
1:03 am Tue Mar 30 99 
1:03 am Tue Mar 30 99 
1:03 am Tue Mar 30 99 
10:03 pm Tue Mar 30 99 
10:03 pm Tue Mar 30 99 
12:18 am Sat Oct 21 95 
12:18 am Sat Oct 21 95 
12:18 am Sat Oct 21 95 

5:10 pm Sat  Mar 3 00 
5:lO pin Sat Mar 3 00 
7:25  pm Tue Mar 30 99 

C: \COMMDRV\PRJMSEX8 
<DIR> 5:10 pm Sat Mar 3 00 

* .  4 I R ?  5:lO pm Sat Mar 3 00 
exampl e8 .ma k 2,543 bytes 7:25 pm Tue Mar 30 99 

Directory o f  \COMMDRV and subdirectories 6 



C :  \COMMDRV\PRJMSEX9 

t .  

example9.mak 

& : \COMMDRV\ PRJBOEX4 

. .  
exampl e4.  i de 
exampl e4  .ma k 

C :  \COMMDRW\PRJBOEX8 

.. 
exampl e8, i de 
exampl e8 .  ma k 

C : \COMMDRV\PRJBOEXY 

f .  
exampl e9 .  i de 
e xamp 1 e 9 , ma k 

C :  \COMMDRV\VBWIN 

.. 
vb32comm.bas 
vb32 comm. f rm 
vb32exam,ma k 
vb32exam.exe 
vb32f  i 1 e frm 
vb32port  f rm 
vb32vxd. frin 
vb32vxd.exe 
vb32xfer.  frm 
vbwi comm. bas 
vbwimake. ba t  
vbw7’cornm. frm 
vbwi exam, exe 
v bw i f i 1 e.  f rm 
vbwiport .frm 
vbwi p o r t .  f rx 
vbwi x f e r .  Prni 
v bwi exam.ma k 

C:\COMMDRV\VBDOS 

. .  
v bdocomrn . bas 
vbdomaku.bat 
vbdocomrn. frm 
v bdoexam + ex(? 
vbdofile.Prtn 

<UIR> 5:lO gm S a t  Mar 3 00 
cDIR> 5:lO pm Sa t  Mar 3 00 

2,438 bytes  7:25 pm Tile Mar 30 99 

< D I D  5:10 pm S a t  Mar 3 00 
c.DI R> 5:lO pm S a t  Mar 3 00 

23,122 bytes  7:23 pm Tue Mar 30 99 
2,663 bytes  7:23 pm Tue Mar 30 99 

<:DIRb 5:10 pm Sa t  Mar 3 00 
<:O I R> 5:lO pm S a t  Mar 3 00 

29,946 bytes  7:24 pm Tue Mar 30 99 
4,364 bytes  7:24 pm Tue Mar 30 99 

<:DIR3 5:lO pm S a t  Mar 3 00 
<:D I Kb 5:lO pm Sa t  Mar 3 00 

28,950 bytes 7:24 pm Tue Mar 30 99 
3,082 bytes 7:24 pm Tue Mar 30 99 

*cDIRb 
.--D I R> 

40,815 by tes  
21,653 bytes  

468 bytes  
42,496 bytes  

2,482 bytes  
4,237 bytes 

t 974 bytes  
18,944 bytes  
3,824 bytes  

40 , 154 bytes  
207 bytes  

22,503 by te s  
37,104 bytes  

2,482 bytes  
7 ,102  bytes  

153 by tes  
3,824 bytes  
418 bytes  

5:lO pm 
5:lO pm 
12:11 pm 
10:34 pm 
11:06 prn 
9:37 pm 
11:06 pm 
11:06 pm 
11:32 am 
1 2 : l l  am 
11:06 pm 
11:05 pm 
11:32 am 
10:35 pm 
11:39 pm 
4:51 pm 
10:35 pm 
12:23 am 
4:51 pm 
4:51 pm 

Sa t  Mar 3 00 
S a t  Mar 3 00 
Wed Aug 19 98 
Sun  Oct 13 96 
Mon Jul  29 96 
Sa t  Oct 12 96 
MOR Jul  29 96 
Mon Jul  29 96 
S a t  Oec 14 96 
Thu Jun 27 96 
Mon Jul  29 96 
Tue Mar 3 98 
S a t  Dec 14 96 
Sun Oct 13 96 
Sa t  Oct 12 96 
S a t  Aug 3 96 
S u n  Oct 13 96 
Sun Oct 13 96 
Sa t  Aug 3 96 
Sa t  Aug 3 96 

<DIRs 5:lO pm Sa t  Mar 3 00 
<DI R> 5:lO pm Sa t  Mar 3 00 

26,271 bytes  12:26 am Sa t  Oct 21 95 
1,953 bytes  9:23 am Tue Jun 18 96 

29,921 bytes  10:34 pm Sun Oct  13 96 
242,674 bytes 9:41 pm Sun Oct 13 96 

1 ,973  bytes  12:26 am S a t  Oct 21. 95 
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vbdoport .  frm 
vbdoxfer.frm 
vbdocdr2.1 i b 
vbdocdrv. 1 i b 
vbdoexam.mak 
vbdocdrv. ql b 

C : \COMMDRV\QB45 

. . 
qb45comrn.bas 
qb45exarn. bas 
qb45exm2. bas 
qb45ma ke . bat  
qb45cdrv. 1 i b 
qb45exam. exe 
qb45exmZ.exe 
qb45cdrv.qlb 

5,057 bytes  
2,986 bytes  

186,411 bytes  
381,909 bytes  

56 bytes  
155,208 bytes  

<DIR> 
<DIR> 

18,936 bytes  
5,548 bytes  

22,933 bytes  
2,385 bytes  

79,149 bytes  
60,974 bytes  
43,286 bytes  
60,064 bytes  

10:34 pm 
12:26 am 
9:40 pm 
9:40 pm 
9:36 pm 
9:40 pm 

5:lO prn 
5:lO pm 

12:ZO am 
12:20 am 
12:20 am 

9:22 am 
10:52 pm 
10:53 pm 
10:53 pm 
10:52 pm 

Di rec to ry  of \COMMDRV and s u b d i r e c t o r i e s  

Sun Oct 13 96 
Sat  Oct 21 95 
Sun Oct 13 96 
Sun Oct 13 96 
Sun Oct 13 96 
Sun Oct 13 96 

Sa t  M a r  3 00 
Sa t  Mar 3 00 
Sa t  Oct 21 95 
Sa t  Oct 21 95 
S a t  Oct 21 95 
Tue Jun 18 96 
Tue Apr 9 96 
Tue Apr 9 96 
Tue Apr 9 96 
Tue Apr 9 96 
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icrosoft9 Viis C++ Version 1.52 - C-Compiler 

Microsoft Visual C++ version 1.52 C-Compiler is the last version to compile for DOS. 
The current version Is 6.0. A CD-IIOM containing the Microsoft Visual C-t+ version 1.52 C- 
Compiler can be obtained as a downgrade disk for about $20 by calling Microsoft parts at 1-800- 
62 1-7930 with the CD-ROM number €rom the back of a Microsoft Visual C++ version 6.0 CD- 
ROM. 



7.3.1 Specifications r a C-Compiler 

‘I’he C-compilcr must cctmpi le the DATA-ATl’.C source code into 16-bit executable code 
for the 803 86SX processor ruiining a DOS operating system. 



7,3.2 Compiler C nfiguratnon and Parameter Settings 

It is important to completely specify the compiler configuration and parameters to allow 
the monitoring party to recompile the complete source code (after thorough examination) into an 
identical. byte-by-byte match of the executable code located in the PROMS. This documentation 
needs LO be complete avld cover all the methods and options used. It would be undesirable for 
problems due to insuficient specification to hinder the software authentication process. 

Microsoft Visual €++ uses workspaces to specify the names of files to be compiled and 
resources to be used (e.g., header files and library files). It uses a project file for configuring and 
optimizing the compiler. All the information in the project file would be necessary to specify the 
compiler status and to duplicate the results. It would be desirable to provide all this information 
in both a human-readable and machine-readable form. 

At a minimum, the compiler uses information regarding 
The target processor -- 80386 CPU 

0 The target operating system - RQM-DOS version 6.22 
The memory model 

* The method of encoding math hnctions - no math coprocessor 
The location and names of libraries 
The location and names of the source code files 

* The order of compilation and thus object linking 
* Conipiler optiniization settings. 

Various compilers and programmers use different methods of providing this information. 
E,nvironmental variables 
Option switches on the compiler call line 
Setup opticrns when the compiler is installed 

m Batch file to csntrol compiling and linking 
e Make file to control compiling and linking 

Project file to control compiling and linking via settings 
* Workspace to control compiling and linking via resources. 



Get Pocket 
Description- 

count = CietPackcl(pori,len.pkt); 

On Elt -  

int count; 

“hngtb of packet acttial~y rad.  

else 

-1  If part was not initinlized. 
See AIso- 

Ge?ayt& 
CetStrlngU 

Fori previously opened with IdtiallzePotfO. 

[en: 

int count; 
int port=O; 
c l m  bufI2561; 

Desired length of packer to read if ((count = GetPacket(port,siLeuf(bui),buf)) == -I) 
‘pkt; 

Pointer to buffer to store the packet. 

I 
Frin!ff“Port Was not initializedh”); 

I* Take remedial action*/ 
break; 
1 

COMM-DRVRIBTM Professionol Sedaf Communication Library 
Willlea Computer Software Campany 



CetStrinp: Page 91 

Getstring 
Description- 

This function attempts to get a string from h e  serial port A sbing is considered to bc a 
set of characters delimited by a carriage return, a linefeed, or a NULL characicr. This 
function throws away said characters. The rehlmd string is always null terminated. This 
function will wait for up to the amount of time set by SctTimwl~ before returning if an 
enlirc string is not read. A partial string will be read if b e  lime-out occurs before one of 
the above delimiting characters is read or if nn attemp; to read a string larger than the 
specified buffer is read. 

Syntox. 

count = GelString(port,kn,str); 

On Enlry- 

int 

ink 

char 

On Exlt- 

int 

See Also- 

port; 

Port previously opened with InillalizcPorl(). 

Icn; 

Length oFthe buffer in which lo place the string. 

*str; 

Pointer lo the buffer for the slring. 

count; 

Numbcr of bytes returned. 

CelByte() 
CetPacketO 

COMM-DRV/LIBTM Professional Serlal Communlrstlon Llbrary 
Willies Computer Software Conipeny 

GetStrhg Pave 92 

#include<co~.h> 

int count; 
int port=& 
char buff2561; 

if ((count { = Gctstring(port,siueof(hu~,buf)) == -1) 

printf("Pott was not initializedh''); 

I* Take remedial action*/ 
break 
1 

COMM-DRVlLIBW Professional Serial Cornmudcatton Llbrary 
Willies Computer Sonware Company 



cise 

Oxffff If port was not initialized 
See Also- 

CUMM-I?RV/I,IBTM Frafcssinnal Serial Cnninitinicatlon Library 
WlllPev Computer Software Conipany 

Example- 

unsigned int oldlimeout; 
unsigned int  newtimcout=l; 
int port=& 

COMM-DRVIG,IBT*‘ Prabssiond Seriat Conununtcation Library 
Willies Computer Software Company 



Pane 9s In l t la l lzeh  t 

Ini tializePort 
Dcscrlptfon- 

This function initializes the serial port. This fnnction unlike h e  low level hrnaion 
ser-rsU2_sclupO does not require allocating and initializing buffcn or any port control 
blocks. This call by default set the port characteristics to %oo baud, 8 data bits, I stopbit. 
no parity, no line protocol(nn software or hardware flow control). The high kvel function 
SotrortChPracteris(lcs0 may be used to change the baud rate. and the other port 
characteristics. 

NOTE: Before the application exits. it ahould make a auccessf~l call to 
UnlnltlnllzePortO. If this is not done. the system wi l l  certainly crlsh since intenupt 
vectors will be IcR pointing to non txisknt code. 

Syniax- 

stat = InitializePort@ort,subport.addr,irq,c~dt~e,cardaeg, inbuflen,oulbuflen,flag); 

On Entry- 

int 

int 

port; 

Porl to initialize. This is simply an integer that will be assigned to thc serial port 
as dwcribcd by the argumenu to this Cunction. Subsequently, all functions use 
this number !o refer to the opened port. Virtually any number of pons may be 
opened concurrently. 

subport; 

This value should be 0 unless a multiport card is being used or unless cordtype 
= CARD-WINAPI. If a mulliport card is being ud (and  cardtype is not 
CARD-WMAPI). then the first serial port on the mulliport card is 0. The second 
port is 1, and so on. If cardtype = CARD-WINAPI. then this value is used to 
specify which COM port is being used(0 fa COMI. I for COM2, 2 for 
COM3,andsoon). 

COMM-DRVLIB' Professlonal Serial Communtcatfon Library 
Wtlltes Computer Software Company 

hltializcPort Paet 96 

unsigned short ad&, 

This value comspnds to the addrcss of the UART on the serial card. For most 
dumb multiport cards. each UART on the card has a distinct address. Each part 
would have said distinct address. For most intelligent multiport cards, this value 
will be physical address that Le PC uses to communicate 4th the multiport 
card. In that case all porn associated with the ow card should use the same 
address. This valw should be qma) if cardtype a CARD-mAPI. 

unsigned.short kq; 

Thin is the 1RQ the for the serial portlmultiport card. If the pdcular card does 
not requirt using an IRQ, this value should be 16. This value should be qztro) if 
cnrdtypc = CARD-WWAPl. 

unsigned short cardlypc; 

This corresponds to the type of multiport card or serial card being,used. Values 
for this parameter arc defined in the include fiies(commh, comnlnc, etc.). The 
values aie as follows: 

CARD-NORMAL 

CARD-CY CLOMY 
CARb-lNTELH 

C ARD-DIGCXI 
CARD-BOCA1610 
CARD-DIGPCX 
CARD-GTEK 
CARDJNTI4 
CARD-WCSCVXD 

C ARD-WINAPI 

Standard PC COMl, COM2, COM3, and COM4. 
Also used for most dumb cards on the market. 
Intel HUB 6 multiport non-intelligent card. 
Cycladm ISA t PCI Yx Cards. 
Digiboard COMXi mdtiport cards. 
BOCA 1610 
Digiboard PCX 
GTEK 
3rd party WT14H board 
WCSC high speed VxD for 8250 family. Used within 
standard PC COMI, COW, COM3, ahd COM4. 
Also used for most dumb cards on the market. This 
setting q u i r e s  &at the COMM-DRVNxD product 
be installed. 
Use Windows 3.x, Windows 95, ot Window NT's 
built in driver. Nole that when this type is selected. 
subport must be used to specify the COM port (e.g.. 

and so on). 
COMl => subport = 0, COM2 =7 5~bp0rt = 1, 

COMM-DRVfLXBT*" Professional Serial Communtcatlon Library 
Williebl Computer Software Company 



unsigned shorf cardscg; 

FOP musf generic mid cards and multipott cards, firis value is 0. It is 
usudiy :he segsien: atfdresa OF @he shared tnernury used by smart 
multipart cards. Add!tlo~ally i t  hes spxib i :  imarrings for dumb cards 
used wirh the CkRW.NORMAL OF CARD-WCSFCVXE ca;&gpc. 
Por the BOCX Dumb Mulllport Port Cards, the value should be fm. 
Far the WCSC AST Campeffhle Four Pod Muillport 
Cwd/CCO%S or EXS %E€@) the vaiue should be IbF or 2M 
depending an whether the firsi port on the card is lad) or 2a0 
respectively. Par the AST Foclr Part Mz!!lp~rt Cards ;be i"aice 
should be f fbf  or nbf depending on whcther h e  first par( on the card is 
1 a0 or ?.a0 respectively. For the Cyclades" CyelomY ISA cards it is the 
segmeni address of the cardtthe CD14W). For &e Cyctadea' CycPomr 
PCE il is the slot nirntber in which !he cerci is locatcc". 

msigneci short inbuflcn; 

Length of input conimuriicalion buffer. 

iinsigiid short outbuflen; 

Length of oiitput commuaication buffer. 

unsigned short flag; 

Normally this value is zero. It may he initialized to the following flags 
[hat further modify the behavior of COMMURV. Values for this 
parameter are defined in the include files(comm.h, comm.fnc, etc.). 
Flags may be orred together. 

If this hit is set, Uicn if the intempt 
was not generated by this port, then 
the inkrrupt is chained 10 the 
intempt handler installed before 
COMM-DRV. 

DiSAB_BI.E_MODEMSIG If this bit i s  set, then the DTR & RTS 
signals arc disablcd OR initialization. 

4? 

COMM-UHV/I,JBTM Prnfesslonaf Scritll Communkatton Llhrary 
Willies Computer Software Cornpuny 

if oilis bit is set, then i h  16550 
UART is not enabled if detected. 

LE AVE-RTS 

NOCiiAluGP-MCrDEMSIG if this bit is set, hen the DTWRTS 
signa% state. arc left in their pre4ns:al'ration 

STORESOME 

LOCKBAUD 

POLLONSTATUS 

f f  tiis bit in set, &ea for every Syi& 
that i s  eeceived, there are four bytes 
written to the receive buffer. These 
bytes are the data, line shtus register. 
modem status regiskr, and port the 
data is from in this order. 

If this bit is set, then for every byk 
that is received, there are two byte.; 
written to !he receive buffer. These 
bytcs are the data, and port the data is 
from in *is order. 

If this bit is set. then baud rate 
conunands will only have an c f f h  
when the part is first opened. 

If &is bit is set COMM-DRV will 
poi! the specific hardwnrc anytime the 
ser_rs23Z-getstatus() funct io~ i s  
calIed mternally. 

COMM.DRV&tBTM Professional Serial Cornt~~unlcatlon Library 
Willies Computer Software Compnny 
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On Exit- 

i n t  

MULI'IDRCIP Use the multidrop protocol whcn 
outputting data. When data is 
outputled with PutPacketo, the RTS 
signal is dropped after all data has left 
the UART. This commonly used wjlh 
multidrop configurationi with RS485 
devices. This ia only functional when 
urdtype = CARD-WCSCVXD. 

NINEBI'rPROTOCOI. 

CUSTOMPZAG 1 

CUSTOMFI.AG2 

When data is outpulled with the 
PutPnckelO function. it  forces the 
first byte !mmmittcd to hive the. 
parity bit set. All chnracten sent 
thereafier arc sent normally. This is 
commonly refmed to as the nine bit 
protocol. This is only functional when 
cardtype = CARD-WCSCVXD. 

If this bit is set and the &net 
Smartport is being used. then an 
initial met of the Arne1 device is 
ignored. 

If this bit is set and the Digiboard 
PUXe is being uid ,  then the board 
will opcratc in 64K mode. 

stat; 

This function returns one of the COMM-DRVILIB mors. The error codcs rn 
defined in Appendlx C (Returns RSUZERR-NONE if successful). 

COMM-DRVILIB" Professionel Serial Communlcntjon Llbrary 
Willies Computer Software Company 
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SCC A b -  

IsPorMvallableO 
SctFlow ConlrolChsractersO 
SetFlowControlThreshoIdO 
SetPartChnrncterlstlcsO 
UnInltializePortO 

in1 
int 
int 
int 
in1 
int 
int 
int 
int 
int 

port=& 
subport=& 
adddx3f8: 
i rqd ;  
cardtype = CARD-NORMAL, 
cardseg=Ox0000; 
inbuflen=2048; 
outbufleo=1048; 
flag=OxOOW 
stat; 

stat I InitializePort@ort.su bport,addr,irq,cardtype,cardseg, inbuflen,outbuflen,flag); 

I* Save old timeout */ 
if (atat I= RS232f3RRdNONE) 

( 
printf("Error #%d initializing portW',atat); 

I* Take remedial action Y 
1 

COMM-DRVLUBTM Professional Serial Communicatbn Library 
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Syntax- 

On Entry- 

Return- 

iatt stn1; 

Exampie- 

0 
I 

If ai! data has not been transmitted. 
IfrII data has been transmitted. 

Sce Also- 

COIClltl-DRVAdIBTht Professional Scrlnl Communlcallon Llbrary 
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IsB rea k 
Descrlptton- 

Returns frue if u break signal was detected since the last call to th is  function. 

Syntax- 

stat = IsBreak(port), 

On Entry- 

in1 

Return- 

int 

See Also- 

port; 

Port previously opened with InlllalIzePorlQ. 

stat: 

0 
I If break i s  detected. 

If break is not detected. 

IsCnrrJerDetec 10 
b C W  
JsusrO 
IsFramingErrorO 
IrlnputOvermn() 
fsOverrunError() 
IsPari?yError() 
IsRlng() 

COMM-DRVILIU IM Professional Serlal Communimllon 1,lbrary 
lVlllles Computer Solhare Company 

Example- 

#include <com.h> 

int port=O; 
Int stat; 

if ((stat = IsBreak(prt)) == 1) 
I 

I 

printf("Break OCCUR~~W); 

COMM-DRVlLlBTH Professlone1 Sedal CommUnicdon Library 
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Description- 

Syntax- 

On Entry- 

in: part, 

Port ereviously opened with InltiallzePortO. 

Return. 

0 
1 If carrier is derecled. 

If carrier is not defected. 

See Also- 

COMM-URVMB'" Professional Serial Cammuntcatlon Library 
Wflltes Computer Sufiware Company 

Exanaple- 

#include <comrn.h> 

int p!Xt=D; 
int Stat; 

if((st;Lt = IsCartierDetect(purt)) == 2 )  
I 
phintf("Canrier is presenth"); 

1 
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lsCts 
Description- 

Returns lrue if CTS signal is high. 

Syntax- 

stat = IsCts(port); 

On Entry- 

int p0tt; 

Port previously opened with InitlalizePortO. 

On Exlt- 

int slat; 

0 
I 

I f  CTS signal is low. 
If C T S  signal is high. 

See Also- 

IsBreakO 
IsCarrierDetecl() 
IsDgr() 
IrFramJngError() 
IslnputOvcrrun0 
IsOverrunError() 
IsPnrityErrorO 
hRhN 

hCb Pane 108 

Exsmple- 

#include <comm.h> 

int porl=o; 
int slat; 

if ((stat = IsCts(port)) I )  
1 
prinlf("CTS is prcsenth"); 

COMM-DRV/LlBTM Professional Serial Communlcation Library 
Wlllles Computer Soflware Company COMM-DRV/I,lB"* Professional Serlal Commdcatlon Llbmry 

Wiliies Computer Sonware Company 



ISDSS 

Description- 

Re;r::ns lirue i f  IiSR sign.31 il. high. 

Syntax- 

St%t = IsDsr(portj; 

On Entry- 

In? port; 

Port previously opened with InltislfzePnrb[]. 

On Exlt- 

#incluc!e<com.h> 

int pcfi=#, 

if((sstat = IsDsr(port)f == 11 

iEC stat; 

f 
. princf('5sr is preseniin"); 

i 

int slat; 

0 If  DSK sigiial is low. 
i KDSR signsi is high. 

See Also- 

hU reak() 
IsCerrlcrl)etect!) 
I S C I S  

IsFramingErrorO 
kdnputOverrunU 
IsOverrun&rror() 
IsParilyError() 
IsRlng() 

CU&IM-DRVII,ltl'H Professional Serlirl Communicatlon Library 
Willies Computer Software Company 
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IsFraming Error 
Descriptlon- 

Returns QUC if a fiaming enor occurred since the last call lo this hciion. 

Syniax- 

slat = IsFramingError(pon); 

On Entry- 

int pea; 

Port previously opened with JnitlalfzePortO. 

On Exit- 

int stat; 

0 
1 If framing error occurred. 

If framing error did not occur. 

See Alro- 

IsBreakl) 
IsCarrlerDelect() 
lsCt9 
I s b r o  
lslnpu tOverrun(1 
IsOverrunError() 
IsParity Error() 

COMM-DXVlLIB* Professional Serial Communlcallon Library 
Willies Computer Software Company 

Example- 

#include <conun.h> 

int port=o. 
Stal; int 

if ((stat = isFraminpError(poa)) = 1) 
t 
printf("l;raming Error occunedW); 

COMM-DRViLlBW Professional SerW Communleaflon Library 
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Desorfpilun- 

Syntax- 

Port previously opened with I d M l ~ e P ~ r ! e ) .  

On Exit- 

int stat; 

0 
1 I f  overrun mor occurred. 

If overrun ennr did not occur. 

Example- 

COMM-IIIHVfl,EtllTM Profesalonal Serial Communlcation 1,tbrary 
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IsOverrunError 
Dcscrlptlon- 

Returns true if an ovenun error occurred since the last call to this function. There arc two 
types of ovcmn. One is a hardware overmn which mans that the UART got another 
character before COMM-DRV/LEB wns able to process the previous character. The 
sccond type of overrun uccws if the COMM-DRVILIB ring buffers (the buffer whose 
buffer size WIW given in the InllnllzePorlO hmnctioo). This function nturns the 
hardware ovetrun condition. The function IdnputOvcrrunO returns the ring bufh 
overmn condition. 

Syntax- 

stat = IsOvemnError(port): 

On Entry. 

Port previously opened with InltiallzePortO. 

On Exit- 

in1 stat; 

a 
I If overxun error occurred. 

I f  overrun error did not occur. 

See Also- 

IsBrea k() 
LCarrierDetec 10 
ISCls 
lsDsr0 
IsFramlngError() 
IsInputOvermnO 
lsPadtyError0 
Is wngo 

COMM-DRVILIB" Protesslond Serial Communicatlon Library 
Willles Computer Software Company 
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Exemple- 

#include <comm.b 

in1 port=& 
int stat; 

I 
. printf("0vmn Errm accunedh"); 

I 

COMM-DRVA,IBW Proresslond Serial Communlcatfon Library 
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int stat; 

0 
I F'pari:y erroi ccciirred. 

I f  purity ennr did not occur. 

See Also- 

IsBreak() 
IsCarrierDetectO 

lmsrf) 
IsFramf ngErrorO . Islnpu tOv erru n 0 
PsOverrunError{) 
IsRing() 

rscts 

COMM-URV/LIBm Professional SerlaC Communication Library 
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IsPortAvailable 
Ducrlptlon- 

Returns 0 if port was already initialized eithu with the lnltlallzePort0 function. 

Syntax- 

siat = IsPorV\vailable(port}; 

On Entry- 

int Port; 

Port previously opened with InltlalizePorCO. 

On Exit- 

int stat; 

1 I f  port is available for iniliahation. 
See Also- 

InltiallzcPortO 
UnInitlailzePort() 

Exampie- 

#include <comm.h> 

int port=& 
int slat; 

if ((stat = lsPonAvailablc@ort)) == 0) 
I 

I 

pnntf("Port is already in uscW); 

COMM-DRV/LIBw Professional Serial Communlcation Library 
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IsReceiveBufferEmp ty 
Description- 

Returns hue if the receive buffer is empty. 

Syntsx- 

stat = IsReceiveBuff~~mpty@on); 

On Entrg- 

int port; 

Port previously opened with InillallzePortO. 

On Exlt- 

int slat; 

0 
1 

If rcceive buffer is no1 empty. 
If receive buffer is empty. 

set? d S 0 -  

ReceivcBulferSIzeO 
SpncelnRecelveBufTerO 

Example- 

#include <comm.h> 

in1 port=@ 
in1 stat; 

if ((stat = laReceiveBuffer@mpty(part)) == 1) 

printfouffer is ernptyw); 
( 

1 

COW-DRVLIBTH Professtonal Serlal CommmlcnUon Llbrary 
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HsRing 
Description- 

Syntax- 

stat = IsRing(partt:; 

On Entry- 

ifli Pod; 

Relurn- 

int $tat; 

0 
I If ring was detected. 

If ring wa9 not detected. 

See Also- 

IsCarrIerDetect0 
IsCtsU 
IsDsrO 
IsFramlngError() 
lriInputOverrun0 
IsOverrunError(] 
IsPadtyErrorO 

COMM-URVILTBw ProfcssIunni Serial CrJmmudcatlon Llbrary 
Wlliles Computer Softwnre Company 

Example- 

#include <com%.h> 

int p0It=O; 
int stat; 

if [(stat = IsRing(poxt)) == 1) 
[ 
printf['Ring uccurredb''); 

1 

COMM-DBVK f 'd TM Professionel Serial Comunicallon ti brary 
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IsTransmitBufferEmp ty 
Descriptlon- 

Rcturns true if Ihc ~rarrsout buffer i3 empty. 

Syntax. 

stat = IsTransrnitBuffcrP,mpty(port); 

On Entry- 

int port; 

Port previously opened wilh Inllleli~PortO. 

On Edt- 

int stat; 

0 
1 

If transmit buffer i s  not empty. 
If transmit buffer is empty. 

See Atso- 

SpaceInTransmltBuffcrO 
TransmilBuCfcrSizcO 

COMM-DRVLIB1" Professlonal Serial Commudcalion Library 
Willies Computer Software Company 

Exsmple- 

#include <com.h> 

int port=& 
int s1al; 

if ((stat = IsTransmitBufferEmpty@ort)) == 1) 
I 
prinlf("Buffer is emptyW; 

I 

COMM-DRVLIBW Professional Serial Communlcatlon Library 
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Description- 

Eitturns the m x t  character from receive h f f w  nm-deztrsctiwly. %is hincrion w i ~ i  watt 
Tor up ta the arnount uf lime sei by SetTlmeoutO before returning failure if a byte is not 
preseirt. 

int byte; 

The returned byte 

else 

-1 IEpoIt not initialized or no byte to be reed. 

See Also- 

GetByte() 
GetPnckel(] 
GetStringl) 

CBMM-DRV&lBTM Professlonal Serld Communlcallan Library 
WilHer Cqmpurer Softwnre Company 

Example- 

#include ccomn.h> 

int p0fl=U; 
int byte; 

I 

COMM-DRVILIBTM Prorsslonal Serial Communleatlon Library 
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PutByte 
Descriptfon- 

Queues B byte for transmission. Causes a byte to be transmitted. This function will wait 
for up to the amount of time set by SetTlmeout() bcforc returning failure if B byte could 
not he outputted. 

Synlox- 

stat = PutBytc(port,clt); 

On Entry- 

int 

char 

On Emit- 

int 

PutBvtq 
Pane 128 

Examplc- 

#include <comm.h> 

int port=& 
char byic="A"; 

if (putByte@ort,byte) I == -1) 

printf("Transmit buffer fuIlW); 

I 

port; 

Por~ previously opened with IdtlallzcPortO. 

Ch; 

Charactcr to kansmit. 

stai; 

0 

else 

- I  

Darn queucd successfully for kansmission. 

If port wn3 not initialized or output buffer is full. 

PutFacketO 
PutSIringO 

COMM-DRV/LIBN Prolesstonal Serial Cornmunicetion Library 
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Description- 

Qsiciicr ii pnckei Lir transmission. This finction attempts to output a packea of desired 
ler?gth. xh!ike *:e !ow !CVC! F ~ c t t ~ n  oEr.is232_puipaciteIjj, i t  wiil output a pariiat 
packet. Likewise, the buffer length specIf;cd rfuring the h ! t t ~ l k ~ P ~ r : l ) ,  or 
seyrs239etup()  may be less than the desired packet size. This function will wait far 
up to the B I G ~ O U R ~  of time sei by SetTlmeout{l bofore rehinting faiiwre E l  [he enfire packet 
is mi -milten. I t  wiii aisw send &e EhWaCterS out at the pace specified by tfie 
SetPaeeTime() function. 

Synlax- 

Port previously opened with Inltk&ePort(). 

isit len; 

Length of pncket to write. 

char *pkt; 

Poinder to buffer to with packet to transmit. 

On Exit- 

int count; 

Length o f  packet uctualty uansrnitted. 

else 

-1 I f  port not iriitialized. 

COMllf-DRV/LIB'rM ProFesslonal Serlal Comn~rvnlcollon Library 
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See Also- 

Exampie- 
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Putstring 
Dcscrfp tion- 

This function outputs a null terminated string over the serial pori. All characters 
preceding L e  null chnractcr are outputted. The null charactcr i s  not outputted. This  
function will wail for up to the amount or time set by SetTimeoutO before returning 
failure if  thc entire string is no1 written. It will also send the charactem out at ihc pact 
specified by the Setf'ucel'irne() function. 

Syninx- 

count = PutString(port,str); 

On Entry- 

int 

char 

On Edl- 

int 

Port; 

Port previously opened with InltielizePortO. 

+str; 

Pointer to null terminated string to output 

count; 

If all characters outputted successfully. -1 

else 

Actual number of characters oulputted. 
See Also- 

PutByte() 
Putpacket() 

COMM.DRV/LIB" Prolesslonal Serlal Communlealion Llbrary 
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Esample- 

#include ~ c o m m b  

if (PutString@ort.buf) ( I= -1) 

printf("Entire slring not outputtedh"); 

1 

COMM-DRV/LlBM Professional Scrld Communlcadon Library 
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RtsOff 
Descriptlon- 

Turns the RTS signal off. 

Syntax- 

stat = RtsOff(port); 

On Entry- 

int port; 

Port previously opened with InlllalfzePort(). 

On Exlb 

int still; 

-1  I f  port was not initialized. 

Sa Also- 

RtsOff Pnae 136 

Example- 

#include <commh> 

int polt=o; 
int stat; 

if ( ( E m  = RLsOff@ort)) = -1) 
{ 
.printf(“Port not initialidh”); 

I+ Take remedial action */ 
1 

COMM-DRV/LIBTM Professlonal Serisl Communkaflon Llbrary 
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RlrOn Pare f 3 f  

on Entry- 

int pori; 

int stat: 

-1 IF port wm not initialized. 

See A h -  

Example- 

#include<comm.h> 

int 
int 

port=O; 
stat; 

COMM-DRV/LIBTM Professlonal Serial Conmunlceilon Library 
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SendBreak 
Description- 

Sends a break signal for a specific duratian. 

Syntnx- 

stat = SendBreak(port,timeval); 

On Enf ry- 

int poa; 

Pori previously opened with biHallzePorl(). 

int timeval; 

Length of time in timer tics to enable the break signal. The fcsolution of the 
timer tic is sei by the Lnction CdrvSctTlmerResotuUonQ. 

Un Exlt- 

int stat; 

0 If break sent. 

elrc 

-1  If part not initialized. 

See Aiso- 

COMM-DRVfLIBTM Professional Serlal Conununlcatlon Library 
Willia Compufer Sonware Company 

SendBreak Paee 140 

Example- 

#include tcomm.b 

port=O; in1 
int stat; 

if ((stet = SendBreak@ort,20)) == -1) 
\ 
printf("Paxt not initializedh"); 

I* Take remedial action *I 
1 

COMM-DRVILIBrM Professional Serlal Commudcatlon Library 
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SetIPaud 

RAIlRY 10 
BhUDl5Q 
BAUD300 
BAUD600 
BAUD1200 
BAUD2300 
BAUD4800 
BAUD9600 
BAUD1920il 
BhtFD3g400 
BAUDS7600 
BAUUl152UO 

On Exit- 

110 baud 
150 baud 
300 baud 
6Do b a d  
1200 baud 
2400 baud 
4800 baud 
96DO baud 
192Ml baud 
38400 baud 
57600 Gaud 
I152OO baud 

int slat; 

This funcdon returns one of the COMM-I)RV/I,IB errors. Tfle error codes arc 
defined in Appendix C (Returns RSZJZEKRNONE if successful). 

See Also- 

SetPottChnruc teridlcsO 

C0ILlhI-DRVII,IWM i'rofcsslonal Serlal Conununlcailol~ 1,l;brsry 
Willlffi Computer Software Cornpuny 

Exurnpie- 

ainciude <camm.h> 
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SetDataStreamFunction 
Deseriptlon- 

This function is used lo install a function that should be calkd back with data that was 
read by some of the high level functions and modem functions. Some of these functions 
are the WaitForO family of functions, DldO. ModenConnectO, etc. 

Syntax- 

slat = SetDataSbcamFunciion(port,fnc); 

On Entry- 

int pm; 

Pori prcvioudy opened with InltlallzePortO. 

void (*hc)(int port,int count,char *buf); 

Poinler lo the callback function. I f  this value is OL then the callback is diaablul. 

int pori; 

Port causing the callback. 

in1 count: 

Number of bytes ppssed. 

char *buC 

Pointer to buffer with the date. 

On Edl- 

COMM-DRV/LIBIM Professfonal Serld Communication Library 
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int stat; 

0 If no error. 

See Also- 

Dlalo, ModemAnewerModeO, ModemAttentionO. ModcmConnertO 
ModemCetCarderSpeedO, ModemGetConnectSpdeedO 
ModemtIsngupO, M o d e d d l ~ ,  ModeNayStr ingO 
ModemMocUryValueO, ModemW.ltForCaU{h WdWorO 
WdtForFlxed(), WdtForPeekO, WdtForPeekFlXcdO 
Wal tForPeekTable0, WdtForPeeMhbleFLredO 
WaltFoflableO, WaJtForTableFzledO 

Example- 

int port=O; 
int stat; 
int timtOut=90; 
char *out="Password=>"; 
char *in="AlphaBeta"; 

void fnc(int port,int counfchar *but); 
{ 
I/ Displny data being read by WaitPo10 
printf('Wb+.*s",count,count,~~; 
renun(0); 
1 

main() 
[ 
SetDataS treamF~tlon@ort,hc); 
stat = WaltFor(port,timeout,outin); 
SetDataStreamFmction( port,OL); 

I 

COMM-DRVILIBTM Professional Serial Communlcslbn LIbrsry 
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se tFBo w Con trd CEm a ract ers 

DescPlp::oa- 

Thiq functlon sets the char icfern (ha! wi!! hs urtd fc: soRaaie flow ctrrirroi 

Syntax- 

C:j!=S_.”‘ = Y . ~  ...X~~.I’-,.’Pi----.-- CUI.YLsLC r iolncrcirjpDtf,nOFi,Xon,*xOn,x~~~~~; 

on Entry- 

i n i  port, 

Desired port. 

int  XOfC 

The character that will be interprefed as an XQFF character from the rcmote.. 

int xon; 

The charmer that wit! be interpreted as an XON character earn @he remote. 

int xxalf; 

The charsctcr that will be transrnitied as an XOFFcharactcr to !be rem04e. 

in1 xxon; 

The characfer that will be transmitted as an XOM character to the remote. 

On E&- 

int Stat: 

0 If successful. 

COhlM-DRVlLKBTM Professional Serin1 Comrnunlcaticm Library 
FVlllles Computer Software Company 

Example- 

int p or t=O ; 
in: Gal; 
iht xan =ltON; 
hi xaFf =YEOFF; 
int xon; =XON; 
int xoff =XO@, 

I* Take remedial aclion *I 
3. 

COIMM-DRVPLflSTM Professfmal Serfid Cornmudcation Library 
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SetFlow Con trolT hreshold 
Descr! ptlon- 

This Function seis the flow control threshold. Thia is used for both software flow 
conuol(XONIX0FF). and hardware flow control(RTS/CTS,DTRIDSR). 

Syntax- 

slat = SelmowControlThreshold{~~,inbuf-low,inbuf-high); 

On E&- 

int port; 

Dcsircd port. 

int inhuf-low; 

When the input communication buffer reaches chis value, an XON will be sent if 
software handshaking was enabled, DTR will be raised if DTR hardwarc 
handshake waa selected, or RTS will be raised if RTS handshake was selecitd. 
This itlls L e  remote that it may bcgin rending data sgain. . 

in1 inbuf-high; 

When the input communicalion buffer reaches this value, an XOFF will be sent 
if saRware handshaking wm enabled. DTR will be lowmd if DTR hardware 
handshake was sclcc~cd, or RTS will be lowered if RTS handshake WIU sclccted. 
This tells the remote to atop rending data. 

On Elit- 

int stat; 

0 If SUcCCrrSful. 
See Also- 

SetFlowControlCharaclersO 

COMM-nRV/I,IBTH Professional Serld Communlcarfon Llbtary 
Wltlhs Computer Software Company 

Example- 
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Se WaceTirne 
DescrfpiInn- 

Sets tllc current Inter-chatactcr pace time. All the high level functions that transmit data 
*Ai:: delay i k  speciikci amount oitiinc bctwcen each character. 

Syntnx- 

stat = SerPaceTimelpa~,timevd); 

On &!try. 

int port: 

Pert p:evirrus!y opciied with frillalizePorQ. 

i n t  timeval; 

Time in tics tu delay between characters. The resolution of the timer tic is set by 
the function C$rvSetTlme~R-llesotutlonQ. 

On Ex&- 

int stat; 

0 If successful. 

See Also- 

GetPaceTlme() 

int port=0; 
in$ stat; 

il ((star = SetPaceTie@ort,2D)j == -1 )  

prin:f(“Fort not initializedk”); 

I* Take remedid action *I 
1 

, 
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SetPort Characteristics 
Dcscripilon- 

This hnction set9 the port characterislics. it is used to change baud rate, parity, length, 
stopbits, and line protocol of the pat. The constants used for the arguments are defined in 
the include files(comm.h. comm.tnc, etc.). 

Syntax- 

slat = SctPortCharacteristics(polt,baud,puity,len~h,at~bit,proto~i); 

On Entry- 

int pori; 

Desired port. 

unsigned short baud; 

BAUD1 10 
BAUD150 
BAUD300 
BAUD600 
BAUD1200 
BAUD2400 
BAUD4800 
BAUDYMM 
BAUD14400 
BAUD19200 
BAUD28800 
BAUD38400 
BAUD57600 
BAUD1 15200 

110 baud 
150 baud 
300 baud 
600 baud 
1200 baud 
2400 baud 
4800 baud 
9600 baud 
14400 baud 
19200 baud 
28800 baud 
38400 baud 
57600 baud 
1 15200 baud 

COMM-DRV/LIBm Professional Serial Communication Library 
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unsigned short parity; 

PAR-NONB 
PAR-ODD 
PAR-EVEN 
PAR-SODD 
PAR-SF!VBN 

unsigned short length; 

LENGTH-5 
LENGTH-6 
LENGTH-? 
LENGTH-8 

unsigned shofl Stopbit; 

STOPBIT-1 
STOPBIT-2 

unsigned short Protocol; 

PROT-RTSRTS 

PROT-RTSXON 

PROT-RTSDTR 

PROT-RTSNON 
PROT-NONNON 
PROT-NONXON 
PROT-XONNON 
PROT-XONXON 

PROT-DTRNON 
PROT-DTRRTS 

PRO"-DTRDTR 

PROT-DTRXON 

PROT-NONRE 

None parity 
Odd parity 
Even parity 
Sticky odd(MARK Parity) 
Slicky even(SPACE Parity) 

5 bits 
6 bits 
7 bits 
8 bits 

1 stopbit 
2 stopbits 

Local CTSlRTS handshake-Remote CTSlRTS 
handshake. 
Local ClX/RTS handshake-Remote XONIXOPP 
handshake. 
Local CTS/RTS handshake-Remote DSWDTR 
handshake. 
Local CTSRTS handshake-Remote no hwdshake. 
Local no protocol-Remote no protocol. 
Local no protocol-XONIXOPP handshake. 
Local XOW/XON protocol-Remofe no protocol. 
Local XONXOPF protocol-Remote XONIXOPF 

Local DSIUDTR protocol-Rcmote no prolocol. 
Local DSRDTR protocol-Remote CTSRTS 
protocol. 
Local DSRDTR protocol-Remote DSR/DTR 
protocol. 
Local DSRDTR protocol-Remote DSR/DTR 
protocol. 
Local no protocol-Remote CTS/RTS protocol. 

protocol. 
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PRCIT-NUND rR 
PKOr-XONRTS IDE~ KQFFEON protocol-Rcmote C"i'TsiR'~S 

PRO'F-XONDTR !.OCRl XOFFiXDN pratocal-Remote D S m T R  

Local fia pramoI Remote DSWDTX prQ!OCOl. 

PfOtQCQ~ 

prcraccl. 

The first three bytes specifies the protocot the Iocd c ~ ~ ~ ~ p u t e r  is using, while the 
k:s t!xcc bjrrca specifics &e prorocoi Ihc remote device is expected to be using. 
PROT- RTSV?. PROT-IITR???. and PRQT-XON??? means that when the 
locd computer's input buffer is fibs I!F# &e: !@Cd cQmpc!eP wil! de-esser& RTS, 
DTK, at send an XOFP rcspcctively lo tell the remote device to stop sending. 
The local machrae will re-zssert RTS, DTR, ih- send an XON to make remaie 
dc;ic+ rssiart transmission. PRCYf-???RTS, PROT-???DTR, and 
PROT_???XON means that when the remote device's input: buffer i s  filling up, 
the remote device is expected to doassert RTS, DTR, or send an XOW 
respectiveIy to tell the locd computer to s t q  sxding. Tt;c remote device is 
exgected ta re-assert RTS, DTR, or send an XON to make rhc locrl computer 
ceesixt t-=ns&&m.(Dcfa&t TRGT-RTSZTTS). 

On Edt- 

int stat; 

This function returns one of the COMM-DRViLJE errors. The emar codecr are 
defined in Appettdlx C (Returns RS232ERR-NONE if successfatl) 

S~X AIso- 

InttiallzePortO 
§etFlowControlChararters() 
SelFlow.OontrolThaes~old~ 
SetHaud(1 
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Example- 

#include <com.h> 

int 
ini 
in: 
int 
int 
int 
iet 

if ((stat = SctPortCharacteF:sticr;@ort,baud,pnrity,lenglh,stopblt, 
protocol)) 1= RS232ERR-NONE)) 

L 

printf'Error setting port characieristicsW'j; 

I f  Take remedial action *l 
1 
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SetSpecialBehavior 
Descripfion- 

This function is used to change the behavior of several of the high level funclions. 

Syntax- 

stat = SetSpccialBchavior(p~~,command,valuel,value2); 

On Entry- 

int 

int 

port; 

Port previously opened with InltlallzePortO. 

command; 

This variable is set to one of the following symbols. Nole that valuel and 
value2 contain the values or symbols as explained next io thc command symbol. 

unsigned long valuel; 
unsigned long valuc2; 

valuel and value2 depend on the pm’cular conmond selected. 

commend = SD_Se(Ge(StrlngDellmtler 

Sets a ncw set of delimiters that CetStdng() will use as line terminators. If the 
port is reopened, the default string behavior returns. 

valueit 
va luek  

Number of characters in the list of delimiters. 
Pointer to Le array with the list of delimiters. Note that the 
array that this value points to must remain instaniiatcd for the 
duration of the session . 
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conunand = SB-DoNotCallZndMsghp 

Controls whether a secondary message loop will get called while functions that 
may be delayed arc calkd(al1 hnctions (hat dutefly or indkectiy call 
CdrvCheckTime()). 

d u e l =  CDRV-TRUE to disabIe s w m d a r y  message loop calls by h e  
CdrvChwkTheO function. This will prevent other programs 
from running in Windows 3.x unlcss the user uses a callback 
function installed with the function 
CdrvSetTimeoutFunction() thal yields control. 
CDRVJALSE will cause the secondary message loop to be 
called while functions with substantial delays are called. 
0 value% 

Example: 

Yinclude <conun.h> 

in1 portl); 

S c ( S p s N B ~ ~ r n ~ S 8 _ D u N o Z C a l l Z n d M i g l m p ;  
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value& 

SetSperlalsthedor(plin.Sfl . D i s a h l e n m i r u k , C e P R V R ~ E ~ ~ ~ ;  

command = SR-SwftchUnDelay 

Conuols whether CdrvCheckTirneO will cause II context switch in B 

multitasking environment while waiting fur B timeaui In effect will prevent 
wasted CPU cycles on functions like Wait€'orO or any functions that may he 
delayed. 

valucl= CDRV-TRUE forces a context switch if when any function is 
waiting. CDRV-FALSE will slap the forcing of context 
switches on functions that may b e  waiting. 

VdUE2= 0 

Example: 

#include <comrn h> 

COMM-DRVKIBN Professlonal Serial GomnunlcalEan LIbrary 
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On Exit" 

int 

See Also- 

EXW~IP~E+ 

See exmples for each individud camand. 
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SetTimeout 
Descrlption- 

Sets the current lransmitrreceive time-outs. This is the amouni of time that the high level 
functions that send and receive data will delay Wore returning an error, if they cannot 
send data (because output buffer may be full) or did not receive data respectively. 

Syntax- 

stat = SetTimeout(port,timeval); 

On Entry- 

int poo; 

Port previously opened with InltlsllzcPertO. 

int timeval; 

Time-out in timer tics. The resoluiion of the timer tic i s  set by the funclion 
CdrvSetWmorRcrolulion(). 

On Exit- 

int stat; 

0 If successful. 

else 

-1  If  port not initialized. 

See Also- 

GetTlmeoutO 
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Emmple- 

tinclude<comm.h> 

int port=o; 
ini stat; 

if ((stat = SetTimeout@ort,'LO)) == -1) 
( 
printf("Port not initializdb"); 

I* Take remedial action */ 
1 
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Description- 

Returns spiicc unuscd in reccivc buffer. 

Syntax- 

count = SpacrIrlRrceiveEluff~rl'port); 

On Entv- 

imt F"R 

Port previously opened with InltiraklzePortO. 

On Exit- 

int count; 

Space available in rhe receive buffer. 

else 

-1 Ifport was not initialize. 

See A ~ E W  

By trslnRecelveBiiffer() 
ReceiveBufferSlze(] 
IsRecelveBufferEmpty() 
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SpaceInTransmitBu ffer 
Drscrlptlon- 

Returns space unused in transmit buffer. 

Syntax- 

count = SpncelnTransmilBuffcr(porl); 

On Entry- 

int port; 

Port previously opencd with InltlnllzePortO. 

On Exl t- 

int count; 

Space available in the transmit buffer. 

else 

-1 If port is not aclive. 

SCC Also- 

BytesInTrans~tRutr()  
T r e n d  tBufferStzeO 
4sTrsnsd tBufterEmpiy0 
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Examplc- 

#include <comm.h> 

int Count; 
int port=o; 

if ((count = SpacelnTransmilBuffer(port)) ==: -1) 
[ 
prinlf('%rt was not initializedW); 

I* Take remedial action */ 
1 

else 
printf("Number of bytes =SKxlW,count); 
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TransmitUufferSize 
Descriptlon- 

Returns transmit buffer size. 

Syntax- 

count = TrcF.smit&uT~crSize(~~r~~; 

an Enlry- 

int port; 

Pori greeviously opened with InifiailzePortO. 

On Exit- 

int COUW, 

Transmit buffer size. 

else 

- 1  Ifport was not initialized. 

See A Iso- 

By teslnTransrnitBuffer() 
IsTransnJt RuffererEmptyO 
SpaeeInTransml tBuffer() 
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Example- 

&include <ccomm.h> 

int count; 
in[ port=$l; 
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UnInitializePort 
Descrlpffon- 

This funclion un-initializes a port that was previously setup with the InltlallzePortfl 
funclion. It releases any resources used(1ncmory etc.). 

Syntax- 

stat = UnInitisli7cPort(port); 

On Enlry- 

int Pod; 
- Port previously opened with InlBallstPortO. 

On Exit- 

int stn1; 

0 If successful. 

S t t  Also- 

InitlellzePor t o  

Example- 

#include <comm.h> 

int stat; 
int port=& 

Pam 168 WaltFoi 

WaitFor 
Dcscrlptlon. 

Outputs B null terminated string and waits far a specific response. The null is not 
outputted. Note that the shing sent could bc "" in effect sending nothing and simply 
waiting for a response. This Fundon will wait for up to h e  amount of time set by 
&lWmeout() before returning failure if the entire string is not written. It will also send 
the characters out at the pace specified by the SetPaetTlme() function. It will wait for up 
to the mount of time specified by the timeout parameter. 

Syntax- 

stat = WaitPo~ort,timeout,out,in); 

On Entry- 

int 

int 

if ((stat = UnlnitializePort(port)) I= 0) 
I 
printf(%rror cleaning up portWX 

I* Take rernediel action */ 
1 
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char 

char 

On Exlt- 

int 

port; 

Port previously opened with InltlalizePortO. 

timcout; 

Number of tics to wait for a response. The tic resdution may be set by the 
function CdrvWThnerRosolulionO. 

*out; 

Pointer to the string to output. It may be an empty etring if all hat is desired is 
the specific response. 

*in, 

Pointer to the comparator. This is the seing that the serial stream will be 
compared against. All the dah up to  the h t  character corresponding to the 
matching string is thrown muy. 

stat; 
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0 If successfully matched the string. 
See Also- 

Exanipte- 

#include ccomm.hz 

int 
ina 
in t  

I* Example Logging to R BBS */ 
if ((shat = WaltFor(porh,iin~eo~t,"~',"D'semame:")) I=  Q! 

printf("lngging failcreh"); 

I* Take rcmedial action */ 
I 

( 
printf("Logging failureh"); 

I* Take remedid action */ 
1 

if ((stat = PutS~nglgort."X34575\r"!! != 6 )  
I 
printf("Port nul iniiidizcdW'); 

I* Take remedial action */ 
I 

if ((stat = WaltFor(port,timeout,"USERt\r","Passwor~'~~) I= 0 )  

CBMM-DRVfl,IflTM ProFessionaI Serial C:ommunfcetion Library 
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Synlax- 

on Eatry- 

int 

int  

char 

in t  

port 

Port previously opened with lnltlallzePort0. 

timeou t ; 

Number of tics to wait for B response. The tic resolution may be set by the 
function CdrvSelTimerResolutionO. 

*out; 

Pointer to the string to output. IL may be an empty string if all that is desired is 
the specific response. 

*in; 

Pointer to the comparator. This is thc string h a t  the serial stream will be 
conipmed against, Ail the data up to rhe last character corresponding to the 
matching string is  thrown away. 

uulcnt; 

Number of bytes in "out". 
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Wal tForFf xed 

int incnt; 

Number of bytes in "In". 

On Exlt- 

int stat: 

0 If succersfi~lly niarchcd the string. 
See Also- 

WaItForO 
Walt ForPeekO 
Walt ForPeekFIxedO 
Walt ForPeekTa bleO 
WaftForPeckTab~eFlxed() 
WaitForTable( J 
WaltForTableFlxed() 

Example- 

#inciudc <comm.h> 

int Stat; 
int purl=O; 
int lirncout=90; 
static char out(]=( 'W,'\W,'W ); 
static char in[]=( 'W,'h' I 

/*Example Lagging IO a RES +/ 
if ((stat = WaltForFlxcd[port,timeout,out.in,sizeof(aut),si~of(in))) I= 0)  

I 
printf("No Match FoundW'); 

P Take remcdial action *I 
I 
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WaitForPeek 
Description- 

Outputs a null terminated suing and wails for a spccific response. The null is not 
q u t t e d .  Note that the string sent could be "" in effect sending nothing and simply 
waiting for a response. This function Will wait for up to the amount of time set by 
SetTlmeoutO before returning failure if the entire string is  not written. It will also send 
&e characters out at the pace specified by the SetPaceTlmeo function. It will wait far up 
to the amount of tim specified by the timeout parameter. This function differs from 
WaltForO in that it does not remove any data from the data s m .  As such it can scan a 
block of data no larger than the receive buffer size hat wan set with the IduauZePortO 
function. 

Syntax- 

stat = WaitForPeek@oa,timeoutout,in); 

On Entry- 

in1 

int 

char 

On Exit- 

char 

pfl; 

Port previously opened wilb InltiPU~cPortO. 

tirnmut; 

Numbu of tics to wait for a response. The tic resolution may be set by the 
function CdrvSetTimerResolntlon~. 

*out; 

Pointer to thc string to output. It may be an cmpty string if all that is desired is 
the specific response. 

*in; 

Pointer to the comparator. This is the string that the serial strcam will be 
compared against 
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Taw i5.3 - WlaiWorPeek 

int stat; 

0 Ifsucccssfully niaiched the slring. I 

Bee hko- 

ExampEe- 

#include axmm h> 

int  slat: 
int port=(]; 
int tirneout=90: 

if ((slat = Wai(ForPeeYr(pon.timcout;’get squotel”;’Stock Quote:”)) != 0 )  

prinif(“Match not FoundW); 

I* Take remedial action +/ 

E 

ileseriptlon- 

Outputs a iixed iengk string and waits for a specific response. Tiis function differs from 
WI~FsrPeek!) in that M!LL &ar;ao:as aic a!lwwx! in the &fig. This hncdon will itdt 
for up to the amounl of time set by SelTimeoutO before returning failure if the entire 
string is noL writteat. It will aka scnd the characters aut at the pace specified by the 
SetPaceTImeO function. It will wait far up to the itmount of‘ time spaitid by the time- 
out parameter. This fiJnction differs from WeitForFixedO in thut it does not remove w-y 
data frocat the &tit sirezrn. As such it car. scan B black of data no larger than the receive 
buffer size that was set witli the IdtlatizePurt() function. 

Syntax- 

stat = WaitForPeekFixcd(Fort,time~ul,out,in,outc~t,inc~t~; 

On Entry- 

int 

int 

char 

char 

port; 

Port previously opened with InitiallzePortO. 

timeout; 

Number of tics to wait for a response. The tic relolution may be set by the 
function @dNSetTimerResolution0. 

*out; 

Pointer to the sting to oulput. It may be an empty shing if ell that is desired is 
the specific response. 

*in; 

Pointer to thc comparator. This is the sting that the serial stream will be 
compared against. 
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in! outcnc; 

Number of bytes in "out" 

int incirt; 

Numher of bytes in "In", 

On Exit. 

in t  stat; 

0 If successfully matched the siring. 
SLC Also- 

WaltForO 
WaitForFixedO 
WaltForPeekO 
WaltForPeekTableO 
Waf lForPeekTableFixd() 
WallFoflablc() 
WaifForTableFlxed() 

Example. 

#include <conun,h> 

int stat; 
int port=% 
int 1irnwut=90; ' 
static char outll=[ V,'W,'\t'); 
static char in[]=( 'W,'W I 

I* Example Iagging to a BRS */ 
if ((stat = Waf~F~rPeeM;lxed~port,timeout.out,in,sizeof(out),si~of(in))) I= 0)  

1 
printf("No Match IraundW'); 

I* Take remedial action *I 
t 
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WaitForPeekTable 

Outputs a null terminated smng and wails for a specific response that matches one of the 
strings in the passed table of strings. Tbe null is not outputted. Note lhal the suing sent 
could be "" in effect sending nothing and simply waiting for a response. This function 
will wait for up to the amount of time set by SetTlmeoutO before returning failure if the 
entire string is not written. It will also send Lhc charactus out at the price specified by lhc 
SdPaceTIme() function. It will wait for up to the amount of time specified by the limeout 
parameter. This function differs From WdtFoflableO io that it docs not remove any data 
from the data stream As such it can scan a block of data no larger than the rcceive buffer 
size that was set with the roltlauZePortQ function. 

Syninx- 

stat = WailForPeekTable@ort,timeout,out,in); 

On Entry. 

in1 

int 

char 

port; 

Port previously opened with InltiakPortO. 

timeout; 

Number of tics IO wait for a response. The lic resolution may be set by the 
function CdrvSetTimerRe6alullon(). 

*out; 

Pointer to the string to output. It may be ari empty string if all that is desired is 
the specific response. 

**in; 

Pointer IO an array of strings to compare against the incoming serial data. The 
last element in the array must be a null pointer. 
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On Exit- 
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case (1: 
printC("CARRU?R breal; faund in sImmW); 
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Wai tForPee kTa bleFixed 
Descrlption- 

Outputs a fixcd length string and waits for a specific response that mstches OM of the 
strings in the passed table of strings. Thio haction differs from WaltFarPeekTablt() in 
that NULLS are allowed in the sbings. This  function will wait for up to the amount of 
time set hy SetTimeoutO before returning failure if the entire string ia not written. I t  will 
alao send L e  characters out at the pace spccificd by the S e t h e T i m ( )  function. It wilt 
wait for up to the amount of time specified by the timeout pnrametcr. This function differs 
from WaitForTableFlxedO in that i t  does not mmwe any data from he data stream. As 
such it can scan a block of data no larger than the receive buffer size that was set with Lhe 
InltlallzePortO function. 

Syntax- 

stat = W a i t F o r P e c k T a b l e F i x ~ ( ~ ~ , t i m e o u t , o u ~ n ~ ~ ~ , i n c n ~ ~ ,  

On Entry- 

int 

int 

char 

char 

port; 

Port previously opened with InlliallzePorlO. 

timeout; 

Number of tics to wait for a response. The tic resolution may be SCt by the 
function CdrvSe tTlmerResolutIon0. 

*out; 

Pointer to the string to output. It may bc an empty atring if all that is desired is 
the specific response. 

+*in; 

Pointer to an array of strings to compare against the incoming serial data. The 
last element in the array must be a null pointer. 
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outcni; 

Number of bytes in “out”. 

*incnt; 

int 

int 

Pointer to an array of byte counts CorreJPonding to each String define in the table 
“in”. 

On Exit- 

in1 atat; 

-1 If no match found. 

I f  one of the strings match the incoming sbeam, lhen the return value 
corresponds to ]he index o€ the shing that matched. 

See Also- 

WaltFor() 
WaltForFixedO 
WdtForPeekO 
W dtForPeeWIxed0 
WnitForPeekTableO 
WsltFofl‘ableO 
WaitForTableFixedO 
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Example- 

hl 
int 

static char 
sutic chw 
sialic char 
slatic char 

riaiic int 

111 

SlEgC Cfrm 

1 nt 
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Desedplion- 

O?p!pb e null t e d t l e t e d  swing wd waits for a specific response hni  matches one of the 
strings In tRe passed table of stcings. The null i s  not outputted. Note that the string sent 
could be "" in effect sending nothing and simply waiting for a response. This function 
will wait for up to the amount of tirnc set by SetTheoutf) before returning failure if the 

SeiPaceTimafj function. It will wait far up to the mount of time specified b i  hLv %- t; meout 
p%rc?n?eter. 

eiii;ie string is It dso rend gv3 8: L\c p~~~ spzcif& by Lbt 

On Entry- 

ink 

int 

char 

port; 

Pori previously opened with InltEaEizePortO. 

timeout; 

Numbcr ~f tics to wait for B :esponsc, The tic resoludox may De set by the 
function CdrvSetTimerResolutlQn~. 

*out; 

Pointer to the string to output, It may be an empty string if all that is desired is 
the specific response. 

**in; 

Pointer 10 an m a y  of strings to coinparr: against the incoming serial data. The 
last element in the may must be a null pointer. Ail the datu up to the last 
character corresponding to the matching string i s  ihrown awuy. 
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On Exjt- 

int stat; 

-1  If nu match found. 

If  one of Ihc. strings match the incoming stream, then the return valuc 
corresponds to the index of the shing ihrt matched. 

See Also- 

War tFor() 
WoIlForFlxedO 
WaltForPeekO 
WaltFarPcekFlxed() 
WaltForPeekTa bleO 
WeltForPeekTableFixeddC) 
WaltForTable(J 
WaitForTableFlxed() 

Wai tForTable Parre 184 

Example- 

case 0: 
pdnIf["ChRRBR b d ;  found in strcamb"); 

cos I :  
ptinlf("C0NNfEI' br& found in smm\n'); 

I 
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Deseriptlan- 

00:piits a l ixcd isilgiit s h g  snC waits %r B specific response iiiat matches one of the 
strings in the passed table of strinss. This f t ~ ~ c t i ~ n  differs fkm W&ForTiib!e(; iii thfit 
NULL chnracicrv are aElowed i n  the siring. This function will wait for up io the amount of 
time set by SelTimeoulO before returning failure if the entire string is not written. It Gii 
also send the characters out tit the pace specified by the &tkKeTheO hiunction. It will 
wait for fn &e emwint sFti;;t.c slj2ciNed S j  the iimeout parameter. 

Syntax- 

stat = WaitFalTableFixed(port,timeout.ou~,in,outcnt,inentJ; 

On Entry- 

int Port; 

Port previously opened with InllfaOizePortQ. 

int tirncout; 

char 

Number of tics to wait for 8 response. The tic resolution may he SCP by the 
function CdrvSet'l'irnerKesolu tion(). 

*nu!; 

Pointer to the string to output. It may be an empty slring if all that is desired is 
the; specific renponse. 

**in; 

Pointer lo an array of strings lo compare against the incoming serial data. The 
last element in the array must be a null pointer. AI1 the dah up to the last 
character corresponding lo the mafching sfring is fhrown away. 

int outcnt; 

Number of hytea i n  "out". 
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ine *incnt; 

On Exit- 

int 

Pointer L L- to an m a y  of byte camts corresponding to each string define in the table 
1". 

stat; 

-1 Efno match found. 

If cnc cf ck sengs aaaich &e incoming st~eam. the2 &e reetarn veli;e 
corresponds to the index ofthe string that matched. 

See Also- 

Example- 

#include ccomm.hz 

int 
In1 
in1 
slalic char 
static char 
static char 
static char 
static ehm 
slatic in1 
int 

/* Example Logsing lo a BES '1  
if ((6tat = WdlForTableFired(part timeouLoul.in.ou tcnl.lncn1)) I= 0) 

I 
printf("No Match FountRn"); 

I* Take remedial action +I 
i 
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Modem Functions 
These functions are the COMM-DRVILIII niodem functions. These functions provide the 
standard Hayes command set to the modem. 

Dial() 
ModemAnswerModeO 
ModemAttenUon() 
ModemCommandState() 
ModemConnectO 
ModemForccAnmer() 
MademCetCarrierSpeed() 
ModedctConneclSpeed() 
ModemGetSReglsler() 
ModemCetStrIng() 
ModemGetValuc() 
ModemHangupO 
MoacmlnltO 
ModemModlfySlringO 
ModemMdfyVelueO 
ModemOrnIook() 
ModemOnllneO 
ModemSendCommandO 
ModemSetSReglster() 
ModemSptsker() 
ModemVolumeO 
ModemWaitForCall() 
Modem WaitForRlngO 

Dials using the modem with the Hayes command set. 
Puts modem in answer mode. 
Puts modem in command state. 
Puts the modem in Ihe command state. 
Returns m e  if modem connection attained. 
Forces modem to answer the phone. 
Returns carrier speed. 
Retums connect speed. 
Get modcm’s selected S register. 
Returns the particular modem string. 
Returns l e  particular modem string. 
Hang-up modem connection. 
Set modem initialization string. 
Modify modem amng. 
Modify modem parametera. 
Take Ihe modem line off hook. 
Putr the modem back online fiom command state. 
Sends a command to the mddem. 
Writes to modem’$ selected S register. 
Turns modem speaker odoff. 
Adjust modem speakex volume. 
Wait fw a call. 
Waits for he modem’s phone line to ring. 
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Dial 
Page 188 

Dial 
Description- 

Dids the specified telephone number. It is assumed that a Hayes compalible modem is 
being used. This function forces the modem back to the command state and then dials. 

Syntsx- 

stat = Dial(port.mode,telephone); 

On Entry- 

int  port; 

port previoualy opened with SnitiallZePorlO. 

mode; 

0 Pulse dialing. 
1 Tone dialing. 

int 

char far *telephone; 

String with telephonc number. 

On Exit- 

slat; 

If the telephone number successfully dialed. 

int 

0 

dsc 

-1 if the modem did not respond or the port was not initialimd. 
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See Also- 

Examplle- 

int stat; 
int port=@ 
ink modc=l; 
chili 

if ((stat = Dialjport,mode,tclephone)) == -1) 
c 
PrintfC'hlodcm not respondingb"'); 

/*Take correciive action */ 
1 

*teIephone="i -7 i 3-568-640 is'; 
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ModentAnsw erMade 

OR Entry- 

o n  Edt- 

int stat; 

-1 ifport was not initialized. 

See Also- 

ModemCommrsndStateO 
ModemConnectO 
ModemGetCarrterSpecdo 
ModemGe tConnecSpeed(b 
ModemHangclpO 
ModetnInitO 
ModemModify StdngO 
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ModemAnswerMode 

Exemple- 

#include <comm.h> 

int 
int 

if ((stat = ModemAnswerMode(por,l)) == - I )  
I 
printf("€!rror putting madem in answer modt.\n'); 

I* Take remedial action *I 
I 
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ModemAttention 

T h i s  function pub the modem in the command state & verbose made. It fint does lhis by 
sending "+++". If the modem does not respond to "t++* it will toggle thc DTR signal. If 
the modem still does not respond, it returns an emor. This function CM be used to 
determine if a modem i s  on a particular port. 

Synlax- 

stat = ModcmAttention@ort); 

On Entry- 

int port; 

Port previously opened with IdUalizePort0. 

On Exit- 

int stat; 

0 Ifsuccessful. 

else 

-1 If port was not initialized or modem does not respond. 

See Also- 

MaQ 
ModemAnswerModeO 
ModemConnectO 
ModemGeEerrlerSpeedO 
ModemGetConneclSpeedO 
ModemHangupO 
ModemlnltO 
ModemMdfy String0 
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Exampte- 
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Syntax- 

stat = i\ifodemCommandState(port); 

Ota Entry- 

int pnfl; 

Port previously opened with IrritiaIizePartU. 

On E?&- 

int S U I ;  

0 Ifsuccessful. 

e!se 

-1 Iferror. 

See Also- 

ModemOnlineO 
IiiodemScndCcmmandO 
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ModemCommandStale 

ICxarnple- 

#include <coiiim.lt> 

int  port=O; 
int stat; 
char cmd=”RI&B I”; 

if ((stat = ModemCornmandSta~e(port)) I= 0)  
( 
printl(“8rror putting modem in command stateW); 

/* Take remedial action *I 
I 

( 
printfC‘Error sending command to modemh”); 

I* Take remedial action *I 
I 

if ((slat = ModemSendCommand(port,cmd)) I= 0)  
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Pane 196 ModemConnect 

ModemConnect 
Descrlptlon- 

Returns true if tho modem conneclion was s~cctssful. This call is generally made after a 
call to Mal() if programmer is initiating a session. Otherwise it may be called simply to 
detect when the modem has successhrlly connected io another modem. It first scans for 
the message “CONNECT“ (or the connect token set with the ModedodlfyStrfngO 
function) from the port. If it does not get i t  will check to see if the cartier detect signal L 
pment. If the “CONNECT” smng or the carrier delcct signal is present then it assumes 
that the hodem is connected to another modem and return successful. The modem is in 
the online state after this function returns. 

Note: After some modems connect. they switch to the carrier speed(baud rate between 
two modems over the telephone line). As an example, if you are connected to 
your modem at 9600 baud(baud rate between the computer and the modem), and 
it conaectg to a 2400 baud modem, a h r  it connects, and sends the connect 
message, Ihc modem may switch its baud to 2400. If a modcm of this type is 
used, the programmer must then change the baud to 2400 baud with the 
SetBaudO function. The carrier speed may be queried with the 
ModemGe tCarrierSpeed0. 

Syntax- 

stat = ModernConnectQmrt); 

On Entry- 

Port previously opened with InitialiiPort0. 

int stat; 

0 If successful. 

else 

-1 If port was not initialized. 
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-2 If modem no! responding. 
-3 If no diu1 tone 
-4 If number dialed is busy. 

See Aiso- 

%inc!.de <com:r..h> 

iat port-il; 
int  stat; 
int  cr?ode= I ; 
char *telephone="i -713-568-6401"; 

if ((slat = ModcrnAnention(portJ) == - 1 )  
I 
p:intf("Erto; getting modern's altention.W*); 

I* Take remedial action *I 
I 

if ((stat = Disl(port,niodc.~clcphone)) == -1) 

printf("Modern not respondingh"); 

I* Take corrective action */ 
1 

I 
if ((stat = (ModernConncct(port)) I= 0) 
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w e  - 2  
printf("Modenx not responding .'a''); 
break 

case -4: 
printf("line Busy ..in''}; 
break; 

default: 
break; 
i 

I* Take remedial zclion */ 
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ModemForceAnswer 
Description- 

Fnrcei thc niodenl lo answer the phone. This connnand nssinnes the modern is in the 
command state. The modern remains in b e  command state at the end of this hction. 

Syntox- 

stat = ModemFarceAnswer(port); , . 

On Entry- 

int port; 

Port previously opencd with InltlnllzePort(). 

On Exit- 

int slnt; 

0 If modem successfully connected to mother modcnl. 

else 

- I  Iferror. 

See Also- 

ModemCommandSlole() 
ModemWaitForIUng() 
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Example- 

#include<commh> 

io1 port=O; 
int slat; 

RingCount=3; int 
int Timeout= LSO; 

if ((stat = ModcmWaitForRing@ort,RingCount,Tirncoul)) I= 0) 
( 
printf("Tirne-out wailing for a ringb"); 

/* Take remedial action */ 

if ((stat = ModemForcehswer(port)) I= 0)  
1 

I -  
printf("Modems could not connecth"); 

I* Take remedial action *I 
I 
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ModemGetCarrierSpecd 
Descrlptfon- 

Xe:Eums the carrier speed at which [he modem last conncctcd[beud rate between the two 
m i e m s  ovc: th: :elephonz Erie). ':'he speed rciurned by his Function is only valid if B 
previous call to Morlen~I:anr?ecL!? wxs s-ccessfu!. 

SynLRlc- 

speed =ModemGeiCwrierSpeed(porr); 

On Entry- 

in; 

On E$t- 

long speed; 

The actual c d e r  speed that was rciurned by thc modem ihe last time it 
successfully connected to another modern. This value is a positive decimal vslue. 
If a - I  is returned then the port was not initialized. 

See Also- 

Did() 
ModemAnswerMode() 
ModemA tlentionO 
Modernconnect() 
ModemCeiConnectSpeed!B 
Modemtfangupb) 
ModemIntt() 
ModemModlfyStrEng(] 
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Example- 

#include ccomm.h> 

inr port=(r; 
inr stat; 
ini mode=:; 
long speed; 
chw *!e!ephm="I-? I3-568-640I"; 

if ( (slat = ModenAttcntian@ort)) = -1) 
I 
printl("Error getling modenf s atteerutiion.W'); 

I* Take remedid action 'i 
1 

if((sie2 = I3 ia lbpor? ,n? .~be ,~e~e~h~~e~~ = -1) 

printf("Modem not resporidingkt']); 

/* Take remedial action */ 

I 

I 

I 
if ((stat = (ModemConned@ort)) I= 0) 

printf("Error connecting to modemh"); 

I* Take remedial action *I 
1 

I 
switch(speed1 

iF((spced I iLiodernGetC~erSpeed(p0rt)) i= - iL)  

I 
case 2400 
SetBaud(port,BAUD2400); 
break, 
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casc 96w): 
SefBoud(port,RAUD9600); 
break; 

default 
break; 
1 

/* Continue with application *I 
1 
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g a e e W  . ModemGetConnectSneed 

ModemGet ConnectSpeed 
Descdplion- 

Returns the connect sped at which the modem laat connu%ed(baud rate between the 
cornpuler and the modem). The spced returned by this function i s  only valid if a previous 
call to ModemConnectO was successful. 

syntax- 

speed =ModemQetConnectSpeed(port); 

On Entry- 

int 

ON Edl- 

long 

See Also- 

port; 

Port previously opened with InitialfzePorlO. 

Spccd; 

The actual connect speed that was returned by the modem the last time it 
succnsfully connected to another modem. This value is a positive decimal value. 
If a -1 i s  returned then the port was 1101 initializcd. 

DldO 
ModemAnswerModeO 
ModemAttentlonO 
ModemConneclO 
ModemGelCarrlerSpeedO 
ModemHangupI) 
ModemInilO 
ModemModifyStringQ 
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Example- 

#include <ccimrn.h> 

i n t  por?=O; 
int stat; 
lnt  nrade= I ; 
lrrng aped; 
char *?elephone="l-713-568-6101"; 

if ([stat = hilodem!n!t(port))== - 1 )  
1 
p&tf("Ermr initiaiizi~ig modemW'); 

b* Teke remedid action */ 
i 

c 
if ((stat = aEal(port,mude,~esephone)) == - I }  

pri ntf("liiPodem not respondi ngh") ; 

I* T&E remedial actina *E 
1 

( 
if ((scat = (MoaeniConoecr(port)~ I= 0) 

printf("Error connecting l o  modemin"); 

I* Take remedial action *I 
1 

I 
princf("Port not initializedki"); 
/* Take remedial action *I 
1 

if ((speed = ModernGetCarrierSpeed(port)! == -1  I,) 

i f  (speed f=UodcmGetConnecLSpeed(port)) 
prinlf("Connect & Canier Speeds me diffcrenth"); 
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MfJdemGi?tSRtfgisDek. 
Dcscdptlon- 

,--I lhis function returns ihe S register requested from t h ~  modern on thc opened port. This 
comaand assumes bie rrtotiem is in the command srate. Tine modem remains in the 
rcrrsr>a~d state a! the snd ef &is t;;aclion. 

On Entry- 

int 

int 

On Exit- 

int 

pob; 

Port previously opened with InitializePortQ. 

SReg; 

S register number to get (0. 1,2, 3, .... ). 

stat; 

VaEue of the selecled S Register. 

else 

-1 Iferror. 

See Also- 
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Example- 

#include <cornm.h> 

int port=O; 
in1 oldSHeg: 

NGet SOD 
if ((oldSReg = ModernCetSRegistcr(port,O)) I= 0) 

I 
printf(“Error getting S RegisterW): 

I* Take remcdial action *I 
I 

I1 Set SO0 
if ((stat = ModemSetSRegister(port,O,l)) I= 0) 

I 
printf(“Error selling S RegistcrW); 

I* Take rcmcdial action *I 
1 
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ModemGetS tring 
Desc ri p U o n - 

This function retrieves the cumnt string setting for the requested modem string. 

syntax- 

str = ModemGetString(port,suingcode); 

On Entry- 

int port; 

Port previously opened with InlUallzePorlO. 

in1 string-code; 

Code corresponding to string to rehieve as follows. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Command prefix send sIring(e.g.,“AT’). 
Modem initialization send etring(c.g., “VI QO”). 
Tone dial send string(c.g.. “DT’). 
Pulw dial send string(e.g.. “DD”). 
Reset send string(e.g.. ‘“Z’). 
Escape- send shing(e.g., “ttt”). 
Hang-up send string(e.g..”H). 
Command suffix send strlng(e.g., ‘a’). 
Succcssful acknowledge receive string(e.g.:’OK”). 
Error acknowledgment receive string(e.g.,”ERROR’). 
Connect aeknawledge receive string(e.g.,”CONNECT’). 
Connect failure receive string(e.g., “NO CARRIER’.). 
Telephone busy message string(e.g.. “BUSY). 
Nodialtoncmcssages2ring(e.g..”NODIALTONE”). 
Verbose mode command(e.g.. ”VIQO). 
Answer mode command(e.g.. ”SO=”). 
Carrier speed message shing(e.g., “CARRIER). 
Ring modem receive string(e.g.,”WG’). 
Command IO force modem to answer(e.g., “A”). 
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00 Exib- 

char W r ;  

see Alss- 

Example- 

int portlo: 
i n t  Str; 

if ((sir = ModemGctSiring(port.10)) I= NULL) 
printq”‘Modem Connect String=>%s\n”,str); 
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ModemGetValue 
DwilptioiL- 

This function retricves the currcnt selling for the requested modern value. 

in! vaiue-code; 

Code corresponding to value to retrieve as follows. 

0 Pace:’.mz use0 :D sand C Q W . R ~ ~  strkgs to modem@efa:fau!t=!!l8 
sec). 

1 Pacetime used when sending thc +++ or oher escape code to the 

2 Time to wait for any response from the modem(DefauIt=2 sec). 
3 Time to wait for the moden to connect to anolher moden1@kfaultt=30 

SeC). 
4 Time to wait for character echo from the modem@efault=2 sec). 
5 Unused. 
6 Trme interval between dropping and raising DTR to reset the modem. 
7 Time interval to wait for the “RING” message from modem. 

. madcrn(Default=2/18 sec). 

On Exit- 

long value; 

Retrieved value. 
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See Also- 

ModemCc1StringO 
ModemModify String() 
ModemModlry Value() 

Example- 

#include <comm.h> 

int port=% 
long value; 

if ((value = ModemGetValue(part,O)) I= -1) 
printl('turrent Pacetirnc Is => %ldW,valuc); 
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ModemHangup 
Dwulption- 

Hang up the modem. This function mova the modem kom the online slate Lo the 
command state. 

Syntax- 

stat = Modedangup@olt); 

On Entry- 

in1 pon; 

Pori desired. 

On Exit- 

int S W  

0 If hang-up is successful. 

See Also- 

Dial0 
ModemAttentlonO 
ModewAnswerModeO 
ModemComectO 
ModemGetCarrierSpeedO 
ModemGetConneftSpeedO 
ModemlnllO 
ModemMudifyStdng() 
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Example- 

#include tcornm.hr 

t 
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KJescription- 

syntax- 

stat = Modednit(port); 

On Entry- 

int port; 

Port previously opened with IdtiaUzePartO. 

int stat; 

0 If successhul. 

else 

- I  If port was not initializcd or modem does not respond. 
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See Also- 

Dial0 
ModemAnswerModeO 
ModemAttention() 
ModemConnectO 
ModemGef CarrierSpecdO 
ModemCetConnectSpeed() 
ModemHangup() 
ModcmModlfyString() 

Example- 

#include <comm.h> 

int port=% 
iat stal; 

if ((stat = Modcmlnit(port)) == -1) 
1 
printf("lnitia1izing modemW); 

/* Take remedial action */ 
1 
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ModemModify String 
Dcllcrlption- 

Changes the different command strings sent to the modem. The default strings used by 
COMM-DRV/LIB is works With most modems. The application programmer may create 
a customitation windows to salisfy users with non-standard Hay= compatible modems. 

syntax- 

stat = M o d e m M o d i f y S t r i n g @ o r , s ~ i n ~ c ~ e ~ o m m a n d ~  

On Entry- 

int pa; 

Port previously opened with IniUalizePortO. 
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inr  string-code; 

Code corresponding lo  string to change as fdliow.9 

0 
1 
2 
3 
4 
5 
6 
-7 
8 
9 
10 
I t  
12 
13 
E4 
15 
16 
17 
:g 

Corninand prefix send sfring(e.g.,“hT’). 
Modcm inirializatiotr send s!dr.g(s.g., “P’!QO”j. 
Toiie dial send s1rirrgce.g.. “D’T”). 
Pulse dial scnd stting(e.g., “OD”). 
Rcset scnd string(e.g., ‘2”). 
Bscipe seed s:ting:c.g., “iii”i. 
Hang-up send stPing(e.g.,”M“’). 
Command suffix send string(c.g., I%”). 

Suzcesskui acknowledge receive s!ring(e.g..“OK“). 
Error acknowledgment receive shing(e.g..”eRRQK’j. 
Connect acknowPedge receive stn’ng(e.g.,’‘CBNNECT3T?’f. 
Connect failure receive string(e.g., “NO CARWER”). 
Telephone busy message string(e.p., “BUSY). 
No diol lane message .ptring(c.g., “NO DIALTQNE“). 
Verbose mode cornmand(c.g., ‘‘VIQO”). 
Answer mode command(e.g., “SO=”). 
Carricr speed message string(t.g., “CARRIER). 
Ring modem receive string(e.g.,”RiNO“). 
Command to force modem to answer{c.g., “A“). 

char *command_string; 

String !e send !c modern foi corresponding string-code. 

-1  if string too long or pori not inilialized. 

hlodemGetStrlng() 
ModeniGetVoluef) 
ModemModifyValue() 
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#include ccomm.h> 

int port=Q; 
int St& 
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ModemMod ify V alue 
Descdptlon- 

Changes different numeric values(e.g., time-outs) used by modem functions. The default 
values used by COMM-L)KVILlB works with most mwlems. The application 
programmer may creak a cuslodzation window lo satisfy users with non-standard Hayes 
compatible modems. 

. 

Syntax- 

stat = Mo~emModifyyValue(p~,v~ue_codc,vnlue); 

On Entry- 

int Pod; 

Port previously upend with IJLIaIIzePorlQ. 

in1 valuc-code; 

Code corrcsponding to value to change as follows. 

0 Pacetime used IO send comniand strings to ihc ~dem(Dcfaul i= l l l8  
sec). 
Pacetime used when sending thc +++ or other escape code to &e 
modcm(Default=Z/18 sec). 
Time to wait for any response from the modem(Delault=2 sec). 
Time to wait for Ihc modem to connect to another modem(Defaultt=30 
sec). 
Tirnc lo wait for character echo from Ihc moJem(Default=2 scc). 
Unused. 
Time interval between dropping and raining DTR to reset the modem. 
Time inlerval to wait for the ''RING'' message from modem. 

long value; 

New valuc corresponding vnlue,code. 
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On Exit- 

int slat; 

-1 If port not inilalized or invalid code. 

See Also- 

ModemGeStringO 
ModemCetValueO 
ModemModifyStrlngO 

Example- 

#include <comm.h> 

int 
int . stat; 

if ((stat = Mode~o~ifYV~ue(p0rIp;L)) I= 0) 

pOtt=O; 

f 
printf("Errar Changing Modem valuc\n"); 

I* Take r e d i a l  action Y 
1 

COMM-DRV/LIBTH Professional Serlal Communication Llbrary 
Willies Computer Software Company 



Descrlptbn- 

This iunction takes the phone o f f  hook. This command assumes the modem is in ah!: 
~~iii i i i i i i id state. i"ne modem rcmainc in the commmd atate ~t the end of this function. 

Synhx- 

On Er:!E.y- 

On Exlt- 

0 If successhi. 

else 

-1 If  enor. 

See Also- 

Dial() 
ModemAnswerMode() 
Modenuif ten tion() 
ModemCommandSta te() 
ModernConnect() 
ModemCelCarrierSpce~() 
ModemGrtConnectSpeed{) 
ModemHangupO 
b1odemk%odiFyString() 

COM M-DRV/LIBTM ProfessIonaE Serlnl Communlcatlon Lfbrnry 
WilItes Computer Softwnre Campuny 

Example- 

COMM-DRVAA&;Si Professional Serial Conunudcatlon Library 
Wilfies Computer Software Company 



ModcmOnllne . Paae 223 

ModemOnline 
DescrIpHon- 

This Function takes the phone off hook. This command assumes the m d e m  is in the 
command stale. 'The modem remains in the command SIRk at the cnd of this function. 

Syntax- 

stat = MudcnrOnline(pnrt); 

On Entry- 

' int port; 

Port previously npened with InltlallzePorlO. 

On Exlt- 

int slat, 

0 If successful. 

else 

- 1  Iferror. 

Dial() 
.ModtmAnswerMadeO 
Mo&mAttcnilon() 
ModemCommandSteteO 
ModemConncet() 
ModcmGctCsderSpeed() 
ModemGelConnec tSpeed() 
ModemHangup() 
ModemModifyString() 

COMM-DRVflJBIH Preressionnl Serial Commitnfratfon 1.lbrary 
Wlllles Computer Software Company 

Example- 

#include ccomm.b 

int pm=Q 
int Slat;  

if ((stat = ModemOnline(por1)) == -1) 
{ 
printf("Enor putting modern back online'd-i''?; 

I* Take renudial action *I 
1 

COMM-DRV/LIBTM Professional Serial Communication Llbrary 
Willies Computer Software Company 



ModcmSendCammand Pspe 225 

On Eefv- 

int 

char 

On Exll- 

int 

port; 

Pc:: pierioiisty cpcried wich IulilaiEzePartQ. 

'corn mand ; 

Null terminated command to send to the modem. 

s I at: 

0 If successful. 

else 

-I  Ifenor. 

CQMhf-DRV/I,l15TM Profrsslonal Serial Communicatlon Library 
Wlllles Coinputer Suffware Compeny 

#include <com.h> 

InL 
int stat: 
char *conumnd="WQi" 

if ((stat = t Mo$emScndCornmanLi@aa.cammand'i) == -I) 

pOr!=O; 

printfc'Error sending modern camandh");  

I* Take remedial action */ 
1 

COMM-DRV/LWM Professional Serial Communlcatlon Library 
Wfllies Computer Software Company 



ModemSetSReels!er h a c  227 

ModemSet SRegister 
Dcscrlplion- 

This function sek  the S register requested far thc modem on the opened port. This 
command B S S U ~ ~ S  the modem is in [he command state. The modem remains in thc 
command statc at the end of this function. 

Syntax- 

slat = ModemSetSRegi~ter(port,Sreg.value); 

On Entry- 

int 

int 

int 

On Exit- 

int 

port; 

Pori previously opened with InltlslizePo~(). 

SReg; 

S register number IO set (0, I ,  2,3, .... ). 
value; 

Value to set. 

slat; 

0 If  successful. 

else 

-1  Iferror. 

ModemSetSRenfster gage 228 

See Also- 

ModcmCommandStatcO 
ModrmCetSRegbterO 

Example- 

#include<comm.hr 

int pOct-0; 
int oldSReg; 

Ilcict so0 
if ((oldSReg = ModwnGetSRegister@or,O)) I= 0) 

1 
pcintf("Etror getting S RegisterW'); 

I* Take remedial action *I 
1 

Il Set SO0 
if ((stat = ModemSeSRcgistcr(poa,O,l)) I= 0) 

I 
printf("Emor setting S Rcgisteh"); 

I+ Take remedial action */ 
1 

COMM-DRVLIBTM Professional Serlal Communfcation Library 
Willles Computer Software Company 

COMM-DRVLUP Professional Serlal Communication Library 
WiIii& Computer Software Company 



MorlernSoeaker Perre 229 

Example- 

- CQMM-DRVfLIR'" Professlonnl Serb1 Communfcatlon Librnry 
Wlllles Computer Software Company 

COMM-DRVltEBTM Prafesstonul Serlal CormnunicaHon Llhrary 
Willies Computer Software Company 



ModernVolurne Page 231 

MudemVolume 
Descrlptlon- 

This funciion scfs the nlodeni's speaker volume. This command assumes the modem ia  in 
the command stale. l'he modem remains in the command state at llie end of this funciion. 

Syntax- 

stat = ModcmVdumc~port.VImvel); 

On Eniry- 

int port; 

Porl previously opened with InftlallzePortO. 

int VLevel; 

0 = Low. 
I = Medium. 
2 = High. 

On Exlt- 

int stat; 

0 If successful. 

else 

-1 Iferror. 

SCC Also- 

MwletnSpeakerO 

ModemVolume Baae 232 

Example- 

#include <comm.h> 

int 
in1 slat; 

//Turn the speaker volume on modem to medium 
if ((stat = ModcmVolume@ofl,l)) == -1) 

port=O; 

( 
printf("Enor setting speaker volumeh"); 

I* Take remcdial action *I 
1 

COMM-URViLIRm Professional Scrlsl Comrnunlcetlon Library 
Wlllles Computer Software Campany COMM-DRVL'IBTM Professional Serial Communication Library 

Willies Computer Software Company 



7.3.3 Content o f V  sua1 C+-t- Version L52 CD-ROM 

‘I‘he following is a directory listing ofthe software found on the Microsoft Visual C++ 
Version f .52 CD-ROM. Some: source code i s  included on this CD-ROM. 



FF-File F i n d ,  Advanced Edi t ion  4.50, ( C )  Copr 1987-88, Peter Norton 

I : \  
r e f e r r a l .  t x t  
VC152 
vc4x 

P : \vc152 

.. 
bookinfo.wri 
INSIDE2 
MSVC 15 
MSVCCUK 

I : \VC152\INSIDE2 

. e  

.i nfovi ew. i nf:  
I nfovwl6. ex€! 
,i risi de2 e aux 
‘i nsi de2 cac 
1’ns-i de2 idx 
i r i s i  de2 .mvb 
.i v2api .d11 
.i V Z  tool exe 
mscomstf.dl1 
tnscpydi s. dl 1 
ms cu i  s t -F . dl 1 
rnsdetstf . d l  1 
msdnl i b .  h l  p 
msdntoot . exc: 
tnsi n . i nf 
ins i n s s t f . d 1 1 
inspress. i co 
m s s h l s t f . d l l  
msui 1 s t f .  cl’l ‘I 
re1 notes .  h l  p 
SAMPLES 
s e t u p  * ex€? 
s e t u p . i n f  
se tup .  i n i  

1,043 bytes  2:04 pm Tue Apr 30 96 
<D I R r  11:19 am Mon Jun 10 96 
4 1  12:18 pm T h u  Jun 13 96 

<DIR> 11:19 am Mon Jun 10 96 
cDIR> 11:23 am Mon Jun 10 96 

24,960 bytes 4:26 pm Tue Jan 23 96 
qDIR> 10:06 am Mon Jun 10 96 
.rDIR> 11:19 am Mon Jun 10 96 
cDIR4 11:23 am Mon Jun 10 96 

. .  
EX03A 
EXO4A 
EX048 
EX04C 
EXO5A 
EX056 
EX05C 
EXOGA 

<DIR> 
<DIR> 

73 bytes  
!j711,856 by tes  
:118,594 bytes  
280,933 bytes  

634,889 bytes  
6,352 bytes  
6,160 by te s  

78,064 bytes  
11,552 bytes  
27,952 bytes  
25,232 bytes  

146,970 .bytes  
6,:160 bytes  

72  bytes 
67,440 bytes  

766 bytes  
14,416 bytes  
6,384 hytes  

16,205 bytes  
<UIR> 

54,144 trytes 
973 hy te s  

1,586 bytes  

4.1 , 065 bytes  

10:06 am Mon J u n  10 96 
11119 am Mon Jun 10 96 
1:35 pin Tue Dec 19 95 
4:35 pm Mon Dec 18 95 
9:46 am Thu Jan 25 96 
9:46 am Thu Jan 25 96 
9:46 am Thu Jan 25 96 
9:46 am Thu Jan 25 96 
4:35 pm Mon Dec 18 95 
4 ~ 3 5  pm Mon Dec 18 95 
4:35 pm Mon Dec 18 95 
4:35 pm Mon Dec 18 95 
4:35 pm Mon Dec 18 95 
4:35 pm Mon Dec 18 95 
3:14 pm F r i  Jan 5 96 
4:35 pm Mon Uec 18 95 
1:35 pm Tue Dec 19 95 
4:35 pm Mon Oec 18 95 
3:09 pm F r i  Jan 5 96 
4:35 pm Flon Dec 18 95 
4:35 pm Mon Dec 18 95 
3:14 pm F r i  Jan 5 96 

10:19 am Mon Jun 10 96 
7:11 pm Tue Dec 19 95 

11:10 am Wed Jan 24. 96 
3:14 pm F r i  Jan 5 96 

10: l9  am Mon Jun 10 96 
1 O : O G  am Mon Jun 10 96 
10:OI am Mon Jun 10 96 
10:08 am Mon 3un 10 96 
10:08 am Mon J u n  10 96 
1O:lO am Mon Jun 10 96 
1O:ll am Mon Jun 10 96 
10:13 am Mon Jun 10 96 
10:14 am Mon Jun 10 96 
10:14 am Mon Jun 10 96 



EX07A <DIR> 
EX07B <DIR> 
EXl4A <DIR> 
EX15A <D I R> 
EX15B <DIR> 
EX 16A . <DIR> 

I : \ V C  152\ I NS I DEZ\SAMPLES\ EX03A 
€0 I R> 

. .  < D I  R> 
ex03a. cpp 3,435 by tes  
ex03a. d e f  347 by tes  
ex03a.exe 1,253,256 b y t e s  
ex03a. h 807 by tes  
ex03a. ma k 3,215 by tes  
ex03a.obj 6,051 b y t e s  
ex03a. r c  6,881 by tes  
ex03a. r e s  10,726 by tes  
ex03a. vcw 90 by tes  
ex03a. wsp 170 b y t e s  
ex03adoc. cpp 1,705 by tes  
ex03adoc. h 931 by tes  
ex03adoc.obj 3,859 by tes  
ex03avw.cpp 1,966 by tes  
ex03avw. h 1,057 by tes  
ex03avw.obj 5,062 b y t e s  
mai n f  r m  . cpp 2,447 b y t e s  
mainfrm. h 978 by tes  
mainf rm.obj  5,155 b y t e s  
RES <DIR> 
resource.  h 359 by tes  
s tda fx .cpp 204 by tes  
s t d a f x .  h 283 by tes  
s t d a f x .  o b j  276 by tes  

I : \ Y  C 152\ I N S  I DE2\SAMPLES\EXO3A\RES 
<DIR=. 

. *  <DIR> 
ex03a. i co 768 b y t e s  
ex03a. r c 2  1,538 b y t e s  

. too l  bar .  bmp 1,200 b y t e s  

I : \ V C  152\ INSIDE2\SAMPLES\EXO4A 
<DIR> 

. .  <DIR>  
ex04a. cl w 1,890 by tes  
ex04a. cpp 3,325 by tes  
ex04a. d e f  347 by tes  
ex04a. exe 1,253 , 580 by tes  
exO4a + h 812 by tes  
ex04a.mak 3,187 by tes  
ex04a. ob j 6,057 by tes  
ex04a. r c  6,921 by tes  
exO4a. r e s  10,758 by tes  

10:15 am 
10:16 am 
10:17 am 
10:18 am 
10:18 am 
10:19 am 

10:07 am 
10:19 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
10:07 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 

10:07 am 
10:07 am 
12:OO am 
12:OO am 
12:OO am 

10:08 am 
10:19 am 
12:OO aiii 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 

Mon Jun 10 96 
Mon Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Tue Jun 21 94 
Thu Apr 7 94 
Mon Jun 20 94 
Tue Jun 21 94 
Thu Apr 7 94 
Tue Jun 21  94 
Tue Jun 21 94 
Tue Jun 21 94 
Thu Apr 7 94 
Thu Apr 7 94 
Tue Jun 21  94 
Thu Apr 7 94 
Thu Apr 7 94 
Tue Jun 21  94 
Thu Apr 7 94 
Thu Apr 7 94 
Tue Jun 2 1  94 
Mon Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 
Tue Jun 21 94 

Mon Jun 10 96 
Mon Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 

Mon Jun 10 96 
Mon Jun 10 96 
Tue Apr 19 94 
Tue Apr 19 94 
Tue Apr 19 94 
Mon Jun 20 94 
Tue Apr 19 94 
Mon Jun 20 94 
Mon Jun 20 94 
Tue Apr 19 94 
Mon Jun 20 94 



exO4a. vcw 
ex04a. wsp 
exO4adoc. cpp 
ex04adoc.h 
ex04adoc ob j 
exO4avw. cpp 
exO4avw. h 
ex04avw. o b j  
mainfrm,cpp 
mai n f rm . ti 
mainfrm.obj 
readme * t x t  
RES 
resource h 
s t d a f x . c p p  
s t d a f x .  h 
s t  dafx . o ti j 

90 by tes  
170 by tes  

933 by tes  
3,859 by tes  
1,872 by tes  
1,053 by tes  
5,319 by tes  
2,461. by tes  

980 bv tes  

1,704 tJyteS 

5,155 by tes  
4,342 by tes  

*:DIR> 
360 by tes  
204 by tes  
299 by tes  
276 by tes  

I : \ V C l 5 2 \ & N S I D E Z \ S A M P L E S \ E X 0 4 A \ R E S  
..:DIR> 

. I  4 I R> 
ex04a. i co 768 by tes  
ex04a. rc2 1,538 by tes  
t o o l  b a r .  bmp 1,200 by tes  

I : \VCl52\INSID€2\SAMPLES\EX046 
*<DI R> 

. .  -::D 1 R> 
exO4b. c l  w 1,890 by tes  
ex04b. cpp 3,325 by tes  
ex04b. def 347 by tes  
ex04b. ext! 1,254,116 by tes  
ex04b. h 1312 by tes  
ex04b.mak 3,187 by tes  
exO4b.obJ 6,057 by tes  
ex04b. pdb 158,230 by tes  
ex04b. r c  6,921 by tes  
ex04b. res  10,758 by tes  
exO4b vcw 90 by tes  
ex04b. wsp 170 by tes  

- ex04bdoc cpp 1,704 by tes  
exO4bdoc,h 933 by tes  
ex04 bdoc o b j  3,859 by tes  
ex04bvw. cpp 2,970 by tes  
exO4bvw. h 1,219 by tes  
exU4bvw. ob,j G ,  / 3 3  b y t e s  
ma‘i nfrm. cpp 2,461 by tes  
mainfrm,h 980 by tes  
mai nfrm. ob  j 5,155 by tes  
redcime.txt 4 , 3 42 by t e s 
RES .-‘DIR> 
res0urce.h 360 bytes 
s t d a f x . c p p  204 by tes  
s t d a f x .  h 299 by tes  

12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
10:08 am Mon Jun 10 96 
62:00 am Tue Apr 19 94‘ 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 

10:08 am Mon Jun 10 96 
10:08 am Mon Jun 10 96 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 

10:OH am Mon Jun 10 96 
10:19 am Mon Jun 10 96 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Jun 21 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Jun 21  94 
12:OO am Tue A p r  19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Jun 21 94 
12:OO am Tue Jun 21 94 
12:OO am Tue Jun 2 1  94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Jun 21 94 
12:OO am l’ue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am i ue  Juri 21  94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Jun 21 94 
12:OO am Tue Apr 19 94 
10:08 am Mon Jun 10 96 
12:OO am Tug Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 



s t d a f x .  o b j  276 by tes  

I : \VCl52\ I N S  I DEZ\SAMPLES\EX04B\RES 
< D I  R> 
<DIR> 

&04b. i co 768 by tes  
exO4b. r c 2  1,538 by tes  
t o o l  b a r .  bmp 1,200 by tes  

I : \ V C  152\ INSIDE2\SAMPLES\ EX04C 
< D I  R> 

. . 4 1  R> 
ex04c. c l  w 1,890 by tes  
ex04c. cpp 3,325 bytes'  
ex04c. d e f  347 by tes  
ex04c.exe 1,273,468 by tes  
ex04c. h 812 by tes  
ex04c. ma k 3,187 by tes  
ex04c. o b j  .6,057 by tes  
ex04c. r c  6,921 by tes  
ex04c. r e s  10,758 by tes  
ex04c. vcw 90 by tes  
ex04c. wsp 170 by tes  
ex04cdoc.cpp 1,704 by tes  
ex04cdoc.h 933 by tes  
ex04cdoc. ob j 3,859 by tes  
ex04cvw.cpp 3,104 by tes  
ex04cvw h 1,069 by tes  
ex04cvw. o b j  5,919 by tes  
mainfrm.cpp 2,461 by tes  
mainfrm. h 980 by tes  
mai n f rm.  o b j  5,155 by tes  
readme.txt  4,342 by tes  
RES <DI R> 
resource.  h 360 by tes  
s tda fx .cpp 204 by tes  
s t d a f x .  h 299 by tes  
s t d a f x . o b j  276 by tes  

I : \ V C  152\ I N S 1  D€2\SAMPLES\EXO4C\RES 
<DIR> 

* .  <DIR> 
ex04c. i co 768 by tes  
ex04c. r c 2  1,538 by tes  
t o o l  bar ,  bmp 1,200 by tes  

I:\VC152\INSIDE2\SAMPLES\EX05A 
<DIR> . .  <DIR> 

exO5a. cpp 3,350 by tes  
ex05a. d e f  347 by tes  
exO5a. exe 1,340,160 by tes  
ex05a. h 807 by tes  
ex05a. ma k 2,949 by tes  

12:OO am Tue Jun 2 1  94 

10:08 am Mon Juri 10 96 
10:08 am Mon Jun 10 96 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 

1 O : l O  am Mon Jun 10 96 
10:19 am Mon Jun 10 96 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO arh Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 19 94 
1 O : l O  am Mon Jun 10 96 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Mon Jun 20 94 

1 O : l O  am Mon Jun 10 96 
1 O : l O  am Mon Jun 10 96 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 
12:OO am Tue Apr 19 94 

1 O : l l  am Mon Jun 10 96 
10:19 am Mon Jun 10 96 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94  
12:OO am Mon Jun 20 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 



ex05a. o b j  
ex05a. rc 
ex05a. r e s  
ex05a. vcw 
ex05a wsp 
ex05adoc e cpp 
exO5adoc. h 
exO5adoc. o b j  
ex05avw. cpp 

ex05avw. ob  j 
mainfrm.cpp 
mainfrn1.h 
mainfrm.obj 
RES 
resource .  h 
s t d a f x  cpp 
s t d a f x .  h 
s tda fx .ob j  

. ex05avw.h 

6,100 bytes  
7,502 bytes  
11,715 bytes  

90 bytes  
170 bytes  

3,705 bytes  
931 bytes  

3,859 bytes  
3 ,781 bytes  
1,454 bytes  
6,525 bytes  
2,447 bytes  

978 bytes  
5,155 bytes  

<:D I R> 
359 bytes  
204 bytes  
283 bytes  
276 bytes  

I : \ V C  152\1NSIDE2\SAMPLES\EX05A\RES 
I R> 

. . <:D I R> 
ex05a. i cn 768 bytes 
exO5a. rc2 1,538 bytes  
toolbar.bmp 1,200 bytes  

I : \VClSZ\ I NS I DE2\SAMPLES\ EXQ5B 
=a I R> 
<:DLR> 

&05b. cpp 3,350 bytes  
ex05b. d e f  347 bytes  
ex05b.exe 4.,340,4.48 bytes  
ex05b. h 
ex05b. ma k 
ex05b. o b j  
ex05b. rc 
ex05b. r e s  
ex05b. vcw 
ex056 .wsp 
ex05bdoc. cpp , 
ex05bdoc.h 
ex05bdoc. obj  
ex05bvw. cpp 
ex05bvw. h 
ex0 5 ti vw . o b  j 
mainfrm.cpp 
mai nfrm. h 
mai nf rm. ab j 
RES 
resource + ti 
s t d a f x x p p  
s t d a f x  . h  
s t d a f x .  o h j  

807 bytes  
3,215 bytes  
6,100 bytes  
7,502 bytes  
'11,715 bytes  

90 bytes  
170 bytes  

1,705 bytes  
93 1 bytes  

3,859 bytes  
4,660 bytes  
1,379 bytes  
6 ,909  bytes  
2,447 bytes  

978 byt:es 
5,155 bytes  

<:DL R> 
359 bytes  
204 bytes  
283 bytes 
2 7 6 by t: es 

12:OO am Mon Jun 20 94 
12:OO am T h u  Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Man Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Thu  Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am T h u  Apr 7 94 
1 2 : O O  am T h u  Apr 7 94 
12:OO am Mon J u n  20 94 
12:OO am T h u  Apr 7 94 
1 2 : O O  am T h u  Apr 7 94 
12:OO am Mon Jun 20 94 
10:11 am Mon Jun 10 96 
12:OO am T h u  Apr 7 94 
12:OO am T h u  Apr 7 94 
12:OO am T h u  Apr 7 94 
12:OO am Mon Jun 20 94 

10:11 am Mon Jun 10 96 
10:11 am Mon Jun 10 96 
12:OO am Thu Apr 7 94 
12:OO am T h u  Apr 7 94 
12:OO am T h u  Apr 7 94 

10:13 am Mon Jun 10 96 
10:19 am Mon Jun  10 96 
12:OO am Mon May 23 94 
12:OO am T h u  Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:QO am 
'l2:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
42:OO am 
12:OO am 
10: 13 am 
12:OO am 
12:OO am 
12:OO am 
1 2 : O O  am 

Mon May 23 94 
Mon Jun 20 94 
Mon Jun 20 94 
Thu  Apr 7 94 
Mon Jun 20 94 
Mon Jun 20 94 
Mon Jun 20 94 
Mon May 23 94 
Mon May 23 94 
Mon Jun 20 94 
Mon May 23 94 
Mon May 23 94 
Mon Juri 20 94  
Motl May 23 94 
Mon May 23 94 
Mon Jun 20 94 
Mon Jun 10 96 
Mon May 23 94 
Mon May 23 94 
Mon May 23 94 
Mon Jun 20 94 



I : \ V C 1 5 2 \ I N S I D E2 \ SAM Pl ES \ EX05 B\ RES 
<DIR> . . q D I R >  

ex05b. i co 768 by tes  
ex05b. r c 2  1,538 by tes  
t o o l  bar .  bmp 1,200 by tes  

I : \VC152\ I N S  I DEZ\SAMPLES\ EX05C 
cDIR> 

. .  cDIR>  
ex05c. cl  w 1,890 b y t e s  
ex05c.cpp 3,325 by tes  
ex05c. d e f  347 by tes  
ex05c + exe 1 , 273 , 984 by tes  
exO5c. h 812 b y t e s  
ex05c. ma k 3,187 by tes  
ex05c.obj 6,057 by tes  
ex05c. r c  6,921 by tes  
ex05c. r e s  10,758 by tes  
ex05c. vcw 90 by tes  
ex05c wsp 170 b y t e s  
ex05cdoc.cpp 1,704 by tes  
ex05cdoc h 933 b y t e s  
ex05cdoc. o b j  3,859 b y t e s  
ex05cvw.cpp 3,911 b y t e s  
ex05cvw. h 1,287 b y t e s  
ex05cvw.obj 7,816 b y t e s  
mainfrm.cpp 2,461 b y t e s  
mainfrm. h 980 b y t e s  
mai n f r m  . ob j 5,155 b y t e s  
readme. t x t  4,342 b y t e s  
RES <DIR> 

- resource.  h 360 by tes  
s t d a f x . c p p  204 b y t e s  
s t d a f x .  h 299 b y t e s  
s t d a f x .  o b j  276 b y t e s  

I : \ V C  152\ INSIDEZ\SAMPLES\EXO5C\RES 
cDIR>  .. <DIR> 

ex05c. i co 768 b y t e s  
ex05c. r c 2  1,538 b y t e s  
too l  bar .  bmp 1,200 by tes  

I : \VC152\ INS1 DE2\SAMPLES\EXOGA 
<DIR> 

. . <DIR> 
ex06a. aps 22,987 by tes  
ex06a. c l  w 3,154 by tes  
ex06a. cpp 3,255 by tes  
ex06a. d e f  347 by tes  
ex06a. exe 282,352 by tes  
ex06a. h 807 b y t e s  

10:13 am Mon Jun 10 96 
10:13 am Mon Jun.  10 96 
12:OO am Thy Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 

10:14 am Mon Jun 10 96 
10:19 am Mon Jun 10 96 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Mon Jun 20 94 
12:OO am Wed Apr 20 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Wed Apr 20 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Mon Juri 20 94 
12:OO am Tue May 24 94 
12:OO am Wed Apr 20 94 
12:OO am Mon Jun 20 94 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Man Jun 20 94 
12:OO am Wed Apr 20 94 
10:14 am Mon Jun 10 96 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Mon Jun 20 94 

10:14 am Mon Jun 10 96 
10:14 am Mort Jun 10 96 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 
12:OO am Wed Apr 20 94 

10:14 am 
10:19 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 

Mon Jun 10 96 
Man Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
Thu Apr 7 94 



exO6a .mal( 
ex06a. o b j  
ex06a. rc 
ex06a. res 
exO6a. vcw 
ex06a. wsp 
ex06adlg.cpp 
exO6adl g .. h 
exO6adl g I o b j  
exO6adoc I cpp 
ex06adoc.h 
ex0Sadoc a ob j 
ex06avw.cpp 
exOGavw . h 
ex06avw. o b j  
mal' n f rm . cpp 
m a i  n f rm . h 
m a i  n f  m i .  o b j  
RES 
resource  e h 
s t d a f x .  cpp 
s t d a f x .  h 
s t da f x . ob j 

3,488 by tes  
5,910 by tes  
10,749 by tes  
11,640 by tes  

90 by tes  
170 by tes  

3,815 by tes  
1,137 by tes  
5,051 by tes  
1,705 bytes  

931 by tes  
3,744 by tes  
2,727 by tes  

972 by tes  
5,998 by tes  
2,447 by tes  

978 by tes  
5,044 by tes  

411~3 
1,588 by tes  

204 by tes  
227 bytes 
276 bytes 

I \ V C  152\INSI DE2\SAMPLES\EXO6A\RES 
<DIR> 

e .  <DIR> 
exO6a. i CD 768 by tes  
ex06a rc2 1,631 by tes  
too1bar.hmp 1,200 by tes  

I : \VC1!2\1NSIDE2\SAMPL€S\EX07A 
<DIR> 

1 .  .:DIRr 
ex07a. aps  13,878 by tes  
ex07a. cpp  3,255 by tes  
ex07a. del' 347 by tes  
ex07a . m e  1,269,464 by tes  
ex07a. h 807 by tes  
ex07a .ma k 3,453 by tes  
ex07a. ~ b j  6,051 b y t e s  
ex07a. rc 7,907 by tes  
ex07a. res 10,858 by tes  
ex07a. vcw 90 bytes  
ex07a. wsp 170 by tes  
exO/ad 1 g * cpp 1 ,499  bytes 
ex07adlg,h 763 b y t e s  
ex07ad 1 g o b j  3,646 by tes  
ex07adoc. cpp 1,705 b y t e s  
ex07adoc.h 931 bytes  
ex07adoc. o b j  3,859 I1ytes 
ex07avw c:pp 2,379 bytes  
ex07avw, t i  1, '173 b y t e s  
ex07avw. o b j  5 , / 9 5  by tes  

12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am I h u  Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
1 2 : O O  am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Thu Apr 7 94 
12:OO am I h u  Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am T h u  Apr 7 94 
12:'OO am Thu Apr 7 94 
12:OQ am Mon Jun 20 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon J u n  20 94 
10:14 am Mon Jun 10 96 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 

10:14 am 
10:14 am 
1 2 : O O  am 
12:OO am 
12:OO am 

10:15 am 
10:19 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 

Mon Jun 10 96 
Mon Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 

Mon Jun 10 96 
Mon Jun 10 96 
l'hu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
Thu Apr 7 94 
Mon Jun 2Q 94 
Mon Jun 20 94 
Thu Apr 7 94 
Mon J u n  20 94 
Man Jun 20 94 
Mon Jun 20 94 
i'ue Nay 24 94 
Thu Apr  7 94 
Mon Jun 20 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon J u n  20 94 
Fri Apr 8 94 
Thu Apr 7 94 
Mon Jun 20 94 



mai nfrm. cpp 
mainfrm. h 

I mainfrm.obj  
RES 
resource.  h 
s tda fx .cpp 
s t d a f x .  h 
s t d a f x  . o b j  

2,447 bytes 
978 bytes 

5,155 bytes 
<DIR> 
625 bytes 
204 bytes 
283 bytes 
276 bytes 

I : \VC152\INSIDE2\SAMPLES\EX07A\RES 
< D I R >  

.. C O I R >  
ex07a. i co. 768 bytes 
ex07a. r c 2  1,538 bytes 
t o o l  bar .  bmp 1,200 bytes 

I : \VC152\ I NS I DE2\SAMPLES\EX07B 
<D I R> 

* .  <DIR> 
ex07b. aps 13,596 bytes 
ex07 b . cpp 3,255 bytes 
ex07b. d e f  347 bytes 
ex07b.exe 1,255,072 bytes 
ex07b. h 807 bytes 
ex07b .ma k 3,360 bytes 
ex07b . o b j  6;047 bytes 
ex07 b . r c  7,528 bytes 
ex07b. r e s  10,726 bytes 
ex07b.vcw 90 bytes 
ex07b.wsp 170 by tes  
ex07 b d l  g . cpp 2,213 bytes 
ex07bdl g. h 693 bytes 
ex07bdl g . o b j  4,158 bytes 
ex07 bdoc . cpp 1,705 bytes 
ex07bdoc.h 931 bytes 
ex07bdoc . o b j  3,859 bytes 
ex07bvw.cpp 2,126 bytes 
ex07 bvw . h . 972 bytes 
ex07bvw.obj 5,871 bytes 
mai n f r m  . cpp 2,447 bytes 
ma in f rm.  h 978 bytes 
mai n f  rm.  ob j 5,155 by tes  
RES < D I R >  
res0urce.h 527 by tes  
s t d a f x .  cpp 204 bytes 
s t d a f x .  h 283 bytes 
s t d a f x . o b j  276 bytes 

I : \VC152\ INSIDEZ\SAMPLES\EX07B\RES 
<DIR> 

f .  < D I R >  
ex07b. i co 768 bytes 
ex07b. r c 2  1,538 bytes 
t o o l  bar .  bmp 1,200 bytes 

12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
10:15 am Mon Jun 10 96 
12:OO am F r i  Apr 8 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 

10:15 am Mon Jun 10 96 
10:15 am Mon Jun 10 96 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 

10:16 am 
10:19 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
10:16 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 

Mon Jun 10 96 
Mon Jun 10 96 
Thu Apr 21  94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
Thu Apr 7 94 
Mon Jun 20 94 
Mon Jun 20 94 
Thu Apr 7 94 
Man Jun 20 94 
Mon Jun 20 94 
Mon Jun 20 94 
F r i  May 13 94 
Thu Apr 7 94 
Mon Jun 20 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
F r i  Apr 8 94 
Thu Apr 7 94 
Mon Jun 20 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
Mon Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 

10:16 am Mon Jun 10 96 
10:16 am Mon Jun 10 96 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 



I : \VC lsz \ INs IDEa \SAMPLES\EX14A 

‘ .  .<DIR> 
exl4a. apr; 13,578 by tes  
exl4a.clw 1,911 by tes  
exl4a. cpp 3,277 by tes  
exl4a. def 347 by tes  
e x l 4 a . e ~ ~  1,256,220 by tes  
exl4a. h 807 by tes  
exl4a .mak 3,423 by tes  
exl4a. o b j  6,051 by tes  
exl4a. r c  6,881 by tes  
exl4a. r e s  10,726 by tes  
exl4a.vcw 90 by tes  
exl4a.wsp 170 by tes  
ex l4adoc I cpp 1,705 by tes  
exl4adoc * h 931 by tes  
exl4adoc. o b j  3,859 by tes  
exl4avw.cpp 1,643 by tes  
exl4avw. t i  1,057 by tes  
exl4avw. D bj 4,820 by tes  
mai nfrni. cpp 2,504 by tes  
mainfrm. t i  985 by tes  
mainfrm.obj 5,197 by tes  
p e r s i s t . c p p  5,127 by tes  
p e r s i  s t .  I1 644 by tes  
p e r s i s t  . o b j  6,940 bytes 
RES <DIR> 
res0uree.h 359 by tes  
stdafx.cpp 204 by tes  
stdafx. h 283 by tes  
s t d a f x . o b j  276 by tes  

1 : \ VC 152 \ INS I D E2\SAMP LE$\ EX 14A\RES 
<DIR> 

. f  <DIR> 
exl4a. i C Q  768 by tes  
ex14a. rc2 1,538 by tes  
t o o l  bar. hmp 1,200 by tes  

1 : \ V C 1 5 2 \ I N S I B E2 \ SAMPLES \ EX 15A 
rDIR> 

I t  <DIR> 
ex l5a .  aps 21,005 bytes 
exlSa. bsc 42E,011 bytes  
exl5a. clw 2,140 by tes  
exl5a. cpp 3 , 5 2 5  by tes  
exlf ja .  d e f  347 by tes  
exl5a. cxe 1,297 , 056 by tes  
cxl5a. h 812 by tes  
exl5a.tnak 3,445 bytes  
exl5a.obj 6,057 by tes  
exl5a+pdb :158,902 bytes 

10:17 am Mon Jun 10 96 
10:19 am Mon J u n  10 96 
12:OO am T u e  Apr 12 94 
12:OO am T u e  Apr 12 94 
12:OO am Thu  Apr 7 94 
12:OO am l’hu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Thu Apr 7 94 
12:‘OO am Mon Jun 20 94 
12:OO am Mon J u n  20 94 
12:OO am Thu Apr 7 94 
12:OO am Mon J u n  20 94 
12:OO am Mon J u n  20 94 
12:OO am Mon J u n  20 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon J u n  20 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Man Jun 20 94 
12:OO am Thu Apr 7 94 
12:OO am I h u  Apr 7 94 
12:OO am Mon J u n  20 94 
10:17 am Mon J u n  10 96 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 

10:17 am Mon J u n  10 96 
10:17 am Mon Jun 10 96 
12:OO am S h u  Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 

10:18 am Mon J u n  10 96 
10:19 am Mon J u n  10 96 
12:OO am ‘rue Apr 12 94 
12:OO ain lue May 3 94 
12:OO am T u e  Apr 12 94 
12:OO am T u e  Apr 12 94 
12:OO am T u e  Apr 12 94 
12:OO am Mon J u n  20 94 
12:OO am T u e  Apr 12 94 
12:OO am Mon J u n  20 94 
12:OO am Mon J u n  20 94 
12:OO am T u e  May 3 94 



ex l5a .  r c  
ex l5a .  r e s  
ex l5a .  vcw 
ex l5a .  wsp 
exl5adoc.cpp 
exl5adoc. h 
exl5adoc. o b j  
exl5avw. cpp 
exl5avw .,h 
exl5avw. o b j  
mai n f rm.  cpp 
mainfrm. h 
mai n f r m  . ob j 
readme. t x t  
RES 
resource.  h 
s t d a f x .  cpp 
s t d a f x .  h 
s t d a f x .  o b j  
s tuden t  .cpp 
s tuden t .  h 
s tuden t  . o b j  

7,800 by tes  
10,882 by tes  

90 b y t e s  
170 b y t e s  

1,946 b y t e s  
1,009 b y t e s  
4,969 b y t e s  
2,841 by tes  
1,312 b y t e s  
7,531 b y t e s  
2,626 b y t e s  

980 b y t e s  
5,155 b y t e s  
4,342 b y t e s  

<D I R> 
713 b y t e s  
204 b y t e s  
299 b y t e s  
276 by tes  
286 by tes  
990 b y t e s  

1,153 b y t e s  

12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
10:18 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12,: 00 am 
12:OO am 
12:OO am 

Tue Apr 12 94 
Mon Jun 20 94 
Mon Jun 20 94 
Mon Jun 20 94 
Tue Apr 12 94 
Tue Apr 12 94 
Mon Jun 20 94 
Tue May 3 94 
Tue Apr 12 94 
Mon Jun 20 94 
Tue May 3 94 
Tue Apr 12 94 
Mon Jun 20 9 4 .  
Tue Fipr 12 94 
Mon Jun 10 96 
Tue Apr 12 94 
Tue Apr 12 94 
Tue Apr 12 94 
Mon Jun 20 94 
Tue May 3 94 
Tue May 31  94 
Morr Jun 20 94 

I : \VC152\ INSIDEZ\SAMPLES\EX15A\RES 
< D I R >  10:18 am Mon Jun 10 96 

. .  < D I R >  10:18 am Mon Jun 10 96 
ex l5a .  i co 768 b y t e s  12:OO am Tue Apr 12 94 
ex l5a .  r c 2  1,538 b y t e s  12:OO am Tue Apr 12 94 
t o o l  ba r .  bmp 1,200 b y t e s  12:OO am Tue Apr 12 94 

I : \VC152\ INSIDEZ\SAMPLES\EXl5B 

.. 
ex l5b .  aps 
ex l5b .  c l  w 
ex l5b .  cpp 
ex l5b .  d e f  
ex l5b .  exe 
ex l5b .  h 
e x 1  5 b .ma k 
ex l5b.obj  
ex l5b .  r c  
ex l5b .  res 
ex l5b .  vcw 
exl5b.wsp 
rnai n f rm.  cpp 
mainfrm. h 
ma i n f  rm ob j 
RES 
resource.  h 
s tda fx . cpp  
s t d a f x .  h 
s t d a f x .  o b j  
s tuden t . cpp  

< D I R >  
< D I R >  

21,653 b y t e s  
2,081 b y t e s  
3,350 b y t e s  

347 b y t e s  
296 , 192 by tes  

807 b y t e s  
3,492 b y t e s  
5,944 b y t e s  
7,795 by tes  

11,241 by tes  
90 b y t e s  

170 b y t e s  
2,676 b y t e s  

978 b y t e s  
5,050 b y t e s  
4 I R> 
952 b y t e s  
204 bytes 
283 by tes  
276 by tes  
457 b y t e s  

10:18 am Mon Jun 10 96 
10:19 am .Man Jun 10 96 
12:OO am Tue Apr 12 94 
12:OO am Tue Apr 12 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Tue Apr 12 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
12:OO am Mon Jun 20 94 
1 2 : O O  am Tue May 3 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
10:19 am Mon Jun 10 96 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Thu Apr 7 94 
12:OO am Mon Jun 20 94 
12:OO am Thu Apr 7 94 



s tuden t .  t i  
s tudent .  o b j  
s tudoc .  cpp 
s tudoc.  h 
studoc.obj 
stuview.cpp 
stuview.h 
s t u v i  ew . ob j  

406 bytes  
2,576 bytes  
2,511 bytes  
1,010 bytes  
4,82 7 bytes  
8 ,618 bytes  
2,073 bytes  

10,882 bytes 

I : \ V C 1 !j 2 \ I N S I D E2 \SAMPLES \ EX 1 5 B\ RES 
eDIR> 

. .  .=DIR> 
ex15b. i co 768 bytes  
ex l5b .  rc2 1,631 bytes  
t o o l  bar.bmp 1,558 bytes  

I : \VC~Q\INSIDEZ\SAMPLES\EXJGA 

. . 
ex l6a .  aps 
ex l6a .  cpp 
ex l6a .  def 
ex l6a .exe  
ex16a + h 
ex l6a .  ma k 
ex l6a .  o b j  
ex16a. rc 
exl6a .  res 
exl6a.vcw 
ex l6a .  wsp 
mainfrm.cpp 
mai n f  rm. t i  
ma i n f rm . ubj  
RES 
resource. h 
s t d a f x . c p p  
s t d a f x .  h 
s t d a f x .  o b j  
student.cpp 
student. h 
student.  o b j  
studoc.cpp 
s tudoc .  h 
s tudoc .  o b j  
s t u v i  ew. cpp  
s t u v I ew . t i  
s t u v  i ew . o b j  

<D I R> 
< D I  R> 

21,751 bytes  
3 ,328 bytes  

347 bytes  
296,928 bytes  

807 bytes 
3,355 bytes  
6,081 bytes  
8,206 bytes  

11,305 bytes  

170 bytes 
2,665 bytes 
1,026 bytes 
5,342 bytes 

cDIR> 
934 bytes 
204 bytes 
283 bytes  
276 bytes  
500 bytes  

1,013 Bytes 
2,675 bytes  
2,738 bytes  

973 bytes  
4,929 bytes 
8,526 bytes 
2,080 bytes 

11,275 bytes 

90 bytes 

12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OQ am 
12:OO am 

10:19 am 
10:18 am 
12:OO am 
12:OO am 
12:OO am 

10:19 am 
10:19 am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
10:19 am 
12:OQ am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 
12:OO am 

Wed Apr 13 94 
Mon Jun 20 94 
Tue Apr 12 94 
T u e  May 3 94 
Mon Jun 20 94 
Tue May 31 94 
f u e  May 31 94 
Mon J u n  20 94 

Mon Jun 10 96 
Mon Jun 10 96 
Thu Apr 7 94 
Thu Apr 7 94 
Tue Apr 12 94 

Mon Jun 10 96 
Mon Jun 10 96 
Wed Apr 13 94 
T h u  Apr 7 94 
Phu Apr 7 94 
Mon Jun 20 94 
Thu Apr 7 94 
Mon Jun 20 94 
Mon Jun 20 94 
Wed Apr 13 94 
Mon Jun 20 94 
Mon Jun 20 94 
Man Jun 20 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
Mon Jun 10 96 
Thu Apr 7 94 
T h u  Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
Thu  Apr 7 94 
T u e  May 31 94 
Man Jun 20 94 
Thu Apr 7 94 
Thu Apr 7 94 
Mon Jun 20 94 
l h u  Apr 7 94 
l h u  Apr 7 94 
Mon Jun 20 94 

I : \ V C ~ 5 2 \ I N S I D E Z \ s A M P L E S \ E X 1 G A \ R E S  
..;DIR> 10:19 am Mon Jun 10 96 

1 .  ,r<DIR> 10:19 am Mon Jun 10 96 
exl6a. i cn 768 bytes  1 2 : O O  am 7’hu Apr 7 94 
ex26a. rcil 1,631 bytes  12:OO am Thu Apr 7 94 
t o o l  ba r .  bmp 1,558 bytes 1 2 : O O  am Wed Apr 13 94 



I : \VC152\MSVC15 

B I N  
DEBUG 
HELP 
INCLUDE 
L I B  
MFC 
MSQUERY 
NODEBUG 
OLE2 
PEN 
PHARLAP 

readme. t x t  
REDIST 
SAMPLES 
setup.exe 
s e t u p . i n f  
SOURCE 
TCPI  P 
wsetup.h lp  

PSS -SAM P 

I : \VC152\MSVC15\BIN 

appwzl i b . d l  1 
aps tud i  0 .  exe 
a t r m l l l l . f n t  
auto1 oad .mak 
bscma ke . exe 
c l .  e r r  
c13216.exe 
clxx3216.exe 
c23. e r r  
c23216.exe 
c23pcd. exe 
~ 3 3 2 1 6 .  exe 
el .def 
c l  . e r r  
e l  .exe 
c l  .msg 
c lonedbg.d l1  
contents .exe 
cv . exe 
c v . i c o  
cvpack.exe 
cvw. exe 
cvwl  ,386 
cvw4. exe 
cvwi n ,  d l  1 
d2n. b a t  

<DIR>  
<DIR> 
<DIR> 
<DIR> 
<DIR>  
<DIR> 
<DIR> 
< D I  R> 
<DIR> 
<DIR>  
<DIR> 
<DIR> 
<DIR> 
< D I  R> 

1,257 b y t e s  
<DIR> 
<D I R> 

671,744 by tes  
131,671 by tes  

<DIR> 
<DIR> 

69,439 by tes  

< D I  R> 
<DIR> 

115,904 by tes  
900,928 b y t e s  

6,446 by tes  
24 by tes  

116,224 by tes  
54,596 by tes  

333,312 by tes  
552,960 by tes  

4,563 by tes  
493,056 by tes  
332,800 by tes  
244,224 by tes  

1,717 by tes  
1,756 by tes  

91,648 by tes  
4,279 by tes  

16,384 by tes  
19,904 by tes  

490,768 by tes  
1,086 by tes  

169,472 by tes  
14,336 by tes  
5,194 by tes  

431,616 by tes  
12,304 by tes  

23 by tes  

11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
10:24 am Mon Jun 10 96 
10:27 am Mon Jun 10 96 
10:43 am Mon Jun 10 96 
10:44 am Mon Jun 10 96 
10:47 am Mon Jun 10 96 
1 1 : O O  am Mon Jun 10 96 
11:02 am Mon Jun 10 96 
11:02 am Mon Jun 10 96 
11:05 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 

11:14 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
6:lO am F r i  Jan 13 95 
2:lO pm F r i  Jan 13 95 

11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 

10:24 am 
11:19 am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : lO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm . 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 



dbwi n d l  1 
dbwi n . exe 
dder;py.exe 
defo2v. d l  1 
dfvi  ew. exe 
di sp200. d l  1 
d i s p t e s t . e x e  
dab jv- i  ew + exe 
dosxnt.386 
dosxn t -exe  
eedlcan . d l l  
eedlcxx.dl1 
eewOcan. d l  1 
eew0cxx.dll 
eewOcxxv. d l  1 
emdldl . d l  1 
emwOwO,dll 
emwOwOv.dl1 
exehdr.  exe 
fcount  . b a t  
fcountw. b a t  
f c o v e r . b n t  
fcoverw.bat  
f o n t e d i t . e x e  
fonted i  t . h l  p 
fsampl e .  bat  
f t e n g i n e . d l 7  
f t  ime. bat  
ftimew.bdt 
f t u i  .d71 
yui dgen. exe 
hc.  b a t  
hc30. exe 
hc3 1. e r r  
hc3 1. exe 
hdxdll . d i l  
heapwal k .  exe 
h o o k .  d l  7 
imp1 i b . exe 

17,408 bytes 
16,384 bytes 
23,184 bytes 
36,112 bytes 
73,792 bytes 
13,824 bytes 
868,608 bytes 
69,392 bytes 
9,343 bytes 

393,942 bytes 
97,784 bytes 
112,604 bytes 
98,112 bytes 
112,735 bytes 
112 , 768 bytes 
71,130 bytes 
75,392 bytes 
95,392 bytes 
67,072 bytes 

'179 bytes 
187 bytes 
180 Isytes 
188 bytes 

58,976 bytes 
16,124 bytes 

187 bytes 
43,520 bytes 

179 bytes 
187 bytes 

68,096 bytes 
31,680 bytes 

81 bytes 
133,835 bytes 
7,463 bytes 

174,439 bytes 
51,640 bytes 
45,184 bytes 

5,120 bytes 
70,144 bytes 

rotview.exe 1,307;476 bytes 
count I bat 179 bytes 
countw.bat 187 bytes 
cover .  b a t  180 bytes 
coverw. bat 188 bytes 
ib . exe  :l.34,144 bytes 
i nk. exe 364,544 bytes 
rpcspy.exe 

1 sanipl e .  b a t  
l t i m e - b a t  
1 timew. bat 
fila kehm. exe 
mapsym.exe 
mark e exe 
markmidi .exe 

31,744 bytes 

3 79 bytes 
187 bytes 

22,033 bytes 
33,001 bytes 
21,751 bytes 

8,243 bytes 

187 ,bytes  

2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Frl' Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep  16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:lO pm Fri Jan 13 95 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:OO pm f'ri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F'ri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:QO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:10 pm Fri Jan 13 95 
2:00 pm Fri Sep 16 94 
2:OO pm 13-i Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:lO pm Fri Jan 13 95 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 



mfcappwz.exe 
m f c c l  swz. d l  1 
mktypf i b. exe 
mmd ,386 
mpc. exe 
mrbc. exe 
mscopts . d l  1 
msol e2. bas 
msol e2. vbx 
msol evbx. d l  1 
msvc. exe 
msvchel p. d l  1 
msvcver. d l  1 
mvapi . d l  1 
n2d. b a t  
nma ke . exe 
nma k e r  . exe 
nmdlpcd. d l  1 
nmwOpcd . d l  1 
ntspawn.exe 
oem08. f on 
oeml0.fon 
01 e2 f ree .  exe 
o l  e2v i  ew ; exe 
01 e2v i  ew. h i p  
01 ed2n. b a t  
01 en2d. b a t  
01 eswtch. b a t  
p l  i s t .  exe 
prep. exe 
p r o f  i 1 e. exe 
p r o f  i 1 ew. exe 
q23. exe 
qwin.  h l  p 
r c  . exe 
r c d l l  . d l 1  
r cpp .  exe 
s brpac k . exe 
s h d l . d l 1  
shed . exe 
shed. h l p  
shw0. d l  1 
shwOv.dl1 
spy.exe 
s t r e s s . d l 1  
s t r e s s . e x e  
s t r e s s . h l p  
s t r e s s , i n i  
s t r e s s h k . d l 1  
s t r e s s l g . d l 1  
s y s i  n c l  ..dat 
temp1 d e f  . exe 
t i  browse. exe 
t l d l l o c .  d l  1 

272,128 by tes  
418,928 by tes  
54,784 b y t e s  
9,273 b y t e s  

105,472 b y t e s  
48,707 b y t e s  
105,984 by tes  
5,004 by tes  
10,560 by tes  
144,512 by tes  
775,760 b y t e s  
16,384 by tes  
3,888 b y t e s  
5,120 b y t e s  
451 b y t e s  

128,512 b y t e s  
94,747 by tes  
38,514 by tes  
41,952 by tes  
20,992 by tes  
4,752 b y t e s  
5,264 by tes  
43,232 by tes  
140,176 b y t e s  
65,406 by tes  

26 b y t e s  
26 b y t e s  

3,349 by tes  
139,776 by tes  
119,808 by tes  
87,754 b y t e s  
71,680 by tes  
208,384 by tes  
31,010 by tes  
44,099 b y t e s  
167,424 b y t e s  
99,499 b y t e s  
14,379 b y t e s  
42,536 b y t e s  
96,768 b y t e s  
85,476 by tes  
43,984 b y t e s  
43,984 b y t e s  
27,136 by tes  
50,400 by tes  
50,304 by tes  
22,185 by tes  
1,216 b y t e s  
4,549 by tes  
10,831 by tes  
1,512 by tes  
28,989 by tes  
13,120 b y t e s  
29,400 by tes  

2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:lO pm 
2:OO pm 

. 2:00 pm 
2:00 pm 
6:45 pm 
2:OO pm 
2:00 pm 
2:oo pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:00 pm 
2 : O O  pm 
2:oo prn 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2 : O O  pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
11:18 pm 
2:lO pm 
2:00 pm 
2:OO pm 

F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Sat Sep 30 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep €6 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 29 95 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 



t 1 wo1 oc * t l l l  
tlwOncl . d l  1 
t r a c e .  exe 
t r a c e r . e x e  
v b . h l p  
vgasys . fn t  
VIDEO 
vmb. 386 
wdeb386.exe 
winstub.exe 
wi Wee.  exe 
wintee32.exe 
w i  n t e e r .  exe 
wps. exe 
wx. exe 
wxsrvr.exe 
zoomi n. exe 

100 , 448 bytes 
108,640 bytes  
25,246 bytes  
34,464 bytes  

1,895,628 bytes  
5,441 bytes  

4 l I  R> 
9,273 bytes  

203,078 bytes  
610 bytes  

25,799 bytes  

20,205 bytes  
23 , 040 bytes  
13 , 077 bytes  
17,920 bytes  
6,464 bytes  

39,888 bytes  

I : \ V C 1 5 2 \MS V C 1 5 \ R I N\ V I D E:O 
<DIRr 

. .  <DI R> 
evrxvesa.  com 4,228 bytes  
htvesa.com 3,502 bytes  
msherc. com 6,947 bytes  
vesa l a lb . exe  3,095 bytes  
vesalc.exe 2,844 bytes  
vesa ld .exe  3,525 b y t e s  
vvesa. coin 9,715 bytes  

I : \VCl52\MSVC15\DEBUG 
<DIR> . 

.. <DIR> 
compobj . d l  1 247,808 bytes  
compebj . sym 4,612 bytes  
y d i  .exe 230,912 bytes  
gd i  , sym 6,004 bytes  
krnl286.exe 135,404 bytes  
krnl286, sym 4,308 bytes  
krnl386. exe 92,816 bytes  
krnl386. sym 4,340 bytes  
mfc250d.dll 1,914,140 bytes  
mfc250d. sym 4 39,444 bytes  
mfcd250d. dl 1 534 , 644 bytes  
mfcd250d. sym 10,324 bytes  
mfcn250d. dl 1 427,028 bytes  
ml'cn250d. sym 6,404 bytes  
mfca250d. d l  1 986,416 bytes  
mfco250d. syrn 59 , 060 bytes  
mmsystem.dl1 66,656 bytes  
mmsystem.sym 5,428 bytes  
01 e2 .d l l  015,424 bytes  
o 1 e?. sym 4,180 bytes  
o l e2conv+d l l  57,328 bytes  
01 e2conv. sym 7,748 bytes  

2:OO pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:lQ pm Fri Jan 13 95 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
10:24 am Man Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O Q  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

10:24 am Mon Jun 10 96 
10:24 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 

10:27 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
11:08 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:2O pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:17 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 

2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 



o l e 2 d i s p . d l l  941,368 by tes  
ole2disp.sym 48,676 by tes  
01 e2nl  s . d l  1 656 , 224 by tes  
o l  e2nl  s .  sym 4,500 by tes  
o l e 2 p r o x . d l l  90,112 by tes  
01 e2prox. sym 164 by tes  
readme. t x t  1,399 by tes  
s t o r a g e . d l 1  522,752 by tes  
storage.sym 52,708 by tes  
t y p e l  i b. d l  1 1,176 , 428 by tes  
t y p e l  i b. sym 74,148 by tes  
u s e r .  exe 280 , 896 by tes  
u s e r .  sym 11,620 by tes  

I : \VC152\MSVC15\HELP 
< D I R >  . .  < D I R >  

a p s t u d i o . h l p  361,428 by tes  
bscmake.wri 27,776 by tes  
cdsetup. h l  p 69,439 b y t e s  
c o n f i g . w r i  12,672 b y t e s  
c o n t e n t s . h l p  49,690 b y t e s  
c v . h l p  181,223 b y t e s  
cvpack. w r i  9,728 by tes  ~ 

e r r a t a - w r i  32,000 by tes  
e r r o r s . h l p  748,796 b y t e s  
h l p t a b . d l 1  1,048 b y t e s  
i m p l i b . w r i  6,144 b y t e s  
1 i b . w r i  35,840 by tes  
mc is t rwh .h lp  153,600 by tes  
m f c . h l p  2,738,544 by tes  
mfcex t  . h l  p 174,705 by tes  
y f c n o t e s . h l p  399,970 b y t e s  
mfcsamp.hlp 116,780 by tes  
moveapi . w r i  29,056 b y t e s  
mscopts. h l p  187,856 b y t e s  
mscxx.hlp 1,740,175 b y t e s  
msquery . h l  p 439,138 b y t e s  
msvc. h l  p 466,296 b y t e s  
msvchel p. i dx 129,162 b y t e s  
nmake. w r i  165,120 b y t e s  
n t h o s t . g i d  8,628 b y t e s  
n t h o s t  . h l  p 15,783 b y t e s  
odbcapi . h l  p 451,663 b y t e s  
01 e2ui  h l  p 101,756 by tes  
o1esdkv l .h lp  1,744,999 by tes  
01 esdkv2. h l  p 722,634 by tes  
penapi wh. h l  p 207,513 by tes  
p r i n t d l l  . d l l  16,384 by tes  
p r o b r p t  . w r i  4,736 by tes  
pssqh. h l  p 1,021 by tes  
psswh. h l  p 96,931 by tes  
readme. h l  p 14,593 by tes  
readme. w r i  70,528 b y t e s  

2:00 pm 
2:00 pm 
2:00 pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2 : O O  pm 
2:OO pm 

10:43 am 
11:19 am 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2 :OO pm 
2:0@ pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:lO pm 

2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:lO pm 
2:00 pm 
2:Ol pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:00 pm 
2 : O O  pm 
2:lO pm 

2:lO pm 

F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Sep 16 94 
Thu Apr 25 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 



sampl es.  h1p 70,391 bytes  
t echno te .d l1  14,080 bytes  
t echno te .  i eo 766 bytes  
t i p s .  hl p 185,537 bytes  
tips-wri 130,304 bytes  
t o o l s . h l p  15, /96 bytes  
t o o l s  .wri 24,448 bytes  
vcbks 15. hdx 1 , 578,988 bytes  
vcbks15.hlp 28,322,482 bytes  
vcbksl5. ind 15,581,184 bytes  
vcsd k l5 .  h 1 p 16,tilO,03 1 bytes  
win3lmwh.hlp 348,160 bytes  
w-in3lwh. h lp  3,386,753 bytes  

I : \VC152\MSVCl5\l"CLUDE 
*<D I R> 

. .  .<D'j'R> 
a s s e r t .  h 590 bytes  
bi0s.h 5,839 bytes  
c d e r r .  h 2,256 bytes  
cmacros.inc 113,341 bytes  
cobj  ps . h 2,553 bytes  
cogui d .  h 3,170 bytes  
col ordl  g h 1,804 bytes  
cotnmdl g . h 11,784 bytes  
cotnpe b j  . h 35,315 bytes  
c0nio.h 1,609 bytes  
cpl . h  5,810 bytes  
e type .  h 3,502 bytes  
custcnt1.h 3,808 bytes  
dde .  h 4,656 bytes  
ddeml h 15 , /26  bytes  
d i  reet . h 1,105 bytes  
d i  spa tch  (1 h 38,963 bytes  
d9gs.h 5,796 bytes  
dos. h 8,320 bytes  
d r i v i n i  t .  h 57 bytes  
d v o b j  .h 16,177 bytes  
e r r n o .  h 1 ,708 bytes  
fcn t l  . h 1 ,609 bytes  
fg raph .  f d  14,001 bytes  
fgraph .  f i  13,704 bytes  
f 1 o a t . h  7,313 bytes  
f s t r e a m . h  4,328 bytes  
g r a p h .  h 19,570 bytes 
i n i  t g u i  d., h 1,447 bytes  
i o . h  3,999 bytes  
i omani p .  h 4,182 bytes  
i0s .h  6,096 bytes  
i0stream.h 1,668 bytes  
i st ream. h 5,568 bytes  
1 i mi t s  . h 1,100 bytes  
loca l  e .  h 1,593 bytes  
1zdos.k  120 bytes  

2:OO pm Fri Sep 16 94 
2:OO gm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fr,i Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep  16 94 
2:OO.pm Fri Sep 16 94 

10:44 am 
l l : 1 9  am 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OQ pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
Man Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
F'ri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Jep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F-ri Sep 16 94 
Fri Sep  16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



1 zexpand. h 
ma 1 1 oc . h 
mapi. h 
math. h 
memory. h 
mmsystem. h 
mmsystem.inc 
moni ke r .  h 
new.h 
0 d b c i n s t . h  
odbcver.  h 
o1e.h 
ol e l c l  s. h 
o le2 .h  
o l  e2dbg. h 
01 e2ui  , h 
01 e2ver .  h 
01 eguid.  h 
01 en1 s .  h 
ol  e s t d .  h 
ostream. h 
penwi n. h 
penwoem. h 
p g c h a r t .  h 
p r i n t . h  
process.  h 
scode. h 
scrnsave. h 
search. h 
s e t  jmp , h 
share.h 
she1 l a p i .  h 
s i g n a l  . h 
sql . h 
s q 1 e x t . h .  
s t d a r g .  h 
s t d d e f .  h 
s t d i o .  h 
s t d i 0 s t r . h  

, s t d l i b . h  
%torage. h 
streamb.h 
s t r e s s .  h 
s t r i n g . h  
s t r s t r e a .  h 
SYS 
s y s i n c l  . da t  
t c h a r .  h 
t i m e .  h 
t o o l  he1 p.  h 
t o o l  he1 p. i nc 
va ra rgs .  h 
v a r i a n t .  h 
ve r .h  

3,645 bytes 
4,212 bytes 
7,263 bytes 
8,773 bytes 
1,957 bytes 
80,077 bytes 
60,312 bytes 
9,673 bytes 
1,140 bytes 
4,470 bytes 
1,004 bytes 
25,791 bytes 
6,579 bytes 
45,740 bytes 

553 bytes 
35,007 bytes 

103 by tes  
3,870 by tes  
21,841 by tes  
29,566 bytes 
4,322 bytes 
26,280 by tes  
2,713 bytes 
9,540 by tes  
10,493 by tes  
3.,912 by tes  
11,051 by tes  
6,739 by tes  
1,443 by tes  
918 by tes  
751 by tes  

2,857 by tes  
1,503 bytes 
8,546 by tes  
39,348 by tes  
1,221 by tes  
1,474 by tes  
7,816 by tes  
1,387 by tes  
7,992 by tes  
14,085 by tes  
4,480 by tes  
1,928 by tes  
5,600 bytes 
2,680 by tes  

1,470 by tes  
6,889 by tes  
2,977 by tes  
14,817 by tes  
8,768 by tes  
1,274 by tes  
9,687 by tes  
9.360 bv tes  

<DIR>  

2:OO pm 
2 : O O  pm 
2:lO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:lO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
10:44 am 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO Dm 

F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  SeD 16 94 



vmemory . h 1,526 b y t e s  
w f e x t .  h 2,914 by tes  
windows . h 152,579 by tes  
w indows. inc  65,122 by tes  
w i  ndowsx I h 63,745 by tes  
w i  nrnem32. h 837 by tes  
w i  nsock .  h 31,960 by tes  

I : \VC 1 !2\MSVCl5\ I NCLUDE\SY S 
-<DIR> 

* *  *<DI R> 
9 o c k i  ng . h 193 by tes  
s t a t .  h 2,248 by tes  
t imeb.  h 1,162 by tes  
t ypes .  k 1,103 by tes  
u t i m e . h  1,373 bytes 

I : \VCl52\MSVC15\LIB 

.. 
binm0de.ob.j 
cdll caw. 1 i l l  
c d l l  cew. 1 ill 
c l  i bc7.1 i b 
cl i b c a *  l i  b 
c 1 i b caw. 1 i 11 
c l  i bcawq. 1.i b 
c l  i b c e .  1 i b  
c 1 i b c e w . l i b  
cl i bcewq. 1 .i b 
c n o c r t d w  . 1 .i b 
c n o c r t w  a 1 i 11 
commdl y . l  i 11 
commode. o b j  
compobj. l . i b  
cp437.obj 
c r t com.  1 i b 
ddemf . l  i b 
f a s t  add. ob;j 
f-1' 1 e i  n fa .  o b j  
FONT * 

g r a p h i c s - l i b  
l d 1 1  caw. 1 i b  
1 d l  lcew. 1 i t i  
1 i bw. 1 i b 
1 l i b c 7 . l i b  
11 i bca. 1 i b  
11 i bcaw. 1 i b  
11 i bcawq. 7.i b 
11 i b c e .  l i  b 
1 1 .i bcew . 1 i I1 
1 1  i bcewq. 11'b 
1 nocr tdw.  1.i b 
1 n o c r t w .  1 i b 

.eDIR> 

..:DIR> 
127 by tes  

301,183 by tes  
323,045 by tes  
411,873 by tes  
384,879 by tes  
315,715 by tes  
469,371 by tes  
424,673 by tes  
337,577 by tes  
4439,221 by tes  
2,069 bytes 
2,581 by tes  
2,048 bytes 

116 by tes  
22,353 by tes  

221 bytes 
4,633 by tes  
3,072 bytes 

505 by tes  
119 by tes  

98,259 bytes 
308,353 bytes  
33 1,239 bytes 

80,359. bytes 
423,171 bytes 
396, J43 by tes  
321,861 b y t e s  
476,029 bytes 
435,971 by tes  
345 , 259 by tes  
497,415 by tes  
2,069 by tes  
2,581 by tes  

*<DIR> 

2:00 prn F r i  S e p  16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:10 pm F r i  Jan 13 95 

10:44 am Mon Jun 10 96 
10i44 am Mon Jun 10 96 

2 : O O  pin F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

1O:47 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO prn F r i  Sep 16 94 
2:OO prn F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:lO pm F r i  Jan 13 95 
2 : O O  pm F r i  Sep 16 94 

10:47 am Mon Jun 10 96 
2 : O O  pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94- 
2:OO prn F r i  Sep 16 94 
2:OO pm fri Sep 16 94 
2 : O O  prn T r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm fri Sep 16 94 



1 seekchk.obj 
1 zexpand. 1 i b 
1 zexpc. 1 i b 
l z e x p l  . l i b  
1 zexpm. 1 i b 
1 zexps .l i b 
mdl 1 caw. 1 i b 
m d l l  cew. 1 i b 
m l  i bc7.1 i b 
m l  i bca. 1 i b  
ml i bcaw. 1 i b 
m l  i bcawq. 1 i b 
m l  i bce. 1 i b 
m l  i bcew. 1 i b 
m l  i bcewq. 1 i b 
mmsystem. 1 i b 
mnocrtdw. 1 i b 
mnocrtw. 1 i b 
movetr .  1 i b 
novesa.obj 
o d b c . l i b  
odbci  n s t  . 1 i b 
01 dnames. 1 i b 
01 e2.1 i b 
o l e 2 d i  sp. 1 i b 
o l  e2nl s .  1 i b 
o l e c l i  . l i b  
01 esv r ,  1 i b 
p a t c h d l  1 b a t  
pcdm. 1 i b 
penwin. 1 i b 
pgchar t  . 1 i b 
scrnsave. 1 i b 
sd l l caw.  1 i b 
s d l l  cew. 1 i b 
s e t a r g v . o b j  
s h e l l  . l i b  
sl i bc7.1 i b 
s1 i bca. 1 i b 
s l  i bcaw. 1 i b 
sl i bcawq. li b 
sl i bce. 1 i b 
s l  i bcew.1 i b 
s l  i bcewq. 1 i b 
snocrtdw. 1 i b 
s n o c r t w . l i b  
s torage.  1 i b 
s t r e s s .  1 i b 
t o o l  he1 p.  1 i b 
t x t o n l y . o b j  
type1 i b. 1 i b 
v a r s t c  k. o b j  
v e r . l i b  
ve rc .  1 i b 

119 b y t e s  
2,048 b y t e s  
26,249 b y t e s  
26,249 b y t e s  
23,177 b y t e s  
22,665 b y t e s  
292,337 b y t e s  
314,711 b y t e s  
402,009 b y t e s  
376,613 b y t e s  
303,279 b y t e s  
457,447 b y t e s  
414,809 b y t e s  
326,165 b y t e s  
477,809 b y t e s  
12,800 b y t e s  
2,069 b y t e s  
2,581 b y t e s  
9,241 by tes  

94 by tes  
5,120 b y t e s  
3,072 b y t e s  
5,647 b y t e s  
42,155 b y t e s  
13,963 b y t e s  
2,048 b y t e s  
6,144 b y t e s  
2,048 b y t e s  
534 b y t e s  

21,559 b y t e s  
8,192 b y t e s  
46,707 b y t e s  
11,805 b y t e s  
285', 679 b y t e s  
307,541 b y t e s  

142 b y t e s  
2,048 b y t e s -  

391,207 b y t e s  
365,279 b y t e s  
297 , 645 b y t e s  
450,789 b y t e s  
404,519 b y t e s  
319,507 b y t e s  
470,639 b y t e s  
2,069 b y t e s  
2,581 b y t e s  
2,099 b y t e s  
2,048 b y t e s  
3,584 b y t e s  

553 b y t e s  
2,048 by tes  
170 b y t e s  

2,048 b y t e s  
11,313 b y t e s  

2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:oo pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:lO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 

2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2 : O O  pm 

2 : 00 Pill 

F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Jan 13 95 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 



v e r l  , l i b  11,825 by tes  
verm. 1 i b 11,313 bytes  
vers. 1 i b 11,313 by tes  
win87em. l i b  2,089 bytes  
wi nmem32 I 1 i b 2,048 by tes  
w i  nsock. 1 i b 4,096 bytes  

I : \ V C 1 5 2 \MS V 6 1 5 \ 1. I B \ FONT 
.=DIR> 
c D I R >  

he1 vb. for i  50,880 by tes  
modern.fon 7,584 by tes  
roman. fon  11,120 bytes  
scr ipt  . fon 10 ,'304 bytes  

P :\VCIS%\MSVC15\MFC 

. .  
c i  r c 3 .  vbx 
g r i d  , vbx 
INCLUDE 
LIB 
readrne.txt 
SAMPLES 
S RC 
v c . l i c  

c D I R >  
<DIR> 

16,832 by tes  
45,136 by tes  

*CDIR> 
.-DIR> 

8,815 by tes  
,<D I K> 
.<DI  R> 
414 bytes 

I : \ V C  152\MSVCl5\MFC\INCLUDE 

. .  
a f x .  h 
a f x . i n l  
a fxcol  1 .h  
a f x c o l l  . i n 1  
afxdb.  h 
afxdb.  i nl 
afxdb.  rc  
afxdd . h  
a f x d i s p ,  h 
a f x d l  gs h 
a-fxdl gs i n'l 
a f x d l  1 x. h 
a f x d l l  .h  
afxextTh 
a f x e x t  . i n l  
a fxhe l  p. hm 
afxmsg . k  
afxodlgs  h 
afxol  e.  h 
a fxol  e.  i ril 
a fxol  ec l  . r c  
a f x o l e s v .  rc 
afxpen .  h 
afxpen .  in1 

s<DIRr 
, C D I R p  

39,016 by tes  
13,326 by tes  
29,566 by tes  
19,027 by tes  
22,862 by tes  
4,257 by tes  

3,020 by tes  
56,819 by tes  
18,362 by tes  

4 , 707 bytes 
4,653 bytes  
9,735 by tes  
37,662 by tes  
4,791 by tes  
9,006 by tes  
23,918 by tes  

9 , 912 bytes  
55,140 bytes  

7,415 by tes  
2,279 by tes  
1,418 bytes 
3,173 by tes  
2,803 bytes 

2,885 by tes  

2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:lO pm Fri Jan 13 95 

10:47 am Mon Jun 10 96 
10:47 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 

l1:OO am Mon Jun 10 96 
11:19 am Mon Jun 10 96 

2 : O O  pm F r i  Sep 16 94 
2 : O O  pm Fri Sep 16 94 
10:48 am Mon Jun 10 96 
10:52 am Mon Jun 10 96 
2:00 pm Fri  Sep 16 94 
11:OO am Mon Jun 10 96 
11:Ol am Mon Jun 10 96 

2:OO pm Fri Sep 16 94 

10:48 am 
11:OO am 
10:05 pm 
10:OO pm 
10:01 pm 
1O:Ol pm 
10:01 pm 
10:Of pm 
1O:OJ pm 
1O:Ol pm 
1O:Ol pm 
9:56 pm 
9:56 pm 

1O:O. l  pm 
1O:Ol pm 
10:01 pm 
1O:O'i pm 
1 O : O l  pm 
1O:Ol pm 
1O:OJ pm 
10:OI pm 
1O:Ol pm 
10:01 pm 
1O:Ol pm 
1O:Ol pm 
1 O : O P  pm 

Mon Jun 10 96 
Mon Jun 10 96 
Wed Apr 26 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
T h u  Apr 20 95 
T'hu Apr 20 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 18 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 



a f x p r i  n t  . r c  
a f x p r i  v,  h 
a f x r e s  . h 
a f x r e s .  r c  
a fxsock .  h 
afxsock .  i n 1  
a f x v e r  . h 
a f x v  dT1 . h  
afxv-dos. h 
a f xwTn. h 
a f x w i  nl . i n l  
a f x w i n 2 . i n l  
he1 p .  c u r  
magni f y  . c u r  
move4way.cur 
nodrop.cur  
p s s c r o l l  . bmp 
sar rows.cur  
s p l  i t h .  c u r  
s p l i t v . c u r  
t r c  k4way. cur  
t rcknesw.cur  
t r c  kns . c u r  
t rcknwse.cur  
t r c  kwe . c u r  
w i  n res .  h 

2,592 bytes  
12,788 bytes  
25,389 bytes  
5,871 bytes  
9,244 by tes  
3,245 bytes  
6,729 bytes  
2,856 bytes  
1,874 by tes  

104,649 bytes  
36,899 bytes  
44,189 bytes  

326 bytes  
326 bytes  
530 by tes  
326 bytes  

1,412 bytes  
326 bytes  
326 bytes  
326 bytes  
530 bytes  
530 by tes  
530 by tes  
530 by tes  
530 by tes  

9,371 bytes  

* ma fxc r .  1 
mafxcrd .  
mafxcw . 1 
maf xcwd . 
m f  c250.1 
m f  c250d- 
mfcd250. 
m f  cd250d 

I :\VC152\MSVC15\MFC\LIB 
<D I R> 
<DIR> 

c a f x c r .  1 i b 138,159 bytes  
ca fxc rd :  1 i b 506,647 by tes  
cafxcw. 1 i b 964,583 bytes  
c a f x c w d . l i b  3,228,781 by tes  
l a f x c r .  1 i b 142,255 bytes  
1 a f x c r d .  1 i b 517,911 by tes  
1 afxcw. 1 i b 1,062,577 bytes  
1a fxcwd . l i b  3,392,851 by tes  
1 afxdw . 1 i b 1,012,717 bytes  
1 afxdwd . 1 i b 3,307,63 1 bytes  

b 13 1,503 bytes  
i b  493,847 bytes  

1O:Ol pm Man Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Man Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
6:Ol pm Mon Apr 24 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 
1O:Ol pm Mon Apr 10 95 

10:52 am Mon Jun 10 96 
11:OO am Mon Jun 10 96 
11:31 pm Wed Apr 26 95 
11:30 prn Wed Apr 26 95 
12:02 am Thu Apr 27 95 
12:13 am f h u  Apr 27 95 
11:29 pm Wed Apr 26 95 
11:28 pm Wed Apr 26 95 
11:04 pm Wed Apr 26 95 
10:56 pm Wed Apr 26 95 
11:46 pm Wed Apr 26 95 
11:37 pm Wed Apr 26 95 
11:27 pm Wed Apr 26 95 
11:25 pm Wed Apr  26 95 

b 1,001,137 bytes  10:50 pm Wed Apr 26 95 
i b  3,278,165 bytes  10:42 pm Wed Apr 26 95 
b 366,080 by tes  11:16 pm Wed Apr 26 95 
i b  945,152 by tes  11:09 pm Wed Apr 26 95 
i b  23,552 bytes  11:21 pm Wed Apr 26 95 
l i b  28,160 bytes  11:20 pm Wed Apr 26 95 

mfcn250. l  i b 14,336 bytes  11:22 pm Wed Apr 26 95 
mfcn250d. l ib  16,384 bytes  11:22 pm Wed Apr 26 95 
mfco250 . l i b  165,888 bytes  11:20 pm Wed Apr 26 95 
mfco250d. l ib  194,560 bytes  11:17 pm Wed Apr 26 95 
m f c o l e u i . l i b  24,064 bytes  10:33 pm Wed Apr 26 95 
s a f x c r .  1 i b 123,311 bytes  11:25 pm Wed Apr 26 95 



sa fxc rd .  l i b  481,559 bytes  11:23 pm Wed Apr 26 95 
safxcw. l ib  897,511 bytes  11:54 pm Wed Apr 26 95 
safxcwd.l ib  3,113,581 bytes  12:07 am Thu  Apr 27 95 

1 : \ V C 1 5 2 \ M S V C 1 5 \ M F C \ SAM FJ L E S 

1 .  

APSTUDIO 
AUTUCLI K 
BIN 
CALCDRIV 
CATALOG 
CHKBOOK 
CONTAIN 
CTRLBARS 
CTRLTEST 
DIBLOOK 
DLLHUSK 
DLLTRACE 
[I RAW C L I 
DY NAB I NE) 
ENROLL 
HELLO 
H EL LOAPP 
H I E R S V R  
MAKEHM 
M D I  
mksampl e bat: 
MULTIPAD 
OCLIENT 
PROPBLG 
sample .mak 
S C R I B B-cE 
SPEAKN 
s tdafx .cpp  
s t d a f x .  t i  
S U P E R PA13 
TEMP LD E F 
TRACER 
TRACKER 

6 VBCHART 
VBCIRCLE 
VIEWEX 

<DIR> 1 1 : O O  am Mon Jun 10 96 
<DIR> 1 1 : O O  am Mon Jun 10 96 
<DIR> P0:53 am Mon Jun 10 96 
cDIR> 10:53 am Mon Jun 10 96 
<DIR> 10:54 am Mon Jun 10 96 
<DI R> 10:54 am Mon Jun 10 96 
~ D I R ~  10:55 am Mon Jun 10 96 
<DIR> 10:55 am Mon Jun 10 96 
4 I R >  10:55 am Mon J u n  10 96 
.rDIR> 10:55 am Mon Jun 10 96 
<DIR> 10:55 am Mon Jun 10 96 
<DIR> 10:55 am Mon Jun 10 96 
<DIR> 10:55 am Mon Jun 10 96 
<DIR> 10:56 am Mon Jun 10 96 
<DI R> 10:56 am Mon Jun 10 96 
<DL R> 10:56 am Mon Jun 10 96 
< D I b  10:57 am Mon Jun 10 96 
<D I RB 10:57 am Mon Jun 10 96 
<DIR> 10:57 am Mon Jun 10 96 
<DIR> 10:57 am Mon Jun 10 96 
<DIR> 10:57 am Mon Jun 10 96 
<DIR> 1 0 ~ 5 7  am Mon Jun 10 96 

3,428 bytes 1O:ll pm Mon Apr 10 95 
cDIR> 10:57 am Mon Jun 10 96 
<DIRz 10:58 am Mon Jun 10 96 
cDIR2- 10:58 am Mon Jun 10 96 

3,927 bytes  1O:ll pm Mon Apr 10 95 
cDIR3 10:59 am Mon Jun 10 96 
-=DIR> b0:59 am Mon Jun 10 96 
568 bytes  1 0 ~ 1 1  pm Mon Apr 10 95 
673 bytes  1O:ll pm Mon Apr 10 95 
<DIRs 10:59 am Mon Jun 10 96 
qDIRs 10:59 am Mon Jun 10 96 
cDIR> 10:59 am Mon Jun 10 96 
<DIR> 1 1 : O O  am Mon Jun 10 96 
qDIR> 1 1 : O O  am Mon Jun 10 96 
cDIR> 11:OO am Mon Jun 10 96 
<DIR> 11:OO am Mon Jun 10 96 

I : \ V C  1 E12 \MSVC 1 5\M FC\ S AMP LES \ APSTUD f 0 
<DTK>.  10:53 am Mon Jun 10 96 

.. 4 I R:* 1 1 : O O  am Mon Jun 10 96 
commdl g . r c  11,652 bytes 1O:ll pm Mon Apr 10 95 
common+res 313,788 bytes 10:11 pm Mon Apr 10 95 
i n d i c a t e . r c  682 bytes  1O:ll pm Mon Apr 10 95 
prompts. rc 4,332 bytes  1O:l.l pm Mon Apr  10 95 

4iIR. 10:5J am Mon Jun 10 96 
I : \VClsZ\MSVC15\MFC\SAMPLES\AUTOCLIK 



.. <DI R> 11:OO am 
autodr i  v .  frm 5,446 by te s  2: lO pm 
au todr iv  .mak 76 bytes  2 : l O  pm 
STEP1 <DIR> 10:53 am 
STEP2 <DIR> 10:53 am 
STEP3 <DIR> 10:53 am 

<DIR> 10:53 am 
.. <DIR> 10:53 am 
autocdoc. cpp  2,157 bytes  2:lO pm 
autocdoc. h 1,131 bytes  2 : l O  pm 
au toc l  i k.clw 2,861 bytes  2 : lO  pm 
au toc l ik . cpp  5,367 bytes  ' 2 : l O  pm 
autocl  i k .  def 352 bytes  2: lO pm 
autocl  i k .  h 890 bytes  2 : lO pm 
autoc l  i k.mak 2,817 bytes  2:lO pm 
a u t o c l i  k . rc  10,231 bytes  2: lO pm 
autocl  i k .  reg , 1,060 bytes  2 : lO pm 
autocvw.cpp 2,344 bytes  2: lO pm 
autocvw. h 1,171 bytes  2: lO pm 
d i  a1 ogs. cpp 940 bytes  2 : lO pm 
d i  a1 ogs. h 650 bytes  2 : lO pm 
mainfrm.cpp 2,477 bytes  2:lO pm 
mainfrm. h 944 bytes  2: lO pm 
readme. t x t  4,699 bytes  2: lO pm 
RES <DIR> 10:53 am 
res0urce.h 711 bytes  2 : lO pm 
s tda fx .  cpp 204 bytes  2 : lO pm 
s t d a f x .  h 358 bytes  2: lO pm 

I : \ V C  152 \MSVC 15\MFC\SAMPLES\AUTOC L I K\STEP 1 \RES 
< D I P  10:53 am .. <DIR> 10:53 am 

autocdoc. i co 768 bytes  2: lO pm 
au toc l  i k .  i co 768 bytes  2:lO pm 
au toc l  i k .  r c2  1,553 bytes  2 : lO pm 
tool  bar bmp 1,200 bytes  2:lO pm 

<D I R> 10:53 am 
.. <DIR> 10:53 am 
autocdoc. cpp 3,130 bytes  2 : l O  pm 
autocdoc. h 1,216 bytes  2: lO pm 
au toc l ik .c lw 2,861 bytes  2: lO pm 
au toc l  i k . c p p  5,367 bytes 2:lO pm 
au toc l  i k .  def 352 bytes  2 : l O  pm 
autoc l  i k. h 890 bytes  2 : lO pm 
autocl  i k.mak 2,817 bytes  2 : lO  pm 
autocl  i k. r c  10,231 bytes  2 : lO  pm 
autoc l  i k .  reg 1,060 bytes  2 : l O  pm 
autocvw.cpp 2,344 bytes  2:lO pm 
autocvw. h 1,171 bytes  2: lO pm 
dia logs .cpp  940 bytes  2 : lO  pm 

I : \VC152\MSVC15\MFC\SAMPLES\AUTOCLIK\STEPl 

I : \VC152\MSVC15\MFC\SAMPLES\AUTOCLI K\STEP2 

Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri  Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Eri Jan 13 95 
Fri  Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri  Jan 13 95 

M o n  Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
M o n  Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
F r i  Jan 13 55 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri  Jan 13 95 
Fri J a n  13 95 
Fri Jan 13 95 



d i  a1 ogs. h 
mainfrm.cpp 
ma i n f rm . t-1 
readme. t x t  
RES 
resource. h 
s tda fx . cpp  
s t d a f x .  h 

650 bytes  
2,477 bytes 

944 bytes  
4,699 bytes  

..;DIR> 
711 bytes  
204 bytes  
358 bytes  

2 : lO  pm 
2:10 pm 
2 : l O  pm 
2 : l O  pm 

10:53 am 
2 : l O  pm 
2:10 pm 
2 : l O  pm 

I : \VCl! i2\MSVCl5\MFC\SAMPLES\AUTOCLIK\STEP2\RES 
*eD I RD 10:53 am 

. *  SCbIRr 10:53 am 
. autocdoc. i co 768 bytes  2 : l O  pm 

autocl  i k ,  i c o  768 bytes 2:  10 pm 
a u t o c l i  k . rc2 1,553 bytes  2:10 pm 
tool bar.bmy 1,200 bytes  2:lO pm 

I : \VC152\MSVCl5\MFC\SAMPLES\AUTOCLIK\STEP3 . 
~ D I R ~  10:53 am 

. .  c D I R >  10:53 am 
autocdoc,cpp 3,691 bytes  2:10 pm 
aut0cdoc.h 1,301 bytes  2 : l O  pm 
au toc l ik . c lw  2,977 bytes  2 : l O  pm 
au toc l  i k .  cpp 5,367 bytes  2:lO pm 
au toc l  i k .) def 352 bytes  2 : lO pm 
au tac l  i k .  h 890 bytes  2:lO pm 
au tac l  i k,mak 2,966 bytes  2:lO pm 
au toc l  i k ,  rc  10,226 bytes 2:lO pm 
au toc l  i k .  reg 1,060 bvtes  2:lO pm 
au tocpnt -cpp  1,540 biytes 2:10 pm 
aul0cpnt .h  814 bytes 2:lO pm 
autocvw.cpp 2,344 bytes  2:10 pm 
autocvw. t i  1,171 bytes 2:10 pm 
d i  a1 ogs.  cpp 940 bytes  2: 10 pm 
d i  a1 o g s .  h 650 bytes 2 : l O  pm 
ma i n f mi. cpp  2,477 bytes  2 : l O  pm 
mainfrn1.h 944 bytes 2:10 pm 
readme. t x t  4,699 bytes  2 : l O  pm 
R E S  <DPR> 10:53 am 
resource  ..h .711 bytes  2 : l O  pm 
s tdafx .cpp  204 bytes  2:18 pm 
s t d a f x .  h 358 bytes 2:lO pm 

.rDIRr 10:53 am 
0 .  <DIR> 10:53 am 
autocdoc. i co 768 bytes  2:lO pm 
au tec l  .i k .  i co 768 bytes  2:10 pm 
autocl  i k. rc2 1,553 bytes  2:lO pm 
tool  ba r .  bmp 1,200 bytes  2:lO pm 

I : \ V C  1 SZ\MSVC 15\M FC\ SAMPLES\AUTOCLI K\STEP3 \RES 

I : \ V C 15 2 \ MS V C 1 5 \ M FC \ SAM I) L ES \ B I N 
cD1 Rz 10:54 am 

I .  <DIR> 11:OO am 

Fri Jan 13 95 
Fri Jan 13 95 
F r i  Jan 13 95 
Fri. Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Pri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Man Jun 10 96 
Fri  Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri  Jan 13 95 
Mon Jun 10 96 
Fri  Jan 13 95 
Fri  Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri  Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 



autocl i k.exe 139,040 bytes 
calcdriv.exe 75,856 bytes 
catalog.exe 124,400 bytes 
chkbook-exe 127,856 bytes 
contain. exe 181,152 bytes 
c t r l  bars .exe 70,976 bytes 
c t r l  t e s t  .exe 86,688 bytes 
diblook.exe 115,072 bytes 
dl 1 h u s k  . exe 12,240 bytes 
drawcl i . exe 203,488 bytes 
dynabind.exe 158,160 bytes 
enroll .exe 156,768 bytes 
he1 lo .  exe * 38,608 bytes 
hellol .exe 1,309,188 bytes 
he1 1 oapp. exe 34,425 bytes 
hiersvr.exe 207,696 bytes 
h i  e r sv r .  hl p 38,628 bytes 
mdi .exe 57 , 968 bytes 
multipad,exe 95,056 bytes 
muscroll .d l l  11,776 bytes 
ocl i ent . exe 197 , 088 bytes 
ocl i e n t .  hlp 39,533 bytes 
propdlg.exe 129,408 bytes 
s c r i  bble.exe 215,152 bytes 
scri bbl e .  hl p 38,493 bytes 
spea k n  . exe- 226,448 bytes 
superpad.exe 233,312 bytes 
t e s t d l l l . d l 1  11,776 bytes 
t e s t d l l 2 . d l l  9,216 bytes 
t r a c e r .  dl 1 1,345,844 bytes 
tracer.exe 34,464 bytes 
tracker.exe 116,224 bytes 
vbchart . exe 157,536 bytes 

-vbci rc l  e.  exe 87,3 12 bytes 
v i  ewex . exe 111,232 bytes 

I : \VC 152 \MSVC 15\MFC\SAMPLES\CALCORI V 
COIR> 

* .  C D I  R> 
cal cdri v. cl w 1,108 bytes 
calcdriv.cpp '5,420 bytes 
cal cdri v . def 783 bytes 
cal cdriv.  h 2,248 bytes 
cal cdri v .mak 2,403 bytes 
cal cdri v .  re  3,072 bytes 
calctype.cpp 2,399 bytes 
cal ctype. h 962 bytes 
ma kef i 1 e 517 bytes 
RES <DIR> 
resource. h 842 bytes 
stdafx.cpp 644 bytes 
stdafx.  h 798 bytes 

2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
9:46 pm Wed Mar 1 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan  13 95 
2 : l O  pm Fri Jan 13 95 
2:lO pm Fri Jan  13 95 
2:lO pm Fri Jan 13 95 
9:47 pm Wed Mar 1 95 
9:49 pm Wed Mar 1 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri J a n  13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 

10:54 am Mon Jun 10 96 
11:OO am Mon Jun 10 96 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon A p r  10 95 
1O:ll pm Mon Apr 10 95 
10:54 am Mon Jun 10 96 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 

I : \VCl52\MSVCl5\MFC\SAMPLES\CALCDRIV\RES 



- W R >  10:54 am 
a .  <DI R>i 10:54 am 
cal cdri v .  i co 766 bytes  1O:ll pm 
cal cdri v. rc2 1,553 bktes 1O:ll pm 

I : \ V C  I52\MSVCl S\MFC\SAMPLES\CATA,LOG 
<DIR> 

I .  <DIR> 
ca ta ldoc .cpp  1,951 bytes 
c a t a l  doc.  h 1,336 bytes  
c a t a l  og .  c l  w 2,443 bytes  
c a t a l  og . cpp 3,706 bytes  
c a t a l  og . def . 780 bytes  
ca t a log .  h 1,266 bytes  
c a t a l  og .mak 2,916 bytes  
c a t a l o g . r c  7,784 bytes  
c a t a l  vw. cpp 3,903 bytes  
c a t a l  vw.  h 1,825 bytes  
col umnst . cpp 3,966 bytes  
col umnst. h 1,595 bytes  
mainfrm.cpp 2,946 bytes  
mainfrm.h 1,420 bytes  
ma kefi  1 e 565 IaLytes 
RES cDIR3 
resource .  h 799 bytes  
s t d a f x .  cpp 644 bytes  
s t d a f x .  h 792 bytes  
t a b l  e s e t  . cpp 3,568 bytes  
t a b l  eset  . h 1,416 bytes  

10:55 am 
1 1 : O O  am 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1 0 : l l  pm 
l 0 : I l  pm 
1O:il pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll gm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:55 am 
10:11 pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 

I : \VCl52\MSVCl5\MFC\SAMPLES\CATAlLOG\RES 
<DIRs 10:55 am 

. .  <DIR> 10:55 am 
ca ta log  . r'co 766 bytes 1O:ll pm 
ca t a log  . rc2 1,548 bktes 10:11 pm 
toolbar.bmp 1,328 bytes  1O:ll pm 

I : \VCI52\MSVCl5\MFC\SAMPLES\CHKBOOK 
<DIR> . - .  <DIR=. 

bookvw.cpp 4,066 bytes  
bookvw. h 1,895 bytes 
chec kdoc. cpp 7,786 bytes  
chec kdoc. h 2,854 bytes  
checkvw.cpp 5,089 bytes  
cjreckvw. i.1 1,965 bytes 
ch kb k f  rm. cpp 938 bytes  
ch kb k f rm . h 1,263 bytes  
ch kbook. c l  w 3,337 bytes  
chkbook.cpp 7 ,?45  bytes  
chkbook.def 694 bytes  
chkho0k.h 1,398 bytes  
ch kboo k .  ma k 3,270 bytes 
chkbook.rc 11,814 bytes 

10:55 am 
11:OO am 
1O:ll pm 
1O:ll pm I 

1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10311 pm 
1O:ll pm 
1O:ll pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Jun 10 96 

Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Apr 10 95 

Mon Jun 16 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr-10 95 ' 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apt- 10 95 



d o l  1 cent .  cpp 
d o l  1 c e n t .  h 
f x recdoc .  cpp 
f x recdoc .  h 
mainfrm.cpp 
mainfrm. h 
ma k e f  i 1 e 
RES 
resource.  h 
rowv i  ew. cpp 
rowv i  ew. h 
s t d a f x .  cpp 
s t d a f x .  h 

5,955 b y t e s  
935 b y t e s  

6,040 b y t e s  
2,859 b y t e s  
3,684 b y t e s  
1,435 by tes  
584 by tes  
<DIR> 

1,473 b y t e s  
10,5 14 b y t e s  
2,971 b y t e s  
643 b y t e s  
693 b y t e s  

1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
10:55 am Mon Jun 10 96 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon Apr 10 95 
1O:ll pm Mon. Apr 10 95 

I : \ V C  152\MSVC15\MFC\SAMPLES\CHKBOOK\RES 
<DIR> 10:55 am Mon Jun 10 96 

e .  <DIR> 10:55 am Mon Jun 10 96 
checkvw.ico 766 b y t e s  1O:ll pm Mon Apr 10 95 
ch kbook. i co 766 b y t e s  1O:ll pm Mon Apr 10 95 
doc. i co 766 by tes  1O:ll pm Mon Apr 10 95 
toolbar.bmp 958 b y t e s  1O:ll pm Mon Apr 10 95 

<DIR> 10:55 am Mon Jun 10 96 
. I  <DIR> 11:OO am Mon Jun 10 96 
STEP1 . <DI R> 10:55 am Mon Jun 10 96 
STEP2 <DIR> 10:55 am Mon Jun 10 96 

I : \VCl52\MSVC15\MFC\SAMPLES\CONTAIN 

I : \VC152\MSVCl5\MFC\SAMPLES\CONTAIN\STEPl 
<DIR> 10:55 am Mon Jun 10 96 

.. I <DIR> 10:55 am Mon Jun 10 96 
cn t r i t em.cpp  3,216 b y t e s  2:lO pm - F r i  Jan 13 95 
c n t r i  tem. h 1,268 b y t e s  2:lO pm F r i  Jan 13 95 
c o n t a i n . c l w  3,354 by tes  2:lO pm F r i  Jan 13 95 
conta in ,cpp 4,147 b y t e s  2:lO pm F r i  Jan 13 95 
c o n t a i  n. d e f  349 b y t e s  2:lO pm F r i  Jan 13 95 
c o n t a i n .  h 826 b y t e s  2:lO pm F r i  Jan 13 95 
c o n t a i n  .mak 2,796 b y t e s  2:lO prn F r i  Jan 13 95 
c o n t a i n a r c  11,964 b y t e s  2:lO pm F r i  Jan 13 95 
c o n t a i n . r e g  714 by tes  2:lO pm F r i  Jan 13 95 
con t rdoc  cpp 2,584 b y t e s  2:lO pm F r i  Jan 13 95 
contrdoc.  h 952 b y t e s  2:lO pm F r i  Jan 13 95 
contrvw+cpp 8,650 b y t e s  2:lO pm F r i  Jan 13 95 
con t  rvw . h 2,327 by tes  2:lO pm Fri Jan 13 95 
mainfrm.cpp 2,478 b y t e s  2:lO pm F r i  Jan 13 95 
mainfrm.h 946 by tes  2:lO pm Fri Jan 13 95 
readme. tx t  5,053 by tes  2:lO pm F r i  Jan 13 95 
RES <D I R> 10:55 am Mon Jun 10 96 
res0urce.h 552 by tes  2:lO pm F r i  Jan 13 95 
s tda fx . cpp  204 b y t e s  2:lO pm F r i  Jan 13 95 
s t d a f x  . h 402 b y t e s  2:lO pm F r i  Jan 13 95 

I : \VC152\MSVC15\MFC\SAMPLES\CONTAIN\STEPl\RES 
<D I R> 10:55 am Mon Jun 10 96 



* .  q D I R > l  10:55 am 
con t a i n . .i co 768 bytes  2:lO pm 
con ta in . r c2  1,!;48 bytes  2:lO pm 
cont rdoc .  i co 768 bytes  2 : l O  pm 
t o o l  ba r .  bmp 1,200 bytes  2:lO pm 

.:D I R 4  10:55 am 
. .  *<D 1 R> 10:55 am 
c n t r i  tem. cpp 3,864 bjtes 2:10 pm 
cntri tern. h 1 ,341 bytes  2:.10 pm 
conta in .c lw 3,354 b j tes  2:lO pm 
con ta in .  cpp 4,147 bytes  2:lO pm 
con ta in .  d e f  1149 bjtes 2:lO pm 
con ta in .  h 826 bytes 2: lO pm 
contain.mak 2,796 bytes  2:10 pm 
coti tai  n .  rc 11,964 bytes 2:lO pm 
c o n t a i n . r e g  714 bytes  2:lO pm 
cont rdoc  cpp 2,584 bytes  2:lO pm 
con t rdoc e h 1,014 bites  2:lO pm 
contrvw.cpp 10,436 bytes  2:lO pm 
contrvw. h 2,506 bytes 2 :10  pm 
mai n frm. cpp 2,478 bytes 2:lO pm 
rna i n frm . ti 946 bytes  2 :  10 pm 
readrne. t x t  5,053 bytes  2 : lO  pm 
RES , 4 I R >  10:55 am 

s t d a f x .  cpp 204 bytes  2:lO pm 
s t d a f x .  h 402 bjtes  2:lO pm 

<UIR> 10:55 am 
s .  <DI R> 10:55 am 
c o n t a i n . i c o  768 bytes  2:lO pm 
con ta in . r c2  1,548 biter; 2:lO pm 
cant rdoc . .i CQ 768 bylt-e:; 2:lO pm 
tool  b a r .  bmp 1,200 bytes  2:lO pm 

I : \ V C t 5 2 \M S V C 1 5 \ M FC \ SAM P L E S \ C 0 NT A .E N \ S T E P2 

resource .h  552 b?te!j 2:IO ptR 

I : \VC152\MSVCl5\MFC\SAMPLES\CONTAIN\STEP2\RES 

I : \ V C l 5 2 \ M S V C l 5 \ M I T \ S A M P L E S \ C T R L E ~ R S  

. *  <DIR> ' 
c t r l  ba r s .  c l  w 1,727 bytes  
c t r l  ba r s .  cpp 3,167 bytes  
ctrl bars. d e f  762 bytes  
c . t r l  ba r s .  h 1,178 by/tes 
c t r l  bars.inak 2 ,370  bytes 
c t r l  ba r s .  Y'C 8,433 by$es 
rriai nfrm. cpp l3,130 bytes  
rriai n t r m . h  2 ,768 bytes  
ma k e f  i 1 e. 561 bytes  
p a l e t t e , c p p  6,657 bytes  
pal e t  t e  . h 1,896 bytes  
RES <:DIR> 
res0urce.h 1,899 bytes  

<DIR> 10:55 am 
11:OO am 
1O:ll pm 
1O:ll pm 
1 0 : l l  pm 
1O:ll pm 
10:11 prn 
10:11 pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:55 am 
1O:ll pm 

Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon d u n  10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Man Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Man Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr  10 95 
Mon Apr 10 95 
Man Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 (35 
Mon Apr 10 95 
Mon Juri 10 96 
Mon Apr 10 95 



s tda fx . cpp  639 by tes  1O:ll pm 
s t d a f x .  h 719 by tes  1O:ll pm 

<DIR> 10:55 am .. <DIR> 10:55 am 
c t r l  bars .  i co 766 by tes  1O:ll pm 
p a l e t t e .  bmp 1,558 by tes  10: 11 pm 
s t y 1  es . bmp 838 by tes  1O:ll pm 
t o o l  ba r .  bmp 1,438 by tes  1O:ll pm 

I : \VC152\MSV&15\MFC\SAMPLES\CTRLBARS\RES 

I : \VC 152\MSVC15\MFC\sAMPLES\CTRLTEST 

i i u t t o n .  cpp 
c t r l  t e s t .  c l  w 
c t r l  t e s t  .cpp 
c t r l t e s t  .de f  
c t r l  t e s t .  h 
c t r l  t e s t  .mak 
c t r l  t e s t .  r c  
c u s t l  i s t  .cpp 
custmenu.cpp 
derpen. cpp 
d e r t e s t  .cpp 
d l  gpen . cpp 
fea tpen.  cpp 
makef i  l e  
m u s c r o l l .  d l  1 
muscro l1 .h  
p a r e d i  t . cpp 
p a r e d i  t . h 
pa red i t2 . cpp  
RES 
res0urce .h  
s p i n  . cpp 
s p i n . h  
s p i n t e s t . c p p  
s tda fx . cpp  
s t d a f x .  h 
s u b t e s t .  cpp 
w c i s t e s t  cpp 

<DIR> 
<DIR> 

5,581 b y t e s  
5,108 by tes  
3,375 by tes  
595 by tes  

2,355 by tes  
3,896 by tes  
8,344 by tes  
4,890 by tes  
4,866 by tes  
4,742 by tes  
4,697 by tes  
2,888 by tes  
5,087 by tes  
659 b y t e s  

11,776 b y t e s  
2,185 b y t e s  
3,873 b y t e s  
2,088 b y t e s  
4,354 by tes  

' <DIR> 
1,489 by tes  
883 by tes  

2,049 by tes  
3,030 by tes  
495 b y t e s  
483 by tes  

2,152 by tes  
2,863 by tes  

10:55 am 
11:OO am 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:lf pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pin 
1O:ll pin 
1O:ll pm 
10:55 am 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:fl pm 
10:11 pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 

Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon. Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

I : \ V C  152\MSVC15\MFC\SAMPLES\CTRLTEST\RES 
<DIR> 10:55 am Mon Jun 10 96 

. .  4 I R >  10:55 am Mon Jun 10 96 
cancel  d. bmp 1,366 by tes  1O:ll pm Mon Apr 10 95 

' cancel  f. brnp 1,366 by tes  1O:ll pm Mon Apr 10 95 
cancel  u. bmp 1,366 by tes  1O:ll pm Mon Apr 10 95 
c t r l  t e s t .  i c o  766 by tes  1O:ll pm Mon Apr 10 95 
c t r l  t e s t .  rc2 4,353 by tes  1O:ll pm Mon Apr 10 95 
imageld.bmp 1,398 by tes  1O:ll pm Mon Apr 10 95 
imagelf. bmp 1,398 by tes  1O:ll pm Mon Apr 10 95 
imagelu.bmp 1,398 by tes  1O:ll pm Mon Apr 10 95 

I '  



imaye2d.bmp 
image2f.  bmp 
i mage2u. limp 
nex td .  bmp 
n e x t f .  bmp 
nex tu .  bmp 
n e x t x .  bmp 
okd.bmp 
o k f .  bmp 
o k u  . bmp 
o t  heri ds . h 
prevd .  bmp 
p r c v f .  bmp 
prevu .  bmp 
p revx .  bmp 

2,038 bytes 
2,038 by tes  
2,038 bytes 

678 bytes 
678 by tes  
678 bytes 
678 bytes 

1,366 by tes  
1,366 frytes 
1,366 by tes  

579 bytes  
678 by tes  
678 by tes  
678 bytes 
678 by tes  

I : \VCl52\MSVC15\MFC\SAMPL€S\DIBLOOK 
<:DIR> 

.. <:rI I R4 
d i  bap i  . cpp 14,390 by tes  
d i  b a p i .  h 1,671 by tes  
d i  bdoc * cpp 4,848 by tes  
d i  bdoc. h 1,481 b y t e s  
d i b l  ook.clw 2,326 bytes 
di bl ook. cpp 4,180 by tes  
d i  bl  ook. def 775  by tes  
d i  bl ook. h 1,161 by tes  
diblook.mak 2,749 bytes 
d i  b l  B o k .  Y’C 9,172 by tes  
d i  hv i  ew, epp 6,048 bytes 
di bv i ew ti 1,572 bytes 

mainfrrn. h 1,189 bytes; 
ma k e f i  1 e ’ 5/12 by tes  
myfi 7 e. cpp 5,842 b y t e s  
RES .DIR> 
resource.  ti  526 bytes 
s t d a f x .  cpp 643 bytes 
stdal’x. h 672 by tes  

mainfrm.cpp 3,364 by tes  

10:11 pm 
1O:ll pm 
10:11 pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:11 pm 
1O:ll pm 
1O:l.l pm 
10:11 pm 
10:11 pm 

l0:55 am 
11:OO am 
10:11 pm 
1o:ii pm 
1O:ll pm 
10:11 pm 
10:11 pm 

1O:ll pm 
1O:ll pm 
1 O : P l  pm 
10: 11 pin 
10:11 pm 
1O:ll pm 
1 O : l P  pm 
1 0 ~ 1 1  pm 
1O:ll pm 
1O:ll pm 
10:55 am 
1O:ll pm 
1O:ll pm 
1O:ll pm 

1O:ll pm 

I : \ V C  15% \MSVC 1 S\MFC\SAMPLES\D fBLOOK\RES 
+ <VIR> 10:55 am 

.. <13IR> 10:55 am 
d i  bdac. i co 766 bytes 10:11 pm 
tl i b 1 00 k . i co 766 by tes  1O:ll pm 
i, U 0 1 b d I” . blrlp 1,2110 by tes  10:11 pin 

1 : \VCl52\MSVC15\MFC\SAMBLEf\DLLHUSK . -43IRz 10:55 am 
411 R> 1 1 : O O  am 

i j  i 1 h u 5 k c I w 1,G04 bytes 1 0 : l l  pm 
r i1lhusk.cpp 6,853 by tes  10:11 pm 
(1 1 1 h u s  k . d e f  775 by tes  1O:ll pm 
d l  7 husk. h 1,426 by tes  10:11 pm 

Mon Apr 10 95 
Mon Apr 10 95 
Mon Agr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apt- 18 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 1Q 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Jun 10 96 
Mon Apr 10 !35 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
,Mon Apr 10 95 
Mon A p r  L O  ‘35 

Mon Jun 10 96 
Man Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 



dl 1 husk. r c  
mainfrm.cpp 
mainfrm. h 
ma k e f i  1 e 
RES 
resource.  h 
s tda fx .cpp 
s t d a f x .  h 
t e s t d l  11. c l  w 
t e s t d l  11. cpp 
t e s t d 1 l l . d e f  
t e s t d l  11. h 
t e s t d l  11. rc 
t e s t d l l 2 . c l w  
t e s t d l  12. cpp 
t e s t d l  12. d e f  
t e s t d l  12. h 
t e s t d l l 2 . r c  
t e s t r e s l .  h 
t e s t r e s i l .  h 

4,409 by tes  
3,177 by tes  
1,405 by tes  
2,308 by tes  

<DIR> 
802 by tes  
643 by tes  
734 by tes  

1,850 by tes  
4,930 by tes  
940 by tes  

1,856 by tes  
4,895 by tes  
659 by tes  

5,950 by tes  
1,443 by tes  
2,222 by tes  
2,278 by tes  
686 by tes  
490 by tes  

1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:55 am 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 

I : \VCl52\MSVC15\MFC\SAMPLES\DLLHUSK\RES 
<DIR> 10:55 am 
<DIR> 10:55 am 

;li 1 husk. i co 766 by tes  1O:ll pm 
h e l l o . i c o  766 by tes  1O:ll pm 
1 i s t o u t .  i c o  766 by tes  1O:ll pm 
t e x t t y p e . i c o  766 by tes  1O:ll pm 
t o o l  bar .  bmp 1,200 by tes  1O:ll pm 
v b c i  r c l  e, i co 766 by tes  1O:ll pm 

I : \ V C  152\MSVC15\MFC\SAMPLES\DLLTRACE 
<DIR> 
<D I R r  Ll lo1 . c l w  844 b y t e s  

he1 l o1  cpp 3,263 by tes  
he1 101, d e f  722 by tes  
he1 101. i co 766 by tes  
he1 101 .mak 1,961 by tes  
he1 101. r c  2,261 by tes  

9 m a k e f i l e  1,955 b y t e s  
resource.  h 406 by tes  
t r a c e a p i  . h 894 by tes  
t r a c e r  e l  w 767 by tes  
t r a c e r ,  cpp 4,194 by tes  
t r a c e r .  d e f  809 by tes  
t r a c e r  .mak 2,018 by tes  
t r a c e r .  rc 2,070 by tes  
t r a c e r e s . h  586 by tes  

10:56 am 
11:OO am 
10:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 

I : \ V C 1 5 2 \MS V C 1 5\ M FC \ SAMPLES \ DRAW C L I 
<DIR> 10:56 am .. cDIR> 11:OO am 

c n t r i  tem. cpp 4,305 by tes  1O:ll pm 

Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 



9 : \vc 

c n t r i  ternA h 
drawcl i . cl w 
drawcl i . cpg 
drawcl i .del’ 
drawcl i . h  
drawcl i .mak 
drawcl i . rc 
drawdoc. cpp  
drawdoc. h 
drawobj . cpp 
drawobj .[I 
drawtool . cpp 
drawtool.  h 
drawvw . cpp 
drawvw . h 
mainfrm.cpp 
mainfrm. h 
ma k e f  i 1 e 
rectd1g.cpp 
r e c t d l  g.  h 
RES 
r e source .  h 
spl i tfrm.cpp 
sp’l i t f rm.  h 
s t d a f x .  cpp 
s t d a f x .  h 

1,726 bytes  
4,915 bytes  
4,659 bytes  

1 ,262  bytes 
3,354 bytes 

16,979 bytes 
5,:162 bytes 
1,1318 bytes 

22 ,(I81 bytes 
4,!;89 bytes  

10,850 bytes 
2,850 bytes 

27  , 050 bytes  
4,1396 bytes 
3 ,044 bytes  
1,306 bytes  

599 bytes 
1,459 bytes 
1,178 bytes  

1 683 bytes 
1 , 4 2 1  bytes 
I 9 302 bytes 
644 bytes 
850 bytes 

780 bytes  

*t’D I R> 

1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
1O:ll pm 
10:11 pm 
1O:ll pm 
10:11 pm 
1O:ll pm 
1O:ll pm 
10:11 pm 
1O:lI pm 
1O:ll pm 
10:1I pm 
10:11 pm 
10:11 pm 
10:56 am 
10:11 pm 
10:11 pm 
10:11 pm 
10:11 pm 
10:11 pm 

Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Men Apr  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10.95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

\ M s v c I 5 \ M FC \ SAM P LE s \ D RAW c L I \ RES 
*:DIR> 10:56 am Man Jun 10 96 

.. 4 I R >  10:56 am Mon Jun 10 96 
drawcl i . ’i c o  766 bytes  1O:ll pm Mon Apr 10 95 
drawcl i . rc2. 1,548 bytes  10:11 pm Mdn Apr 10 95 
drawdoc. .i co 768 bytes  10:11 pm Mon Apr 10 95 
penci 1 . cur 326 bytes  10:11 pm Mon Apr 10 95 
too l  ba r .  bmp 2,158 bytes  10: :11 pm Mon Apr 10 95 

I : \ V C 1 , 5 2 \ M S V C 1 5 \ M F C \ s A M ~ L ~ S \ ~ Y N A B I N D  
<DIR> 
<DIR> 

a i d t i  el d . cpp 2,518 bytes  
, addfie1d.h 1,108 bytes  

col  umnst . cpp  3,966 bytes  
co f  umns t  . h 1,595 bytes  
c o u r s s e t , c p p  084 bytes  
c o u r s s e t . h  655 bytes 
dynabind,clw 3,208 b y t e s  
dynabi n d ,  d e f  361 bytes  
dynabind.mak 3,154 bytes  
dynabi  nd. rc 9,559 bytes 
enrol  doc. cpp  1 492 bytes  
enrol  doc I h 923 bytes  
enrol  1 . c p p  3 ,348 bytes 
enrol 1 . h  819 bytes 
mai nfrm. cpp  2 , 442 bytes 

10:56 am Mon Jun 10 96 
11:OQ am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
1Q:I.Z pm Mon Apr 10 95 
1 O : l Z  pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr  10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
1 0 : H  pm Mon Apr 10 95 
1 0 : U  pm Mon Apr 10 95 
10:12 pm Man Apr 10 95 
10:12 pm Mon Apr 10 95 



mainfrm.h 
ma kef i 1 e 
RES 
res0urce.h 
sectform.cpp 
sectf0rm.h 
sectset.cpp 
sectset. h 
stdafx.cpp 
stdafx. h 

841 bytes 
590 bytes 
<D I R> 

1,167 bytes 
8,232 bytes 
1,965 bytes 
2,143 bytes 
1,031 bytes 
204 bytes 
352 bytes 

10:12 pm 
10:12 pm 
10:56 am 
10:12 pm . 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 

Mon Apr 10 95 
Man Apr 10 95 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\DYNABIND\RES 
<DIR> 10:56 am Mon Jun 10 96 

.. <DIR> . 10:56 am Mon Jun 10 96 
enrol 1 . i co 766 bytes 10:12 pm Mon Apr 10 95 
enrol 1 . rc2 1,543 bytes 10:12 pm Mon Apr 10 95 
i dr main. bmp 1,678 bytes 10: 12 pm Mon Apr 10 95 
tooTbar. bmp 1,678 bytes 10:12 pm Mon Apr 10 95 

4 I R> 10:57 am Mon Jun 10 96 
<DIR> 11:OO am Mon Jun 10 96 

;idreg .mdb 131,072 bytes 2:lO pm Fri Jan 13 95 
STEP1 <DIR> . 10:56 am Man Jun 10 96 
STEP2 <DIR> 10:56 am Mon Jun 10 96 
STEP3 <DIR> 10:57 am Mon Jun 10 96 
STEP4 <DIR> 10:57 am Mon Jun 10 96 

I : \VC152\MSVC15\MFC\SAMPtES\ENROLL 

I : \ V C  152\MSVC15\MFC\SAMPLES\ENROLL\STEPl 
<D I Rr 10:56 am 

.. <DIR:, 10:57 am 
enrol doc. cpp 1,469 bytes 2:lO pm 
enrol doc. h 896 bytes 2:lO pm 
enroll .clw 2,837 bytes 2:lO pm 
enrol 1 . cpp 3,325 bytes 2:lO pm 
enrol 1 .def 346 bytes 2:lO pm 
enrol 1 . h 819 bytes 2:lO pm 
enrol 1 .mak 2,694 bytes 2:lO pm 
enrol 1 . rc 8,978 bytes 2:lO pm 

. mainfrm.cpp 2,507 bytes 2:lO pm 
mai n f rm . h 982 bytes 2:lO pm 
readme. txt 4,188 bytes 2:lO pm 
RES <DIR> 10:56 am 
res0urce.h 843 bytes 2:lO pm 
sectform.cpp 3,088 bytes 2:lO pm 
sectform.  h 1,544 bytes 2:lO pm 
sectset.cpp 1,122 bytes 2:lO pm 
sectset . h  718 bytes 2:lO pm 
stdafx.cpp 204 bytes 2:lO pm 
stdafx. h 352 bytes 2:lO .pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
F r i  Jan 13 95 
Fri Jan 13 95 

I : \ V C  152\MSVCl5\MFC\SAMPLES\ENROLL\STEPl\RES 
<DIR> 10:56 am Mon Jun 10 96 

1 .  <DIR> 10:56 am Mon Jun 10 96 



enrol  1 . i co 768 bytes  2:lO pm Fri Jan 13 95 
enrol  1 . rc2 1,543 bytes  2:lO pm Fri Jan 13 95 
t o o l  ba r  e bmp 1,678 bytes  2:10 pm Fri  Jan 13 95 

xDIR2 10:56 am Mon Jun 10 96 
. I  cDIR=. 10:57 am Mon Jun 10 96 
coursset: .  c p p  984 bytes  2:lO pm Fri Jan 13 95 
c o u r s s e t . h  655 bytes  2:lO pm Fri Jan 13 95 
enrol  doc. cpp 1,492 bytes  2:lO pm Fri Jan 13 95 
enrol  doc. h 923 bytes  2 : l O  pm Fri Jan 13 95 
enrol  1 . c:l w 3,078 by tes  2:lO pm Fri Jan 13 95 
enrol  1 .  cpp 3,348 bytes  2:lO pm Fri Jan 13 95 

. enrol  1 , def 346 bytes 2:lO pm Fri  Jan 13 95 
enro l  1 h 819 bytes  2:lO pm Fri Jan 13 95 
enrol  1 *mak 2,843 bytes  2:lO pm Fri Jan 13 95 
enrol 1 .rc 9,029 bytes 2:10 pm Fri Jan 13 95 
mai nf rm. cpp 2,507 bytes  2:lO pm Fri Jan 13 95 
Ria i n f rm . h 982 bytes  2:lO pm Fri Jan 13 95 
readme. t x t  4,'188 bytes  2:lO pm Fri Jan 13 95 
RES <DIR> 10:56 am Mon Jun 10 96 
resource .h  842 bytes 2:lO pm Fri Jan 13 95 
seclform.cpp 4,123 bytes  2:lO pm Fri Jan 13 95 
s e c t  f o rm. ti 1 , 4 7 2  bytes 2:lO pm Fri Jan 13 95 
s e c t s e t .  cpp 1,264 bytes  2:lO pm Fri Jan 13 95 
sectset .  h 748 bytes  2:lO pm Fri  Jan 13 95 
s tda fx . cpp  204 bytes  2:lO pm Fri Jan 13 95 
s t d a f x ,  h 352 bytes  2:lO pm Fri Jan 13 95 

*cDIR> 10:56 am Mon Jun 10 96 
.. <DLR> 10:56 am Mon Jun 10 96 
enrol  1 , i c o  168 bytes  2:lO pm F r i  Jan 13 95 
enrol 1 . rc2 1,543 bytes  2:lO pm Fri Jan 13 95 
tool  ba r .  bmp 1,678 bytes  2:lO pm Fri Jan 13 95 

.cD I R> 10:57 am Mon Jun 10 96 
. I  * < D l  R> 10:57 am Mon Jun 10 96 
coursset.cpp 984 bytes 2:IO pm Fri  Jan 13 95 
cour s se t  h 655 bytes 2:lO pm Fri Jan 13 95 
enro l  doc. cpp 1,492 bytes  I 2:lO pm Fri Jan 13 95 
enro l  doc + h '523 bytes 2:lO' prn F r i  Jan 13 95 
e n r o l l  .clw 3,130 bytes 2 : l O  pm Fri Jan 13 95 
enrol  l + cpp 3,348 bytes  2 : lO  pm Fri Jan 13 95 
e n r o l l  . d e f  446 bytes  2:lO pm F r i  Jan 13 95 
enrol 7 .  h 819 bytes  2:lO pm Fri  Jan 13 95 
enrol 1 .mak 2,843 bytes  2:lO pm Fri Jan 13 95 
enrol 1 . rc 9,(39G bytes  2:lO pm Fri Jan 13 95 
mal  nfrm. cpp 2,582 bytes  2:lO pm Frr Jan 13 95 
ma'infrm. tr 982 bytes  2:lO pm Fri Jan 13 95 
readme. t x t  4,'1.88 bytes  2:lO pm Fri  Jan 13 95 
RES <DI R> 10:57 am Man Jun 10 96 
resource .  h 983 bytes  2:lO pm Fri Jan 13 95 

I : \ V C  152\MSV615\MFC\SAMPLES\ENRQLL\STEP2 

I : \VC1!?2\MSVC15\MFC\SAMPLES\ENRObL\STEP2\RES 

I : \ V C  15% \MSVC 15 \ M  FC\SAMPLES \ E N R O L L \  STE P3 



sectform.cpp 6,006 bytes 2:lO pm 
sectform.  h 1,668 bytes 2:lO pm 
sectset.cpp 1,264 bytes 2:lO pm 
sectset .  h 748 bytes 2:lO pm 
s tda fx . cpp  204 bytes 2:lO pm 
s t d a f x .  h 352 bytes 2:lO pm 

<DIR> 10:57 am 
.. 4 I R> 10:57 am 
enrol  1 , i co 768 bytes 2:lO pm 
enrol  1 . rc2 1,543 bytes .  2:lO pm 
toolbar.bmp * 1,558 bytes 2:lO pm 

I : \VCl52\MSVCl5\MFC\SAMPLES\ENROLL\STEP3\RES 

I : \ V C  152\MSVC 15\MFC\ SAMPLES\ ENROLL\STEP4 

addform. cpp 
addform. h 
coursse t .cpp  
cour s se t  .h 
crsform.cpp 
crsform. h 
enrol  doc. cpp 
enrol doc. h 
enrol  1 . c l  w 
enrol  1 . cpp 
enrol  1 . def 
enrol  1 . h 
enrol  1 .mak 
enrol 1 . rc 
mainfrm.cpp 
mainfrm. h 
-readme. t x t  
RES 
resource .  h 
sectform.cpp 
sec t fo rm.  h 
s e c t s e t . c p p  
sectset. h 
s tdafx .cpp  
s t d a f x . h  

<DIR> 
<DIR> 

2,684 bytes 
804 bytes 
892 bytes 
584 bytes  

2,691 bytes 
1,036 bytes 
1,969 bytes  
1,286 bytes 
3,416 bytes 
3,368 bytes  
350 bytes  
898 bytes 

3,140 bytes 
9,858 bytes 
4,254 bytes 
1,102 bytes  
4,188 bytes  

1,441 bytes 
5,959 bytes  
1,635 bytes 
1,144 bytes  
677 bytes  
204 bytes  
352 bytes  

<DIR> 

10:57 am 
10:57 am 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
10:57 am 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 

I : \VC152\MSVC15\MFC\SAMPLES\ENROLL\STEP4\RES 
<DIR> 10:57 am 

. .  <DI R> 10:57 am 
enrol  1 , i co 768 bytes 2:lO pm 
enrol 1 . r c2  1,543 bytes  2:lO pm 
tool  bar .  bmp 1,558 bytes 2:lO pm 

I : \ V C  152\MSVCl5\MFC\SAMPLES\HELLO 
< D I  R> 10:57 am 
<DI R> 11:OO am 

he1 l o .  clw 884 bytes 10:12 pm 

Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan  13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan  13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 



he1 1 o. cpp 
he7 7 0. d e f  
he1 l o ,  h 
he1 1 o. i G O  
hel1o.mak 
he1 7 0. rc 
ma kef i 1 e 
resource  * h 
s tda fx .cpp 
s t d a f x .  h 

3,595 b y t e s  
700 b y t e s  

1,481 b y t e s  
766 b y t e s  

2,040 b y t e s  
2,290 by tes  

481 by tes  
439 by tes  
495 by tes  
441 by tes  

I : \VC152\MSVC15\MFC\SAMl3LES\HELLOAPP 
e:DIR> 

* *  q:DIR> 
he1 1 oapp. cpp 
he1 9 oapp. def 
he1 1 oapp .mak 
ma k e f  i 1 e 

1,107 by tes  
652. by tes  

1,741. by tes  
740 by tes  

I : \VC152\MSVC15\MFC\SAMPLES\HIERSVR 

t .  

hi ersvr. cl  w 
h i c r sv r . cpg  
h i  ersvr . clef 
h ie r sv r .h  
h i e r s v r .  h p j  
h i  e r s v r  .mak 
h i  ersvr e rc 
h i  ersvr - reg 
tiLP 
.i pframe cpp 
1 p f  rame I h 
mainfrm-cpp 
inainfrm. h 
ma k e f i  1 e 
makehel p .  b a t  
rnfccl ass. h i  e 
mfcct ass .  t x t  
RES 
resource .  h 
s t d a f x .  cpp 
s t d a f x .  h 
svrdoc.cpp 
svrdne. h 
s v r i  tein. cpp  
s v r i  terns h 
svrv i  ew. cpp 
5vrview.h 
zoomdl g . cpp 
zoomdl g . h 

4 I R r  
<:DLR> 

7,218 by tes  
4,535 by tes  

694 bytes 
1,156 by tes  
2,726 b y t e s  
3,039 by;tes 

20,641 b y t e s  
1,969 b y t e s  

+IR> 
3,316 b y t e s  
1 ,483 byte!; 
3,139 b y t e s  
1,314 by tes  

573 by tes  
870 by tes  

2,716 by tes  
1,902 by tes  

< D I R r  
1,873 bytes 

643 by tes  
670 by tes  

6,938 by tes  
1,912 by tes  

20,362 by tes  
4,340 by tes  

28,303 by tes  
4,500 by tes  
1,040 by tes  

652 by tes  

10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
l O : J 2  pm Mon Apr 10 95 
10:12 pm Moan Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10 : f2  pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 

10:57 am Mon Jun 10 96 
1'1:OO am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 

10:57 am Mon Jun 10 96 
1 1 : O O  am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 prn Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Man Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 prn Mon Apr 10 95 
10:57 am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:57 am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Man Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
&0:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 

I : \VC152\MsVC15\MFC\SAMPLES\WIERSVR\HLP 
<D I R> 10:57 am Man Jun 10 96 



afxcore . rt f 
afxolesv. rtf 
afxprint.rtf 
appexi t . bmp 
bull et. bmp 
curarw2. bmp 
curarw4. bmp 
curhel p. bmp 
editcopy.bmp 
edi tcut . bmp 
edi tpast . bmp 
edi tundo. bmp 
f i 1 enew, bmp 
f i 1 eopen . bmp 
fileprnt.bmp 
f i 1 esave. bmp 
hlpsbar. bmp 
hlptbar.bmp 
s cmax . bmp 
scmenu.bmp 
scmi n. bmp 

<DIR> 
47,264 bytes 
4,688 bytes 
11,360 bytes 
2,272 bytes 
144 bytes 
320 bytes 
576 bytes 
512 bytes 
512 bytes 
512 bytes 
512 bytes 
512 bytes 
576 bytes 
576 bytes 
512 bytes 
512 bytes 

7,168 bytes 
2,368 bytes 
512 bytes 

2,144 bytes 
512 bytes 

10:57 am 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 

Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\HIERSVR\RES 
I R> 10:57 am Mon Jun 10 96 

. .  . <DIR> 10:57 am Mon Jun 10 96 
hi ersvr. i co 766 bytes 10:12 pm Mon Apr 10 95 
i t 001 bar. bmp 718 bytes 10:12 pm Mon Apr 10 95 
svrdoc. i co 766 bytes 10:12 pm Mon Apr 10 95 
tool bar. bmp 1,200 bytes 10:12 pm Mon Apr 10 95 

<D I R> 10:57 am Mon Jun 10 96 
COIR> 11:OO am Mon Jun 10 96 

makefile . 1,178 bytes 10:12 pm Mon Apr 10 95 
makehm.cpp 8,588 bytes 10:12 pm Mon Apr 10 95 
ma kehm .ma k 1,525 bytes 10:12 pm Mon Apr 10 95 

I : \ V C  152\MSVC15\MFC\sAMPLES\MAKEHM 

I : \ V C  152\MSVC15\MFC\SAMPLES\MOI 
<DIR> 

.. <DIR> 
bounce. cpp 7,162 bytes 
bounce. h 2,023 bytes 
he1 1 0. cpp 3,171 bytes 
hel1o.h 1,295 bytes 
he1 1 0. i co 766 bytes 
mainfrm.cpp 1,870 bytes 
mainfrm. h 952 bytes 
makef i 1 e 510 bytes 
mdi . cl w 2,026 bytes 
mdi . cpp 2,202 bytes 

. mdi.def 684 bytes 
mdi . h  1,255 byte's 
mdi .ico 766 bytes 

10:57 am 
11:OO am 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon 'Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon A p r  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 



mdi .mak 2,397 by tes  
mdi . r c  5,044 by tes  
resource  a h 1,053 by tes  
s t d a f x .  cpp 643 by tes  
s t d a f x .  h 721 by tes  

I : \ V C 3.5 2 \M S V C 1 5\M F C \ SAM P LE S \MU L P'I PAD 
< D I R r  

* .  < D I D  
ma kef i 1 e 487 by tes  
mu1 t i  pad. clw 2,298 by tes  
multipad.cpp 2,765 bytes 
mu1 t i  pad. d e f  697 by tes  
niu 1 t i pad . h 1,210 bMtcs 
mu1tipad.mak 2,094 brytes 
mu1 t i  pad .  rc 9,328 bptes 
RES cDIRs 
resource .  h 528 by tes  
s tda fx . cpp  643 b,ytes 
s t d a f x ,  h 672 by tes  

I : \VC152\MSVCl!i\MFC\SAMPLES\MUtTL PAD\ 
<DIR> 

. .  cDIR;. 
mu1 t i p a d .  i co /66 by tes  
paddoc. i co , 766 by tes  
too l  b a r .  bmp 1,198 by tes  

I : \ V C ~ ~ ~ \ M S V C ~ ~ \ M F C \ S A M P L E S \ O C L I E N T  

f rame. spp 3,223 bytes 

<D 1 R r  
. .  <DIR;. 

frame. h 1,242 bytes 
HLP <D I R> 
maindoc.cpg 5,089 by tes  
mai ndoc. h 1,506 bytes 
maitiview.cpp 30,890 bytes 
mainview,h 4,454 by tes  
makef i 1 e 558 by tes  
ma kehel p . b a t  870 by tes  
ocl l e n t .  c l w  3,689 bb tes  
ocl  i ent  . cpp 4,088 by tes  
oc1ient.de-f 780 bytes 
BC1 i ent . h  1,079 by tes  
ocl ient  . h p j  2,727 bytes 
o c l  i e n t  .rnak 2,973 bytes  
o c l i e n t . r c  13,825 by tes  
ocl i e n t  + reg 1,262 by tes  
r e c t i  tem.cpp 5,930 by tes  
rectitem. h 1,751 by tes  
RES < D I W  
res0urce .h  1,355 by tes  
s p l  i t f r a . c p p  1,436 by tes  
s p 1 i t f r a . h  1,311 b y t c s  

10:12 pm Man Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10!12 pm Mon Apr 10 95 
10:12 pm Mon Apr  10 95 

10:57 am Mon Jun 10 96 
1 1 : O O  am Mon Jun 10 96 
10:12 pm Mon Apr  10 95 
10;12 pm Mon Apr  10' 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:57 am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 

,RES 
10:57 am Mon Jun 10 96 
10:57 4rn Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 gm Mon Apr  10 95 
10:12 pm Mon Apr 10 95 

10:58 am Mon Jun 10 96 
11:OO am Mon Jun 10 96 
1 O : l Z  pm Mon Apr 10 95 
1 O : l Z  pm Mon Apr 10 95 
10:58 am Mon Jun 10 96 
PO:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr  10 95 
10:12 pm Mon Apr  10 95 
10:12 pin Mon ApY 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr- 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr  10 95 
10:58 am Mon Jun 10 96 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
1 O : l . Z  pm Mon Apr 10 95 



s t d a f x .  cpp 497 by tes  10:12 pm Mon Apr 10 95 
s tda fx .  h 693 by tes  10:12 pm Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\OCLIENT\HLP 
cDI R> 10:58 am .. cDIR> 10:58 am 

a f x c o r e . r t f  47,264 by tes  10:12 pm 
a f x o l e c l  . rtf 7,920 by tes  10:12 pm 
a f x p r i n t  .rtf 11,360 b y t e s  10: 12 pm 
appexi t . bmp 2,272 b y t e s  10:12 pm 
b u l l e t .  bmp 144 by tes  10:12 pm 
curarw2. bmp 320 b y t e s  10:12 pm 
curarw4. bmp 576 by tes  10:12 pm 
cu rhe l  p. bmp 512 by tes  10:12 pm 
e d i  t copy. bmp 512 by tes  10:12 pm 
ed i tcu t .bmp 512 by tes  10:12 pm 
edi t p a s t  . bmp 512 b y t e s  10:12 pm 
e d i  tundo. bmp 512 by tes  10:12 pm 
f i 1 enew . bmp 576 by tes  1O:lZ pm 
f i 1 eopen. bmp 576 by tes  10:12 pm 
f i 1 e p r n t  . bmp 512 by tes  10:12 pm 
f i 1 esave. bmp 512 b y t e s  10:12 pm 
hlpsbar.bmp 7,168 by tes  10:12 pm 
h l  p t b a r .  bmp 2,368 b y t e s  10:12 pm 
scmax. bmp 512 by tes  10:12 pm . scmenu.bmp 2,144 b y t e s  10:12 pm 
scmi n . bmp 512 by tes  10:12 prn 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95. 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mori Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Man Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

I : \VC 152\MSVCl5\MFC\SAMPLES\OCLl ENT\RES 
cDIR2 1058 am Mon Jun 10 96 

.. cDIR> 1058 am Mon Jun 10 96 
o c l i e n t . i c o  766 by tes  10:12 pm Mon Apr 10 95 
t o o l  ba r .  bmp 1,,200 by tes  10:12 pm Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\PROPDLG 

.. 
col orpge. cpp 
c o l  orpge ' h 
mai nfrm. cpp 
mai nf rm.h 
ma kef  i 1 e 
p r e v i  ew. cpp 
prev iew.  h .  
p r o p d l g . c l w  
p r o p d l  g. cpp 
propd l  g . def  
p ropd l  g . h 
propdlg.mak 
p ropd l  g . r c  
p ropsh t  . cpp 
p ropsh t .  h 
propsht2  cpp 
propsht2 .  h 

<DIR> 
<DIRr 

2,328 by tes  
778 by tes  

2,494 by tes  
915 by tes  
603 by tes  

1,260 b y t e s  
415 by tes  

3,641 by tes  
3,436 bytes 
774 by tes  
854 by tes  

3,443 by tes  
15,763 by tes  
2 , 406 bytes  
714 by tes  

1,719 by tes  
737 by tes  

10:58 am 
11:OO am 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 
10:12 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Man Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 



RES <DIR> 10:58 am Mon Jun 10 96 
resource. h 1,:L39 bytes  10:12 pm Mon Apr 10 95 
s hapedoc . cpp 2,1122 bytes 10:12 pm Mon Apr 10 95 
s hapedoc , h 1,019 bytes  10:12 pm Mon Apr 10 95 
s hapeobj . cpp 2,209 bytes 10:12 pm Mon Apr 10 95 
shapeobj,  h 787 bytes 10:12 pm Mon Apr 10 95 
shapesvw.cpp 7,:L75 bytes  10:12 pm Mon Apr 10 95 
shapesvw. h 1,710 bytes '  10:12 pm Mon Apr 10 95 
s tdafx.cpp 205 bytes 10:12 pm Mon Apr 10 95 
s t d a f x .  h 299 bytes  10:12 pm Mon Apr 10 95 
s t y l  epge cpp 1,960 bytes  10:12 pm Mon Apr 10 95 
s ty1  epge. h 783 bytes 10:12 pm Mon Apr 10 95 

.FBI R> 10:58 am Mon Jun 10 96 .. e D I R I  10:58 am Mon Jun 10 96 
prnpdl g . i cu 766 bytes  10:12 pm Mon Apr 10 95 
propdl g . rc2 379 bytes  10:12 pm Mon Apr 10 95 
shapedoc.ico 766 bytes  10:12 pm Mon Apr 10 95 
too l  b a r .  bmp 1,198 bytes 10:12 pm Mon Apr 10 95 

I : \ V C 1 5 2 \ MS V C 1 5 \ M FC \.SAM P LE S \ PROP b LG \ RES 

I : \ V C 'L Ei 2 \ MS V 6 15 \M FC \ SAMPLES \ S C R I B B L E 

. .  
STEP0 
STEP1 
STEP2 
STEP3 
STEP4 
STEP5 
STEP6 
STEP7 

10:59 am Mon Jun 10 96 
1 1 : O O  am Mon Jun 10 96 
10:58 qm Mon Jun 10 96 
10:58 dm Mon Jun 10 96 
10:58 am Mon Jun 10 96 
10:58 am Mon Jun 10 96 
lot58 am Mon Jun 10 96 
10:58 am Mon Jun 10 96 
10:59 am Mon Jun 10 96 
10:59 am Mon Jun 10 96 

I : \ V C  I52\MSVC 15\MFC\ SAMPLES\SCRI bdLE\STEPO 
< D P R r  10:58 am Mon Jun 10 96 

. .  4 l I R B  10:59 am Mon Jun 10 96 
mainfrm.cpp 2,913 bytes  2318 pm Fri Jan 13 95 
mainfrm.h 1,378 bytes 2:lO pm Fri Jan 13 95 
readme.txt 4,010 b$tes 2:lO pm Fri Jan 13 95 
RES *rD I R> 10:58 am Mon Jun 10 96 
r e s o u r c e - h  403 b j t e s  2: lO pm Fr5 Jdn 13 95 
s c r i b b l e . c l w  2,236 bytes 2:lO pm Frt Jan 13 95 
s c r i  bbl e.  cpp 4,417 bytes 2 : l O  pm Fri Jan 13 95 
scri bbf e .  def 779 bytes 2:lO pm Fri Jan 13 95 
s c r i b b l e .  h 1,266 bytes  2:lO pm Fri Jan 13 95 
scribble.mak 2,599 by tes  2 : l O  pm Fri Jan 13 95 
s c r i b b l e .  rc 9,147 bytes  2 : l O  pm Fri Jan 13 95 
s c r i  bdoc. cpp 2,141 bytes  2:16 pm Fri Jan 13 95 
scri  bdoc + h 1,302 bytes 2 : l O  pm Fri Jan 13 95 
s c r i  bvw. cpp 2,728 bytes  2 : l O  pm Fri Jan 13 95 
scr i  bvw. h 1,623 bytes  2 : l O  pm Fri Jan 13 95 
s tda fx . cpp  639 bytes  2 : l O  pm Fri Jan 13 95 
s t d a f x .  h 734 bytes  2 : l O  pm Fri Jan 13 95 



I : \VC 152\MSVC15\MFC\SAMPLES\SCRI BBLE\STEPO\RES 
<DIR> 10:58 am 

.. <DIR> 10:58 am 
scri bbl e .  i co 766 bytes  2:lO pm 
s c r i b b l e .  rc2 1,646 bytes  2: 10 pm 
s c r i  bdoc. i co 766 bytes  2:lO pm 
tool  bar .  bmp 1,200 bytes 2:lO pm 

<DI R> 10:58 am .. <DI R> 10:59 am 
mainfrm.cpp 2,913 bytes  2:lO pm 
mainfrm. h 1,378 bytes  2:lO pm 
readme. t x t  4,281 bytes 2:lO pm 
RES <DIR> 10:58 am 
res0urce.h 403 bytes 2:lO pm 
s c r i  bbl e .  c l  w 2,322 bytes  2:lO pm 
scri bble.cpp 4,417 bytes  2:lO pm 
s c r i  bble .def  779 bytes  2:lO pm 
s c r i b b l e .  h 1,266 bytes  2: 10 pm 
s c r i  bbl e .ma k 2,599 bytes 2:lO pm 
s c r i b b l e .  rc 9,147 bytes 2:lO pm 
s c r i  bdoc. cpp 4,693 bytes  2:lO prn 
s c r i  bdoc. h 2,810 bytes 2:lO pm 
s c r i  bvw. cpp 5,056 bytes  2:lO pm 
s c r i  bvw. h 1,937 bytes  2:lO pm 
s tda fx . cpp  639 bytes  2:lO pm 

’ s tda fx .h  734 bytes 2:lO prn 

I : \VC 152\MSVC15\MFC\SAMPLES\SCRIBBLE\STEPl\RES 
<DIR> 10:58 am 

.. <DIR> 10:58 am 
s c r i b b l e .  i co 766 bytes 2:lO pm 
s c r i b b l e . r c 2  1,646 bytes  2:lO pm 
s c r i  bdoc. i co 766 bytes  2:lO pm 
tool  bar .  bmp 1,200 bytes  2:lO pm 

4 I R> 10:58 am 
.. <DI R> 10:59 am 

. mainfrm.cpp 2,954 bytes 2:lO pm 
mainfrm. h 1,378 bytes  2:lO pm 

7 readme. t x t  4,281 bytes  2:lO pm 
RES <DIR> 10:58 am 
resource .  h 618 bytes 2:lO pm 
s c r i b b l e .  clw 2,322 bytes 2:lO pin 
s c r i  bble.cpp 4,417 bytes  2:lO prn 
s c r i  bbl e. def 779 bytes  2:lO pm 
s c r i b b 1 e . h .  1,266 bytes  2:lO pm 
s c r i  bbl e .mak 2,599 bytes  2:lO pm 
s c r i b b l e - r c  9,538 bytes 2:lO pm 
s c r i  bdoc. cpp 6,377 bytes  2:lO pm 
s c r i  bdoc. h 3,154 bytes  2:lO pm 
s c r i  bvw. cpp 5,056 bytes  2:lO pm 

I : \VCl52\MSVC15\MFC\SAMPLES\SCRIBBLE\STEPl 

I : \VC 152\MSVCl5\MFC\SAMPLES\SCRIBBLE\STEPZ 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mop Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 



s c r i  bvw. h 1,937 bytes  2310 pm 
s tda fx . epp  639 bytes  2:10 pm 
s t d a f x  L h 734 bytes 2:lO pm 

I : \ V C 1 5 2 \ M S V C 1 5 \ M FC \ SAM I) L ES \ S C R I B 6 L. E \ S T E P2 \ RES 
<BIR> 10:58 am 

* .  <DIR> 10:58 am 
s c r i  b b l  e .  i c o  766 bytes  2:lO pm 
s c r i  bbl  e .  r c2  1,646 bytes 2:lO pm 
s c r i  bdoc. i co 766 bytes 2 : l O  pm 
t o o l  bar .  bmp 1,318 bytes 2:lO pm 

Fri Jan 13 95 
Fri. Jan 13 95 
f;ri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

I : \ V C 1 !j Z \ MS V C 1 5 \ M FC \ SAM P L ES \ SC R I BB L E\ ST E P3 
CD I R> 10:58 am Mon Jun '10  96 

. .  .=D I R> 10:59 am Mon Jun 10 96 
mainPrm.cpp 2,954 bytes 2:lO pm Fri Jan 13 95 
mainfrm. h 1,378 bytes  2: lO pm Fri Jan 13 95 
pendl  g . cpp 1,980 bytes 2:lO pm Fri Jan 13 95 
pendl g . h 999 bytes 2:lO pm Fri Jan 13 95 
readme.txt  4,281 bytes 2:lO pm Fri Jan 13 95 
RES *.;DIR> 10:58 am Mon Jun 10 96 
res0urce.h 198 bytes 2 : l O  pm Fri Jan 13 95 
s e r i b b l e . c l w  2,843 bytes 2:10 pm Fri Jan 13 95 
s c r i b b 1 e c 13 p 4,417 bytes  2:lO pm Fri Jan 13 95 
s c r i b b l e ,  d e f  179 bytes  2:lO pm Fri Jan 13 95 
s c r i b b l e .  h 1,266 b i t e s  2:lO pm Fri Jan 13 95 
s c r i  bble.mdk 2,729 b j t e s  2:lO pm Fri Jan 13 95 
s c r i b b l e -  r c  10,207 bytes  2:lO pm Fri Jan 13 95 
s c r i  bdoc cpp 7,008 bytes  2:lO pm Fri Jan 13 95 
s c r i  bdoc h 3,184 bytes 2:lO pm Fri Jan 13 95 
scri  bvw. c.pp 5,056 bytes  2:lO pm Fri Jan 13 95 
scri bvw. k 1,!337 bytes  2:lO pm Fri Jan 13 95 
s tda fx . cpp  ti39 bytes 2:lO pm Fri Jan 13 95 
s t d a f x .  h 734 bytes  2 : l O  pm Fri Jan 13 95 

<DIR> 10:58 am Mon Jun 10 96 
. a  <DER> 10:58 am Mon Jun 10 96 
s c r i  bb7 e a i (XI 966 bytes  2:lO pm Fri Jan 13 95 
s c r i  bbl e rc2 1,646 bytes  2:10 pm Fri Jan 13 95 . scri bdoc. i CQ 766 bytes  2 : lO  pm Fri Jan 13 95 
too l  ba r .  bmp 1,318 bytes 2::lO pm Fri Jan 13 95 

I : \ V C 1 5 2 \ MS VC I 5 \ M FC \ SAMPLES \ S C R I El B L E \ STEP 3 \ RES 

I : \ VC I 5 2 \ M S V C 1 5 \ ~ F ( : ~ S ~ M P L ~ S \ S C R ~  BBLE\SIEP4 
4 1  a4 10:58 am 

. .  <DIR> 10:59 am 
mainfrm.cpp 2,5154 bytes  2:lO prn 
mai nfrm.  11 1,378 bytes  2 : l O  pm 
pendl g .  cpp 1,980 bytes  2 :  10 pm 
pendl g . h 999 bytes  2:1O pm 
readme.txt  4,281 bytes  2:1O pm 
RES 4.l I R> 10:!23 am 
r e s o u r c e *  h 798 bytes  2:XO pm 
s c r i  b b l  e .  61 w 2,960 bytes  2 : % O  pm 

Mon Jun 10 96 
Moo J u n  10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon J u n  10 96 
Fri Jan 13 95 
Fri Jan 13 95 



scr i  bbl e .  cpp 
scribble.def 
scr ibble .  h 
sc r i  bble.mak 
scr ibble . rc  
s c r i  bdoc. cpp 
sc r i  bdoc. h 
s c r i  bfrm. cpp  
s c r i  bfrm. h 

' sc r i  bvw cpp 
scribvw.h 
stdafx.cpp 
s tdafx.  h 

4,445 bytes 
779 .bytes 

1 , 266 bytes 
2,873 bytes 
10,207 bytes 
8,250 bytes 
3,479 bytes 
1,419 bytes 
1,180 bytes 
7,873 bytes 
2,129 bytes 
639 bytes 
734 bytes 

2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 

Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan  13 95 
Fri Jan 13 95 

I : \ V C  152\MSVC15\MFC\SAMPLES\SCR€BBLE\STEP4\RES 
<DIR> 10:58 am Mon Jun 10 96 

.. <DIR> 10:58 am Mon Jun 10 96 
sc r i  bb1e.i co 766 bytes 2:lO pm Fri Jan 13 95 , 

scr ibble .  rc2 1,646 bytes 2:lO pin Fri Jan 13 95 
sc r i  bdoc. i co 766 bytes 2:lO pm Fri Jan 13 95 
toolbar.bmp 1,318 bytes 2:lO pm Fri Jan 13 95 

<DIR> 10:58 am Mon Jun 10 96 
. .  <DIR> 10:59 am Mon Jun 10 96 
mainfrm.cpp 2,954 bytes 2:lO pm Fri Jan 13 95 
mainfrm. h 1,378 bytes 2:lO pm Fri Jan 13 95 
pendl g . cpp 1,980 bytes 2:lO pm Fri Jan 13 95 
pendl g . h 999 bytes 2:lO pm Fri Jan 13 95 
readme. t x t  4,281 bytes 2:lO pm Fri Jan 13 95 
RES <DIR> 10:58 am Mon Jun 10 96 
res0urce.h 798 bytes 2:lO pm Fri Jan 13 95 
sc r i  bble.clw 2,960 bytes 2:lO pm Fri Jan 13 95 
sc r i  bbl e ,  cpp 4,445 bytes 2:lO pm Fri Jan 13 95 
scribble.def 779 bytes 2:lO pm Fri Jan 13 95 
scr ibble .  h 1,266 bytes 2:lO pm Fri Jan 13 95 
scr ibble  .mak 2,873 bytes 2:lO pm Fri Jan 13 95 
scr ibble .  rc 10,207 bytes 2:lO pm Fri Jan 13 95 
sc r i  bdoc.cpp 8,292 bytes 2:lO pm Fri Jan 13 95 
sc r i  bdoc. h 3,574 bytes 2:lO pm Fri Jan 13 95 
scri bfrm. cpp 1,419 bytes 2:lO pm Fri Jan 13 95 
sc r i  bfrm. h 1,180 bytes 2:lO pm Fri Jan 13 95 
sc r i  bvw. cpp 10,383 bytes 2:lO pm Fri Jan 13 95 
sc r i  bvw. h 2,307 bytes 2:lO pm Fri Jan 13 95 
stdafx.cpp 639 bytes 2:lO pm Fri Jan 13 95 
s t d a f x .  h 734 bytes 2:lO pm Fri Jan 13 95 

<DIR> 10:58 am Mon Jun 10 96 
. I  <DIR> 10:58 am Mon Jun 10 96 
scr ibble .  i co 766 bytes 2:lO pm Fri Jan 13 95 
scr ibble .  rc2 1,646 bytes 2:lO pm Fri Jan 13 95 
scr i  bdoc. i co 766 bytes 2:lO pm Fri Jan 13 95 
t o o l  bar .  bmp 1,318 bytes 2:lO pm Fri Jan 13 95 

I : \ VC 1 5 2 \MS V C 1 5 \M FC\ S AMP L ES\ SCR I BB L E\ STE P5 

I : \VC152\MSVC15\MFC\SAMPLES\SCRIBBLE\STEP5\RES 



I : \ V C  152\MSVC 15\MFC\SAMPLES\SCRI BBLE\STEPG 

.. 
HLP 
mai nfrm. cpp 
mainfrm. h 
makehel p .  b a t  
pendl g . cpp 
pendl g . h 
readme. t x t  
RES 
resource e h 
s c r i  bb’l e .  c’lw 
s c r i  bbl e e cpp 
s c r i  bbl e .  def 
s c r i  bb l  e .  h 
s c r i b b l e .  h p j  
s c r i  bble.mak 
scribb1e.m 
s c r i  bdoc. cpp  
s c r i  bdoc * h 
s c r i  bfrm. cpp 
s c r i  bfrm. h 
s c r i  bvw, cpp 
s c r i  bvw. h 
s t d a f x .  cpp 
s t d a f x .  h 

qDIRp 
< D E R >  
*q) I R2 

3,269 bytes  
1,378 bytes  
890 bytes 

1,980 bytes 
999 bytes  

4,845 b i tes  
.<DIB>I 
798 bytes 

2,960 b y t e s  
4,445 bytes 

779 bytes 
1,266 bytes  
2,724 bytes  
2,873 bytes  

10,579 bytes  
8,292 bytes  
3,574 bytes  
1,419 bytes  
1,180 bytes  

10,383 bytes 
2,307 bytes  

639 bytes 
734 bytes  

10:59 am 
10:59 am 
10:59 am 
2:lO pm 
2 : l O  pm 
2 : l O  pm 
2:lO pm 
2:lO pm 
2: lO pm 
10:59 am 
2:lO pm 
2 : l O  pm 
2:lO pm 
2:lO pm 
2:lO pm 
2 : l Q  pm 
2 : l O  phl 
2:lO pm 
2:lO pm 
2:10 pm 
2 : l O  pm 
2:lO pm 
2: lO pm 
2 : lO pm 
2: lO pm 
2 : l O  pm 

I : \VC152\Ms~Cl5\MFC\SAMPLES\SCRIBBLE\STEP6\~LP 

.. 
afxcore. r t f  
a fxp r i  n t  + r t f  
appexi t . bmp 
bu 1 1 e t ,  bmp 
curarw2. bmp 
curarw4. bmp 
curhelp,bmp 
e d i  tcopy + binp 
editcut.bmp 
edi  t pas t  bmp 
cdi  t u n d o  + bmp 
f i  7 enew. bmp 
fileopen.brnp 
f i  7 eprn t  , brnp 
f i  1 esave. bmp 
h l  psbar .  limp 
hlptbar.hmp 
pen. rtf 
s cmax . bmp 
scmenu. binp 
scmi n . brnp 
scr ibble .hm 

q..‘D I R> 
.CDIR> 

47,264 bytes  
11,360 bytes  
2,272 bytes  

144 bytes  
320 bytes  
576 bytes  
512 bytes  
512 bytes  
512 bytes  
512 bytes  
512 bytes  
576 bytes  
576 bytes  
512 bytes  
512 bytes  

7,168 bytes  
2,368 bytes  
6,500 bytes 

512 bytes 
2,144 bytes  

512 bytes  
598 bytes  

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 1 4  95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

10:59 am Mon J u n  10 96 
10:59 am Mon Jun 10 96 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:10 pm Fri Jan 13 95 
2 : l O  pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lQ pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri  Jan 13 95 
2 : lO pm Fri Jan 13 95 
2 : l O  pm Fri Jan 13 95 
2:10 pm Fri  Jan 13 95 
2 :10  pm Fri Jan 13 95 
2:lO pm F r i  Jan 13 95 
2 : lO pm Fri  Jan 13 95 
2 : l O  pm Fri Jan 13 95 
2:l.O pm Fri Jan 13 95 
2:10 pm Fri Jan 13 95 
2 : l O  pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:OO pm Fri  Sep 16 94 



1 : \VC152\MSVC15\MFC\SAMPLES\SCRIBBLE\STEP6\RES 
<D I R:, 10:59 am Mon Jun 10 96 

.. <DI R> 10:59 am Mon Jun 10 96 
s c r i  b b l  e. i co 766 by tes  2:lO pm Fr.i Jan 13 95 
s c r i b b l e . r c 2  1,646 by tes  2:lO pm F r i  Jan 13 95 
s c r i  bdoc. i co 766 by tes  2:lO pm F r i  Jan 13 95 
t o o l  b a r .  bmp 1,318 b y t e s  2:lO pm F r i  Jan 13 95 

I : \ V C 15 2 \ MS VC 15\M FC \ SAM P L ES \ SC R I BB L E\ STE P7 

.. 
H LP 
i p f  rame . cpp 
i pframe. h 
mainfrm.cpp 
mai n f  r m .  h 
ma kehel  p.  b a t  
pendlg.cpp 
pendl  g . h 
readme. t x t  
RES 
resource.  h 
s c r i b b l e .  c l  w 
s c r i b b l e .  cpp 
s c r i  bb le .de f  
s c r i b b l e .  h 
s c r i b b l e . h p j  
scr ibb le.mak 
s c r i b b l e .  r c  
s c r i b b l e .  r e g  
s c r i  bdoc. cpp 
s c r i  bdoc. h 

- s c r i  bfrm. cpp 
s c r i  bfrm. h 
s c r i  b i  tm. cpp 
s c r i  b i  t m .  h 
s c r i  bvw. cpp 
s c r i  bvw. h 
s t d a f y . c p p  
s t d a f x . h  '. 

. 

cDIR> 
<DIR> 
-=DIRz. 

3,202 b y t e s  
1,284 b y t e s  
3,269 by tes  
1,378 b y t e s  
890 by tes  

1,980 by tes  
999 b y t e s  

3,903 by tes  
<DI R> 
933 b y t e s  

2,960 by tes  
5,913 b y t e s  
779 b y t e s  

' 1,339 by tes  
2,724 by tes  
3,276 by tes  
15,195 by tes  
2,108 by tes  
9,269 by tes  
3,822 b y t e s  
1,419 by tes  
1,180 by tes  
3,195 b y t e s  
1,206 by tes  
11,439 b y t e s  
2,475 b y t e s  
639 by tes  
782 b y t e s  

10:59 am 
10:59 am 
10:59 am 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
10:59 am 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 

I : \VC152\MSVC15\MFC\SAMPLES\SCRIBBLE\STEP7\HLP 
<DIR> 10:59 am 

.. <DIR> 10:59 am 
a f x c o r e .  rtf 47,264 bytes 2:lO pm 
a f x p r i n t . r t f  11,360 by tes  2:lO pm 
appexi  t . bmp 2,272 b y t e s  2:lO pm 
b u l  l e t .  bmp 144 by tes  2:lO pm 
curarw2. bmp 320 by tes  2:lO pm 
curarw4. bmp 576 b y t e s  2:lO pm 
cu rhe l  p .  bmp 512 by tes  2:lO pm 
e d i  t copy. bmp 512 by tes  2:lO pm 
edi tcut .bmp 512 by tes  2:lO pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
F r i  Jan 13 95 . 
F r i  Jan 13 95 
Fri Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
Mon Jun 10 96 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 
F r i  Jan 13 95 



2:lO pm 
2:lO pm 
2110 pm 
2.10 pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:10 pm 
2:lO pm 
2 : O O  pm 

e d i  tpast  . bmp 
ed i tundo.  bnip 
f 1’ 1 enew. bmp 
f i  1 eoperi. bmp 
f i  1 eprnt . bmp 
f i 1 esave. bmp 
h 1 p s ba r  . bnip 
h l  p t b a r .  bmp 
pen. rtf 
scmax, bmp 
scmenu. bmp 
scmi n . brnp 
s c r i b b l e .  hm 

512 bytes  
512 bytes 
576 bytes  
576 bytes  
512 bytes  
512 bytes 

7,168 bytes  
2,368 bytes  
6,500 bytes  

512 bytes  
2,144 bytes  

512 bytes  
598 bytes  

I : \ V C 1 5 2 \ M S V C 1 5 \ M FC \ SAM P L ES \ S C R I B B LE\ S T E P 7 \ RES 
<DI R:. 10:59 am 

.. <DIW 10:59 am 
i tool bar. brnp 838 bytes  2:lO pm 
s c r i b b l e . i c o  766 bytes  2:lO pm 
s c r i  b b l  e .  rc2  1,646 bytes  2:lO pm 
scri bdoc. i ca 766 bytes  2:10 pm 
t o o l  b a r  + bmp 1 ,318  bytes  2:lO pm 

< D I  R> 10:59 am 
. .  4 I R r  1 1 : O O  am 
1 e s s o n s . r c  1,283 bytes  10:12 pm 
makef i fc  506 bytes 10:12 pm 
RES <DIR> 10:59 am 
res0urce.h 1,201 bytes 10:12 pm 
sounds.  re 962 bytes  10:12 pm 
speakn.r:lw 1,138 bytes  10:12 pm 
speakn.cpp 8,415 bytes  1 O : l Z  pm 
speakn. rtef 712 bytes  10:12 pm 
spea k n  . ti 2,665 bytes 10:12 pm 
speakn.mak 2,084 b y t m  10:12 pm 
spea k n .  rc 3,384 bytes 1O:l .Z pm 
s t d a f x .  r:pp 512 bytes  1 O : l Z  pm 
s t  d a f x . k i  670 bytes  10:12 pm 

I : \VCl52\MSVC15\MFC\SAMPLES\SPEAKN 

Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

I : \ V C 1 5 2 \ MSV & 1 5 \ M FC \ SAM P LT S \ S P EA KN \ I? ES 
.<DIR> 10:59 am Mon Jun 10 96 

.. <DIR> 10:59 am Mon Jun 10 96 
cor rec t ,wav 9,622 bytes 10:12 pm Mon Apr 10 95 
dog.  d i  b 4,900 bytes  10: 12 pm Mon Apr 10 95 
d 0 CJ . ‘,J a v 25,144 b y t e s  10:12 pm Mon Apr 10 95 
face01 .  .i co 766 bytes  10:12 pm Mon Apr 10 95 
f a c e 0 2 , i c o  766 bytes  10:12 pm Mon Apr 10 95 
f aceO3. i CIS 766 bytes  10:12 pm Mon Apr 10 95 
f a c e O 4 .  .i co 766 bytes  10:12 pm Mon Apr 10 95 
f r o g .  d i b  3 ,236 bytes  10:12 pm Mon Apr 10 95 
f r o g  .wav 5,772 bytes  10:12 pm Mon Apr 10 95 
g iveup.wav 18,258 bytes  10:12 pm Mon Apr 10 95 
goodbye.wav 8,476 bytes  10:12 pm Mon Apr 10 95 



i ncor rec .wav 
i n t r o .  d i  b 
p i g . d i b  
p i g  .wav 
q u e s t i o n  .wav 
r e p l  ayd . bmp 
r e p l  a y f  . bmp 
r e p l  ayu. bmp 
spea kn . i co 
t r a i n . d i b  
t r a i  n . wav 
we1 come. wav 

9,996 by tes  
14,856 bytes  
6,112 by tes  
18,488 by tes  
10,430 by tes  
1,014 by tes  
1,014 by tes  
1,014 bytes  
766 bytes  

8,492 by tes  
21,054 by tes  
18,664 by tes  

I : \VC 152\MSVC15\MFC\SAMPLES\SUPERPAD 

. .  
aboutbox.cpp 
aboutb0x.h 
i p f  rame . cpp 
ip f rame.h  
1 ink i tem.cpp 
1 i n k i  tem. h 
mai n f  rm.  cpp 
mainf rm.  h 
ma k e f  i 1 e 
paddoc. cpp 
paddoc. h 
p a d f  rame . cpp 
padframe. h 
paditem.cpp 
pad i  tem.h 
padv i  ew. cpp 
padv i  ew. h 

. pageset .  cpp 
pageset .  h 
RES 
resource .  h 
s tda fx . cpp  
s t d a f x .  h 
superpad cl w 
superpad.cpp 
superpad. d e f  
superpad. h 
superpad.mak 
superpad.rc  
superpad.  reg 
tabs top .cpp 
t a b s t o p .  h 
wai  t c u r .  h 

I 

<DIR> 
<DIR> 

6,170 by tes  
2,300 by tes  
2,812 by tes  
1,245 by tes  
1,376 by tes  
878 by tes  

3,804 by tes  
1,036 by tes  
631 by tes  

2,364 b y t e s  
1,250 by tes  
2,031 by tes  
1,133 by tes  
5,503 by tes  
1,251 by tes  
17,646 by tes  
2,824 by tes  
4,215 by tes  
1,764 by tes  

<DIR> 
2,214 by tes  
497 by tes  
653 by tes  

6,575 by tes  
5,214 by tes  
693 by tes  

1,315 by tes  
3,641 by tes  
18,134 by tes  
1,979 by tes  
1,425 by tes  
1,122 by tes  
887 by tes  

10:12 pm Mon Apr 10 95 
10:12 prn Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm M y  Apr 10 95 
10:12 pm Mon Apr 10 95 
10: 12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 
10:12 pm Mon Apr 10 95 

10:59 am 
11:OO am 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:59 am 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pin 
10:13 pm 
10:13 pm 
10:13 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 1,O 95 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon A p r  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\SUPERPAD\RES 
<DI R> 10:59 am Mon Jun 10 96 
<DI R> 10:59 am Mon Jun 10 96 
718 by tes  10:13 pm Mon Apr 10 95 t o o l  b a r ,  bmp 



paddoc. 1' co 766 bytes 
superpad. i eo 166 bytes 
t o o l  b a r .  bmp 1,198 bytes 

I : \ v c 1 5 z \ M s v c 1 5 \ M F C \ SAM P L ES \TEMP L D E F 
<DIR> 

. . .rDIR> 
a f x c o l l l .  h 1,761 bytes 
a f x c o l l l . i n l  469 bytes 
afxcoll2.h 285 bytes 
afxcol.12.. i n l  107 bytes 
a r r a y .  c t t  13,528 bytes 
1 i s t  . c t t  19,322 bytes 
ma k e f i  1 e 1,204 bytes 
map*c t t  14,792 bytes 
map s.ct : t  14,439 bytes 
mkcoll . b a t  3,640 bytes 
templ dcf . cpp 14,307 bytes 
templ def .ma k 1,543 bytes 

I : \ V c l 5 2 \ M S V c l 5 \ M F c \ S A M P L E S \ ~ R A C E R  
<:D 1 R> 

. .  4 I Rz 
makefi 1 e 483 bytes 
r e source .  h 756 bytes 
s t d a f x .  h . 611 bytes 
tracer.clw 832 bytes 
t r a c e r . c p p  3,055 bytes 
t r a c e r . d e f  603 bytes 
t r a c e r .  .i co 766 bytes 
t racer .mak 1,905 bytes 
t r a c e r .  r c  2,447 bytes 

P : \VC152\MSVC15\MFC\sAMPLES\IRACKER 
< D I R b  

.. <DIR> 
dialoys.cpp 2,157 bytes 
d-i a1 ogs.  h 1,,716 bytes 
mai n f  rm, epp 3,135 bytes 
tnai nfrm, h 1,387 bytes 
ma k e f i  1 e 535 bytes 
RES .rDIR> 
resource. h 1,129 bytes 
s tda fx . cpp  644 bytes 
s t d a f x ,  h 760 bytes 
t r a c k a p p .  c p p  4 ,068 b y t e s  
t r ackapp .  h l . ,266 bytes 
t r ackdoc .  cpp  5*915 bytes 
t r ackdoc .  t i  1. ,947 bytes 
t r a c k e r  . c l  w 3,481 t i y tes  
t r a c k e r  . def 780 bytes 
t racker .mak 2,776 bytes 
t r a c k e r . r c  11,630 bytes 
trackvw-cpp 8,733 bytes 

10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
1 0 : l J  pm Mon Apr 10 95 

10:59 am 
1 1 : O O  am 
10:13 pm 
10:13 pm 
1O:lJ pm 
10:.13 pm 
10:13 prn 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 . 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 

10:59 am Mon Jun 10 96 
11:OO am Mon Jun 10 96 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
1 0 : l J  pm Mon Apr 10 95 
10:13 pm Mon Apr  10 95 
10:13 pm Mon Apr 10 95 
P0:13 pm Mon Apr 10 95 
10:13 pm Mon Apr lQ 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 

1 1 : O O  am Mon Jun 90 96 
1 1 : O O  am Mon Jun 10 96 
P0:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
1 0 ~ 1 3  pm Mon Apr 10 95 
10:13 pm Mon 4pr 10 95 
1 0 ~ 1 3  gm Mon Apr 10 95 
11:OO am Mon Jun 10 96 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon P.pr 10 95 
18:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:P3 pm Mon Apr 10 95 



trackvw.h 1,1357 bytes  10:13 pm Mon Apr 10 95 

*cD I R s  1 1 : O O  am Mon Jun 10 96 
.. q<DDIR> 11:OO am Mon Jun 10 96 
t o o l  bar+bmp 1,918 bytes  1 0 : l J  pm Mon Apr 10 95 
t rackdoc.  i co 768 bytes  1 0 : l J  pm Mon Apr 10 95 
t r acke r . l ’ co  766 bytes  10:13 prn Mon Apr 10 95 
t r a c k e r . r c 2  1,548 bytes  10: 13 pm Mon Apr 10 95 

I : \ V C ’i 5 2 \ M S V C 1 5 \ M FC \ SAM P L E S \ T R AC K E R \ RES 

I : \ V C 1.5 2 \MS V C 1 5 \M FC \ SAM P L ES \ V  BC HART 

.. 
cha r tdoc .  cpp 
cha r tdoc .  h 
chartvw . cpp 
chartvw. h 
g r i d e n t r .  cpp 
gri dentr .  h 
mainfrm.cpp 
mainfrm.h 
ma k e f  i 1 e 
RES 
r e source ,  h 
s tda fx . cpp  
s t d a f x .  h 
vbchart  . clw 
vbchart .cpp 
vbchart  . def 
vbcha r t .  h 
vbchart  .mak 
v b c h a r t . r e  

xDIR=. 
*:D I R> 

4,568 bytes  
1,100 bytes  

21,866 bytes  
3,1113 bytes  

15,232 bytes  
2,627 bytes  
4,375 bytes  
1,284 bytes  

547 bytes  
<:DI R> 
706 bytes  
497 bytes  

’ 673 bytes  
2,932 bytes  
4,946 bytes  

776 bytes  

2,642 bytes  
9,937 bytes  

1,445 bytes  

1 1 : O O  am Mon Jun 10 96 
1 1 : O O  am Mon Jun 10 96 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 prn Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
11:OQ am Mon Jun 10 96 
10:13 pm Mon Apr 10 95 
10:13 pm Man Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
PO:f3 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\VBCHART\RES 
cDIR> 11:OO am Mon Jun 10 96 

. .  4 I R> 11:OO am Mon Jun 10 96 
cha r tdoc .  i co 766 bytes  10:13 pm Mon Apr 10 95 
t o o l  b a r .  bmp 838 bytes  10:13 pm Mon Apr 10 95 
vbchart  , i CQ 766 by te s  10:13 pm Mon Apr 10 95 

. ** I ~\VC152\MSVC15\MFC\SAMPLES\VBClqCLE 
<:D I R> 

. a  <DIR> 
d ia l  O g  . Cpp 4,888 bjtes 
d i a 1 oy t i  1,547 bytes  
f rdllie . L p p  3,1:1-5 by tes  
frame. h 1,013 bytes  
ina kefi 1 e 520 bytes  
r e source .  h 898 bytes  
s t d a f x . c p p  497 bytes  
s t d a f x .  h 673 bytes  
vbc i r c l e . c lw  1,978 bytes  
vbci r c l  e .  cpp 2,558 bytes  
vbci rc9 e def 716 bytes  

11:OO am Mon J u n  10 96 
1 l : O O  am Mon Jun 10 96 
10:13 pm Mon Apr 10 95 
1 0 : l J  pm Mon Apr  10 95 
10:13 pm Mon Apr  10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 



I 

vbc i  r c l  e. h 1,348 by tes  10:13 pm Mon Apr 10 95 
vbc i  r c l  e. i co 766 by tes  10:13 pm Mon Apr 10 95 
vbc i rc le .mak 2,349 by tes  10:13 pm Mon Apr 10 95 
vbc i  r c l  e. r c  7,897 by tes  10:13 pm Mon Apr 10 95 

I : \VC152\MSVC15\MFC\SAMPLES\VIEWEX 

.. 
enterd lg .cpp 
e n t e r d l  g . h 
inputvw.cpp 
inputvw.h 
mai ndoc. cpp 
mai ndoc. h 
ma k e f i  1 e 
res0urce.h 
simpvw.cpp 
simpvw. h 
s p l i t t e r . c p p  
s p 1 i t t e r . h  
s tda fx .cpp 
s t d a f x .  h 
viewex.clw 
v i  ewex. cpp 
v i  ewex. de f  
v i  ewex. h 
v i  ewex i co 
viewex.mak 
v i  ewex. r c  

I : \VC152\MSVC15\MFC\SRC 

.. 
a f x . i n i  
a f x a b o r t  . cpp 
a f x a s e r t  . cpp 
a f x d l l  .asm 
a f x d l l  . ob j  
a f x d l  1 d .ob j  
a f x i  n l  1 . cpp 
a f x i  n12. cpp 
a f x i  n13. cpp 
afxmem.cpp 
a fx t race .cpp 
afxver .cpp 
appcore.cpp 
appdata. cpp 
appdl g .  CPP 
aPPgraY*cPP 
aPPhe1 P. CPP 
apphel px. cpp 
a p p i n i t . c p p  
a P P P r n t  * c P P 
appterm.cpp 

<DIR> 
<DI R> 

1,343 by tes  
1,021 by tes  
7,316 by tes  
1,630 by tes  
1,994 by tes  
1,189 by tes  

540 by tes  
1,063 by tes  
3,275 by tes  
2,223 by tes  
4,320 by tes  
1,832 by tes  

497 by tes  
687 by tes  

2,476 by tes  
4,318 by tes  

693 by tes  
1,297 by tes  

766 by tes  
2,759 by tes  
4,727 by tes  

<DIR> 
<DIR> 

1,090 by tes  
894 by tes  

3,050 bytes  
3,539 by tes  

447 by tes  
665 by tes  

1,330 by tes  
' 828 bytes  

828 by tes  
24,148 by tes  

4,680 by tes  
998 by tes  

14,135 b y t e s  
1,103 by tes  
7,075 by tes  
3,773 by tes  
2,565 by tes  
1,953 by tes  
6,807 by tes  
3,966 by tes  
3,200 by tes  

1 1 : O O  am Mon Jun 10 96 
1 1 : O O  am Mon Jun 10 96 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10: 13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 

11:Ol am 
1 1 : O O  am 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
11:15 pm 
11:08 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10: 13 pm 
10: 1.3 pm 
6:02 pm 

10:13 pm 
10:13 pm 
10:13 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Wed Apr 26 95 
Wed Apr 26 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr  10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 24 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apr 10 95 



appui - cpp 
appui  2 .  cpp 
a r c c o r e - c p p  
a rcex .  cpp 
a r c o b j  I cpp 
a r r a y  b.cpp 
array-d. cpp  
array-o. cpp 
array-p. cpp 
array-s . cpp 
array-u.  cpp 
array-w. cpp 
auxdafa.  cpp 
auxdata.  t i  
auxvars . h 
barcore .  cpp 
bard1 g. cpp 
b a r t o o l  . cpp 
cmdtarg . cpp 
c t l  s t a t e  cpp 
dbcore.  cpp 
db f l  t . cpp 
d b r f x .  cpp 
dbview,cpp 
dcrnet a. cpp 
dcprev.cpp 
d l g c l  r. cpp 
d l  gcore.  cpp 
d l  gdata.  cpp 
d l  g f  i 1 e. cpp 
d l  g f l  o a t  * cpp 
d l  g f n t  . c p p  
d l  g f r .  cpp 
d1gprnt .cpp 
d l  p r o p .  cpp 
d l  1 e t 1  . cpp 
d l  ldb.cpp 
d l  1 i n i  t . cpp  
d l l n e t . c p p  
d9 1 of e. epp 
doccore.  cpp 
docmapi.cpp 
docmul t i  . cpp 
d o c s i n g l  cpp 
docternpl . clip 
duiiipccrnt . cpp 
duinpf 1 t . cpp 
dumpi n i  t e cpp 
dunipout. cpp 
el ements I h 
except.cpp 
f i 1 ecore cpp 
f i  1 ernem. cpp 
f i 'I e s h r d e e p p 

14,898 bytes 
3,806 by tes  
9,385 bytes 
2,196 bytes 
6,029 by tes  
6,972. bytes 
7,011 bytes 
7,026 bytes 
6,625 bytes 
7,665 bytes 
6,619 bytes 
6,972 bytes 
5,925 bk tcs  
6,773 bytes 
3,285 by tes  

26,809 bytes 
2,908 bytes 

27,115 bytes 
14,042 bytes 
7,390 bytes 

71,449 by tes  
6 , 578 bytes 

47,991 bytes 
14,22 1 bytes 
10,086 bytes 
25,362 bytes 

3,692 bytes 
15,966 bytes 
14,514 bytes 
8,175 by tes  
3,698 bytes 
3,404 bytes 
3,872 bytes 
6,967 bytes 

59,078 by tes  
17,701 by tes  

1,215 bytes 
18,085 bytes 

1,216 bytes 
1,449 by tes  

17,691 bytes 
6,204 by tes  
5,955 bytes 
G 3!j70 bytes 

11,625 by tes  
4,855 bytes 
1 '112 bytes 
2 4.93 bytes 
2,566 b y t e s  

8,401 by tes  
11,485 bytes 
6,182 bytes 
2 , 655 bytes 

2 4.41 by tes  

9:57 pm I h u  Apr 20 95 
10:13 prn Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
l0 :13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 45 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
1O:lJ pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 prn Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10 : l J  pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
6:02 pm Mon Apr 24 95 

10:13 prn Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 prn Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pin Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:23 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 . , 
10:13 pm Mon Apr 10 95 
10:13 pm Man Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
18:13 pm Mon Apr 10 95 



f i l e s t , c p p  
f i l e t x t . c p p  
f i  1 ex. cpp 
l i s t  o.cpp 
1 i st-p . cpp 
1 i s t-s . cpp 
1 v bxcw . 1 i b 
1 v bxew 
ma k e f  i 
maP-PP 
map-pw 
map so 
m a p 3  P 

l i b  
e 
CPP 
CPP 
CPP 
CPP 
CPP map-s s 

map-wo. cpp 

mfc250 d e f  
m f  c250d. d e f  
mfcd250.def 
mfcd250d.def 
m f  cdb .ma k 

map1w-p CPP 

mfcdb. rc  
r n f c d l l  . c lw  
mfcd1l.mak 
m f c d l  1 . r c  
rnfcn250.def 
m f  cn250d. d e f  
m f  cne t . ma k 
m f c n e t . r c  
m f  ~ 0 2 5 0 .  d e f  
m f  co250d. def 
m f  cocx. ma k 
m f c o c x l  .mak 
mfcocxd.mak 
m f  c o l  e. ma k 
m f  c o l  e. r c  
mvbxcw. 1 i b 
ob jcore .cpp 
ocd25. d e f  
ocd25d :dcf 
01 ebar .  cpp 

* o l e c a l l f . o b j  
01 e c a l l  n. o b j  
o l e c a l l  .asm 
01 e c l  i 1Tcpp 
o l e c l i 2 . c p p  
01 e c l  i 3 .  cpp 
o l  edata.  cpp 
01 e d i  s p l .  cpp 
01 e d i  sp2. cpp 
01 e d l  gsl . cpp 
01 e d l  gs2. cpp 
01 e d l  1 . cpp 
01 edobj  1. cpp 

5,163 bytes  
7,750 bytes  
6,172 bytes  
9,677 bytes  
9,212 by tes  
9,997 by tes  
64,585 bytes  
64,579 bytes  
12,498 bytes  
7,428 bytes  
7,448 bytes  
8,686 bytes  
8,007 bytes  
8,906 bytes  
8,119 bytes  
7,445 bytes  
95,936 bytes  
150,839 bytes  
7,859 by tes  
9,875 by tes  
2,508 bytes  
3,030 bytes  
4,148 bytes  
3,643 bytes  
3,244 bytes  
4,723 bytes  
5,877 by tes  
2,470 bytes  I 

2,976 bytes  
53,719 by tes  
62,114 bytes  
2,712 bytes  
2,897 by tes  
2,732 by tes  
2,513 bytes  
3,063 bytes  
61,513 bytes  
6,907 bytes  
7,854 bytes  
9,871 by tes  
4,944 bytes  
476 bytes  
228 bytes  

3,178 by tes  
56,215 bytes  
39,800 by tes  
15,846 by tes  

908 bytes  
37,996 bytes  
11,312 bytes  
34,791 bytes  
4,738 bytes  
1,884 bytes  
7,665 bytes  

10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:34 pm Wed Apr 26 95 
10:36 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mort Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10:07 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
1:lO am Thu Apr 27 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10:34 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
3:54 pm Wed May 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:41 pm Wed Apr 26 95 
11:53 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10: 13 pm Mon Apr 10 95 
10:13 prn Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 



01 edob,j 2 .  c p p  

01 edoc2. c p p  
01 e d r o p 1 .  cpp  
01 edrop2.  c p p  
01 eenum. c p p  
01 e f a c t  . c p p  
s l e i m p l  . h  
01 e i  n i  t , c p p  
01 e i  pfrm.  c p p  
01 el  ink. c p p  
01 el ocl<l.. c p p  
01 el o c k 2 .  c p p  
01 erni sc. c p p  
01 emsg f . c p p  
01 e r e g  . c p p  
o l e s t r m . c p p  
01 esvr l .  c p p  
01 esvr2. c p p  
01 e t s v r .  c p p  
01 eui 1. cpp  
01 etii 2 .  clpp 
01 etin k .  cpp 
penctr ' l  . c p p  
p l e x . c p p  
p 1 e x . h  
readme.txt 
s o c k c o r e . c p p  
s t d a f x  h 
st rcorel  . cpp 
s t r c o r e 2 .  cpp  
s t r e x .  cpp  
t i m e c o r e . c p p  
t raceda t  . h 
trc k r e c t  . cpp 
v a l  i d a d d .  cpp  
v b c t r l  c:pp 
v b c t r l  . h  
v b d d x .  c p p  

* v b f l  o a t .  cpp 
v i  ewcore. cpp  
v i  ewedi  t . c p p  
v i  ewform. c p p  
v i  ewprev. cpp 
v i  ewprnt . cpp 
v i  ewscrl . c p p  
wi n b t n  cpp  
wi n c o r e .  cpp  
wi n c t r l  . cpp 
wi n f r m .  cpp  
wi n f r m x .  epp  
wi ngdi . r:pp 
wi ngdi x. cpp 

o l e d o c l . c p g  

* v b d d x f , c p p  

21,365 by tes  
20 , 668 by tes  

1,964 by tes  
6,975 by tes  

13,088 by tes  
5,320 by tes  
9,572 by tes  
8,710 by tes  

13,722 by tes  
13,616 by tes  
18,592 by tes  

1,885 by tes  
1,607 by tes  

21,498 by tes  
8,653 by tes  
7,130 bytes  

10,875 by tes  
73,123 by tes  
37,374 by tes  

3,225 by tes  
4,616 by tes  
4,236 by tes  

11,306 by tes  
2 , 175 by tes  
1,226 by tes  
1,003 by tes  
8,442 by tes  

25,770 by tes  
2,013 by tes  
9,201 by tes  
1,920 by tes  
9,779 by tes  
5 , 023 by tes  
3,510 bytes 

20,520 bytes 
4,485 by tes  
8,835 by tes  
1,783 by tes  
5,537 by tes  
1,432 by tes  
1,610 by tes  

11,676 by tes  
30,954 by tes  

6,454 b,ytes 
29,450 by tes  

7,300 by tes  
22,601 by tes  

4,834 by tes  
49,571 by tes  

7,676 by tes  
42,104 by tes  

9 , 747 by tes  
24,295 by tes  

3,501 by tes  

10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr  10 95 
10:13 pm Mon Apr 10 95 
lO: l3  pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
18:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Men Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:23 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10: 13 pm Man Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:07 pm Wed Apr 26 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Msn Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr  10 95 
10:13 pm Mon Apr  10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr IO 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 

6:02 pm Mon Apr 24 95 
10:13 pm Mon Apr 10 95 
10:13 pm Mon Apr 10 95 



wi nhand. cpp 
winhand .h 
winmainTcpp 
winmdi,cpp 
winmenu.cpp 
wi nspl i t . cpp 
wi nstr. cpp 
winutil.cpp 

6,253 bytes 
3,273 bytes 
3,211. bytes 
27,071 bytes 
2,531 bytes 
51,111 bytes 
2,947 bytes 
7,800 bytes 

I : \VC152\MSVCl5\MSQUERY 
<DIR> 

.. <DIR> 
ccapi 200. dl 1 46,400 bytes 
ccard200.exe 127,424 bytes 
ci rdeb. i nf 64 bytes 
cuecard2. dl 1 2,944 bytes 
msquery.cue 209,228 bytes 
msquery.exe 622,464 bytes 
msquery. h l  p 437,165 bytes 
NWIND . <DIR> 
qryintl .dll 35,391 bytes 
winrfs.dl1 14,509 bytes 

I : \VCl52\MSVCl5\MSQUERY\NWIND 
<DIR> 

.. <DIR> 
ci rdeb. i nf 64 bytes 
customer. dbf 13,364 bytes 
customer . mdx 4,096 bytes 
emp 1 oyee'. d b f 4,582 bytes 
empl oyee ,mdx 4,096 bytes 
orddtai 1 .dbf 1,754 bytes 
orddtai 1 .mdx 4,096 bytes 
orders .dbf 7,885 bytes 
orders.mdx 4,096 bytes 
product. dbf 5,729 bytes 
product .mdx 4,096 bytes 
supplier.dbf 6,621 bytes 
supplier.mdx 4,096 bytes 

I : \VC152\MSVClS\NODEBUG 
<DIR> 
COIR> 

cimpobj .dll 108,544 bytes 
compobj . sym 4,500 bytes 
ctl3d.dll 26,768 bytes 
ct13dv2.dll 27,632 bytes 
g d i  sym 6,004 bytes 

a krnl286. sym 4,308 bytes 
krn1386.sym 4,340 bytes 
mmsystem.sym 5,284 bytes 
ole2.dll 302,592 bytes 
01 e2, svm 4,068 bytes 

10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
10:13 pm 
9:57 pm 
10:13 pm 

Mon Apr 10 95 
Mon Apr IO 95 
Mon Apr 10 95 
Mon Apr 10 95 
Mon Apt- 10 95 
Mon Apr 10 95 
Thu Apr 20 95 
Mon Apr 10 95 

11:02 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
11:02 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:02 am Mon Jun 10 96 
11:02 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm' Fri Sep 16 94 

11:02 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
1:43 am Fri Jul 14 95 
1:43 am Fri Jul 14 95 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

ole2coh.dll 571328 bytes 2:00 pm Fri Sep 16 94 



01 e2conv. sym 
u l  e2di  spa d l  1 
01 e2d i  sp. sym 
01 e2nf s d l  1 
01 e2nl s + sym 
o le2prox .d l l  
01 e2prox. syrn 
s t o r a g e .  clll 
typel  i b .  ci l l  
typel  i b sym 
use r .  sym 
WFW311 

7,748 bytes 
lti4,832 by te s  
44,916 bytes 

150,976 bytes 
4,068 bytes 

51 ,712  bytes 
164 bytes 

157,696 bytes 
117,216 byte!; 
43,108 bytes 

9,268 bytes 
4 I R> 

I : \VC152\MSVCl5\NODEBUCi\WFW3 11 
<:DIR> 

.. <:D I R> 
g d i  . sym 6,004 bgtes  
krnl386,  sym 4,340 bytes 
use r .  sym 9,268 bytees 

I : \VC152\MSVC15\OLE2 
<DIR> 

. .  ..D I R> 
DOCS .:D I R> 
REG 4 3 I D  
SAMPLES <:D I R> 

I : \V6152\MSVClS\OLE2\DocS 
< D I R >  
cDIR> 

oie2spec.doc 8,731,328 bytes  
ol emymt .doc 1,329,163 bytes 
o 1 eo b j e c . do c 1 ,3  8 7 ,06 9 bytes 
o le tech .doc  341,920 bytes 
re1 notes  .wri 23,552 bytes 
remoti ng.doc 150,805 b j t e s  
TECHNOTE 4 I R >  

I : \VCl52\MSVCl5\OLEZ\DoCS\TECHNOTE 
c:DIR> 

* *  * <DIRr 
c f p e r f  . doc 34,033. by tes  
cshel p. doc 49,139 b y t e s  
ex ten t s .doc  6,378 bytes 
.i tip1 ace .  doc  43,984 bytes 
olelcnvt.doc 5,405 bytes 
01 e2fmt. doc  15,893 byt:es 
0 7  e2 t ips  .doc 5,384 bytes 
pa l  e t t  e .  doc 8,449 b y t e s  
rpci t f  . doc  11,573 b y t e s  
self.doc 21,882 bytes 

I : \VClS2\MSVClS\OLEZ\REG 
4 3  I R> 

2:00 pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 

11:02 am Mon Jun 10 96 

11:02 am Mon Jun 10 96 
11:02 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 

11:05 am Mon Jun 10 96 
11: l .g  am Mon Jun 10 96 
11:05 am Mon Jun 10 96 
11:05 am Mon Jun 10 96 
11:l . l  am Mon Jun 10 96 

11:O5 am Mon d u n  10 96 
11:05 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep  16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:05 am Mon Jun 10 96 

11:05 am Mon Jun 10 96 
11:05 am Mon Ju'n 10 96 

2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep lfi 94 
2 : O O  pm Fri Sep 16 94 
Z:OO prii F r i  Sep 16 94 
2:OO pin Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pin Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:05 am Mon Jun 10 96 



.. <DIR> 
01 e2. reg 24,606 bytes 

I : \VC152\MSVCl5\0LEZ\SAMPLES 
<DIR> 

. *  <DIR> 
BIN <DIR> 
BTTNCUR <DIR> 
DEF02V <DIR> 
DFVIEW <DIR> 
DI SPCALC <DIR> 

<DIR> 
<DIR> 

D I S PD EM0 
DLLSRV 
DSPCALC2 <DIR> 
GI ZMOBAR <DIR> 
HANDLER <DIR> 
HELLO <DIR> 
I LCKBYTS <DIR> 
INCLUDE <DIR> 
LAUNCHER <DIR> 
LIB <DIR> 
OLEZUI <D I R> 
OUTLINE <DIR> 
PSSAMP <DIR> 
readme. txt 1,431 bytes 
S IMPCNTR <DIR> 
SIMPDND <DIR> 
SIMPSVR <DIR> 
SPOLY <DIR> 
SPOLYZ <DIR> 
SUM INFO <DIR> 
TI BROWS E <D I R> 
XSERVER <DIR> 

I : \VC 152\MSVC 1 5\OLE2\SAMPLES\BI N 
<DIR> 
<DIR> 

bttncur.dl1 16,912 bytes 
cl2test.exe 1,366,984 bytes 

313 by$es cl Ztest . reg 
cl2test . sym 
cntroutl .exe 
ctl3d. dl 1 
ct 1 3d. sym 
ct13dv2,dll 
ct 13dv2. syrn 
datavi ew. dl 1 
dataview.reg 
dbghndl r .  dl 1 
di spcal c. exe 
d i  spcal c .  reg 
dispdemo.exe 
dspcal c2 .exe 
dspcal c2. reg 

47,588 bytes 
497,212 bytes 
26,768 bytes 
1,892 bytes 
27,632 bytes 
1,892 bytes 

108,992 bytes 
1,629 bytes 

109,056 bytes 
9,680 bytes 
1,004 bytes 
13,792 bytes 
11,776 bytes 
1,979 bytes 

11:05 am 
2:OO pm 

11:ll am 
11:05 am 
11:07 am 
11:07 am 
11:07 am 
11:07 am 
11:07 am 
11:07 am 
11:08 am 
11:08 am 
11:08 am 
11:08 am 
11:08 am 
11:08 am 
11:08 am 
11:08 am 
11:09 am 
11:lO am 
11:ll am 
11:ll am 

2 : O O  pm 
11:ll am 
11:ll am 
11:ll am 
11:ll am 
11:ll am 
11:ll am 
11:ll am 
11:ll am 

11:07 am 
11:ll am 
2:OO pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
Fri Sep 16 94 

Man Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

2:OO pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
1:43 am F r i  Jul 14 95 
2 : O O  pm Fri Sep 16 94 
1:43 am F r i  Jul 14 95 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 



dspcal c2. t 1 b 
dv.1 aunch. exe 
dvlaunch.reg 
g i zmo ba r . d 1 1 
he1 1 0. exe 
he1 1 0. reg 
he1 1 o . t l t t  
i c n t r o t l . e x e  
i l b . r e g  
i l b c n t r . e x e  
i l b d l l  . d l l  
i l b s v r . e x e  
i n s t a l  1 r .exe  
i s v r o t 1 , e x e  
o u t 1  i ne. uxe 
o u t  1 i ne. reg 
o u t l u i  . d l l  
o u t l u i  .sym 
p r g i  dmon d l  1 
prgidmon.reg 
pssamp. d l  1 
pssamp.reg 
r ea l  t ime-exe  
s impcntr .exe 
s i  mpdnd . exe 
s i  mpsvr. exe 
s impsvr . reg 
spoly.ext. 
spo ly . r eg  
spoly2.exe 

3 , 329 bytes  
41 ,‘304 bytes  

161,592 bytes 
10,240 bytes 

2 ,164  bytes  
2,519 bytes  

535,696 bytes  
277 bytes 

65,952 bytes  
10,112 bytes  
65,984 bytes  
33,120 bytes  
500,504 bytes  
%9G, 580 bytes  

11,884 bytes 
146,976 bytes  
13,908 by tes  
10,048 bytes  

198 bytes  
8,288 bytes  

807 bytes  
100,112 bytes  
98,832 bytes 
102,464 bytes 
91,824 bytes  
1,464 bytes  

20,688 by tes  

245 bytes  

984 bytes  
19,952 bytes 

spoly2.  reg 994 bytes  
s r 2 t e s t  .exe 1,243,424 bytes 
s r 2 l e s t . r e g  5,348 bytes 
s r2 t e s t . sym 40,884 bytes  
suminfo.exe 57,056 bytes 
s v r o u t l  .exe 469,208 bytes 
xse rve r .d l1  68,464 bytes  
xse rve r .  reg 4,421 bytes  

I : \VCl52\MSVCl5\OLE2\SAMPLES\BTTNCUR 
c D I R p  

1 .  i D I R r  
b t t n c u r . c  29,845 bytes  
b t t n c u r  .def 486 bytes  
b t t n c u r *  h 7,557 bytes 
h t t n c I i r’ . ma k 2,153 by tes  
b t t n c u r . r c  1,487 bytes 
b t t n c u r .  rcv 1,485 bytes 
h t t n c u r i  . h 2,337 bytes 
c u r s o r s .  c 4,535 bytes  
D EM0 .-DIR> 
makef i 1 c 3,254 bytes  
RES *<DIRs 

2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm ‘Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2100 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO gm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

* 

11:O7 am Mon Jlln 10 96 
11:ll am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
11:07 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
11:07 am Mon Jun 10 96 



I : \VC152\MSVCl5\OLE2\SAMPLES\BTTNCUR\DEMO 
<DIR> 11:07 am Mon Jun 10 96 

.. <DIR> 11:07 am Mon Jun 10 96 
appiml20. bmp 670 by tes  2:OO pm F r i  Sep 16 94 
appim72. bmp 294 by tes  2:OO pm F r i  Sep 16 94 
appim36.bmp 358 by tes  2:OO pm F r i  Sep 16 94 
bcdemo. c 6,641 by tes  2:00 pm F r i  Sep 16 94 
bcdemo. d e f  310 by tes  2:00 pm F r i  Sep 16 94 
bcdemo. h 1,294 by tes  2:OO pm F r i  Sep 16 94 
bcdemo. i co 1,086 by tes  2:OO pm F r i  Sep 16 94 
bcdemo .ma k 2,058 by tes  2: 'OO pm F r i  Sep 16 94 
bcdemo. r c  1,927 by tes  2:00 pm F r i  Sep 16 94 
i n i t . c  3,180 by tes  2:00 pm F r i  Sep 16 94 
makef i 1 e 1,943 by tes  2:OO pm F r i  Sep 16 9 4 '  

I : \ V C  152\MSVC 15\OLE2\ SAMPLES\BTTNCUR\RES 
<DIR> 11:07 am Mon Jun 10 96 

.. <D I R> 11:07 am Mon Jun 10 96 
harrows.cur  326 by tes  2:OO pm F r i  Sep 16 94 
he1 p. c u r  326 by tes  2:00 pm F r i  Sep 16 94 
1 arrows. c u r  326 by tes  2 : O O  pm F r i  Sep 16 94 
magni f y  . c u r  326 by tes  2:00 pm F r i  Sep 16 94 
neswarrs .cur  326 by tes  2:00 pm F r i  Sep 16 94 
nodrop. c u r  326 by tes  2:OO pm F r i  Sep 16 94 
nwsearrs . cu r  326 by tes  2:00 pm F r i  Sep 16 94 
ra r row.  c u r  . 326 by tes  2:00 pm F r i  Sep 16 94 
sarrows.cur  326 by tes  2:OO pm F r i  Sep 16 94 
s i  zebarh. c u r  326 by tes  2:OO pm F r i  Sep 16 94 
s i  zebarv. c u r  326 by tes  2:OO pm Fri Sep 16 94 
s p l  i t h . c u r  I 326 by tes  2:OO pm F r i  Sep 16 94 
s p l i t v . c u r  326 by tes  2:OO pm F r i  Sep 16 94 
s td im l20 .  bmp 2,602 by tes  2:OO pm F r i  Sep 16 94 
stdim72.bmp 910 by tes  2:OO pm F r i  Sep 16 94 
stdim96.bmp 1,198 by tes  2 : O O  pm F r i  Sep 16 94 
tab1etop:cur  326 by tes  2:OO pm F r i  Sep 16 94 
varrows.cur  326 by tes  2:00 pm F r i  Sep 16 94 

I : \ V C  152\MSVC 15\OLE2\SAMPLES\DEFO2V 
<DI R> 
<DIR> 

dbbug . h 1,201 by tes  
defo2v.cpp 859 by tes  
defa2v. d e f  423 by tes  
defo2v.  h 2,154 by tes  
defo2v .ma k 2,775 by tes  
defo2v.  rc 3,486 by tes  
defoZv. rc2 1,657 by tes  
i da taob j . cpp  13,833 by tes  
i dataob j  . h 1,826 by tes  
i d i  sp. cpp 45,093 by tes  
i d i  sp.  h 2,196 by tes  
ma k e f  i 1 e 2,282 by tes  
precomp.cpp 24 by tes  
precomp. h 192 by tes  

11:07 am Mon Jun 10 96 
11:ll am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 



readme.txt 2,879 bytes 
res0urce.h 1,174 bytes 
t o f i  7 e .  cpp 13,374 bytes 
u t . i  1 . cpp  30,806 bytes 
u t i1  . h  1,488 bytes 

I : \ V C  152\MSVC15\OLE2\SAMPLES\nFVIEW 
, C D I R >  
-<DI Rz 

bmp bl an a bmp .3 58 bytes 
bmp-docu brnp 438 bytes 
d f 1  T s t b . c: 14,198 bytes 
dfvi  ew. c 26,781 bytes 
dfview.def 240 bytes 
dfview.h 1,459 bytes 
dfview.ico 766 bytes 
dfview,mak 2,654 bytes 

d fvopen + i co 166 by tes  
d i  a1 oys .  c 3,750 bytes  
f o  I d e r s .  bmp 438 bytes 
f o l  d l  i s t  c 27 , 944 bytes 
f o  l d l i  s t  - h 3,005 bytes 
global s .  h 3 99 bytes 
makefi I e 3,816 bytes 
precomp. c 22 bytes 
precomp. h 221 bytes 
readme. t x t  1,328 bytes 
resource.  h 1,254 bytes 
wi ndows. bmp 358 bytes 

dfvi  ew.rt. 4,648 bytes 

I : \ V C 1 5 2 \MS V C 1 5 \ 0 L 152 \ SAM P L ES \ D 1 S PC ALC 
,<Dj'R> 

. .  *<DIR> 
c 1 s i d . c  724 bytes 
c 1 s i  d .I1 813 bytes 
d i  spcal c a cpp 12,981 bytes 
d i  spca I c.  d e f  215 bytes 
d i  spcal c.h 5,665 bytes 
di spcal c .  i co 766 bytes 
d i s pea 1 c md k 2,429 bytes 
d i s p c a l c , r c  1,216 bytes 
d i  spcal  c e reg 1,004 bytes 
d r ive r .bas  1,025 bytes 
d r-i ver  .ma k 130 bytes 
frmdri ve .  frin 3,658 bv tes  
f rmd r i v e . P r x 770 bytes 
hestenv. h 1,072 bytes 
i d a t a .  cpp 2 , 969 bytes 
makefi l e  2,906 bytes 
readme.txt 2,642 bytes 
res0urce.h 1,616 bytes 
w-i nmai n .  cpp 2 , 566 bytes 

2:OO pm 
2:OO pm 
2:OO pm 
2 : 0 0  pm 
2:OO pm 

11:07 am 
11:11 am 
2:OO pm 
2:.0O pm 
2:OO pm 
2 : 0 0  pm 
2:OO pm 
2:OO pni 
2:00 pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 

11:07 am 
11:ll am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 

Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F'ri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
.Mon Jun 10 96 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fr i 'Sep  16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fr-i Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
-Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



I : \VC152\MSVCl5\OLE2\SAMPtES\DISPDEMO 
c D I R >  11:07 am 

.. <DIR> 11:ll am 
c1sid.c 758 bytes 2:OO pm 
cl s id .  h 1,014 bytes 2:OO pm 
crempoly.cpp 18,691 bytes 2:OO pm 
crempoly. h 3,035 bytes 2:OO pm 
d i  spdemo. def 221 bytes 2:OO pm 
d i  spdemo h 857 bytes 2:00 pm 
d i  spdemo. i co 766 bytes 2:00 pm 
dispdemo.mak 2,423 bytes 2:OO pm 
d i  spdemo. rc 815 bytes 2:00 prn 
.hostenv. h 1,072 bytes 2:OO pm 
ma kef i 1 e 2,956 bytes 2:OO pm 
mi sc. cpp 1,336 bytes 2:OO pm 
readme t x t  670 bytes 2:OO pm 
resource. h 1,231 bytes 2:OO pm 
winmain.cpp 3,618 bytes 2:00 pm 

I : \VC152\MSVCl5\OLE2\SAMPLES\DLLSRV 
<DIR> 

. . <DIR> 
DATAV I EW <DIR> 
1 i bmai n . cpp 647 bytes 
ma kef i 1 e 1,552 bytes 

. prgi dmon. cpp 16 , 574 bytes 
prgi dmon. def 232 bytes 
p r g i  dmon. h 614 bytes 
prg i  dmon .ma k 1,912 bytes 
p r g i  dmon. reg 198 bytes 
readme. t x t  2,289 bytes 
REALTIME 4 I R >  

11:08 am 
11:ll am 
11:08 am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
11:08 am 

I : \VC152\MSVCl5\OLE2\SAMPLES\DLLSRV\DATAVIEW 
<D I R> 11:08 am .. <D I R> 11:08 am 

dataview.cpp 45,646 bytes 2 : O O  pm 
d a t a v i  ew .def 185 bytes 2:00 pm 
dataview.h 19,331 bytes 2:OO pm 
dataview.ico - 766 bytes 2:00 pm 
dat avi ew . ma k 3,074 bytes 2:00 pm 
datavi ew. reg 1,633 bytes 2:OO pm 
dvcache. cpp 7,963 bytes 2 : O O  pm 
d v r u n .  cpp 6,540 bytes 2:OO pm 
dvstock. cpp 11,241 bytes 2:OO pm 
1 i bma i n . cpp 3,754 bytes 2:OO pm 
makefile 2,226 bytes 2:OO pm 
res0urce.h 989 bytes 2:OO pm 
stockdlg. cpp  4,903 bytes 2:OO pm 
stockd1g.h 590 bytes 2:OO pm 
s tockrc . rc  3,034 bytes 2:OO pm 
stockutl  .cpp 1,721 bytes 2:OO pm 
stockutl  . h 370 bytes 2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Mon Jun 10 96 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



I : \ V C  15%\MSVC 15\U LE2\ SAM P L ES\ D L I S  R V \  REALT I ME 

. .  
mainfrm.cpp 
mai nfrm. h 
nia kefi  1 e 
r ea l  t d o c  cpp 
r ea l  t d o c  I h 
rea l  time cpp 
rea l  time def 
rea1time.h 
rea l  time.mak 
real  t i m e a r c  
r ea l  t v w .  h 
RES 
resource,  h 
r t c n t r , c p p  
r t c n t r .  h 
r t d a t a .  h 
rtformvi .cpp 
rtformvi . h 
r t i  tem.cpp 
r t i t em.  h 
s tdafx ,cpp  
s t d a f x ,  h 
u t i l s . c p p  
u t i1 s .h  

43 I R> 
4 I R> 

1,641 bytes 
188 bytes 

1,925 bytes 
2,618 bytes 
1,032 bytes 
8,202 bytes 

352 bytes 
2,261 bytes 
3,068 bytes 
6,622 bytes 
1,003 bytes 

<DIR> 
574 bytes 

5,043 bytes 
1,551 bytes 
1,424 bytes 
2,077 bytes 
1,064 bytes 
6,002 bytes 
1,867 bytes 
204 bytes 
5 2 6 by t e s 
833 bytes 
861 bytes 

11:08 am 
11:08 am 
2:00 pm 
2:OO pm 
2:00 pm 
2:OQ pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2 : O O  pm 
2:00 pm 
2:00 pm 
2:00 pm 
11:08 am 

2 : O O  pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 

Man Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Mon J u n  10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

I : \VC152\MSVCl5\OL€Z\SAMPLES\DLLSRV\REALTIME\RES 
<DIR>  11:08 am Mon J u n  10 96 

.. <DIR> 11:08 am Mon J u n  10 96 
rea l  t i m e  . i co 766 bytes 2:OO pm Fri Sep 16 94 
rea l t ime. rc2  1,553 bytes 2:00 pm Fri Sep 16 94 

I : \ V C 1 5 2 \ MS V C 1 5 \O L E2 \ SAMPLES \ OS PC A I-C2 
<DI R> 11:08 am 

, .  <DIR>  11:ll am 
cal ctypc. odl 1,927 bytes 2 : O O  pm 
c1sid.c  617 bytes 2:OO pm 
c1sid.h 629 bytes 2:00 pm 

. 'drpcal c2. cpp 9,279 bytes 2:OO pm 
dspcal cZ. del' 250 bytes 2:00 pm 
dspcal c2. h 2,752 bytes 2:OO pm 
dspcal c2.  i cu 766 bytes 2:OO pm 
dspcal e2 rc 1,216 bytes 2:OO pm 
d T p r a l  c ? .  reg 1 , 9 7 9  hytes 2 : O O  pm 
tnai n .  cpp 4 ,201  bytes 2:OO pm 
ma k e f  i 1 e 3,446 bytes 2:OO pm 
rcadme.txt 2,614 bytes 2 : O O  pm 
res0urce.h 138 bytes  2:00 pm 

<.El I R'4 11:08 am 
. .  cDIR; 11:ll am 

I : \ V C: 1 5 2 \ MS V C 1 5 \ 0 L. E 2 \ SAMPLE: S \ G I ZMO BAR 

Mon J u n  10 96 
Mon J u n  10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon J u n  10 96 



a p i  .c 
D EM0 
gizmo. c 
gizm0.h 
gizm0bar.c 
gizmobar.def 
g i  zmobar. h 
girmobar.mak 
g i  zmobar. r c  
g i  zmobar. r c v  
g i  zmoi n t  . h 
i n i t . c  
m a k e f i l e  
p a i n t . c  

18,820 by tes  
<DIR> 

18,213 by tes  
3,259 by tes  
11,948 by tes  

986 b y t e s  
5,211 by tes  
2,538 by tes  
446 by tes  

1,509 by tes  
2,687 by tes  
5,983 by tes  
3,343 by tes  
3,186 by tes  

2:00 pm F r i  Sep 16 94 
11:08 am Mon Jun 10 96 

2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:O.O pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

I : \ V C  152 \MSVC 15\0LE2\ SAMPLES\G I ZMOBAR\ DEMO 
<DIR> 11:08 am 

1 .  4 I R r  11:08 am 
gbdemo. c 10,013 b y t e s  2:00 pm 
gbdemo. d e f  350 by tes  2 : O O  pm 
gbdemo . h 3,776 by tes  2:OO pm 
g bdemo . i co 1,086 by tes  2:00 pm 
g bdemo .ma k 2,175 by tes  2:00 pm 
gbdemo. r c  1,707 by tes  2:00 pm 
i magel20. bmp 2,050 by tes  2:OO pm 
image72. bmp 734 by tes  2:OO pm 

958 by tes  2:00 pm 
4,614 b y t e s  2 : O O  pm 

image96. bmp 
i n i t . c  
ma k e f  i 1 e 2,169 by tes  2:OO pm 

I : \VC152\MSVCl5\OLE2\SAMPLES\HANDLER 

.. 
cdebug.cpp 
cdebug . h 
c l  a s s f c t .  cpp 
c1ass fc t .h  
dbghndl r. cpp 
dbghndl r . d e f  
dbghnd1r.h 

' dbghndl r .  i co 
d bg hndl  r . ma k 
dbghndl r. r e  
I NSTALLR 
ma k e f  i 1 e 
ob jec t . cpp  
o b j e c t .  h 
readme. t x t  
res0urce.h 
s t d a f x  . cpp 
s t d a f x .  h 
u t i  1 s .cpp 
u t i 1  s .  h 

<DIR> 
<DIR> 

28,598 by tes  
1,753 by tes  
3,757 by tes  
1,299 by tes  
5,113 by tes  
446 by tes  

1,529 by tes  
766 b y t e s  

2,803 by tes  
2,303 by tes  

<DIR> 
2,284 by tes  
52,149 by tes  
12,580 by tes  

898 by tes  
534 b y t e s  
643 by tes  
999 b y t e s  

1,812 by tes  
602 by tes  

11:08 am 
11:ll am 
2:00 pm 
2:00 pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO. pm 
2:00 pm 
2:00 pm 
2:00 pm 
11:08 am 

2 : O O  pm 
2:00 pm 
2 : O O  pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:00 pm 
2:00 pm 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 



I : \ V C 15 2 \ M S V C 1 5 \ 0 L E 2 \ SAMPLE !j \ H A  N 0 LE R\  I N S T A L L R 
*:DIR> 11:08 am Mon Jun 10 96 

e .  .-:D I R> 1l:OD qm Mon Jun 10 96 
d h g h n d l r . i c o  766 bytes  2:00 pm Fri Sep 16 94 
i nst a 1 1 d cpp 8,I304 bytes  2 : O O  pm Fri Sep 16 94 
i n s t a l  1 d ,  h 958 bytes  2:00 pm Fri Sep 16 94 
i n s - t a l l r . d e f  200 bytes  2:00 pm Fri Sep 16 94 
i n s t a 1 1 r . m a  k 2,214 bytes  2 : O O  pm Fri Sep 16 94 
i n s t a l  1 r .  r c  2,404 bytes  2:00 pm Fri  Sep 16 94 
m a k e f i l e  1 ,690  bytes  2 : O O  pm Fri  Sep 16 94 
r e s 0 u r c e . h  708 bytes  2:00 pm Fri  Sep 16 94 
s t d a f x .  cpp 645 bytes  2:00 pm Fri Sep 16 94 
s t d a f x .  h 791 bytes  2 : O O  pm Fri  Sep 16 94 

I : \ V C  I5 Z \ M S V C  1 5\0 L E 2 \  S AMP I- ES\ Id E L LO 
.rD I R> 

. ,  *:D I R> 
cl  s i d . e  397 b y t e s  
c 1 s i d . h  1,495 bytes  
common. h 1, 000 bytes  
he1 1 0 .  cpp 5,770 bytes  
he1 1 0. def  233 bytes  
he1 1 o .  frtn 3 ,998  bytes  
hel1o.h 1 ,643  bytes  
he1 l o .  i co 766 bytes  
h e l l o . o d l  1,296 bytes  
he1 l o .  rc 1,952 b y t e s  
h e l l o . r e y  2,164 b y t e s  
he1 1 o p r o .  c p p  1 ,574  bytes  
he1 1 opro e h 782 by tes  
main . cpp 4,374 b y t e s  
makefi 1 e 3,365 bytes  
readme. t x t  1 ,777  bytes  
r e s o u r c e .  h 458 b y t e s  

11:08 am Mon Jun 10 96 
11:ll am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep  16 94 
2:OO pm Fri Sep  16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

I : \ V C 1 52 \ M S V C 1 5 \ 0 L E2 \ SAM P L ES \ I LC KBY TS 
<DIR> 11:08 am Mon Jun 10 96 

. ,  <DIR> 11:11 am Mon Jun 10 96 
ilb.reg 279 b y t e s  2:QO pm Fri Sep 16 94 
I LBCNPR .:D I R> 11:08 am Mon Jun 10 96 

. i 1 b d l l  . def 469 b y t e s  2:OO pm Fri Sep 16 94 
i 1 b d l l  .mak 1,754 b y t e s  2:OO pm Fri Sep 16 94 
I LBSVR 43 I R> ll:O8 am Mon Jun 10 96 
ma kef i  1 e 1,Cl92 b y t e s  2 : O O  pm Fri Sep 16 94 
mernstrn. cpp 40,098 b y t e s  2:OO pm Fri Sep 16 94 
mernstm. h 4,'f28 bvi-es 2 : O O  pm Fri Sep 16 94 
readme.tx.1: 2,163 b y t e s  2 : O O  pm Fri Sep 16 94 

c:bIR> 11:08 am Mon Jun 10 96 
. .  q:D 1 R> 11:08 am Mon Jun 10 96 
i 1 hcndoc. cpp 1 ,741  b y t e s  2:OO pm Fri Sep 16 94 
i1hcndoc.h 948 b y t e s  2:OO pm Fri Sep 16 94 
i 9 b c n t r . c p p  7,909 b y t e s  2:OO pm Fri Sep 16 94 

I : \ V C 1 5 2 \ M S V C 1 5 \ 0 L E 2 \ SAM P 1- E S \ I L C K E3 Y T S \ I L B C N T R , 



i 1 b c n t r .  d e f  
i 1 b c n t r .  h 
i l b c n t r . m a k  
i 1 b c n t r .  r c  
i 1 bcnvw . cpp 
i 1 bcnvw. h 
mai n f  rm.  cpp 
mai n f  rm.  h 
ma k e f  i 1 e 
RES 
res0urce.h 
s t d a f x . c p p  
s t d a f x .  h 

349 by tes  
1,470 'bytes 
2,649 by tes  
7,040 by tes  
1,687 by tes  
1,078 by tes  
1,262 by tes  
825 bytes 

2,313 by tes  
<DIR> 
906 by tes  
204 by tes  
299 bytes 

2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
11:08 am 
2:00 pm 
2:OO pm 
2:00 pm 

F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

I : \VC152\MSVCl5\OLE2\SAMPLES\I LCKBYTS\ILBCNTR\RES 
-=DIR> 11:08 am Mon Jun 10 96 .. <DIR> 11:08 am Mon Jun 10 96 

i 1 b c n t r .  i co 768 bytes 2:00 pm F r i  Sep 16 94 
i l b c n t r . r c 2  . 1,548 bytes 2:OO pm F r i  Sep 16 94 

I : \VC 152\MSVCl5\OLE2\SAMPLES\ I LCKBYTS\ I LBSVR 
< D I R > ,  11:08 am Mon Jun 10 96 
<DIR> 11:08 am PSon Jun 10 96 i bsvdoc. cpp 1,723 by tes  2:OO pm F r i  Sep 16 94 

i 1 bsvdoc. h 942 by tes  2:OO pm Fri Sep 16 94 
i l b s v r . c p p  3,799 by tes  2:00 pm F r i  Sep 16 94 
i 1 b s v r  . d e f  346 by tes  2:OO pm F r i  Sep 16 94 
i 1 b s v r .  h 878 by tes  2:00 pm F r i  Sep 16 94 
i l b s v r . m a k  2,712 b y t e s  2:00 pm F r i  Sep 16 94 
i 1 b s v r .  r c  6,463 by tes  2:00 pm F r i  Sep 16 94 
i 1 bsvvw . cpp 1,665 by tes  2:00 pm F r i  Sep 16 94 
i 1 bsvvw . h 1,068 by tes  2:OO pm F r i  Sep 16 94 
mainfrm.cpp 1,261 by tes  2:00 pm F r i  Sep 16 94 
mainfrm. h 825 bytes 2:00 pm F r i  Sep 16 94 
ma k e f  i 1 e 2,310 by tes  2:OO pm F r i  Sep 16 94 
RES <DIR> 11:08 am Mon Jun 10 96 
resource .  h 360 by tes  2:00 pm F r i  Sep 16 94 
s tda fx . cpp  204 by tes  2:00 pm F r i  Sep 16 94 
s t d a f x  . h 299 by tes  2:OO pm F r i  Sep 16 94 
t e s t  .cpp 3,066 by tes  2rOO pm F r i  Yep 16 94 
t e s t .  h 974 bytes 2:OO pm F r i  Sep 16 94 

< D I  R> 11:08 am Mon Jun 10 96 
. .  <DIR> 11:08 am Mon Jun 10 96 
i 1 b s v r .  i co 768 by tes  2:OO pm F r i  Sep 16 94 
i l b s v r . r c 2  1,543 by tes  2:OO pm F r i  Sep 16 94 

I : \VC152\MSVClS\OLE2\SAMPLES\ I LCKBYTS\ I LBSVR\RES 

I : \ V C  152\MSVC 15\0LEZ\SAMPLES\ I NCLUDE 
<DIR> 11:08 am Mon Jun 10 96 
< D I  R> 11:ll am Mon Jun 10 96 

i f t n c u r .  h 7,557 by tes  2:OO pm F r i  Sep 16 94 
c t l 3 d . h  2,673 by tes  5:30 am Mon Feb 27 95 
enumfetc.h 384 by tes  2:OO pm F r i  Sep 16 94 



y i  zmobar. h 5,211 bytes 2:OO pm 
msgfi 1 t r .  h 1,!366 bytes 2:OO pm 
sumi nfo. h 10,344 bytes 2:OO pm 
w i  nl632. h 2,770 bytes 2:OO pm 

<DI Rr 11:08 am 
. .  djIR> 11:11 am 
c l a s s f c t * c p p  7,779 bytes 2:OO pm 
classfst,h 2,1.09 bytes 2:OO pm 
dv'l aunc h m d  k 2,371 bytes 2 : O O  pm 
dvl aunch. reg 245 bytes 2:OO pm 
1 auncher. clip 3,527 bytes 2:OO pm 
1 aunchcr+def :!17 bytes 2 : O O  pm 
1 auncher. h 1,242 bytes 2:00 pm 
1 auncher i co 766 bytes 2:OO pm 
1 auncher. r c  1,637 bytes 2:OO pm 
makef i 1 e 2,764 bytes 2:00 pm 
readme.txt 9,413 bytes 2:00 pm 
resourceah  442 bytes 2:OO pm 
s tdafx.cpp 495 bytes 2:OO pm 
s tda fx .  h 460 bytes 2:OO pm 

I : \VC152\MSVCl5\fJLE2\SAMPLES\LAUNCHER 

I : \ V C  1 52 \MSVC 1 5 \ O L  E2 \ SAMPLES\ L I I3 
*CDlR> 

I .  .::DI R> 
b t tncu r .  1 i 1, 1 I 536 bytes 
c t l3d . l i t r  3,072 bytes 
c t 1 3 d v 2 . 1 i 11 3,072 bytes 
gizmobar.l ib 2,560 bytes 
101 eui c .  1 -i b 144,153 bytes 
lo1 eui cd 1 *i b 467,237 bytes 
1 o l e u i d . l i b  151,321 bytes 
1 o I eu i dd .1 .i b 4 84,645 by t es 
mol eui c .  1 i I:, 143,641 bytes 
mol eui cd I 1 .i b 466,725 bytes 
mo I eu i d . I  i 11 150, ti09 bytes 
mo 1 eui d d .  1 i b 483,109 bytes 
ou t lu i  . l i b  23,552 bytes 

I : \ V C 1 5 2 \ MS V C 1 5 \ 0 L E2 \ SAMPLES \ 0 L E2 U 1 
<D I R=. .. < D  I R> 

busy. c lfi,Ei55 bytes 
busy. h 1,420 bytes 
common. c 1'?,?12 hv tes  
common. h 5,355 bytes 
convert . c 49,824 bytes 
convert . h 2,176 bytes 
dbal 1 oe . c p p  11,174 bytes 
dbal 1 oc . h 838 bytes 
dbguti 1 . c 9,511 bytes 
debug. h 1,407 bytes 
depend 2,001 bytes 

Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F.ri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F'ri Sep 16 94 
Fri Sep 16 94 

11:09 am Mon Jun 10 96 
11:ll am Mon Jun 10 96 

2 : O O  pm Fri Sep 16 94 
12:57 am Fri Jul 14 95 
12:56 am Fri Jul 14 95 

2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:QO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fr-i Sep 16 94 

11:lO am 
11:11 am 
2:OO pm 
2:OO pm 
2:OO pin 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F'ri Sep 16 94 
Fri Sep 16 94 



d l  1 f uncs .  c 5,402 by tes  
drawi  con. c 18,696 by tes  
e d l  i n k s .  h 5,963 by tes  
enumfetc.c 8,149 by tes  
enumfe tc -h  384 by tes  
enumstat .c 9,018 by tes  
g e t i c 0 n . c  30,182 by tes  
g e t i c 0 n . h  708 by tes  
ha tch .  c 8,600 by tes  
i c0n .c  23,756 by tes  
i c 0 n . h  1,931 by tes  
i conbox. c 5,690 by tes  
iconb0x.h , 904 by tes  
i n s o b j  . c 49,154 by tes  
i n s o b j  . h  1,797 by tes  
1 i n k s  . c 56,473 by tes  
makedl 1 9,726 by tes  
make1 i b 9,250 bytes, 
m f c o l  e u i  . d e f  9,115 by tes  
mfcoleu i .mak 5,747 by tes  
msgf i 1 t r . c 25,420 by tes  
m s g f i  1 tr. h 1,966 by tes  
o b j f d b k .  c 6,672 by tes  
01 e2ui  . c 30,578 by tes  
01 e2u i  . d e f  9,029 by tes  
01 e2ui  . h 35,007 by tes  
o l  e2u i  . r e  904 by tes  
01 e s t d .  c 82,793 by tes  
01 e s t d .  h 29,566 by tes  
01 e u t l  . c 20,877 by tes  
o u t l u i  , d e f  9,113 by tes  
o u t l u i  .mak 5,731 by tes  
p a s t e s p l  . c 53,757 by tes  
p a s t e s p l  . h 5,399 by tes  
precomp. c 773 by tes  
readme. t x t  972 by tes  
regd  b . c 9,496 by tes  
r e g d  b . h 189 by tes  
RES ' <DIR> 
resimage.c 10,290 by tes  
resimage. h 1,747 by tes  
stdpa'l . c 2,575 by tes  
s t d p a l  . h 9,534 by tes  
suminfo.cpp 45,945 by tes  
suminf0.h 10,344 by tes  
t a r g t d e v .  c 8,274 by tes  
temp1 a t  e, c 5,977 by tes  
temp la te .  h 3,355 by tes  
u t i  1 i t y  . c 26,331 by tes  
u t i  1 i t y  . h 1,266 by tes  
wn - d0s.h 5,444 by tes  

2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r n i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
11:lO am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 

I : \VC152\MSVCl5\0LE2\SAMPLES\OLEZUI\RES 
<DIR> 11:lO am Mon Jun 10 96 



* .  .<DIR> 11:lO am 
Du-r .CDIR> 11:lO am 
FRN <DIR> 1l:lO am 
GER *rl D 1 R> 11:lO am 
I TA ‘DIR> 11:lO am 
IlJSA .eDIR>i 11:lO am 
1oca lo le .h  37,370 bytes 2 : O O  pm 
01 e2ui . rcv 2,774 bytes 2:OO pm 
SPA <DIR> 11:lO am 
STAT I C KDIW 11:lO am 
SWE <DIR> 11:lO am 
USA <DIR> 11:10 am 

*:D 1 R> 11:lO am 
. .  < D P R >  11:10 am 
busy. d l  g 640 bytes 2:OO pm 
convert .  cll g 1,463 bytes 2:00 pm 
f i 1 eopen a d l  g 1,456 bytes 2:OO pm 
icon , d l  g 1,429 bytes 2 : O O  pm 
i nsobj . d l  g 1,787 bytes 2:OO pm 
1 i nks.dl g 1,515 bytes 2:OO pm 
pas tesp l  . d’l g 1,738 bytes 2:OQ pm 
prompt+dlg 3,266 bytes 2:00 pm 
s t r i n g s  . Y‘C 6,310 bytes 2 : O O  pm 
verl oca1 . h 1,862 bytes 2:OO pm 

I : \ V C  152\MSVC 15\oLE2\SAMPLES\OLE2UI \RES\DUT 

Man Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mcrn Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

I : \ V C 1 5 2 \ M S V C 1 5 \ 0 LE 2 \ SAM P L E S \ 0 L E2 U I \ RES \ F RN 
<D I R> 11:lO am Mon Jun 10 96 

. .  -cD 1 R> 11:lO am Mon .Jun 10 96 
busy. d l  g 626 bytes 2:OO pm Fri Sep 16 94 
convert .  d l  11 1,472 bytes  2:00 pm Fri Sep 16 94 
f i 1 eopcn . d l  g 1,458 bytes  2:OO pm Fri Sep 16 94 
icon .d l  g 1 ,441 bytes 2:OO pm Fri Sep 16 94 
i n s o b j  . d l g  1,801 by tes  2:OO pm F r i  Sep 16 94 
1 i n ks . dl g l,!j28 bytes  2 : O O  pm F r i  Sep 16 94 
pas tesp l  . d l  g 1,748 bytes 2:OO pm F r i  Sep 16 94 
prompt.dlg 3,329 bytes  2:OO pm Fri Sep 16 94 
strings.  rc 6,191 bytes 2:OO pm F r i  Sep 16 94 
ver l  oca9 , h 1,1368 bytes 2:00 pm Fri Sep 16 94 

*:D I R> 11:lO am Mon Jun 10 96 
cDIR> 11:lO am Mon Jun 10 96 

bisy I d l  g 657 bytes 2:00 pm Fri Sep 16 94 
Lonvet - t  a d i  g i , 4 6 9  bytes 2:OO pm Fri Sep 16 94 
f i  1 eopen I d l  g 9,457 bytes 2:00 pm Fri Sep 16 94 
i con. d l  g ‘k,435 bytes 2:OO pm Fri Sep 16 94 
i n s o b j - d l g  1,/96 bytes  2:OO pm Fri Sep 16 94 
1 i n k s .  d l g  1,545 bytes 2:OO pm Fri Sep 16 94 
p a s t e s p l  . d l g  1,745 bytes 2:OO pm Fri Sep 16 94 
prompt.dlg 3,374 bytes 2 : O O  pm Fri Sep 16 94 
s t r i n g s  . r c  6,350 bytes 2:OO pm Fri Sep 16 94 
ver l  oca1 . h 1,869 bytes 2 : O O  pm Fri Sep 16 94 

I : \ V C  152\MSVCl5\0Ll2\SAMPLES\OLE2UP\RES\GER 



I : \VC152\MSVCl5\OLE2\SAMPLES\OLE2UI\RES\ITA 
<DIR> 11:lO am 
<DIR> 11:lO am 

b i s y .  d l  g 605 b y t e s  2:OO pm 
c o n v e r t . d l g  1,458 b y t e s  2:OO pm 
f i  1 e o p e n . d l g  1,436 b y t e s  2:OO pm 
i c o n  . d l g  1,421 b y t e s  2:OO pm 
i n s o b j  . d l g  1,781 b y t e s  2:OO pm 
1 i n k s . d l g  1,524 b y t e s  2:OO pm 
p a s t e s p l  . d l  g 1,734 b y t e s  2:QO pm 
prompt .  d l  g 3,238 b y t e s  2:00 pm 
s t r i n g s  . rc 6,136 b y t e s  2:00 pm 
verl o c a l  . h 1,856 b y t e s  2 : O O  pm 

I : \VC152\MSVCl5\OLE2\SAMPLES\OLE2UI\RES\IUSA 
. <DIR> 11:lO am .. <DIR> 11:lO am 

busy .  d l  g 616 b y t e s  2:OO pm 
c o n v e r t .  d l  g 1,495 b y t e s  2:OO pm 
f i 1 eopen  . d l  g 1,603 b y t e s  2:OO pm 
i con . d l g  1,505 b y t e s  2:OO pm 
i n s o b j  . d l g  1,846 b y t e s  2:OO pm 
1 i n k s . d l g  1,560 b y t e s  2:OO pm 
p a s t e s p l  . d l g  1,837 b y t e s  2:OO pm 
p r o m p t . d l g  3.,216 b y t e s  2:OO pm 
s t r i n g s  . rc 5,892 b y t e s  2 : O O  pm 
verl ocal . h 1,859 b y t e s  2:OO pm 

<DIR> 11:lO am 
* .  <DIR> 11:lO am 
b u s y .  d l  g 631 b y t e s  2:OO pm 
c o n v e r t .  d l  g 1,481 b y t e s  2:OO pm 
f i 1 eopen  .,dl g 1,465 b y t e s  2:OO pm 
i con. d l  g 1,441 b y t e s  2:OO pm 
i n s o b j  . d l g  1,810 b y t e s  2:OO pm 
1 inks . d l g  1,518 b y t e s  2:OO pm 
p a s t e s p l  . d l  g 1,738 b y t e s  2:OO pm 
p r o m p t . d l g  3,382 b y t e s  2:OO pm 
s t r i n g s . r c  6,058 b y t e s  2:OO pm 
v e r l o c a l  . h 1,894 b y t e s  2 : O O  pm 

I : \ V C  152\MSVC15\OLE2\SAMPLES\OLE2UI \RES\STATIC 
<D I R> 11:lO am 

. *  < D I R >  11:lO ani 
bang .  i co 1,846 b y t e s  2:OO pm 
d e f a u l t  . i eo 766 b y t e s  2:OO pm 
e g a r e s .  bmp 6,838 b y t e s  2 : O O  pm 
h i v g a r e s . b m p  20,326 b y t e s  2:OO pin 
vgares .bmp 9,078 b y t e s  2:OO pm 

I : \VC152\MSVCl5\OLE2\SAMPLES\OLE2UI\RES\SPA 

I : \ V C ~ ~ ~ \ M S V C ~ ~ J \ O L E ~ \ S A M P L E S \ ~ L E ~ U I \ R E S \ S W E  
<DIR> 11:lO am 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep  16 94 
Fri Sep  16 94 

Mon Jun 10 96 
Mon Jun  10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep  16 94 
Fri Sep  16 94 
Fri Sep 16 94 
F r i  Sep  16 94 
F r i  Sep 16 94 
Fri Sep  16 94 
Fri Sep  16 94 

Mon Jun 10 96 
Kon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 



busy. d l  g 
convert. til g 
f i  1 eopen . d l  y 
i con.dlg 
insobj.d'lg 
1 i n ks . d l  g 
pastespl " d l g  
prompt. d'l g 
s t r i n g s .  rc 
verl ocal h 

z : D I R >  
612 bytes 

1,470 bytes 
1,432 bytes 
1,418 bytes 
1,770 bytes 
1,495 bytps 
1 , 724 bytes 
3,245 bytes 

1,843 bytes 
5,788 bytes 

11:lO am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:,00 pm 

I : \VCI52\MSVC~5\OLE2\SAMPLES\OLEZUI\RES\USA ' 

bisy .  d l  y 
convert. d l  g 
f i  leopen.dl g 
icon . d l  y 
insobj . d l g  
1 inks.dlg 
pastespl . d l  g 
prompt . d l y  
s t r i n g s  . r c  
verl  ocal . h 

,r: D I R r  . 
,<D I R;. 
597 bytes 

1,477 bytes 
1,451 bytes 
1,430 bytes 
1,786 bytes 
1,498 bytes 
1,731 bytes 
3,157 bytes 
5,753 bytes 
1,060 bytes 

. .  
cl as5 fac .c  
c l  -i p b r d .  c 
cntrbase.e  
c n t r i  n p l  . c 
c n t r l  i ne. c 
CNTROUTL 
c n t r o u t l  e d s f  
cntrout l  . h 
cntrout l  e i co 
c n t r o u t l . m d k  
cntrout 1 a r c  
c n t r r c .  h 
debug. c 
d e b u g .  r c  
debug2. c 
defgui d .  h 
d i a l o g s  . c  
d i  a1 ogs  .dig 
dragcopy. cur 
dragdr0p.c 
d r a g ?  ink.  cur 
drdgmove& cur 
draynone. cur 
framet1s.c 
framet1s.h 

4 I R >  
. < D I R >  

7,045 bytes 
€04,334 bytes 
60,786 bytes 
63,439 bytes 
111,980 bytes 

* C D I R >  
550 bytes 

31,762 bytes 
766 bytes 

5,227 bytes 
5,650 bytes 
846 bytes 

2,246 bytes 
7,090 bytes 
0,274 bytes 
2,074 bytes 
17,203 bytes 
3,488 bytes 
326 bytes 

20,532 bytes 
326 bytes 
326 bytes 
326 bytes 

28,690 bytes 
3,121 bytes 

Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

11:lO am Mon Jun 10 96 
11:lO am Mon Jun 10 96 

2 : O O  pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:ll am 
11:ll am 

2 : O O  pm 
2 : O O  pm 
2 : O O  pm 
2:OO pm 
2:OO pm 

11:ll am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : 0 0  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



heading. c 
heading . h 
ICNTROTL 
i cnt ro t l  .def 
i c n t r o t l  . i c o  
i c n t r o t l  .mak 
i c n t r o t l  . r c  
imagel20. bmp 
image72.bmp 
image96.bmp 
ISVROTL 
i svro t l  .def 
i s v r o t l  . ico 
‘i svrot l  .mak 
i s v r o t l . r c  
1 i n k i n g  . c 
main.c 
ma kef i 1 e 
memmg r . c 
message. h 
01 e2. bmp 
ol eapp. c 
ol  edoc. c 
oleoutl  . h  
outl app. c 
outl  doc .  c 
OUTLINE 
outline.def 
out1ine.h 
outl  i ne. i eo 
outline.mak 
o u t 1 i n e . x  
out 1 i ne. reg 
out l1ine.c  
o u t l 1 i s t . c  
out1name.c 
out lntbl  .c 
outl  r c .  h 
o u t l  t x t l  .c 
precomp. c 
readme. t x t  
sel  cross.  cur 
s t a t u s . c  
s ta tus .h  
s t r ipper .exe 
s v r b a s e .  c 
svr i  np l  . c 
SVROUTL 
svroutl .def 
svroutl  . h 
svroutl  . i c o  
svroutl  .mak 
svrout1.rc 
svrpsobj . c 

10,591 bytes 
2,104 bytes 

<D I R> 
567 bytes 
766 bytes 

5,401 bytes 
6,857 bytes 
1,498 bytes 
558 bytes 
758 bytes 
<DIR> 
558 bytes 
766 bytes 

5,378 bytes‘  
6,580 bytes 
56,567 bytes 
73,025 bytes 
7,966 bytes 
655 bytes 

4,624 bytes 
14,862 bytes 
104,371 bytes 
38,708 bytes 
27,671 bytes 
41,590 bytes 
86,053 bytes 

<DIR> 
541 bytes 

32,194 bytes 
766 bytes 

4,112 bytes 
5,418 bytes 
11,854 bytes 
16,438 bytes 
28,340 bytes 
2,634 bytes 
11,536 bytes 
6,394 bytes 
9,261 bytes 
374 bytes 

7,825 bytes 
326 bytes 

8,429 bytes 
1,415 bytes 
37,756 bytes 
59,513 bytes 
43,622 bytes 

<DIR> 
549 bytes 

32,421 bytes 
766 bytes 

5,213 bytes 
5,964 bytes 
42,976 bytes 

2:00 pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
11:ll am Mon Jun 10 96 

2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
11:ll am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
11:ll am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
11:ll am Mon Jun 10 96 

2:OO pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 



I : \ V C  152\MSVCl S\OLE2\SAMPLES\OUTLI NE\CNTROUTL 
.cD I R> 11:ll am Mon Jun 10 96 

. .  .=DP Rr 11:ll am Mon Jun 10 96 
mksrc. bat: 1 ,272  b y t e s  2:OO pm Fri Sep 16 94 
s t r i  pol e .  d f n  1.90 b y t e s  2:00 pm Fri Sep 16 94 
s t r ipper .  d f n  190 bytes  2 : O O  pm Fri Sep 16 94 

<DIR> 11:l.l am Mon Jun 10 96 
* .  d l IR> 1l : l l  am Mon Jun 10 96 
mksrc. ba t  1,327 bytes  2:OO pm Fri Sep 16 94 
s t r i  po 1 e dfn  190 bytes  2:OO pm Fri Sep 16 94 
stripper.d fn  190 b y t e s  2:OO pm Fri Sep 16 94 

<cD I R> 11:ll am Mon Jun 10 96 
e .  4 I Rs 11:11 am Mon Jun 10 96 
niksrc. bat: 1,323 b y t e s  2:00 pm F r l  Sep 16 94 
s t r i  pol  e .  dfn  190 b y t e s  2:00 pm Fri Sep 16 94 
s t rs 'pper .  d fn 190 b y t e s  2:00 pm Fri Sep 16 94 

I : \ V C  152\MSVC 15\0LEZ\SAMPb€s\0UTLIN~\ I CNTROTL 

I : \VC152\MSVC15\~LE2\SAMPLES\0U7LINE\ ISVROTL 

I : \ V C 1 5 2 \ M S V C 1 5 \ 0 L 1-12 \SAMPLES \ OUT L I N E \ 0 UT L I N E 
-cD I R> 11:ll am Mon Jun 10 96 

. .  -<D I R> 11:ll am Msn Jun 10 96 
mksrc.  b a t  844 b y t e s  2 : O O  pm Fri Sep 16 94 
s t r i p p e r . d f n  202 b y t e s  2:OO pm Fri  Sep 16 94 

*eDIRs 11:11 am Mon Jun 10 96 
. .  *eD I R> 11:ll am Mon Jun 10 96 
mksrc. bat: 1 ,272  b y t e s  2 : O O  pm F r i  Sep 16 94 
s t r i  p o l  e.  d f n  I 190 bytes 2:OO pm Fri Sep 16 94 
s t r i p p e r  * dfn 190 bytes  2:OO pm Fri Sep 16 94 

I : \VC152\MSVC15\0LE2\SAMPLES\OUTLINE\SVROUTL 

I : \VCl52\MSVCl5\OLEZ\SAMPLES\PSSAMP 
<DIRr 
<DIRs- 

mikefi 1 e 993 bytes 
odcsamp a t.i 712 b y t e s  
pssamp.spp 12, I162 b y t e s  
pssamp. $et: 242 b y t e s  
pssamp. t i  2,593 bytes 
pssamp +ma k 1,728 b y t e s  
pssarnp. reg f3O 7 bytes 
rcadme.txt 1,218 bytes  

1 l : l l  am Mon Jun 10 96 
11:ll am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pin tri Sep 16 94 

I : \ V C 1 5 2 \ M S V C 1 5 \ 0 L E 2 \ SAM P L E S \ S I M P C NTR 
<D I R> 11:ll am Mon J u n  10 96 

. .  <D I R> 1 l : l l  am Mon Jun 10 96 
aPP-cPP 25,093 bytes  2:OO pm Fri  Sep 16 94 
"P * h 2,147 b ,y t~ l s  2:OO pm Fri Sep 16 94 
d o c .  cpp 14,845 b y t e s  2:00 pm Fri  Sep 16 94 
doc .  h 1 ,212  bytes  2 : O O  pm Pri  Sep 16 94 



i as. cpp 
i a s . h  
i ocs . cpp 
i 0 c s . h  
i o i  p f  . cpp 
i o i  p f .  h 
i o i p s .  cpp 
i 0 i p s . h  
ma k e f  i 1 e 
Pre * CPP 
p re .  h 
readme. t x t  
resource.  h 
s impcntr .  cpp 
s i mpcn t r . d e f  
s impcnt r .  h 
s i m p c n t r . i c o  
simpcntr.mak 
simpcnt r . r c  
s i t e .  cpp 
s i t e . h  

7,631 b y t e s  
1,159 bytes  
8,403 b y t e s  
1,196 b y t e s  
15,876 bytes  
1,696 bytes  
15,348 bytes  
1,592 bytes  
2,742 bytes  
304 byte's 
511 b y t e s  
328 b y t e s  
935 b y t e s  

11,048 bytes  
642 b y t e s  
778 b y t e s  
766 b y t e s  

3,079 b y t e s  
2,605 bytes  
15,969 b y t e s  
1,299 b y t e s  

I : \VCl52\MSVCl5\OLE2\SAMPLES\SIMPDND 

.. 
aPP-cPP 
aPP. h 
doc. cpp 
doc. h 
d x f e r o b j  . cpp 
d x f e r o b j .  h 
i as. cpp 
i a s . h  
i d s  . cpp 
i d s . h  
i d t . c p p  
i d t . h  
i ocs . cpp 
i 0 c s . h  
ma k e f  i 1 e 
Pre - CPP 

readme. t x t  
resource.  h 
simpdnd. cpp 
simpdnd. de f  
simpdnd.h 
simpdnd. i c o  
simpdnd-mak 
s i mpdnd . r c  
s i t e .  cpp 
s i t e . h  

* p re .h  

<DIR> 
<D I R> 

17,457 b y t e s  
2,006 bytes  
18,382 b y t e s  
2,090 b y t e s  
15,188 b y t e s  
1,934 b y t e s  
7,591 b y t e s  
1,159 b y t e s  
8,315 b y t e s  

995 b y t e s  
23,246 b y t e s  
2,333 b y t e s  
8,363 b y t e s  
1,196 b y t e s  
2,751 b y t e s  
304 b y t e s  
510 b y t e s  
194 b y t e s  
979 b y t e s  

11,443 bytes  
640 bytes  
779 b y t e s  
766 bytes  

3,135 bytes  
2,646 b y t e s  
15,099 bytes  
1,147 b y t e s  

2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16.94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:ll am Mon Jun 10 96 
11:ll am Mon Jun 10 96 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 :OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

I : \VC152\MSVCl5\OLE2\SAMPLES\SIMPSVR 



. s  

aPP * CPP 
app. h 
doc .  cpp 
doc.  h 
i c f  . cpp 
i c f .  h 
i do. cpp 
ido.h 
i ec.  cpp 
iec.h 
i o i  pao . cpp 
i 0-i pao. h 
i o i  po. cpp 
i0ipo.h 
i 0 0 .  cpp 
i o a .  h 
i p s  . cpp 
ips.h 
ma k e f  1’ 1 e 
obj .cpp 
obj . h 

. p r e . c p p  
p r e .  h 
readme.txt 
r e s 0 u r c e . h  
simpsvr.cpp 
simpsvr.def 
simpsvr. h 
simpsvr. i co 
s i m p s v r . ma k 
s in ipsv r .  rc 
sitnpsvr. reg 

.eDIR> 
4 1  

19,622 bytes 
2,650 bytes 

16,105 bytes 
1,630 bytes 
5,028 bytes 
1,094 bytes 
13,857 bytes 
1,553 bytes 
4,768 bytes 
1,210 bytes 
9,757 bytes 
1,442 bytes 
10,338 bytes 
1,162 bytes 
26,750 bytes 
2,377 bytes 
14,1334 bytes 
1,382 by tes  
2,760 bytes 
26,379 bytes 
5,341 bytes 
304 bytes 
510 bytes 
260 bytes 

1,114 bytes 
9,802 bytes 
641 bytes 
774 bytes 
766 bytes 

3,367 bytes 
2,700 bytes 
1,464 bytes 

I : \ V C li 5 2 \MS V C 1 5 \ 0 L E2 \ SAM P L ES \ S PO 1-Y 
.rD I R> 

. f  *::DIR> 
cenumpt.cpp 5,433 bytes 
cenumpt . h 1,002 hytcs - c1s id .c  724 bytes 
el s i d .  h 893 bytes 
cpoi  nt . cpp 8,780 bytes 
c p o i n t .  h 2,691 bytes 
cp0ly.cpp 21,792 bytes 
c p o l y .  h 4,684 bytes 
hostenv + h 1,072 bytes 
m a k e f i  1 e 2,480 bytes 
m i  sc . cpp 7,817 bytes 
readme.txt 1,794 bytes 
resource-h 1,248 bytes 
spol y . de f: 221 bytes 
s p o l y .  h 1,496 bytes 
spo1y.ico 766 bytes 

11:ll am Mon Jun 10 96 
11:ll am Mon J u n  10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 

11:11 am Mon Jun 10 96 
11:ll am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  5ep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 54 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 



spol y .ma k 2,785 bytes 
spoly.rc  250 bytes 
spoly. reg 984 bytes 
s ta tbar .cpp 7,390 bytes 
s t a t b a r .  h 2,593 bytes 
w i  nmai n .  cpp 4,665 bytes 

I : \ VC 1 52 \MSVC 1 5\OLE2 \ SAMPLES\ S POLY 2 
<DIR> 

, . .  I R> 
cenumpt.cpp 5,427 bytes 
cenumpt. h 1,002 bytes 
cl  s i d .  c 724 bytes 
c1sid.h 897 bytes 
cpoi n t  . cpp 7,885 bytes 
cpoi n t  h 3,159 bytes 
CPOlY * CPP 17,800 bytes 
cpoly. h 5,614 bytes 
hostenv. h 1,072 bytes 
ma kef i 1 e ' 2,581 bytes 
m i  sc. cpp 5,814 bytes 
readme. t x t  1,897 bytes 
resource. h 1,219 bytes 
spoly. h 1,404 bytes 
spoly2. def 225 bytes 
spoly2. i co 766 bytes 
spoly2.mak 2,934 bytes 
spoly2 . r c  251 bytes 
spoly2, reg 994 bytes 
s ta tbar .cpp  7,439 bytes 
s ta tbar .h  2,593 bytes 
t d a t  a .  cpp 5,707 bytes 
winmain.cpp 4,669 bytes 

I : \VC 152 \MSVC 15\OLE2\ SAMPLES\SUMI N FO 
<DIR> 
<DIR> 

ma kef i 1 e 1,494 bytes 
readme.txt 195 bytes 
sumi n f o  def 199 bytes 
suminfa.mak 1,824 bytes 
testsumi .cpp 11,450 bytes 

I : \VC152\MSVCl!i\OLE2\SAMPLES\TI BROWSE 
<DIR> 
.=DIR> 

ma kef i 1 e 2,715 bytes 
. readme,txt 834 bytes 

res0urce.h 1,405 bytes 
tibrowse.cpp 23,011 bytes 
t i  browse. def 347 bytes 
t i  browse. h 2,041 bytes 
t i  browse. i co 766 bytes 
t i  browse.mak 2,065 bytes 

2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 

11:ll am Mon J u n  10 96 
11:ll am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 . 
2 : O O  pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:ll am Mon Jun 10 96 
11:ll am Man Jun 10 96 

2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:ll am Mon Jun 10 96 
11:11 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 



t i  browse. r c  1 ,401  b y t e s  2:OO pm Fri Sep 16 94 

I : \ V C I 5 2 \ M S V C 1 5 \ 0 LE 2 \ SAM P L. ES \ X S E K V  E R 

.. 
cdebug . cpp 
cdebug . h 

c l  a s s f c t  . h 
d i  s p a t c h .  cpp 
d i  spa t ch .  h 
enumstat .cpp 
enumstat.h 
i n t r f a c e .  cpp 
ma k e f  i 1 e 
M A N I P  
readme. t x t  
r e s o u r c e .  h 
u t i  1 s .  cpp 
u t i  1 s . h 
x o b j e c t . c p p  
x 0 b j e c t . h  
x s c r v e r . c p p  
x s e r v e r . d e l  
xserver . CI 
xserver. .i co 
x s e r v e r . nra I( 
xserver. r c  
xserver. reg 

c l  a s s f c t  .spp 

<:D I R> 
4 1 ~ 3  

29,649 b y t e s  
1,880 b y t e s  
5,459 b y t e s  
1,366 b y t e s  

10,003 b y t e s  
1,419 b y t e s  
6,569 b y t e s  
1,295 b y t e s  

52,226 b y t e s  
2,320 b y t e s  

.:D I a4 
3,098 bytes  

396 b y t e s  
8 ,045 b y t e s  
1 ,473 b y t e s  

26,652 b y t e s  
14,609 b y t e s  

J , f 5 5  b y t e s  
471 b y t e s  

1,067 b y t e s  
766 b y t e s  

3 ,029 b y t e s  
1,312 b y t e s  
4,421 b y t e s  

11:ll am 
11:ll am 
2:OO pin 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OQ pm 

11:11 am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2 : O O  pm 
2:OO pm 
2 : O O  prn 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep  16 94 
Fri Sep 16 94 
Mon Jun 10 96 
Fri Sep  16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep  16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

I : \VCl52\MSVC25\OLE2\SAMPL ES\XSERVER\MANI I) 
<DJ.R> 11:l.l am Mon Jun 10 96 

.. <:DI R> 11:11 am Mon Jun 10 96 
mani p . f rrn 5,434 b y t e s  2:OO pm Fri Sep 16 94 
mani p .ma k 1 2 1  b y t e s  2 : O O  pm Fri Sep 16 94 
readme. tx t  2,564 b y t e s  2 : O O  pm Fri Sep 16 94 

I : \VCE52\MSVC15\l3EN 

.. 
mars.dl1 
mars .mob 
msrrtouse. d r v  
pertwi n .  d l  1 
pertwi n i ni 
reddine t x t  
vgap. drv 
yesmouse.drv 

411 R> 
c:DI R> 

146 , 240 b y t e s  
139,600 b y t e s  

6,752 byt:es 
130,8:16 byt:es 

392 b y t e s  
16 ;IO9 by tes  
7 2 , 3 2 0  b y t e s  

416 b y t e s  

11:12 am Mon Jun 10 96 
11:19 am Mon Jun IO 96 

2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri  Sep 16 94 
2:OO pm Fri  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 

I : \VClS2\MSVC15\PHARLAP 
<:D1 R> 11:12 am Mon Jun i 0  96 

* .  4 I R >  11:19 am Mon Jun 10 96 
B J N  <:D I R> 11:12 am Mon Jun 10 96 
DOC q:DIR> 11:22 am Mon Jun 10 96 



EXAMPLES <DIR> 11:12 am Mon Jun 10 96 
INCLUDE <DIR> 11:12 am Mon Jun 10 96 
MSVC <DIR>  11:12 am Mon Jun 10 96 
read, me 6,912 bytes 2:00 pm Fri Sep 16 94 
t n t l i t e . i c o  766 bytes 2:00 pm Fri Sep 16 94 

I : \VC152\MSVC15\PHARLAP\BIN 

b i  nd286. exe 
cf i g286. exe 
doscall s . dl 1 
gd i  .dl 1 
gorun286.exe 
i n t 3 3 .  dl 1 
kbdcal 1 s . dl 1 
kernel .dl 1 
keyboard. d l  1 
1 i te286.  exe 
moucal 1 s .  d l  1 
pharl ap 386 
tellme.exe 
t e l l  p r o t  . exe 
user.  d l  1 
v iocal l  s . d l  1 
w i  n87em. d! 1 

<DIR> 
<DIR> 

92,514 bytes 
43,315 bytes 

9,861 bytes 
3,438 bytes 

11,113 bytes 
3,161 bytes 
3,107 bytes 
3,438 bytes 
3,438 bytes 

214,844 bytes 
6,264 bytes 
9,343 bytes 

55,641 bytes 
235,903 bytes 

3,438 bytes 
5,647 bytes 
3,438 bytes 

I : \ V C  152\MSVC 15\ PHARLAP\DOC 
<DIRs  
<DIR> irk1 . d l r  1,939 bytes 

1 i cense. doc 5,798 bytes 
1 i te286. doc 68,642 bytes 

- 1  i t e 2 8 6 .  hl p 51,761 bytes 
1 i t e i  nfo 3,894 bytes 
order.  f rm 1,308 bytes 

I : \ V C  152\MSVC 15\ PHARLAP\ EXAMPLES 
<DIR> . . c D I R 2  

big.c 727 bytes 
b i g  . exe 30,764 bytes 
dosrnem. c 502 bytes 
dosrnem.exe 30,252 bytes 
examples.def 250 bytes 
fu1lscrn.c 4,834 bytes 
ful  l sc rn .  h 1,606 bytes 
hel1o.c 238 bytes 
he1 l o .  exe 29,692 bytes 
keys. c 2,020 bytes 
keys. exe 31,326 bytes 
keys2. c 1,740 bytes 
makefile 846 bytes 
memtest . c 689 bytes 

11: 12 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 
2:OO pm Fri Sep 16 .94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO prn Fri Sep 16 94 

11:12 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 

2 :OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:12 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 prn Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 



memtest2, epp 1,180 b y t e s  2:OO pm 
v i  d t e s t  . c 660 b y t e s  2:OO pm 

*:DI R4 11:12 am 
. f  < D I  R> 11:12 am 
phap i  . h 9,300 b y t e s  2:OO pm 

eD1 R> 11:12 am 
s .  < D I D  11:12 am 
LIB <DIR> 11:12 am 

I : \ V C  152\MSVC 15\ PHAKLAP\ I NCLUDE 

I : \ V C 1 52 \MSVC 15\ P tl ARL AP\MSV C 

F r i  Sep 16 94 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 

. I : \VC152 \MSVC15\PHARLAP\MSVC\L IB  

0 .  

a p i  s im.  1 i b 
exampl e .  def 
extmods. 1 bc 
f p 7 . l b c  
f p 7  . o b j  
f p a  1 bc  
f p a . o b j  
f p e .  1 bc 
fpe. o b j  
y raphp.  o b j  
i nsmods .1 bc  
m k a l l  . b a t  
mkl  i b .  b a t  
nisc13c. 1 i b 
nisc81.1 i b 
nisc8m.l i b 
msc8s. 1 i b 
phapi - 1  i b 
remob js .  b a t  
wil sys  - 1 i b 

rDIRr 
.=DIRs 

2,048 b y t e s  
957 b y t e s  
367 b y t e s  

27 b y t e s  
486 b y t e s  
12 b y t e s  
105 b y t e s  

27 b y t e s  
535 b y t e s  
196 b y t e s  
488 b y t e s  
549 b y t e s  

2,557 b y t e s  
19,143 b y t e s  
19,143 b y t e s  
18,631 b y t e s  
18,3.19 b y t e s  
22,171 b y t e s  

451 b y t e s  
1,536 b y t e s  

11:12 am Mon Jun 10 96 
11:12 am Mon Jun 10 96 

2 : O O  pm F r i  Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pin Fri Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2 : 0 0  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 

I : \VCl52\MSVC15\PSS-SAMP 
<DIRr 11:12 am Mon Jun 10 96 

. .  <DIRr 11:19 am Mon Jun 10 96 
DYNSET <DIR> 11:12 am Mon Jun 10 96 

I : \VCr52\MSUCls\PSS-,SAMP\DYNSET 
<DIR> 

. .  C D I R ~  
r ivna.  h 3,711 hytcs 
dynacore .cpp 39,330 b y t e s  
d y n a r f x .  cpp 11,875 b y t e s  
dynavi ew. cpp 2,585 b y t e s  
ENROLL <DI R> 
readme - t x  t: 7,212 b y t e s  

11:12 am 
11:12 am 

5 : 2 4  a n  
5:24 am 
6:03 pm 
11:29 pm 
11:12 am 
5:31 am 

Mon Jun 10 96 
Mon Jun 10 96 
Sat M a r  11 95 
Sat  Mar 11 95 
F r i  Feb 3 95 
Wed Dec 2 1  94 
Mon Jun 10 96 
S a t  Mar 11 95 

I : \VC l52 \MSVCl5 \PSS- ,SAMP\DYNSET\ENROLL 
..;DIR> 11:12 am Mon Jun 10 96 



<DIR> 11:12 am Mon Jun 10 96 
STEP3 <DIR> 11:12 am Mon Jun 10 96 

I : \VC152\MSVCl5\PSS-SAMP\DYNSET\ENROLL\STEP3 

.. 
coursset.cpp 
c0ursset.h 
dyna. h 
dynacore.cpp 
dynarfx.cpp 
dynavi ew. cpp 
enrol doc. cpp 
enrol doc. h 
enrol 1 . cl w 
enrol 1 . cpp 
enrol 1 . def 
enrol 1 . h 
enrol 1 .mak 
enrol 1 . rc 
mainfrm.cpp 
mainfrm. h 
readme.txt 
RES 
res0urce.h 
sectform.cpp 
sectform. h 
sectset.cpp 
sectset. h 
stdafx.cpp 
stdafx. h 

<DIR> 
<DIR> 

1,052 bytes 
689 bytes 

3,711 bytes 
39,330 bytes 
11,875 bytes 
2,585 bytes 
1,492 bytes 
923 bytes 

3,130 bytes 
3,348 bytes 
346 bytes 
819 bytes 

3,363 bytes 
9,096 bytes 
2,582 bytes 
982 bytes 

4,188 bytes 
<D I R> 
983 bytes 

6.,728 bytes 
1,756 bytes 
1,382 bytes 
791 bytes 
204 bytes 
369 bytes 

11:12 am 
11:12 am 
4:47 am 
4:37 am 
5:24 am 
5:24 am 
6:03 pm 
11:29 pm 
9:00 pm 
9:00 pm 
9:00 pm 
9:00 pm 
9:00 pm 
9:OO pm 
12:18 am 
9:00 pm 
.9:00 pm 
9:00 pm 
9:00 pm 
11:12 am 
9:00 pm 
4:47 am 
4:22 am 
4:30 am 
4:37 am 
9:00 pm 
4:28 am 

Mon Jun 10 96 
Mon Jun 10 96 
Thu Dec 29 94 
Thu Dec 29 94 
Sat Mar 11 95 
Sat Mar 11 95 
Fri Feb 3 95 
Wed Dec 21 94 
Fri Sep 16 94 
Fri Sep 16 94. 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Tue Jun 13 95 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Mon Jun 10 96 
Fri Sep 16 94 
Thu Dec 29 94 
Thu Dec 29 94 
Thu Dec 29 94 
Thu Dec 29 94 
Fri Sep 16 94 
Thu Dec 29 94 

. I : \VC152\MSVCl5\PSS-SAMP\DYNSET\ENROLL\STEP3\RES 
<DIR> 11:12 am Mon Jun 10 96 

. .  <DIR> 11:12 am Mon Jun 10 96 
enrol 1 . i co 768 bytes 9:00 pm Fri Sep 16 94 
enrol 1 . rc2 1,543 bytes 9:00 pm Fri Sep 16 94 
tool bar. bmp 1,558 bytes 9:00 pm Fri Sep 16 94 

I : \VC152\MSVClS\REDIST 

.. 
~ ~ ~ O O ~ ~ Z . C P X  
12510866. cpx 
12520437. cpx 
12520850,cpx 
1252086O.cpx 
12520861. cpx 
12520863. cpx 
1 2 5 2 0 8 6 5 . ~ ~ ~  
btrv200.dll 
commdlg.dan 
commdlg.dl1 
commdl g. dut 

<D I R> 
<DIR> 

2,320 bytes 
2,318 bytes 
2,151 bytes 
2,233 bytes 
2,167 bytes 
2,162 bytes 
2,173 bytes 
2,147 bytes 

111,616 bytes 
89,072 bytes 
89,248 bytes 
89,408 bytes 

11:14 am 
11:19 am 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:10 pm 
2:lO pm 
2:OO pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



commd g . f i t i  
commd g.frri 
commd g.yer 
commd g . i t n  
commdl g . nor 
commdl g . por 
comrndl g . spa 
commdl g . swt? 
compobj . d l  1 
cpnl6ut .  dl 'I 
c-tl3d. dl 1 
c t 'I 3 d v2 . d 1 'I 
d hnmp3. d l  1 
ddeml . d l  1 
d i  b. drv 
drvora7. h l  11 
drvoracl . h'l p 
drvssrvr .  h'l p 
expand.exe 
i n s t c a t  .sq'l 
1 zexpand. d ' l l  
mci p i  onr. d r v  
mFc250,cIll 
mfc250.sym 
mfcd250. d9 'I 
mf cd250. syrn 
mfcn250,dll 
mf cn250. syrn 
mfco250. dl 1 
mf ~ 0 2 5 0 .  sym 
mfcoleui . d l  1 
mf col eui . sym 
ms a j t 200 . d 1 1 
mscpxl t . d l  1 
msjetdsp.dl1 
msj e t e r r  
ms j e t  i n t  
ms tx2016 
msxl2016 
odbc. d l  1 
sdbc. i nf 
odbcldut 
odbc32.d 

d l  1 
dl 'I 
d'l9 
df 1 

d'l 1 
1 

~dbc3216.d17 
odbcadm. exr? 
udbccp32. d l  1 
ocihccurs . dl 1 
odbcins t .d l1  
o d b c i  nst , h l  p 
odbcjet.hlp 
o d h c j  t 16. d l  1 
oci bc j t nw . h l  p 
odbcstp.cxe 
odbctl  l 6 . d l 1  

89,152 bytes  
89, 'a20 bytes 
90,144 bytes 
89,488 bytes 
89,008 bytes 
89,872 bytes 
90,320 bytes 
89,104 bytes 
108,544 bytes 
3,264 bytes 
26,768 bytes 
27,632 bytes 
10,944 bytes 
36,864 bytes 
29,!536 bytes 
47 ,  (170 bytes 
45,610 bytes 
105,!164 bytes 
15,285 bytes 
91,480 bytes 

9,936 bytes 
17,408 bytes 

322 ,:384 bytes 
96,260 bytes 
51,93G bytes 
8,,516 bytes 

12. ,088 bytes 
5,012 bytes 

l25,856 bytes 
51,732 bytes 
146,976 bytes 
13,!108 bytes 

995,056 bytes 
10,304 bytes 
85,792 bytes 
11,232 bytes 
15,936 bytes 
102,080 bytes 
149,344 bytes 
56 240 ltytes 
16,584 bytes 
5,792 bytes 
12,t3OO bytes 
12,288 bytes 
6,464 bytes 
5,632 bytes 

88,896 bytes 
92,576 bytes 
17,412 bytes 
113,064 bytes 
246,928 bytes 
83 ,1333 bytes 
72,896 bytes 
64 , 080 bytes 

2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
1:43 am F r i  Jul 14 95 
1:43 am Fri Jul 14 95 
2:lO pm Fri Jan 13 95 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:OO pm Fri Sep 16 94 
2:10 pm Fri Jan 13 95 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
11:15 pm Wed Apr 26 95 
11:22 pm Wed A p r . 2 6  95 
11:21 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
11:ZO pm Wed Apr 26 95 
11:22 pm Wed Apr 26 95 
10:33 pm Wed Apr 26 95 
10:33 pm Wed Apr 26 95 
2:lO pm Fri Jan 13 95 
2:lO pm F r i  Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2 : l O  pm Fri Jan 13 95 
2 : l O  q m  Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:18 F/m Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO Rm Fri Jan 13 95 
2:10 d m  Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2 : l O  $1 Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO dm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2 : l O  drn Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 



odbtrvl6.dll 
oddbsel6. dl 1 
odexll6. dl 1 
odfoxl6.dll 
odpdxl6.dll 
odtext 16. dl 1 
oemsetup.inf 
ole2 .dl 1 
01 e2. reg 
ole2conv.d 1 
ole2disp.d 1 
01 e2nl s .dl 
ole2prox.d 1 

' olecli .dll 
ol esvr. dl 1 
ora6wi n. dl 1 
ora7note. wri 
oracl e. txt 
pdx200. dl 1 
penwin.dl1 
redi strb. wri 
reg1 oad . exe 
setup.exe 
setup.lst 
she1 1 .dl 1 
small b . fon 
small e. fon 
small f . fon 
sql srvr. dl 
sqora. d l  1 
sqora7.dll 
sqorast7 d 
sq0rastp.d 
stdol e. tl b 
storage.dl 
stress .dl 1 

1 
1 

tool he1 p. dl 1 
typelib.dl1 
vaen2.01 b 
vbajet .dl 1 
vbar2 - d l  1 
ver. dl 1 
vtd.386 
wi nhel p . exe 
wi nhelp. hl p 
w i  nmem32. d l  1 
xbs200, dl 1 
- mssetup.exe 

4,096 bytes 
4,080 bytes 
4,080 bytes 
4,096 bytes 
4,096 bytes 
4,096 bytes 
351 bytes 

302 , 592 bytes 
27,026 bytes 
57,328 bytes 
164,832 bytes 
150,976 bytes 
51,712 bytes 
83,456 bytes 
24,064 bytes 
285,573 bytes 
51,072 bytes 
13,914 bytes 
233,328 bytes 
13 0,816 bytes 
12,800 bytes 
16,752 bytes 
24,624 bytes 

303 bytes 
41,600 bytes 
22,016 bytes 
26,112 bytes 
21,504 bytes 
161,392 bytes 
144,096 bytes 
181,520 bytes 
9,552 bytes 
9,632 bytes 
4,304 bytes 

157,696 bytes 
50,400 bytes 
14,128 bytes 
177,216 bytes 
41,124 bytes 
1,984 bytes 

298,080 bytes 
9,008 bytes 
6,816 bytes 

256,192 bytes 
31,385 bytes 
4,320 bytes 

296,832 bytes 
9,813 bytes 

2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:OO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:OO pm 
2:OO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:00 pm 
2:lO pm 
2:OO pm 
2:lO pm 
2:lO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:OO pm 
2:OO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:lO pm 
2:OO pm 
2:OO pm 
2 :OO pm 
2:00 pm 
2:OO pm 
2:lO pm 
2:lO pm 

Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Jan 13 95 
Fri Jan 13 95 

I : \VC152\MSVC15\SAMPLES 
<DIR> 11:19 am Mon Jun 10 96 .. <DIR> 11:19 am Mon Jun 10 96 

BITMAP <DI R> 11:14 am Mon Jun 10 96 
BLANDMDI <DIR> 11:15 am Mon Jun 10 96 



BOUNCER 
CDDEMO 
C L I DEMO 
C b I  PTEXT 
C OMMD LG 
CROPDPB 
CURSOR 
DBWIN 
DBE 
DDEML 
DEFPROCS 
D I B I T  
DIBVIEW 
DRAGDROP 
EDITCNTb 
ED'ITFILE 
ED I TMENU 
EXPENSE 
FI LEOPEN 
FONTEST 
GBOSMEM 
GENERIC 
GWAPP 
HANDLER 
HELPEX 
H E I.. PHOO K 
H FORM 
HOOKS 
I CON 
INPUT 
INSTVER 
L I  STHBRZ 
LQWPASS 
MACROH LP 
MAKEAPP 
MCITEST 
MEMORY 
MENU 
MIDIMON 
MULTI PAD 
MUSC ROLL 
MY PAL 
OUTPUT 
OWNCOMBO 
OWNER6 
PALETTE 
PENCNTL 
PEN PAD 
PRNTFILE 
PROFILER 
QWGDEMO 
REVERSE 
ROTARY 
SELECT 

11:15 am 
11:15 am 
11:15 am 
11:15 am 
11:15 am 
11:15 i im 
11:15 am 
11:15 am 
11:15 am 
11:15 am 
11:15 am 
11:15 am 
11:16 am 
11:16 an 
11:16 am 
11:lG am 
11:lG am 
11:lG am 
11:lG am 
11:16 am 
11:16 am 
11:16 am 
11:16 am 
11:16 4m 
11:16 a m  
11:16 am 
11:lG am 
11:16 am 
11:16 am 
11:16 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:17 qm 
-11:17 am 
11:17 am 
11:17 am 
11:17 am 
11:18 am 
11:18 am 
11:18 am 
11:18 am 
11:18 am 
11:18 am 
11:18 am 
11:18 am 
11:18 am 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon dun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Men Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Man Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96- 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 



SHOWDIB 
SHOWGDI 
SNOOP 
SORTD EM0 
SREC 
S RV RD EM0 
TDOSMEM 
TIMERS 
TOOLHELP 
TTY 
V ER 
VERSTAMP 
W INMEM32 
WMFDCODE 
XTENS I ON 

I : \ V C 1 52 \MSVC 1 5\ SAMP LES\B ITMAP 
<DIR>  

* .  <DIR> 
b i  tmap. c 17,319 bytes 
b i  tmap. de f  293 bytes 
b i  tmap. h 343 bytes 
bitmap.mak 2,148 bytes 
b i  tmap. r c  2,609 bytes  
c a t .  bmp 662 bytes 
dog. bmp 662 bytes 
res0urce.h 764 bytes 
s e l e c t  . c 4,557 bytes 
se l  e c t  . d l  1 5,018 bytes 
s e l e c t  . h 778 bytes 
s e l e c t  .1 i b 1,536 bytes 

I : \ V C  152\MSVC 1 5\SAMP LES\ BLANDMD I 
<DIR> 

. .  <DIR> 
b l  andi  n i  . c 4,744 bytes 
b l  andmdi . c 8,018 bytes 
b l  andmdi . de f  447 bytes 
b l  andmdi . h 1,106 bytes 
b l  andmdi .mak 2,283 bytes 

. b l  andmdi . r c  2,199 bytes 
mdi c h i  1 d . i co 766 bytes 
mdiframe. ico 766 bytes 
resource. h 725 bytes 

I : \ V C  152 \MSVC 1 5 \ S A M P L E S \ B O U N C E R  
<DIR> 

. .  <DIR> 
bouncer. c 15,361 bytes 
bouncer. d e f  544 bytes 
bouncer. h 535 bytes 
bouncer. i co 766 bytes 
bouncer.mak 2,107 bytes 
bouncer. r c  6,014 bytes 

11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
11:19 ‘am Mon Jun 10 96 
11:19 am Mon Jun 10 96 

11:14 am Man Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:15 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:15 am Mon Jun 10 96 
ll:19 am Mon Jun 10 96 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 prn F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 



frog'. bmp 3,118 b y t e s  
resource h 1,479 b y t e s  
r ibb i t .wav  5,772 b y t e s  

I : \ V C  152\MSVCl5\SAMPLES\CDDEMO 
q;DI R> .. < D I  R=. 

cddemo. c 56,199 b y t e s  
cddemo.def 1364 b y t e s  
cddemo. h 5,929 b y t e s  
cddemo.ico 766 b y t e s  
cddemo.mak 2,254 b y t e s  
cddemo. r c  5,767 b y t e s  
d l  gbru'sh . bmp 150 b y t e s  
error. c 7,200 bykes 
i n i t . c  2,044 b y t e s  
resource. h 3,126 b y t e s  

I : \ V C 1 5 ~ \ M S V C l 5 \ s A M P L E S \ C L I D E M O  
q:DI R> 
<DIR> 

.i demo. c 38,233 byt:es 
i demo. del' 705 b y t e s  
i demo. i.1 2,052 b y t e s  
i demo. ,i co 766 by tes  
i demo. ma k 3,203 b y t e s  
i demo. re 12,699 b y t e s  
i v e r  . rcv 278 b y t e s  

demorc. h 7,078 bytes 
d i  a1 og. c 39,268 b y t e s  
d i  a1 og + h 2,502 b y t e s  
g l o b a l  # h  4,571 b y t e s  
n h j e s t . c  44,167 b y t e s  
o t i j e c t .  h 1,346 b y t e s  
regi s te r .  c 7,436 b y t e s  
regi5ter.h 502 b y t e s  
stream. c :14,6O7 b y t e s  
stream. h 923 bytes 
u t i  1 i t y , c  :17,640 b y t e s  
u t i  1 i t y  . h 1,246 b y t e s  

I : \ V C 1 5 2 \ ~ s V C l 5 \ S A M P t . € S \ C t I P S E X T  
<DIR> 

. .  <DIR> 
c l  i p t e x t  + c 13,776 b y t e s  
c 1 1 p t e x t  . de f 285 b y t e s  
c l  i p t e x t  . h 291 b y t e s  
c l  i p t e x t  .mak 1,988 bytes 
cl i p t e x t  . rc 3,228 b y t e s  
resource. h 811 b y t e s  

I : \ V C I. 5 2 \ M S V C 1 5 \ SAM P L. ES \ COMMD LG 
<DI R> 

* .  <DI R> 

2 : 0 0  pm 
2:OO pm 
2:OO pm 

11:15 am 
11:19 am 

2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO plm 
2:OO pm 
2 : O O  pm 
2 : O O  nm 
2:OO pm 
2:OO pm 

21:15 am 
11:19 am 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:oo pm 
2:OO pm 
2:oo pm 
2 : O O  pm 

Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri S e p  16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 

M o n  Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri S e p  16 94 
Fri S e p  16 94 
Fri Sep 16 94 
Fri Sep.16 94 
Fri Sep 16 94 

2:OO pp Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm Fr.i Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO p p  Fri Sep 16 94 
2:OO pm Fri S e p  16 94 
2:OO pm Fri Sep 16 94 
2 : O O  ph Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pp Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:15 a b  Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2 : O O  pni Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pp Fri Sep 16 94 
2:OO pm Fri S e p  16 94 

11: 15 am Mon Jun 10 96 
l1:19 am Mon Jun 10 96 



cddrv .  bmp 
color  . d l  g 
f i 1 eopen . d l  g 
f ind tex t  .dlg 
font .  bmp 
font .  dl g 
1 andscap. i co 
portrai  t . i eo 
prnsetup.dlg 
smf 1 der. bmp 

' smfldrl.bmp 
smf 1 d r 2 .  bmp 
smf 1 dr3. bmp 
smf 1 d r 4 .  bmp 
smf 1 dr5. bmp 
smf 1 opy . bmp 
smhard. bmp 
srnnet . bmp 
smram. bmp 

246 bytes 
2,028 bytes 
3,892 'bytes 
3,001 bytes 
598 bytes 

1,717 bytes 
1,846 bytes 
1,846 bytes 
2,872 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 
246 bytes 

I : \VC152\MSVC15\SAMPLES\CROPDIB 
<DIR> .. < D I R > ,  

cropdi b . c 17,774 bytes 
cropdi b .  def 279 bytes 
cropdi b .  h 469 bytes 
cropdi b .  i co 766 bytes 
cropdi b.mak 2,170 bytes 
cropdib.rc 4,198 bytes 
d ib .c  39,794 bytes 
d i  b .  h 2,242 bytes 
resource. h 1,120 bytes 

I : \ V C 1 52 \ MSVC 1 5\ SAM P L ES\ CU RSO R 
<DIR> 

.. <DIR> 
bull seye. cur 326 bytes 
cursor. c 15,246 bytes 
cursor.def 317 bytes 
cursor.  h 284 bytes 
cursor  .mak 2,030 bytes 
cursor.  rc 2,103 bytes 
resource. h 314 bytes 

I : \VC152\MSVCl5\SAMPtES\DBWIN 
<DIR> 
< D I R >  

ai 1 ocbrk.  c 4,806 bytes 
. com0ut.c 2,945 bytes 

dbapi . t x t  9,368 bytes 
dbwi n .  c 14,774 bytes 
dbwi n .  def 336 bytes 
dbwi n .  h 1,304 bytes 
d b w i n .  ico 766 bytes 

2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 1'6 94 
2:OO pm Fri Sep 16 94. 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 p.m Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 



dbwi n .ma k 
dbwi n + rc  
d b w i n . t x t  
dbwi  n . ver 
dbwindll  . c  
dbwi ndl 1 . d e f  
dbwindl I*  h 
dbwindll .mak 
dbwi ndl 1 r c  
dbwi’ndl 1 * ver 
dbwi ndl p h 
d l  gdefs h 
monoout. c 
nfyfmt . c 
r e s o u r c e .  h 
setdb. c 

2,435 b y t e s  
7,593 b y t e s  

11,407 b y t e s  
2,022 b y t e s  
9,027 b y t e s  

238 b y t e s  
1,049 bytes 
2,667 b y t e s  

2 ,047 b y t e s  
1 ,358  b y t e s  
1 ,491  b y t e s  
5,976 bytes  
9 ,477 b y t e s  
2 ,515 b y t e s  
6 ,793 b y t e s  

9a bytt!s 

I : \VC152\MSVC15\SAMPLES\DDE 
<DIRp. 

. .  <DIR=. 
c : l i d a t a . c  21,612 bytes 
c1idde.c 20,806 b y t e s  
c l  i en t .  c 24,986 b y t e s  
e l  i e n t  . def 520 b y t e s  
c 1 i e n t . h  2,062 b y t e s  
c 1 i en t . ma k 2,279 b y t e s  
c l  i ent  rc 6 ,661  b y t e s  
cl  i res .  h 1,120 b y t e s  
s e r v d a t a . c  16,590 b y t e s  
servdde. c 17 , 171 b y t t ! ~  
s e r v e r .  c 10,237 b y t e s  
server.def 288 b y t e s  
s e r v e r .  h 1 ,676 bytes 
server .mak 2,295 b y t e s  
s e r v e r .  rc 2,324 b y t e s  
s e r v r e s  + h 449 b y t e s  

J \ v c 1 5 2 \ MSV c 1 5 \SAMPLES \ DD EML 
.rDIR> 

. .  <DIR> 
CLIENT . tDIR> 
C: LOC K < D I  R> 
SERVER <DIR=. 

I : \VC152 \MSVCl5 \SAMPLES\DDEML\CL I  ENT 
<DIR> 

. .  <DIR> 
c l i e n t  .mak 3 ,177 b y t e s  
c l  i n i t .  c 5,893 bytes 
conv. i co 766 b y t e s  
clde. c 24,665 b y t e s  
ddeml c l  . c 45 , 305 bytes 
ddeml c l  . d e f  880 b y t e s  
ddeml cl  . h 6,767 b y t e s  

2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r l  Sep 16 94 
2 : O O  pm Fri  Sep 16 94 
2:OO pm Fri  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm Fri. Sep 16 94 
2:OO p m  Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : Q O  pm Fri Sep 16 94 

11:15 gm 
11:19 6m 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2 : O O  pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO prn 
2:OO pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
Mon J u n  10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri  Sep 16 94 
Fri  Sep 16 94 
Fri  Sep 16 94 
Fri  Sep 16 94 
Fri  Sep 16 94 
Fri  Sep 16 94 

11:15 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
11:15 am Mon Jun 10 96 
11:15 am Mon Jun 10 96 
11:15 am Mon Jun 10 96 

11:15 am 
11:15 am 

2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2 : O O  pm 
2 : O O  pm 

2:oo pm 

Mon Jun 10 g6  
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 



ddeml cl  . i co 
ddeml c l  . rc 
di a1 og . c 
huge c 
huge. h 
i nfoctr l  . c 
i n f o c t r l  . h 
1 i s t .  i co 
mem. c 
resource. h 
t rack .c  
t rack .  h 

766 bytes 
10,875 bytes 
30,314 bytes 
7,198 bytes 
227 bytes 

23,576 bytes 
2,122 bytes 
766 bytes 

2,937 bytes 
3,968 bytes 
8,862 bytes 
548 bytes 

I : \VC152\MSVC15\SAMPLk3\DDEML\CLOCK 
<DIR> 

. *  < D I  R> 
cl ockdat . asm 1,604 bytes 
clockdat.bin 240 bytes 
ddeml cl  k .  c 33,051 bytes 
ddemlcl k.def 289 bytes 
ddeml cl  k. h 2,935 bytes 
ddeml cl  k .  i co 766 bytes 
ddemlcl k .mak 2,434 bytes 
ddemlcl k.rc 2,440 bytes 
g e t t  ime . c 1,093 bytes 
resource, h 489 bytes 
wrapper. c 17,018 bytes 
wrapper. h 2,431 bytes 

I : \VC152\MSVCl5\SAMPLES\DDEML\SERVER 
<DIR> 
<DI R> 

;de. c 20,842 bytes 
ddeml sv. c 22,444 bytes 

. ddeml sv . def 469 bytes 
ddem1sv.h 4,068 bytes 
ddeml sv. i co 766 bytes 
ddeml sv. rc 4,973 bytes 
dia1og.c 0,368 bytes 
huge. c 7,219 bytes . huge.h 227 bytes 
resource.h 1,348 bytes 
server.mak 2,446 bytes 

I : \VC152\MSVCl5\SAMPLES\DEFPROCS 
<D I R> 
<O I R r  

defdl g. c 9,442 bytes 
defwnd. c 12 , 3 17 bytes 

I : \VC152\MSVC15\SAMPLES\DIBIT 
<DI R> 

. .  <DIR> 
d i b i t . c  26,838 bytes 

2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2 : O O  pm Frui Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:15 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pin Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO prn Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:15 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:14 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:15 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 



, 
d i  b i t  . def  756 bytes  2 : O O  rjm Fri Sep 16 94 
d i b i t  . h  690 bytes  2:OO pm Fri Sep 16 94 
d i  b i  t .mak 1,975 bytes  2:OO pm Frl  Sep 16 94 
d-i b i t  .re 2 , 4 7 2  bytes  2:OO r)m Fri Sep 16 94 
r e s o u r c e . h  I353 bytes 2:OO vm F r d i  Sep 16 94 

i I : \ V C 1 5 2 \MS V C 1 5 \ SAM P b ES \ D I BV I E W ~ 

. *  

a b o u t .  c 
a b o u t .  h 
c a p t u r e .  c 
c a p t u r e .  h 
c h i 1 d . c  
ch i1d .h  
cl i pbrd.  c 
c l  i pbrd .  h 
d i b . c  
d i b . k  
ds' bdrag . cur 
dibview.c  
d i  bview.def 
dibview.  h 
d i  bview. i co 
d i  b v i  ew.mak 
d i  b v i  ew. re 
e r r o r s .  c 
errors. h 
f i 1 e . c  
f i 1 e . h  
f rame.  c 
frame.  h 
i n i t . c  
i n i t . h  
m a s t e r .  h 
mydi b .  .i co 
o p t i o n s  . c 
0p t ion ' s .h  
p a i n t . c  
p a i n t . h  
p a l e t t e .  c 
pil'lette.t.1 
p r i n t  . c 
p r i n t . h  
resource. h 
s e  I e c t  . cur 

< D I R s  
< D I R >  

1 , 685 bytes  
330 bytes  

13 , 150 bytes 
527 bytes  

64,722 bytes  
2,955 bytes  
11,397 bytes  

683 bytes  
25,467 bytes  
1 , 138 bytes  
326 bytes  

2,712 bytes  
647 bytes  

3 , 087 bytes  
766 bytes  

6,325 bytes  
14,474 bytes  
2,505 bytes  
2,249 bytes  

36,158 bytes  
3,652 bytes  
22,910 bytes  

308 bytes  
5,412 bytes  

233 bytes  
701 bytes  
766 bytes  

12,449 bytes  
2 ,991 bytes  

10,317 bytes  
533 bytes  

35,600 bytes  
3 ,040 bytes  

39,379 bytes  
3,988 bytes  

?70 bytes  
326 bytes  

11:16 dm 
11:19 dm 

2:OO pm 
2:OO pm 
2:00 dm 
2 : O O  bm 
2 : O O  pm 
2:OO m 

2:00 m 
2:00 lm 
2:QO Rm 
2:OO pm 
2:QO Fjm 
2:OO gm 
2:OO pm 
2:00 dm 
2 : O O  gm 
2:OO qm 

2:OO pm 
2:00 #m 
2:OO gm 
2:OO m 
2:00 {m 
2 0 0  flm 
2:OO dm 
2:QO ' m  
2:OO m 
2:OO m 

2:OO ym 
2 : O O  m 
2:oo lm 
2 : O O  pm 

2:oo $n 

2:OO E gm 

Mon J u n  10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94  
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94  
Fri  Sep 16 94 
Fri  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94  
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri  Sep 16 94 

I : \ V C  ~ s z \ M s V C l s \ s A M P L € S \ D n A G D R O P  I 

*<D 1 R> 11:16 4m Mon Jun 10 96 
. .  .,< D 1 R> 11:19 4m Mon J u n  10 96 

a dragdrop .  c 10,895 bytes  2 : O O  (jm Fri Sep 16 94 
dragdrop .  d e f  344 bytes  2:OO pm Fri Sep 16 94 
dragdrop .  h 537 bytes  2:OO dm Fri Sep 16 94 
d r a y d r o p . i c o  766 bytes  2:OO gm F r i  Sep 16 94 



dragdrop.mak 2,082 by tes  2:00 pm F r i  Sep 16 94 
dragdrop. r c  3,078 by tes  2 : O O  pm F r i  Sep 16 94 
resource.  h 674 by tes  2:00 pm F r i  Sep 16 94 

I : \ V C  152 \MSVC15\SAMPLES\ ED ITCNTL 
<DIR> 

. .  <DIR> 
e d i  t c n t l  . c 7,606 by tes  
e d i  t c n t l  . d e f  273 by tes  
e d i  t c n t l  . h 266 by tes  
e d i  t c n t l  .mak 2,022 by tes  
e d i  t c n t l  . r c  3,188 by tes  
resource .  h 856 byte's 

I : \VC152\MSVC15\SAMPLES\EDITFI LE 
<DI R> 
<DIR> 

&ii tf i  1 e.  c 19,691 by tes  
e d i  t f i 1 e. d e f  264 by tes  
e d i t f i  l e .  h 586 by tes  
e d i t f i l e . m a k  2,014 by tes  
e d i  t f i  1 e. r c  3,188 by tes  
resource .  h 056 bytes 

I : \ V C  152\MSVC 15\SAMPLES\ EDITMENU 
' <DIR> .. <DIR> 

editmenu.c 6,176 by tes  
editrnenu.def 261 by tes  
editmenu.h . 266 by tes  
e d i  tmenu .mak 1,988 by tes  
e d i  tmenu. rc 3,183 by tes  
res0urce.h 811 by tes  

I : \VC152\MSVCl5\SAMPLE$\EXPENSE 
<DIR> .. <DIR> 

c u s t d i c t . c  4,602 by tes  
c u s t d i  c t  . de f  280 by tes  
c u s t d i  c t  . h 632 by tes  
c u s t d i  c t  .mak 1,782 bytes 
deptname. d i  c 180 by tes  
expense. c 26,767 by tes  
expense.def 299 by tes  
expense. h 2,687 by tes  
expense. i co 766 by tes  
expense .mak 2,088 by tes  
expense.rc 2,633 by tes  
expres.  h 360 by tes  
names. d i  c 128 by tes  
resource .  h 628 by tes  

11:16 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:16 am 
11:19 am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

11:16 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 

2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:16 am 
11:19 am 
2:00 pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

I : \VC152\MSVC15\SAMPLES\FILEOPEN 
<DIR> 11:16 am Mon Jun 10 96 



1 .  . - rDIRr  
f i  1 eopen c 
f i  1 eopen * def 
f i  1 eopen h 
f'i 1 eopen .ma k 
f i  1 eopen. r c  

10,056 bytes 
266 bytes 
416 bytes 

2,051 bytes 
3,188 bytes 

res0urce.h 856 bytes 

I : \VCl52\MSVC 15\SAMPLES\ FONTESP 
< D I  R r  

1 .  <DIR> 
font .  i co 1,086 bytes 
fontest  . c 17,777 bytes 
fontest .def  331 bytes 
fontes t  . h 1,665 bytes 
fontest  .ma k 2,147 bytes 
fontest:. r c  5,019 bytes 
1og.h 574 bytes 
p r i n t - c  3,874 bytes 
pr in t .h  224 bytes 

I : \VC152\MSVC15\SAMPLES\GDBSMEM 
qDIR;. 

. .  < D I R r  
gdosmem. c 17,400 bytes 
ydosmem. def ' 769 bytes 
gdosmeni. 11 433 bytes 
gdosmeni. r c  2,101 bytes 
gtsr.asm 5,982 bytes 
ytsr.obj 372 bytes 
make f i  1 e 1,521 bytes 
read .me 70 bytes 
resource - h 450 bytes 

I : \VC152\NSVC15\SAMPLES\GENERIC 
<DIR> 

. . K D I W  
generi c .  c 11,463 bytes 
generi c .  def 755 bytes 
generic.  h 262 bytes 
generi c .ma k 1,979 bytes 
generi c . r c  1,939 bytes 
res0urce.h 315 bytes 

I : \ V C J  52\MSVClS\SAMPLES\GWAPI 
4lIRz 

, .  <DIR> 
gwapi . c 6,643 bytes 
gwapi .clef 271 bytes 
gwapi .mak 1,748 bytes 

I \ V C 1 5 2 \ M S V C 1 5 \ S AIM P L E S \ HAND L E R 
< D I b  

I .  <DIR> 

11: 19 
2:oo 
2:00 
2:oo 
2:oo 
2:oo 
2:oo 

11:.16 
11: 19 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo  
2:oo 
2:oo 

11:16 
11 : 19 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 

11:16 
11: 19 
2:oo 
2:oo 
2:oo 
2:oo  
2:QO 
2:oo 

11: 16 
11:19 
2:oo 
2:oo 
2:oo 

11: 16 
11: 19 

Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 1.6 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep €6 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 



handl e r .  asm 
handl  e r .  d e f  
handl e r .  h 
handl e r .  i nc 
hand ler .ob j  
handtest .c  
handtest  .de f  
handtes t .  h 
handtes t  . r c  
makef i 1 e 
resource.  h 

7,227 bytes  
242 bytes  
272 bytes  
79 bytes  

5,681 bytes  
5,335 bytes  
330 bytes  
226 bytes  

1,898 bytes  
2,170 bytes  
451 bytes  

I : \VC152\MSVC15\SAMPLES\HELPEX 
<D I R> 
<DIR> 

b i l l  e t .  bmp 342 bytes  
chkboff.bmp 122 bytes  
ch kbon . bmp 122 bytes  
codec. bmp 1,014 bytes  
cont inue.  bmp 822 bytes  
done. bmp 822 bytes  
he1 p.  c u r  326 bytes  
he1 pex. c 13,219 bytes  
he1 pex. d e f  255 bytes  
he1 pex. h 300 bytes  
he1 pex. h p j  706 bytes  
he1 pex. r c  3,550 bytes  
he1 pex. rtf 35,554 bytes  
he1 p i  con. bmp 178 bytes  
he1 p i d s .  h 595 bytes  
keys. rt f 14,030 bytes  
makef i  l e  1,466 bytes  
max2i con. bmp 146 bytes  
mouse. bmp I 194 bytes  
resource.  h 827 bytes  
terms .rtf 1,981 bytes  
w i  nword. bmp 438 bytes  

I : \ V C  152\MSVC lS\SAMP LES\HELPHOOK 
<D I R> 
<D I R> 

- h e 1 p h d . c  16,138 bytes  
he1 pho0k.de.f 833 bytes  
helphook. h 426 bytes  
he1 phook. i co 1,086 bytes 
he1 phoo k. r c  11,353 bytes 
ma k e f  i 7 e 1,436 by tes  
res0urce.h 856 bytes  

I : \ V C  152\MSVC 15\SAMPLES\H FORM 
<DIR> 

. . <DIR> 
h f0rm.c 22,527 bytes 
hform. d e f  286 'bytes 

2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:16 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

11:16 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 

11:16 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 



hform. h 2,506 bytes  
hform. i co 766 bytes  
h f orm . ma k 2,013 bytes  
hform. rc 2,634 bytes  
hfres,h 291 bytes 
resource. h 804 bytes  

I : \ V C ~ ~ ~ \ M S V C ~ ~ \ S A M P L E S \ H O O K S  
4 I R >  

;li 1 res . h  271 bytes  
d l  'I s t u f f .  c 1,561 bytes  
h0oks.c  9,700 bytes  
hooks.def  475 bytes  
hooks. h 845 bytes  
hooks. i co 766 bytes  
hooks .mak 2,034 bytes  
hooks. rc 2 , 991 t1ytes 
hooksdl 1 . c 26 , 1796 bytes  
hooksdl 1 , d e f  465 bytes  
hooksdll .mak 2,043 bytes  
hooksdll . rc 802 bytes  
messages.rc 5,368 bytes  
res0urce.h 718 bytes  

s C D I R b  

I : \ VC k 5 2 \ M S V C 1 5 \ SAM P 1- E S \ I CON 
4 I R> 

. . c D I R >  
ic0n.c 4,889 bytes  
icon.  d e f  269 b y t e s  
ic0n.h 291 bytes  
i con.  ma k 1,986 bytes  
i con. rc ?,188 bytes  
myi con. i co 1,718 bytes  
r e s o u r c e a h  295 bytes  

I : \VC152\MSVCl5 \sAMPLeS\ INPUT 
4 I R >  

* .  <:DI R r  
i n p u t . c  11,617 bytes  
i n p u t  . def 258 bytes  
input . h 266 bytes  
i n p u t  .mak 1,965 bytes 
i n p u t  . rc  1,945 bytes  
resource * h 292 bytes 

I : \ V C l 5 Z \ M S V C l 5 \ S A M P L E S \ ' ~ N S T V E R  
q'D I R> 

f .  c D I R >  
t l l l e n t r y . a s m  2,337 bytes  
til 1 e n t r y . o b j  469 bytes  

tlos. o b j  1,225 bytes  
-i nstpri  v .  h 3,371 bytes  

d o s .  asm 8,369 bytes  

2:OO pm Fri Sep 16 94 
2:OO d m  Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO i)m Fri Sep 16 94 
2:OO o m  Fri Sep 16 94 
2:OO Rm Fri Sep 16 94 

11:lG am Mon Jun 10 96 
11:19 qm Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 26 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OQ pm Fri Sep 16 94 
2:OO gm Fri Sep 16 94 
2:00 q m  Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  d m  Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 

11:16 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO plm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pin Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OQ pm Fri Sep 16 94 
2:00 p p  Fri Sep € 6  94 
2:OO pp Fri Sep 16 94 

11:16 ab  Mon Jun 10 96 
11:19 ap M o n  Jun 10 96 
2:OO pp Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pp Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O Q  pp F r i  Sep 16 94 

I 

11:17 ain Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pip Fri Sep 16 94 
2:OO pp Fri Sep 16 94 
2 : O O  pp Fri Sep  16 94 



i nstver.  c 15,406 bytes 2:00 pm Fri Sep 16 94 
instver.def 253 bytes 2:00 pm Fri Sep 16 94 
i nstver .  h 1,276 bytes 2:00 pm Fri Sep 16 94 
makefile 2,484 bytes 2:OO pm Fri Sep 16 94 

I : \VC152\MSVC15\SAMPLES\LISTHORZ 
<DIR> 
<DIR> 

sthapi h 392 bytes 
sthorz. c 5,561 bytes 
sthorz.def 291 bytes 
s thorz.  h 419 bytes 
s t  horz . i co 1,846 bytes 
sthorz.mak 2,081 bytes 

1 is thorz . rc  2,076 bytes 
1 i s t h s c r . c  14,618 bytes 
1is thscr .def  533 bytes 
1 i s thscr .  h 415 bytes 
1 i sthscr.mak 1,882 bytes 
res0urce.h 394 bytes 
wep. c 1,076 bytes 

I : \VC152\MSVCl5\SAMPLES\LOWPASS 
<DIR> 

.. <D I R> 
1 owpass. c 12,986 bytes 
1 owpass. def 279 bytes 
1 owpass. h 436 bytes 
1 owpass. i co 766 bytes 
1owpass.mak 2,079 bytes 
1 owpass. r c  2,690 bytes 
resource. h 494 bytes 

I : \VC 152\MSVC 15\SAMPLES\MACROHLP 
<DIR> 

.. <DIR> 
abc. r t f  18,817 bytes 
defghi . r t f  23,568 bytes 
j nprs . rtf 17,706 bytes 
macrohlp. h p j  1,209 bytes 

. macrohlp.rtf 12,244 bytes 
wi ndows . s hg 464 bytes 

<D I R> 
. .  <DIR> 
aPP-c 7,697 bytes 
a P P * h  1,467 bytes 
c l  i ent . c 4,743 bytes 
c1ient.h i_ . 1,572 bytes 
d1g.c 3,980 bytes 
d1g .h  707 bytes 
frame . c 6,380 bytes 
frame . h 2,021 bytes 

I : \VC152\MSVC15\SAMPLES\MAKEAPP 

11:17 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO- pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:17 am Man Jun 10 96 
11:19 am Mon Jun 10 96 

2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:17 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2,:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:17 am 
11:19 an 
2:OO pm 
2:OO pm 
2:OO pm 
2 : O O  pm 
2 : O O  pm 
2 : O O  pm 
2:OO pm 
2:00 pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



ma keapp. b a t  1,900 b y t e s  
makeapp. d e f  371 b y t e s  
ma keapp. h 259 b y t e s  
ma keapp. i ca 766 b y t e s  
makeapp.mak 2,627 b y t e s  
makeapp.rc 5,088 b y t e s  
ma keapp . t x t  7,700 b y t e s  
makeapp.ver 2,011 b y t e s  
makeapp2.bat 114 b y t e s  
ma kewc . bat 1,053 b y t e s  
ma kewc . c 2,896 b y t e s  
makewe. h 1,296 b y t e s  
ma kewc2, b a t  261 b y t e s  
r e p ,  exe 48,966 b y t e s  
r e s o u r c e  a h 1,886 b y t e s  

I : \ V C 1 52 \ MS VC 1 5 \SAM P L ES \MC I I EST 
*:D I R> 

. .  =:€I I R r  
d l  gopen. c 10,587 b y t e s  
d l  gopen, h 1,203 b y t e s  
edit.c 7,827 by tes  
e d i t . h  361 b y t e s  
ginem. h 2,695 b y t e s  
mc i t es t . c 25,159 b y t e s  
mci  t e s t .  cle f 324 bytes 
mci t e s t .  t i  779 bytes 
mei t e s t .  i c o  766 b y t e s  
mci  t e s t  .mal< 2,394 b y t e s  
m c i t e s t . r c  6,335 b y t e s  
r e s o u r c e .  h 1,779 b y t e s  

I : \ V C  ~52\MSVCls\sAMPLE$\MEMURY 
4 1  R> 

. *  eDIR> 
mem * h 342 b y t e s  
memory. d e f  448 b y t e s  
memory+mak 2,463 b y t e s  
memory. r c  1 I150 bytes 
memory1 . e  I122 b y t e s  

. memory2.c 1. ,671 b y t e s  
memory3. c 1,073 b y t e s  
memory4. c 806 byte5 
r e s o u r c e .  h 314 b y t e s  

I : \ V C 1 5 2 \PlS V C 1 5 \ SAM P I- t S \MENU 
--DIU=. 

. .  .:D I R> 
c h e c k o f f .  bmp 544 b y t e s  
checkon. bmp Et44 b y t e s  
menu. c 21,251 b y t e s  
menu. r ie f  206 b y t e s  
m e n u .  h 6 2 1  b y t e s  
menu. i co 766 b y t e s  

~ 

2:OO t)m 
2:OO pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:QO pm 
2:OO pin 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 

11:17 ip 
11:19 a m  
2:OO pm 
2 : O O  gm 

2:OO r)m 
2:OO pin 
2 : O O  q m  
2:OO qm 
2:OO prn 
2:OO qm 
2:OO p 
2:OO Rm 
2:OO pm 

2:oo pm 

I 
11:17 q m  
11:19 qm 
2:OO Rm 

2 : Q Q  pm 
2:OO qm 
2:00 Rm 
2:OO plm 
2:OO p m  
2:OO dm 

11:17 3m 
11:19 a m  
2:OO Qm 
2 : O O  Rm 
2 : 00 p,m 
2:  00 p,m 
2: 00 p~m 
2 : 00 p,m 

F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16  94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
f'ri Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep  16 94 
F r i  Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 



menu. ma k 1,912 bytes 2:00 pm Fri Sep 16 94 
menu. r c  4,779 bytes 2:00 pm Fri Sep 16 94 
resource. h 1,226 'bytes 2:00 pm Fri Sep 16 94 

I : \VC152\MSVC15\SAMPLES\MIDIMON 

.. 
about. c 
a b o u t .  h 
cal1back.c 

' callback.def 
c a l l  back. h 
c a l l  back.mak 
ci rcbuf. c 
ci rcbuf. h 
di spl ay. c 
d i  splay. h 
f i  1 t e r .  c 
f i 1 t e r  . h 
i n s t d a t a . c  
instdata .h  
midim0n.c 
midimon.def 
m i  dimon.  h 
m i  dimon.  i co 
midimon.mak 
mi dimon. r c  
prefer  . c 
prefer.h . 
resource. h 

<DIR> 
<DIR> 

1,269 bytes 
172 bytes 

4,048 bytes 
382 bytes 
197 bytes 

1,884 bytes 
4,446 bytes 

938 bytes 
9,202 bytes 
1,868 bytes 
2,902 bytes 

694 bytes 
' 1,964 bytes 

592 bytes 
30,234 bytes 

269 bytes 
1,252 bytes 

766 bytes 
3,224 bytes 
5,014 bytes 
2,357 bytes 

936 bytes 
1,978 bytes 

I : \VC152\MSVC15\SAMPLES\MULTIPAD 
<D I R> 
<D I R> 

mp300 + i co 766 bytes 
mpf i 1 e .  c 12,531 bytes 
mpf i nd. c 7,856 bytes 
mpi n i  t . c 4,477 bytes 
mppri n t  . c 10,901 bytes 
mu1 t ipad .  c 26,414 bytes 
mu1 t i  pad .  def 558 bytes 
mu1 t i  pad. h 3,518 bytes 
mu1 ti  pad .ma k 2,681 bytes 
mu1 t i pad. rc  7,366 bytes 
note300. i co 766 bytes 
resource. h 2,977 bytes 

I : \VC152\MSVCl5\SAMPtES\MUSCROLL 
<DIR> 
<DIR> it1 dl g . c 12,082 bytes 

i n i t . c  10,441 bytes 
msapi . c 11,055 bytes 
muscrdll . h 4,107 bytes 

11:17 am 
11:19 am 

2:OO pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:oo pm 
2:OO pm 
2:00 pm 
2:OO pm 
2 : O O  pm 
2:00 pm 
2:OO pm 
2 : O O  pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 . 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

11:17 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri . Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:17 am Mon Jun 10 96 
11:19 am Mon Juri 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 



muscrol1,c  
muscroll .def  
muscroll .h 
muscroll .mak 
muscroll rc: 
muscrol l .  t x t  
muscrres.h 
mustest. c 
mustes t ,def  
mustes t .  h 
mustest  . i co 
mustest. rc 
must r e s  . ti 
mutest .mak 
pain t  . c 
wep * c 

13 ,!j63 bytes 
1,359 bites 
2,281 bytes 
2,847 bytes  
3,247 bytes 

12,663 bytes 
1 1.47 bq t e s  
8,549 bytes  

287 bytes  
807 bytes  
766 bytes  

1,136 byks  
315 bytes 

2,102 bytes 
11,410 bytes  

717 bytes  

I : \VC152\MSVC15\SAMPL ES\MYPAL 
4 I R >  

. .  <DIR> 
mypal. c 37,614 bytes 
iiiypa’l . d e f  191 bytes  
iiiypal . h 274 bytes  
niypal . i GO 766 bytes  
iriypal .ma k 2,006 bytes 
mypal . r c  1,466 bytes  
resource .  h 312 bytes  

1 : \VCls2\MsVCl5\SAMPLEs\OUTPUT 
<DIR> 

* .  4 3  I R> 
c1u tpu t  .c 13 591 by.;es 
ou tput .  def 271 bytes  
output .  h 266 bytees 
output  .mak 2,950 bytes  
output .  r c  1,936 bytes  
resource.  ii 3.24 bytes  

I : \ V C 1 5 2 \ MS V C I 5 \ SAM F) L E S \ 0 W N COM BO 
4 1  R> 

. . 4 1  R> 
ownc0mbo.c 2 5 , W l  bytes  
owncombo. de f  296 bytes 
owncotnbo. h 778 bytes  
owncombo. -i co 766 bytes  
owiiconiba .mak 1,991 bytes 
owncombo.rc 5,752 bytes  
r cadne . tx t  t ,891 bytes  
rcsource .h  11,506 bytes  

I : \ V C 1 5 2 \ MS V C 2 5 \ SAM P 1. ES \OWN E RB 
qDIR> 

. I  <DER> 
ownerb. c 5,150 bytes  

2:OO pm Fri Sep 16 94 
2:OO Rrn Fri Seg 16 94 
2:OO pm Fri Sep 16 94 
2:OO d m  Fri Sep 16 94 
2:OO Rrn Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pp  Fri Sep 16 94 
2 : O O  ptn Fri Sep 16 94 
2:OO pp Fri. Sep 16 94 
2:OO p p  Fri Sep 16 94 
2 : O O  p p  Fri Sep 16 94 
2:00 p Fri Sep 16 94 

11:17 aln Mon Jun 10 96 
11:19 atp Mon Jun 10 96 
2:OO p’p Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pth Fri Sep 16 94 
2:OO pth Fri Sep 16 94 
2:00 prp Fri Sep 16 94 
2:00 p~ Fri Sep 16 (a4 
2:OO p~ Fri Sep 16 94 

11:17 a$ Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 (34 
2 : O O  ptq Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 p q  Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  p4 Fri Sep 16 94 

11:17 ad Mon Jun 10 96 
11:19 a Mon Jun 10 96 
2:00 p y  Fri Sep 16 94 
2:OO pq Fri Sep 16 94 
2 : O O  ptn Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:UO pni Fri Sep 16 94 
2:00 pm, Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:OO pm~ Fri Sep 16 94 

I 

11:17  am^ Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm, Fri Sep 16 94 



ownerb. def 268 bytes 
ownerb. h 359 bytes 
ownerb. i co 766 bytes 
ownerb .mak 1,922 bytes 
ownerb. r c  1;631 bytes 
pl ay . bmp 518 bytes 
plays. bmp 518 bytes 

I : \VC152\MSVC15\SAMPLES\PALETTE 
<DIR> 

. .  <DIR> 
i n i t . c  1,515 bytes 
pa1ette.c I 7,502 bytes 
pal e t t e .  cur . 326 bytes 
pa le t te .def  313 bytes 
pa1ette.h 633 bytes 
p a l e t t e .  i co 766 bytes 
palette.mak 2,140 bytes 
pal e t t e .  r c  1,766 bytes 
resource. h 313 bytes 

I : \V C 152 \MSVC 1 S\SAMP LES\ P ENCNTL 
C O I R >  
<DI Rr 

b i d i  tde .  dl 1 
hedi tde.  dl 1 

8,608 bytes 
8,800 bytes 

I : \VC152\MSVC 15\SAMPLES\PENPAD 
<DIR> .. <DIR> 

note300.ico 766 bytes 
penpad. c 39,907 bytes 
penpad.def 663 bytes 

. penpad.  h 3,797 bytes 
penpad.mak 2,801 bytes 
penpad. r c  9,029 bytes 
pp300. i co 766 bytes 
ppf i 1 e.. c 17,064 bytes 
ppfi nd .  c 9,396 bytes 
pp i  n i t .  c 4,069 bytes 
ppopen. c 10,160 bytes 
pppr i  nt . c 14,031 bytes 
resource. h 2,975 bytes 

I : \VC152\MSVC15\SAMPLES\PRNTFILE 
<DIR>  

. *  <DIR> 
prnt f i  1 e c 29,501 bytes 
p r n t f i  1 e.def 432 bytes 
p r n t f i  1 e .  h 722 bytes 
prntf  i 1 e .ma k 2,048 bytes 
prntf  i 1 e .  rc  3,586 bytes 
res0urce.h 946 bytes 

2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fr"i Sep 16 94 
2:OO pm Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 . 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO prn Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 



I : \ V C 1 5 2 \ MS V C 15 \ SAM P L ES \ P 80 I- I L ER 

CDIR> 

TAB *ED I R 3  
WIN qDIR2 

-<Q f R> 

00s <D 1 R> 

I : \ V C 1 5 2 \MSV C 1 5 \SAM P I-ES \ PRO f- I I_ ER 
<DIR> 

.. eDfR> 

qsort . c 7,095 b 
qsort.mak . 1,511 b 
qsort . pcf 486 b 

jabber. t x t  1,1125 b, 

I : \ V C  I. 52,\MSVC 15\SAMPLES\ PROF I LER 
<:QIRz 
4 I R> 

rjos 4 I R r  
profiler.xlm 10,604 b, 

I : \ V C l 5 2 \ M S V C l 5 \ S A M P L . € S \ P R O F I  LER 
< D I D  

.. <DID 
pavse. c :12,81.8 b. 
parse. exe 38,451 b. 
parse.miik 1,495 b: 

I : \VC152\MSVCl5\SAMPLES\PROFSLER 
<DIR> 

* .  =43IR> 
jabber . t x t  1,025 b: 
qsortw. c 10,351 b: 
qsortw . d e f  216 b: 
cjsortw. h 1,305 b; 
qsortw .mak 1,900 b. 
gsortw.pcf €93  b: 
qsortw - rc 1,452 b: 

T : \ V C 1 5 2 \ MS V C 1 5 \ SAM P L E S \ Q W G B EM0 
<DIR> 

. *  4 I b  
qwgdemo. cpp 2 775 b! 
qwgdemo .mak 1,858 b: 

411 R r  
U f  .;DIR> 
resource. h 270 b! 
reverse. c 18,825 b: 
reverse. d e f  21.4 b! 
reverse. h 1,086 b; 
reverse. i co 766 b! 
reverse,mnk 2,065 b! 

I : \ v c 1 !j 2) I, PIS vc 1 5 \ SAMPL ES \ R E V  CRS r 

11:18 dm Mon Jun 10 96 
11:19 yn Mon Jun 10 96 
11:18 qrn Mon Jun 10 96 
11:18 q m  Moj Jun 10 96 
11:18 drn Mon Jun 10 96 

I IQS 
ll:18 qm Mon Jun 10 96 
11:18 qm Mon Jun 10 96 

t es  2:OO plm F r i  Sep 16 94 
tes 2:OO pm Fri Sep 16 94 
tes 2 : O O  pp Fri Sep 16 94 
tes 2 : O O  pm Fri Sep 16 94 

I'AB I 

Mon Jun 10 96 
Mon Jun 10 96 
Mon Jun 10 96 

tes 2:00 pin Fri Sep 16 94 

rAU\ DOS 
11:18 ab Mon Jun 10 96 
11:18 am Mon Jun 10 96 

tes  2:OO pin Fri Sep 16 94 
re:; 2:OO pm Fri Sep 16 94 
:es 2:00 pp Fri Sep 16 94 

4IN 
11:18 ah Mon Jun 10 96 
11:18 arh Mon Jun 10 96 

:es 2:00 p$ Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

11:18 a$ Mon Jun 10 96 
11:19 a$ Mon Jun 10 96 

:es 2 : O O  pni~ Fri Sep 16 94 
:es 2 : O O  pg Fri Sep 16 94 

l1:18 am Mon Jun 10 96 
11:19 ad Mon Jun 10 96 

:es 2 : O O  pm Fri Sep 16 94 
:es 2 : O O  p d  Fri Sep  16 94 
:cs 2:00 piq Fri Sep 16 94 
:es 2:00 pm Fri Sep 16 94 
:es , 2:OO p i  Fri Sep 16 94 

:CS 2:oo pm Fri Sep 16 94 

I 



reverse.rc 2,159 bytes 200 pm Fri Sep 16 94 

I : \VC152\MSVC15\SAMPLES\ROTARY 
<DIR> . .  <DIR> 

resource. h 314 bytes 
rotary . bmp 2,638 bytes 
rotary.  c 17,051 bytes 
rotary . def 289 bytes 
rotary.  h 1,571 bytes 
rotary.  i co 766 bytes 
rotary .ma k 1,984 bytes 
rotary.  r c  1,590 bytes 

I : \VC152\MSVC15\SAMPLES\SELECT 
<DI R> .. <DIR> 

demo. c 7,411 bytes 
demo. def 283 bytes 
demo. h 226 bytes 
demo. ma k 2,002 bytes 
demo. rc 2,182. bytes 
res0urce.h 447 bytes 
s e l e c t  . c 6,799 bytes 
select .def  283 bytes 
s e l e c t  . h 857 bytes 
s e l e c t  .mak 1;791 bytes 

I : \VC152\MSVC15\SAMPLES\SHOWDIB 
<DI R> 

' <DIR> 
d; b.c 34,457 bytes 
dl gopen. c 18,885 bytes 
dl gopena . asm 2,547 bytes 
d l  gopena. obj 188 bytes 
drawdi b.  c' 38,506 bytes 
ma kef  i 1 e 1,583 bytes 
p r i n t . c  8,205 bytes 
res0urce.h 1,725 bytes 
showdi b .  c 42,470 bytes 
s howdi b . def 344 bytes 
showdi b.  h 8,767 bytes 
showdib.ico 766 bytes 
showdi b. r c  7,130 bytes 

'f : \ V C 1 5 2 \ M S V C X 5 \ S A M P ~ ~ ~ S \ S H O W G D I  
<DIR> . .  <DIR> 

dc.c 10,175 bytes 
dc.h 1,795 bytes 
dialogs .c 61,824 bytes 
dialogs.  h 1,955 bytes 
d i b . c  36,541 bytes 
d i b . h  3,296 bytes 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : 0 0  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 

2 : O O  pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

, 2 :00  pm Fri Sep 16 94 



draw. c 
draw. h 
main.c 
main.h 
menu. h 
r e s o u r c e , h  
sh0wgdi.de-f 
showgdi . i co 
shawgdi.rnak 
showgdi . rc  
Utl’l * c  
u t i 1  .h 
view.c 
v i e w . h  

7,067 b 
2,244 b, 
5,233 b, 
1,383 b, 
2,768 b 

12,331 b 
516 h 

1,086 b 
3,140 b, 

63,145 b, 
1,361 b~ 
2,870 h, 

1%,’115 b, 
1,372 b 

I : \VCl52\MSVC15\SAMPLES\SNOOP 
*;D I R> 

. .  4l I Rz 
r e s o u r c e o h  403 13, 
snoop. c 19,201 b, 
snoop. def  257 b. 
snoop. h 933 13. 
snoop.  i co 766 b, 
snoop.mak 2,029 b. 
snoop. r c  1,713 b. 

I : \ VC 1 52 \MSVC 1 5 \SAM PI- ES\ SORT’DEMO 
*:D I R> 

.. <:D I R> 
r e s o u r c e .  h 1,663 b: 
s o r t .  i co 766 b: 
s o r t d e m o - c  36,646 b: 
sor tdemo-def  301 b: 
sortdern0.h J ,779 b: 
sortdemo-mak 2,102 b: 
s e r t d e m o . r c  4,740 h: 

I : \ V C 1 5 2 \ M S V C 1 5 \ s A M P L E S \ ~ ~ ~ ( :  
<DIR> 

main.h 837 b; 
penapp. c 31,267 b: 
penapp.def 1647 b: 
penapp. h 2 ,990 h: 
penapp. ico  766 b: 
p n a p p  , tnit k 2 , 0 1 7  h: 
pcnapp. rc 1,968 b: 
p e n r e s .  h 580 b: 
s r e c .  c 15,909 b: 
s rec .  def 405 b: 
srec .mak 1,737 b: 

1 .  <:Dl R> 

I : \ V C  152\MSVC 15\SAMPLES\SRVRDEMO 
4 1  R> 

tes 2 : O O  (m Fri Sep 16 94 
t e s  2 : O O  gm Fri Sep 16 94 
t e s  2:00 g m  Fri Sep 16 94  
tes  2:00 gm Fri Sep 16 94 
tes 2:OO m Fri Sep 16 94 
tes 2:OO m Fri Sep 16 94 
tes 2:00 m Fri Sep 16 94 

tes 2:OO yn Fri Sep 16 94 
t e s  2:OO gm Fri Sep 16 94 
tes 2:.0O gm Fri Sep 16 94 
tes 2:OO q m  Fri Sep 16 94 
t e s  2:OO q m  Fri Sep 16 94 
tes 2:OO Rm F r i  Sep 16 94 

tes 2:OO E gm Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 qm Mon Jun 10 96 

tes  2:OO qm Fri Sep 16 94 
t e s  2:OO plm Fri Sep 16 94 
t e s  2:OO yn Fri Sep 16 94 
t e s  2 : O O  gm Fri Sep 16 94 
tes  2:OO @n Fri S e p  16 94 
tes  2:OO pm F r i  Sep 16 94 
tes  2 : O O  plm Fri Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 

t e s  2 : O O  p~m Fri Sep 16 94 
tes  2:OO pm Fri Sep 16 94 
tes  2:OO p p  Fri Sep 16 94 
tfts 2:OO pp Fri Sep 16 94 
t e s  2 : O O  p p  Fri Sep 16 94 
t e s  2:OO pm Fri Sep 16 94 
t e s  2:00 ptn Fri Sep 16 94 

11:18 a h  Mon Jun 10 96 
fl :X9 ab Mon Jun 10 96 

I:es 2:OO pp Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Srp 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri S e p  16 94 

11:18 ab  Mon Jun 10 96 



. .  <DIR>  
doc. c 17,026 b y t e s  
f i 1 e . c  13,891 by tes  
i n i  . reg 420 by tes  
o b j  .c 29,394 by tes  
resource .  h 1,306 b y t e s  
s e r v e r .  c 16,969 b y t e s  
srvrdemo. c 35,704 b y t e s  
srvrdemo.def 1,238 by tes  
srvrdem0.h 10,000 b y t e s  
srvrdemo. i co 766 b y t e s  
s rvrdemo .ma k 2,642 b y t e s  
srvrdemo. r c  4,169 b y t e s  

I : \VC 152\MSVCl5\SAMPLES\TDOSMEM 
<DIR> 
<D I R> 

makef i 1 e 1,534 by tes  
r e a d  .me 70 by tes  
resource .  h 360 by tes  
t dosmem. c 17,683 by tes  
tdosmem.def 487 by tes  
t dosmem. h 528 by tes  
tdosmem.rc 2,048 by tes  
t t s r  . asm 5,896 by tes  
t t s r .  o b j  361 by tes  

11:19 am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 

Mon Jun 10 96 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 
F r i  Sep 16 94 

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

I : \VC 152\MSVC 15\SAMPLES\T IMERS 
<DIR> 11:18 am Mon Jun 10 96 .. <DIR> 11:19 am Mon Jun 10 96 

t i  mers . c 8,998 by tes  2:00 pm F r i  Sep 16 94 
t i m e r s . d e f  450 by tes  2:00 pm F r i  Sep 16 94 
t i m e r s . h  551 b y t e s  2:00 pm F r i  Sep 16 94 
t imers.mak 1,952 b y t e s  2:00 pm F r i  Sep 16 94 
t imers  . r c  1,351 by tes  2:OO pm F r i  Sep 16 94 

I : \VC152\MSVCl5\SAMPtES\TOOLHELP 
<DIR> 
<DIR> 

k k e f  i l e  1,473 b y t e s  
resource .  h 1,865 b y t e s  
thasm.asm 6,803 by tes  
t hasm. o b j  442 by tes  
t hsampf e. c 49,514 by tes  
thsamp le .de f  347 by tes  
thsarnp1e.h 380 by tes  
t hsamp 1 e. i co 766 by tes  
thsamp le . r c  4,428 by tes  

11:18 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 
2:OO pm ' F r i  Sep 16 94 
2 : O O  pm F r i  Sep 16 94 
2:OO pm F r i  Sep 16 94 

I : \VC152\MSVC15\SAMPLES\TTY 
<DIR> 11:18 am Mon Jun  10 96 

e .  <DIR> 11:19 am Mon Jun 10 96 
resource .  h 3,113 by tes  2:OO pm F r i  Sep 16 94 
t t y .bmp 2,166 b y t e s  2:OO pm F r i  Sep 16 94 



tty.c 55,527 bytes 
t t y  . de f  343 bytes 
t t y .  h 6,000 bytes 
t t y .  i eo /66 b j t e s  
t t y  .ma k 1,993 b i t e s  
t t y . r c  1,500 bytes 
versi0n.h 64 bytes 

I : \VC152\MSVCl5\SAMPLES\VER 
qDIR> 

* .  .cD 1 R> 
can ad f . r cv  6,067 bytes  
dm389. rcv 6,068 bytes  
finstall . rcv  6,792 bytes  
gen. rcv 6,057 bytes  
hppcl5a. I'CV 6,782 bytes 
i bm4019. rcv 6,071 bytes  
1 bpi i . rcv 6,072 bytes 
1 bpi i i . rcv 6,075 bytes 
nwpopup.rcv 6 , 507 bytes  
pg306. rcv 6,068 bytes 
r eco rde r , r cv  5,996 bytes 
sf4019. rcv 6,063 bftes 
s f i n s t .  rcv 6,058 bytes 
termi nal + rcv 5,997 bytes 

I : \VCX52\MSVC15\SAMPLES\VERSIAMP ~ 

<DIR>l 
.. *cD I R> 
resource .  h 9,801 bytes  
verstamp.c 38,767 bytes  
ve rs t amp. d e f  
verstamp.h 2,732 bytes 
verstamp. i co J66 bytes  
verstamp,mak 2,100 bytes  
ve rs t amp. r c  6,582 bytes  

$375 bytes 

I : \ VC 1 5%\MSVC 15 \ SAMPLES\W I NMEM3 2 ~ 

-4lIR>, 
* '  *cBIR>~ 
winmem32.txt 18,275 bytes  

I 

I : \ V C I 5 2 \ M S V C 1 5 \ SAM P t E S \ WM F D GO DE 
I R> i 

b a l l  on. c l  p 1 2 , 3 4 2  b y t e s  
b i  r d  . w m f  15,774 bytes 
cmndl g . c 8,133 bytes 
d l  gproc.  I: 28 , 000 bytes 
resource .  h 3,177 b t c s  
wtnf. i c o  766, bf tes  
wmfdc0de.c 16,638 bytes 
wmfdcode de f 1,197 b y t e s  
wmfdcode. h 10,164 bytes  

.. -<D I R> I 

2 : O O  Rm 

l l : ln 11:19 im , m  
2:OO Rm 

2 :oo  'T" 

11:19 ' m  

2:OO pm 
11:19 $n 

11:19 qm 
11:19 'pm 

3 : O O  ym 
2 : O O  y m  
2 : O O  ym 
2:OO m 
2:oo i m  
2:OO ym 
2:OO ym 
2:00 ym 
2:00 pm 

Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Pri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep  16 94 



wmfdcode .mak 2,709 bytes 
wmfdcode. rc 8,427 bytes 
wmfmeta-c 39,126 bytes 
wmfprint .c 8,312 bytes 

I : \VC152\MSVC15\SAMPLES\XTENSION 
<DIR> 
<DI R> 

&ikefi 1 e 1,499 bytes 
resource. h 938 bytes 
xtensi0n.c 24,284 bytes 
xtension.def 387 bytes 
xtensi0n.h 1,430 bytes 
xtensi o n .  i co 1,086 bytes 
xtension.rc 5,290 bytes 

I : \VC152\MSVC15\SOURCE 
<DIR> 

. .  <DIR> 
MOVE <DIR> 
STARTUP <DIR> 

I : \VC152\MSVCl5\SOURCE\MOVE 
<DI R> 

.. <DIR> 
moveapi . h 1,999 bytes 
moveini t . c 13,546 bytes 

I : \VC152\MSVCl5\SOURCE\STARTUP 
<DIR> .. <DIR> 

ch ks t k. asm 3,793 bytes 
chksum.asm 3,257 bytes 
cmacros. i n c  12,039 bytes 
cmsgs . i nc 3,754 bytes 
c r t  Of p . asm 2,007 bytes 
cs tar tup.  bat 3,840 bytes 
csub. b a t  1,322 bytes 
defsegs . i nc 6,058 bytes 
DOS <DIR> 

. - emoem.asm 12,304 bytes 
f c n t l  . inc 1,562 bytes 
f i  l e .  asm 2,846 bytes 
f i l e 2 . h  1,921 bytes 
fmsghdr.asm 2,100 bytes 
heap. i nc 3,612 bytes, 
internal  . c  2,086 bytes 
internal  . h 3,749 bytes 
makefi l e .  dos 4,537 bytes 
makefi 1 e .  w i  n 5,176 bytes 
msdos. h 6,064 bytes 
msdos . i nc 7,690 bytes 
n u l  b0dy.c 30 bytes 
rch k s t  k .  asm 3,572 bytes 

2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16  94 
2:00 pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO prn Fri Sep 16 94 
2:OO pm Fri Sep 16 94 

11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 

11:19 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
2:OO pm Fri Sep 16 94 
2:00 pm Fri Sep 16 94 

11:19 am 
1-1 : 19 am 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
11:19 am 
2:OO pm 
2:OO pm 
2-:00 pm 
2:00 pm 
2:OO pm 
2:OO pm 
2:OO pm 
2:00 pm 
2 : O O  pm 
2:00 pm 
2:00 pm 
2:OO pm 
2:00 pm 
2:OO pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 



readme:txt 
r e g i s t e r .  h 
rterr. i nc 
setargv, asrri 
s t d i 0, i n c 
s -t d 1 i b . i n c 
version. -1 nc 
wi1d.c 
WIN 
windl 1 . m k f  
w i  nexe . mltf 
I f i1e . c  

6,257 b y t e s  
396 bytes 

4,757 bytes  
971 bytes 

1,581 bytes  
1 ,054 bytes  

575 bytes  
6,574 b y t e s  

826 b$tes 
806 bytes 

1,307 bytes 

<:DIR> 

I : \VClsZ\MsVCl5\SOlJKCE\S rARTUP\SdS 
<DIR>  

. f  q:D I R r  , 
cr tO.  asm 14,294 b y t e s  
cr tOdat.  ami 22,320 b y t e s  
crt0msg. a m  3,i!05 bjtes  
execmsg . a m  1,171 b$tes 
nmsghdr. asm 4,775 b j t e s  
nul body. i n k  1101 bjtes 
s t da l  1 oc . asin 2,634 bytes 
s tda rgv .  asni 16 944 b$tes  
stdenvp.asm 8,198 bytes 

\ 

I 

1 : \ VC I 5 2 \MS VC 1 5 \ SOllRC E\ S TAR-{ UP\ W I N 
<DIR> ~ 

cr t0 .asm 16, :t29 b y t e s  
f a  t a l  . asm 3,560 b y t e s  
noqwi n . asm 3,230 b y t e s  
n u  1 body. d e f  175 by te s  
n u l  body. 1 n k  123 bytes  
qwci ni t . dsm 5,211 bytes  
stubmai n , a m  2, bytes 
stubwep. asrn 1,369 bt tes  
wchkst k. asrn 2,1350 by tes  
wep. asm 3 ,!386 bttes  
w f i  1 e .  asm 1,629 bytes 
wi ndgrp. asrn 1,167 bjtes 

' wi ndgrpx. c 519 bytes  
wnul7 . a m  t322 bytes  

. .  +)IR> I 

I : \VC152\MSVC15\TCI3IP 

. .  
a rp .  exe 
f t p .  exe 
h o s t s .  S a m  
i n s t a l l  .t:xt 
i p c a n f  i cj exe 
1 i cense . t x t  
1mhosts.sarn 

4 I I R > I  
* 4 l I R > ~  

58,445 bytes  
131,840 bytes  

755 b-ytes 
10,680 bytes  
40,997 b,j/tes 

2 , 765 bites 
3,066 b y t e s  

2:oo PI 
2:oo pp 
2:oo pp 

2:oo py 
2:oo pm 

2: 00 p,m 

2 :  00 p,m 
11:19 am 
2:00 plm 
2:00 pim 
2:OO gm 

Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 94 
Fri Sep 16 94 
F r i  Sep 16 34 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 34 
Fri Sep 16, 94 

2:OO Rm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 
F r l  Sep 16 94 
Fri Sep 16 94 
Fri Sep 16 94 

11:19 d m  Mon Jun 10 96 
11:13 afm Mon Jun 10 96 
2:OO Rm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2:OO gm Fri Sep 16 94 
2:00 qm Fri Sep 16 94 
2 : O O  Rm Fri Sep 16 94 
2:OO m Fri Sep 16 94 
2:00 l m  Fri Sep 16 94 
2:OO pm Fri Sep 16 94 
2 : O O  pm Fri Sep 16 94 
2:00 pm F r i  Sep 16 94 
2:OO $TI Fri Sep 16 94 
2:00 Rm Fri Sep 16 94 
2:00 om Fri Sep 16 94 

I 

1€ :19  am 
11:19 m 
2:10 i m  
2 : l O  pm 
2 : l O  pm 
2 :10  pm 
2 : l O  pm 
2 : l O  pm 
2 : lO  pm 

Mon Jun 10 96 
Mon Jun 10 96 
Fri Jan 13 95 
Fri  Jan 13 95 
Fri Jan 13 95 
Fri Jan 13 95 
Fri J a n  13 95 
F'ri Jan 13 95 
Fri Jan 13 95 



mstcp32.def 
mtcpi p32. h l  p 
nbtstat.exe 
netstat.exe 
networks 
oemsetup. i nf 
ping . exe 
protocol 
readme.txt 
route. exe 
services 
tcp32ui .dl 1 
tel net. exe 
telnet. h l  p 
tracert.exe 
vdhcp .386 
vi p. 386 
vnbt .386 
vtcp.386 
vtdi .386 
vudp .386 
wi nsock. dl 1 
wsasrv.exe 
wsoc k .386 
wstcp. 386 

I : \VC152\MSVCC 

aixct 1 
afxctl 
bldtyp 
btnctl 

K 

h 
i nl 
b.bat 
bmp 

btnctl . cpp 
btnctl . h 

btnppg . h 
button.clw 
button.cpp 
button.def 

button.ico 
button.mak 
button. odl 
button.rl 
b u t t o n .  rc 
ci rcl. clw 
c i  rcl .  cpp 
ci rcl . def 
circ1.h 
ci rcl. ico 
circl.mak 
ci rcl . odl 
ci rcl .  r3 

btnppg. CPP 

. button. h 

632 bytes 
228,780 bytes 
33,227 bytes 
67,595 bytes 

402 bytes 
1,091 bytes 
56,907 bytes 

794 bytes 
15,440 bytes 
55,325 bytes 
6,003 bytes 
63,904 bytes 
57,152 bytes 
21,778 bytes 
53,935 bytes 
20,565 bytes 
56,444 bytes 
89,545 bytes 
46,782 bytes 
'5,321 bytes 
15,838 bytes 
39,771 bytes 
6,505 bytes 
9,604 bytes 
18,295 bytes 

,<DI R> 
<DIR> 

59,506 bytes 
3,118 bytes 
395 bytes 
238 bytes 

6,888 bytes 
2,027 bytes 
2,512 bytes 
1,147 bytes 
1,244 bytes 
2,201 bytes 
921 bytes 
950 bytes 
768 bytes 

2,611 bytes 
2,154 bytes 
2,514 bytes 
4,068 b y t e s  
864 bytes 

2,310 bytes 
918 bytes 
945 bytes 
766 bytes 

2,621 bytes 
2,218 bytes 
2,508 bytes 

2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm F r i  Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 
2:lO pm Fri Jan 13 95 

11:23 am Mon Jun 10 96 
11:19 am Mon Jun 10 96 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7 : O O  am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7 : O O  am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7 : O O  am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 
7:OO am Wed Aug 9 95 



c i  r c l  . r c  
c i  r c l c t l  binp 
c i  r c l c t l  cpp 
c i  r c l c t l  t i  
c i  re lppg e cpp 
c i  r c l p p g  h 
circ2.c:lw 
c i  r c2 .  cpp 
c i  rc2. d e f  
c i  rc2.  ti 
c i  r c 2 .  i CO 
c i  rc2  .mak 
c i  rc2.  o d l  
c i  rc2 .  r 4  
c j  rc2.  rc 
c i  r c2c t l  binp 
c i  r c 2 c t l  epp  
c i  r c Z c t l *  h 
c i  rc2ppg cpp 
c i  rc2ppg.  h 
c i  rc3. cl w 
c i  rc3 .  cpp 
c i  rc3 .  d e f  
c-i r c 3 .  h 
c i  r c 3 .  i cu 
c i  rc3 .mak 
c i  r c 3 .  odl  
s i  r c 3 .  r5 
c i r c 3 .  r c  , 
c i r c 3 c t l  .binp 
s i  r c 3 c t 1 *  cpp 
c i r c 3 c t l  .h 
c i  rc3ppg I) cpp 
c i  rc3ppg I h 
c l  ockp i  c binp 
common.x16 
c t l  b i  nd. cpp 
c t  1 cache cpp 
c t  1 conn. cpp 
c t  1 conn2 cpp 
c t l  c o r e .  cpp 
c t l  data.  r:pp 
c t l  d i  sp. cpp 
c t l  event. cpp 
ct 1 excel? I cpp 
ctl f a c t  ~ c p p  
c t l  f o n t .  cpp 
c t  1 frame. cpp 
c t l  imp1 . h 
c t l i n l . c p p  
c t l i n p l c + c p p  
c t l l  i c .  cpp 
ctlmodul .cpp 
c t lcabj  .cpp 

3 , 168 by tes  
238 by tes  

5,842 by tes  
2,238 by tes  
2,758 by tes  
1,382 by tes  

887 by tes  
2,310 by tes  
918 b y t e s  
945 by tes  
766 by tes  

2,621 by tes  
2,481 bytes 
2,508 by tes  
3,168 by tes  

238 by tes  
9,723 bytes 
2,611 by tes  
2,758 by tes  
1,382 by tes  
1, I94 bytes 
2,310 by tes  

918 by tes  
945 by tes  
766 bytes 

2,621 by tes  
2,696 b v t e s  
2,508 bytes 
3,618 by tes  
238 by tes  

2,720 by tes  
11,273 bytes 

3,394 b. t e s  
12,3002 bytes 
3,320 b y t e s  

54,751 b t t e s  

8,166 bTtes 
15,868 by tes  

1,754 bb tes  
7,011 b y t e s  
6,093 b t e s  
P , E166 b ,  t ~ s  

16,6303 b. 5 tes  
732 bytes 

7,527 by tes  
2,U52 bbtes 

15,342 by tes  
11,665 bytes 

9,539 by tes  

7:OQ dm 
7:OQ Am 

7:OO $m 
7:OQ qm 
7:OO qm 
7:OO dm 
7:OO qm 
7:OO qm 
7:OO am 
7:OO qm 
7:OO qm 
7:OO qm 
7 : O O  ' m  
7:OO jm 
7:OO 4m 
7:OO am 

7:OO am 
7:OO am 

7:OO Tm 
7:OO ip 
7:OO m 
7:OO yrn 
7:OO qm 
7:OO dm 
7:OO Trn 
7:OO qm 
7:OO am 
7:OO qm 
7:OO am 
7:OO qm 

7:oo qm 

L O O  
7:OO qm 

7:OO Tm 
7:OO am 

Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 

Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Ned Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 

Wed,AUg 9 95 



c t  1 p i  c t  . cpp 

c t  1 prop.  cpp 
c t  1 p ropx  . cpp 
c t l  p s e t  . cpp 

c t l ps tm.cpp  
c t  1 r e f  1 . cpp 
c t  1 r e g .  cpp 
c t  1 t r a c k .  cpp 
c t  1 t y p e .  cpp 
c t  1 ve rb .  cpp 
c t l  v i  ew. cpp 
c t l w z l  i b.  d l  1 
db.c lw 
db. cpp 
db. d e f  
db.h 
d b . i c o  
db.mak 
db.odl  
db. r c  
d b . r d  
d b c t l  . bmp 

c t l  PPg * CPP 

c t l p s t g . c p p  

d b c t l  . cpp 
d b c t l  . h 
dbPPg CPP 
dbPPg h 
1 i cenc t  1 . bmp 
1 i c e n c t l  . cpp 
1 i c e n c t l  . h 
1 i cenppg . cpp 
1 icenppg.h 
.l i censed. c l w  
l i c e n s e d - c p p  
1 i censed. d e f  
1 icensed.h 
1 i censed. i co 
1 i censed. 1 i c  
1icensed.mak 
1 i censed. od l  
1 i censed. r a  
1 i censed . rc  
1 oca1 c t l  . bmp 
l o c a l c t l  +cpp 
l o c a l c t l  . h  
1 o c a l  i de .odl  
l o c a l  i f r . o d 1  
1 o c a l  i z e .  clw 
1 oca l  i z e .  cpp 
1 o c a l  i ze. d e f  
1 o c a l  i ze. h 
1 o c a l  i ze . i co 
1 oca 1 i ze . ma k 

4,836 by tes  
47,602 by tes  
21,372 by tes  
23,936 by tes  
23,746 by tes  
6,243 b y t e s  
3,164 by tes  
2,237 by tes  
16,183 by tes  
7,915 by tes  
2,875 by tes  
5,938 by tes  
6,340 by tes  
16,288 by tes  
1,281 by tes  
2,285 by tes  
902 by tes  
923 by tes  
768 by tes  

2,550 by tes  
2,363 by tes  
4,093 by tes  
2,180 by tes  
240 by tes  

10,190 by tes  
3,038 by tes  
11,782 by tes  
1,304 by tes  
238 by tes  

7,075 by tes  
1,844 by tes  
2,439 by tes  
1,148 b y t e s  
900 by tes  

2,334 by tes  
927 by tes  
960 by tes  
768 by tes  
418 by tes  

2,675 by tes  
2,283 by tes  
2,526 by tes  
3,202 by tes  
240 b y t e s  

10,905 by tes  
2,182 by tes  
2,466 by tes  
2,465 by tes  
998 by tes  

2,488 by tes  
927 by tes  
960 bytes 
768 bytes 

7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7 : O O  am 

- 7 : O O  am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7 : O O  am 
7 : O O  am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 

Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 

.Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed.Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug ' 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aiig 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 

2,675 by tes  7:OO am Wed Aug 9 95 



1 t i ca l  i ze.  odl 2,402 b i t e s  
1 ocal i ze. r b  2,526 b$tes  
1 ocal i r e .  rc 3,372 b x t e s  
1 o c a l  ppg . cpp 5,058 b 3 t e s  
1 oca1 ppg . h 1,447 b x t e s  
1ocresde.cpp 549 b y t e s  
l o c r e s d e - d e f  890 b d t e s  
:locresde.mak 2,197 b d t e s  
1 o c r e s d e . r ~  2,109 b y t e s  
I o c r e s f r .  cpp 549 b d t e s  
1 oc res  f r . de f 890 b x t e s  
1ocres f r .mak 2,197 b 3 t e s  
1 o c r e s f r . w  ’ 2,109 b j te ! ;  
makef i7e .0  1,871) bq;tes 
rna k e f i  1 e.  1 1,880 b y t e s  
rnakef i  1 e .3  1,879 b y t e s  
rna k e f i  1 e.  4 1,879 b y t e s  
ma k e f i  1 e.  5 1,875 b y t e s  
ma k e f  i 1 e. 6 1,869 b y t e s  
rnakefi  1 e. 7 1,874 b y t e s  
rnakefi  1 e .8 1,886 b y t e s  
ma k e f i  1 e .  9 1,874 b y t e s  
makef i  1 e. a 1,882 b y t e s  
ma k e f i  1 e. b 1,886 b y t e s  
ma k e f  i 1 e.  d 1,166 b y t e s  
rn fc :c lswz.d l l  494,512 byte:; 
rn fcc t  1 wz . exe  232,224 b y t e s  
r n f c c t l w z . h l p  39,414 byte!; 
rnscornstf.dl 41,320 b y t e s  
m s c u i s t f  . d l -  14,847 byte!: 
m s d e t s t f  . d l -  14,949 b y t e s  
ms i n s s t f . d 1 - 40,805 b y t e s  
m s s h l s t f  . d l -  - 9,226 b y t e s  
m s t e s t  . d l  i!9 , 000 b y t e s  
rnstview.d’T 3,406 b y t e s  
m s u i l s t f . d T  I 3,970 b y t e s  
rnsvc. h l  p 471,834 b y t e s  
rnsvche1p:idx 132,794 b y t e s  
oc25 . d l  1 536,048 byte!; 
oc25 - 1 i b 400,384 byte:; 
oc25d.dll 3,099,656 bytes 
oc25d. 1 i b 571,392 b y t e s  
ticd25. d l  1 449 , 292 b y t e s  
ocd25.1 i b 23,040 b y t e s  
ocd25d. d l  1 513,068 byte:; 
o c d 2 5 d .  1 i h 27  , 640 b y t e s  
ocs25.1 i b 8,192 b y t e s  
ocs25d. 1 i b 3:18,944 b y t e s  
ocxpg . h l  p 848,993 b y t e s  
ocxpg . i nd 225,280 b y t e s  
o c x t u t . h l p  1,424,497 b y t e s  
o c x t u t  . i n d  593,920 b y t e s  
01 e2u i  . cpp  1.6,861 b y t e s  
o l  e c t l  . h 39,475 b y t e s  

7:OO am 
7:OO ap 
7:OO ap 
7:OO am 

7:OO 7:00 a 
7:OO ap 
7:OO am 
7:OO ap 
7:OO ab 
7:OO ap 
7:OO ah 
7:OO ap 
7 : O O  ap 
7:OO am 
7:OO ab 
7:OO afn 
7:OO ab 
7 : O O  ap 
7:OO ab 
7 : O O  a 
7:OO a 
7 : O O  a 
7:OO ap 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7 : O O  am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:80 am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7:OO am 
7 : O O  ap 
7:OO am 
7:OO am 
7:OO am 
7 : O O  am 
7:OO am 
7 : 0 0  am 

E 

Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95  
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 
Wed Aug 9 95 



o l  e c t l  i d .  h 
pa-1 . c l  w 

p a l  .de f  
p a l .  h 
p a l  . i c o  
p a l  .mak 
p a l  .od l  
p a l  .r6 
p a l  . r c  
p a l  c t l  . bmp 
paTctl . .cpp 
Dal c t l  . h 

Pal  * C P P  

propset.cpp 
push.clw 
push . cpp 
push.def 
push. h 
push. ico 
push.mak 
push. od l  
push. r7 
push.rc 
pushcd.bmp 
pushct l .bmp 
p u s h c t l . c p p  
p u s h c t l  .h 
pushcu.bmp 
PushPPg CPP 
PushPPg h 
rbheap. d l  
readme. t3- 
readme. t 4  I 
readme. t 5  
readme. w r i  
regsvr .exe  
resource.  hO 

* resource.  h l  
resource.  h3 
resource.h4 
resource.  h5 
resource .  h6 
resource.  h7 
resource.h8 
resource.  h9 
resource.ha 
resource.hb 
resource.  hd 
setup.exe 
setup.  in 
setup.  1 sT 
setupcdk.pc I 

6,211 bytes 
965 bytes 

2,293 bytes 
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768 bytes  
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3,013 bytes  
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5,176 bytes  
608 bytes 
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s h i p c t r l  . w r i  
s p i n c t l  . bmp 
spi  nc t l  . cpp 
sp i  n c t l  . h 
s p i  n d i  a1 . e l  w 
s p i  n d i  a1 . cpp 
s p i n d i a l . d e f  
s p i  n d i  a1 h 
s p i  n d i  a1 . i cu 
s p i  ndi a1 .mak 
s p i  n d i  a1 .odl 
s p i  n d i  a1 e r8 
s p i  n d i  a1 - rc 
spi nppg . cpp 
spi nppg h 
s t d a f x .  c0  
s t d a f x . c l  
s t d a f x . c 3  
s tda- fx .  c4  
s t d a f x .  c5 
s t d a f x .  c 6  
s t d a f x .  c7 
s t d a f x . c 8  
s t d a f x .  c9  
s t d a f x .  ca 
s t d a f x .  cb 
s t d a f x .  c d  
s t d a f x .  hO 
s t da f x  . t i l  
s t d a f x .  h3 
s t d a f x .  114 
s t d a f x .  h5 
s t d a f x  h6 
s t d a f x .  h7 
s t d a f x . h 8  

s t d a f x .  ha 
5 t d a f x .  hb 

:;tdafx, h9 

t j t d a f x .  h d  
:;tdafx.hq 
Ij tdctl .  h 
s t d t y p e . o d 1  
t e s t c o n . h l p  

t i m e .  cl w 
time. c p p  
time. d e f  
t i m e ,  h 
t i m e .  i co 
t i m e  .ma k 
t i me . o d 1 
t i m e .  r9 
t i m e .  r c  
t i m e c t l  . bmp 

t c s t e x i  t .ex _- 

7,424 b y t e s  
238 b y t e s  

8,191 b y t e s  
2 093 b y  t e s 
1,011 b y t e s  
2,333 b y t e s  

927 b y t e s  
960 b y t e s  
768 b y t e s  

2,661 bytes 
2,340 b y t e s  
2,526 b y t e s  
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1,174 bytes 
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2,201 bytes  

915 b y t e s  
940 b y t e s  
768 b y t e s  

2,589 b y t e s  
2,316 b y t e s  
2,502 b y t e s  
3,117 b y t e s  
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t i m e c t l  .cpp 
t i m e c t l  . h 
t imeppg,cpp 
t imeppg.h 
t s t c o n l 6 . e x e  
wbexec20. d l  
w b r u n 2 0 . e ~  
winbas20.dT - 
x l  i s t .  c l  w 
x l  i s t .  cpp 
x l  i s t .  d e f  
x 1 i s t . h  
x l  i s,t . i co 
x l  i s t  .mak 
x l  
X I  
x l  
x l  
x l  
x l  
x l  
x l  

s t .  o d l  
s t .  rO 
s t . r c  
s t c t l  . bmp 
s t c t l  .cpp 
s t c t l  . h 
StPPg * CPP 
s tppg.  h 

8,679 b y t e s  
2,317 by tes  
2,643 by tes  
1,153 by tes  

343,248 by tes  
58,704 b y t e s  
11,200 by tes  
68,488 b y t e s  

961 b y t e s  
2,310 by tes  

918 by tes  
945 b y t e s  
768 by tes  

2,62 1 by tes  
3,181 b y t e s  
2,508 by tes  
2,973 b y t e s  
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Contpubh’oml Block Destgn Documentation Version 1.0 

8.1 Descri tian oFPR M IC options 

The Aimel 27CO80-12PC IC used in the computational block contains 1-Mbyte of once 
programmable read-only memory (FROM). Since the boot disk only contains 128-kbytes, 
another option would be to use smaller PROM ICs. PROMS compatible with the Ampro 3SXi 
computer are available in the following; sizes: 

* 2’7COlO - 128-kbyt~ 
* 2‘7C020 - 256-kbytes 
* 2’7C040 - 5 12-kbyte~ 

23C08O -- 1024-kbytes = 1-Mbyte 4F Used. 

The Atmel 27C080 PROM ICs come in two styles, once programmable and UV erasable. 
Two types of memory ICs from Atmel have been used: . 

e 27C080-E2 PC -- Once programmable C Used 
* 2’7CO80-12 BC -- WV erasable, 

The UV erasable version is usehl during program development. The once programmable 
version is used in an infixmation barrier system to reduce the capability to change the system, 
The PC suffix indicates a plastic DIP package with a commercial temperature range. The DC 
suffix indicates a cerdip (ceramic) package with a commercial temperature range. 

A side-by-side photograph and x-ray ofthese two PROM devices were provided in 
section 2.4.1 and 2.4.2 respectively. The data sheet for the Atmel27CO80 PROM was provided 
in section 2.4.3. This data sheet was printed from the Atmel Internet site at: 

h ~ t p : / / ~ . a t m ~ l . c o ~ ~ t ~ e l / a c r o b a ~ d o ~ O 3 6 ~ . p d ~  



8.2 Atmel, 29CO8 PROM - Hardware 
This section includes: 

o 

e 
Photograph of the top and bottom view of the Atrnel27CO80- 12 PC PROM IC 
Three x-ray images ofthe Atmel276080-12 PC PROM IC at three brightness levels, 

Various levels of detail can be scen in the x-ray of the plastic-cased PROM. The metal 
legs are easily seen in all, the views. The central region appears to be supported by a central 
metai trace. This might be a ground plane or [JV light shield. 



le P tegrated Circuits 

Top View Bottom View 

Once-Programmable PROM 
AT27C080-12PC 



rogrammab le hf IC - x- 

Darkened X-Ray Raw X-Ray Brightened X-Ray 



4 2  PC PROM - Software 

The PROM sofltvare includes textual files (e.g., CONFIG.SYS and AUTOEXEC.BAT), 
operating system exccutable files (e+, IBMDOS.COM and COMMAND.COM), and an 
application executable file (e,{;.,  DATA-A?'T.EXE.). In addition, the two basic ROM-DOS 
operating system executable files (e.g., IBMDOS.COM and 1BMBIO.COM) are hidden files 
following the normal DOS convention, which prevents accidental erasure of these system files 
from a boot disk. 

Directory of BOOT Disk - Floppy disk matching of the PROM disk 

V o l u n i e  in d r i v e  A has  no label 
Volume Serial. Number is 2D69-14B7 
Direc:toz-y of A:\ 

1UMRI:C) COM 54,542 0'7-22-99 6:22a 1BMBIO.COM -- Hidden 
IBMDOS COM 74 07-22-99 6:22a IBMDOS.COM -- Hidden 
COMMAND COM 34,099 0'7-22-99 6:22a COMMAND.COM 
AUT0k:XEC BAT 73 11-04-99 9:07a AUTOEXEC.BAT 
HIMEM SYS !J, 832 0'7-22-99 6:22a HIMEM.SYS 

CON Fi"G S Y S 85 02-08-00 10: 16a CONFIG.SYS 
5 f i - l e f s )  227,697 bytes 
0 d i r  (s) 832,512 b y t e s  free 

DATA ATT EXE 8'7,608 01-31-00 1:05p DATA ATT.EXE 

Directory of' OUTFILE lDislr - Floppy disk with image of the PROM contents 
OUTFLLE.SO is the exact image of the I-Mbyte PROM as programmed 

Volume in d r i v e  A has no laloel 
Directory of A:  \ 

OUTFlLE SO 1,048,576 02-08-00 10:18a 0UTFILE.SO 
1 f i l - e i s )  1,048,576 klytes 
0 di.r(s)  409,088 bytes f r e e  



Internet References 

4 large amount of docLunentation f i r  the Computational Block hardware is found on the 
Internet at vendor web sites. The following Is a comprehensive listing of Internet address 
references related to the AMS computational block hardware and software. 

Ampro 3SXi - rocessor Board 

‘The Anipro base Internet address is http://www.ampro.com 
Ampro Hardware Inforrnatiori is located at the following sites 

Product list: http://www.ampro.com/products/index.htm 
CorcModule 3SXi: httyr://~~~.ampro.com/products/coremod/cm-3sxi.litm 
3 SXi product data sheet: http://www.ampro.codproducts/coremod/cm3sxi2.pdf 
3 SXi technical manual: htt~~://www.arnpro.com/techrnan/coremodule/500113 1 e.pdf 

Features w/ hooks: http://wwcv.atnpuo.com/products/software/sw-bios.htm 
Hook ## 1 : littp://www.ampro.com/products/software/sw-bios 1 .htm 
Hook #2: littp://ww\~.ampro.com/products/so~ware/sw-bios2. htm 
1-10 ok #3 : ht tp :// ww, ampro, com/prod L ~ C  t s/so ft war CIS w- bi os3. h tm 

1 -page suinrnary of the Ampro BIOS & Utilities: 

‘Technical manual: http://m.ampro,com/techman/500093 1 b.pdf 

This is hardware to develop PC 104 systems on containing: 

Info: littp://wwtv.~i~~ro.coi~/products/corerno#cm-ids.htm 
Data Sheet: http://wwcv.arnpro.com/products/coremod/cm-ids.pdf 
Manual: Purchased iii Quick Start Kit 

Ampro BIOS Information: 

Ampro Common [Jtilities: 

littp ://www, anipro ,com/products/so ftware/sw-bios.pdf 

Ampro Development Platform: 

Power supply, floppy disk, hard disk, f’C 104 socket, two ISA sockets 

Support info : http://tvww . ampro. com/support/index. htm 
‘Timing info: http://~~vw,aI~pro.corn/Liniversity/cvpapers/ISAtiming.pdf 
Applications & White Papers: http://www.ampro.com/university/index.htm 

1 



Components of the 3SXi Processor Board - Memory ICs 

SO = Byte-wide socket = $bit wide memory (14-bit address 16,384 bytes) 
ATMEL AT27C080 = 1-Mbyte EPROM memory = http://www.atmel.com 
Data Sheet = http://www,atmel.com/atmel/acrobat/docO360.pdf 
Part Number Codes: = http://www.atmel .com/atmel/acrobat/doc053 8 .pdf 
Alternate choices: 27C040 = 0.5-Mbtye memory -- EPROM 

Info: http://www.fairchildsemi.com/pf/NM/NM27C04O.html 
' Data Sheet: http://www.fairchiIdsemi.com/ds/NM/NM27C04O.pdf 

Application: http://www.fairchiIdsemi.com/an/AN/AN-794.pdf 

Main CPU Memory can be at U1 or (U2&U4) or (U3&U5) + Only U3 & U5 is installed 

U1 = MEM32 = 32-bit DRAM memory (13-bit address 16,384 words) = missing 

U2 = 256Kx16 = 256-kwords of 16-bit DRAM memory (9-bit address 5 12-words) = missing 
U4 = 256Kx16 = 256-kwords of 16-bit DRAM memory (9-bit address 5 12-words)'= missing 

U3 = 1 MX16 = 1 -Mwords of 16-bit DRAM memory (1 0-bit address 1 -Lvords) = Toshiba 
U5 = 1 MX16 = 1 -Mwords of 16-bit DRAM memory (1 0-bit address 1 -kwords) = Toshiba 

2-Mbyte RAM with IC labeled: Toshiba A24419 I 9817KBD I TC5 118160CFT-60 
Toshiba TC5 1 18 1 6OCFT-60 is a 60-11s 2-Mbyte DRAM organized as 1 Mxl6 (1-M of 16- 

Toshiba no longer lists this IC on the internet and perhaps no longer makes it. 
HITACHI makes an equivalent chip is H M 5  1 18 16OJP-8 
First info: http://wcvw,hitachi-eu.com/hel/ecg/sitemap/searchmemory.htm 
Short info: http://www.hitachi-eu.com/hel/ecg/sitemap/search_memory. htm 
Data Sheet: http://www.hitachi-eu.com/heVecg/products/memory/pdf/5 1 16 160.pdf 
SAMSUNG makes an equivalent chip is KM416CI200AJ-8: 
First Info: http://www.usa.samsungsemi.com/admin/productio~globalsearch.asp?key=KM4 16C 1200 
Short Info: http://~vww.usa.samsungsemi.com/products/summary/asyncdram/KM4 16C 1200C.htm 
Data Sheet: 

bits). 

hffp://www.usa.samsungsemi.com/Memory/DRAM/DRAM_Components/Async~onous-DRAM/ 
16Mb/KM4 16C 1200CiKM4 16C1200C.PDF 

Flash Memory containing BIOS and extra space can be U6 or U7 + U6 is installed 
U6 = 28F008SA = 1 -Mbyte of 8-bit wide data (20-bit address 1 Mbyte) = INTEL Flash memory 

INTEL [1-Mbyte Flash 64-kbyte BIOS rest OEM] 
Data Sheet: ftp://download.intel.com/design/flcomp/datashts/29042908.pdf 
Prod Codes: http://apps.intel .com/~roduct-.selector/chartl .asp 

U7 = 28F010 = 128-kbyte of 8-bit wide data (1 8-bit address 262-kbytes) = missing 
INTEL [128-kbyte Flash 64-kbyte BIOS 64-kbyte OEM] 
Data Sheet: ftp://download.intel.con7/desig~flcomp/datashts/2906630 1 .pdf 

Note: Not all memory components for the Ampro 3SXi computer board can be 
simultaneously. installed. 
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Components of the 3SXi Processor Board - Non-Memory ICs 

U8 = R'f'C = Real-time clock = Benchmarq BQ3285S 
IC label = BENCHMAILQ I bq3285S I993O-SB2 (S=24-pin SOIC package) 
Iknchnarq is now a component or division of 'Texas Instruments. 
(3i:neral info: litt~~://wWw,beiichmarq.com/pressrel/pr. 1 1 .html 
Products: littp://cvww-s.ti.coi/cgi-~bi~sc/generic2.cgi?keyword=R1~AL- 

Summary: httr,://WWW.ti.Cori~sc/nocs/produci s/analog/bq3285 html 
1laf.a Sheet: http://w~~~~-s.ti.com/se/psheets/sl~isO28/slusO28.pdf 
Ijritasheet: htt~://www-s.ti,com/sc/ysheets/slua052/sluaO52.pdf 
Applications: http://www-s. ti.condsc/psheets/sl~iaO94/sl~~aO94.pdf 
Oscillators: httpi//ww.w~-s.ti.com/sc/psheets/slua05 1 fslua05 1 .pdf 

TIME-1-CLC~CKS&fi~mily=RREAL-TIME+CLOCKS&tech=Ail 

U9 = 16V8 -- Programniablc Electrically Erasable Logic (PEEL) IC 
IC paper label = 7104 I 145A 
IC'T Summary Inib: http://www.nuhorizons.com/linecard/ict/l6v8.htm 
Integrated Circuit Techniology (IC'I') Home Page: http://www.ictpld.com/ 
Info: http://www.ictpld.com/products/products.litm 
1 Masheet: http://www. ictplcl.com/products/ 1 6cv8. htm 

IT10 = ALi M6117C T-: 386SX CPU 
IC: label = ALi M6117C1 A1 1 9937 'TS05 I XBM24391OOOD 
Acer Laboratories Inc home page: http://www.acerlabs,com/ 
'Chr: ALi M6117 is an embedded microcontroller which contains a 386SX, a coprocessor 
interface, a memory controller, peripheral interface, ISA interface, built-in real-time 
cluck, keyboard controller, PMU interface, watchdog timer, IDE & interface 
Ik3t Info from SSV 
Functional Description ALI M6117: http://www.ssv-embedded,de/ssv/pcI04/p24,htm 
131 OS setup: http://www.awarcf.com.tw/DOCS/In~ernet/docs/alim6 1 17.htm 
ALi M6 1 17 Info: http://www.ali.com.tw/eng/product/embed/m6 1 17c.htm 
ALi M6117 Manual: E:\f;IVITTWI 17Cds093 (not on the network) 

U11 = MA X809 = Power-On-Keset IC =I J1 JA 
Info: http://wcvcv.nuhorizons,com/1iew/MAX4.htm 
MAXIM data sheet 1 is t : http ://&, i i t .eclu/-,braiijov/linWMAXIM. HTM 
MAXIM producl s: http://w\.vw.maxini-ic.com/MaximProducts/products.htm 
MAX809 data sheet: http://209.1.23 8.25O/arpdf/ll94.pdf 

IJ f 2 - 3 7 C ' G G S  - 1,'O cnntrullcr 
JC label = SMSC I FDC37G665CrT 1 B9912-D347 I6H14211-5 
SMSC = Standard Microsysteins Corporation 
Summary info: littp://~~vw.1;nisc.con~/n~ain/cataIog/fdc37c665gt.html 
IIiitit Sheet 152-pages: Iittp://~vw\.v.sirisc.com/main/datasheets/37c665gt.pdf 
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U13 = SXCVR = RS-232 transceiver 
.IC label = SIPEX I SP211CA I 9924 
SP2 1 1 E data sheet: http://www.sipex.com/dsheets/SP207E.pdf 
Note SP211, SP21 lB, SP21 lE, SP21 lEH, SP211H were the choices 

U14 = SXCVR = RS-232 transceiver: SIPEX I SP211CA I 9924 
See U14 

U15 = 74ACT02 = NORs = F P95SB I 74ACT02 = Quad 2-input NOR gate 
Fairchild: 74ACT02 
General: http://www,fairchildsemi.com/pf/74/74ACT02.html#General Description 

U16 = NVCTRL = MXD1210 I CSA I 940 =Nonvolatile RAM controller 
MAXIM info: http://ww,maxim-ic.com/ 
MAXIM data sheet: http://209.I .238.250/qdf/1194.pdf 

U17 = 74HCT174 = 6-bit register = HCT174 I H9845 
Harris chip is on the board but the following are equivalents with data available 
Phillips info: http://www-us2.semiconductors.philips.com/pip/74HC 174D 
Motorola info: http://scgproducts.motorola.com/ProdSum.asp?base=MC74HC174A 
Data Sheet : http://scgproducts.motorola.com/onsemi/Collateral/DataSheet/mc74hc174arev6.pdf 

U18 = MXLT62 = labeled as LT923 I1262 = 8-pin chip provides PROG and VPP signals 
Linear Technology LTC1262 --12V, 30mA Flash Memory Programming Supply 
Summary: http://www.linear.com/cgi- 

Data Sheet: http://www.linear-tech.cordpdf/l262fa.pdf 
bin/database?~nction=elementinhtml&filenam~DataSheet.html&name=DataSheet&num= 1 1 1 

U19 = 9356 = Motorola 93LC56X I /SN = 2-kbit EEPROM 
Fairchi Id Info: http ://www. fairchildsemi.com/pf/"M93 C 5 6, html 
Fairchild Data Sheet: http://w.fairchildserni.com/ds/NM/NM93C56.pdf 
Application Note AAN-8805 says National NMC9346 (or equivalent) is a serial 1024-bit 
EEPROM organized as 64 16-bit words. 

U20 = FG54-16 = Clock chip 7 ICs AV9154-16 I A9934 I AN500490 
Base: http://w.icst.com/ 
Data Sheet: http://www,icst.com/pdf/9 154- 16.pdf 

U21= 74HCT245 = 8-bit register = F P85SG I MM74HCT I 245WM 
Fai rch i I d info: h ttp://www. fairchild semi ,com/pf/MM/MM74HCT245. htm I 
Datasheet: http://www.fairchildsemi.com/ds/MM/MM74HCT245.pdf 

U22 = 74HCT245 = %bit register = F P85SG I MM74HCT I 245WM - See U21 

U23 = 74HCT24.5 = 8-bit register = F P85SG I MM74HCT I 245WM - See U21 
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U24 = 

u25 = 

IJ35 = 

71HCT244 = 8-bit register := Motorola HCT244A I CPBC9924 
Fairchild 
S hcirt Info: http://www. fairc hildserni.~om/pf/MM/MM74HCT244. html 
Data sheet: htl~~://~~~.~~ircliildseiiii.co1n/ds/MM/MM74HCT244.pdf 
Motorola Search: http://searcli.iiiolorola.com/semicondlXctors/query.html?qt=HCT244A 
Shoi-t Info: http://scgproducts.motorola.com/ProdSum.asp?base=MC74HCT244A 
I h t a  Sheet: http://scgproducls.motorola.com/onsen~i/CoIlateral/DataSheet/mc74hct244arev7.pdf 

75 176 --- LTC4X5 -- RS486 line transceiver = labeled LT930 I 485 
1>1,1 S9 long paper on RS232 & RS486 
Linear tecnology LTC485 Low Power RS485 Interface Trasceiver 
%miniary: http://www.iinear.conllcgi- 

IMa Sheet: http://www,line;ir-tech.com/pdf/lt0485 .pdf 
bin/database?fiinc~ion=elcmentinhtriil&filename=DataSheet.html&name=DataSheet&num=347 

74HCT24.5 = &-bit register = F P85SG I MM74WCT I 245WM 
See u21 

Components of the 3SXi Processor Board -- Missing ICs 

Keyboard controller chips are missing from the 3SXi board an presumably this is handled 
internally to the ALi M6 1 17C 

U55 = 83242 = QFP-44 r- keyboard something --- missing 

IJS6 = 74ACT05 = inverters = keyboard something =: missing 
Short lnfo: http://scgproducts.motorola.com/IlrodSum.asp?bas~=MC74ACTO5 
Sheet: http://scgproducts.inatorola.com/onsemi/Co11ateral/DataShee~mc74ac05rev3.pdf 

Components of the 3SXi Processor Board - Crystals for various clocks 

Y1 = Crystal: 32768 = 32.768-l&Iz quartz clock crystal for RTC in ALi M6117C 
‘This is missing from the board because the M611’7C internal RTC is not used 

Y2 = Crystal: ElJ.3 18 = 14.3 18-MHz clock crystal for the ICs FG54-16 clock IC in U20 

Y3 = Crystal: 32768 == 32.768-l&z quartz clock crystal for the Benchmarq RTC in U8 
IZenchinarq recomrnends a Iliawa D’T-26 or equivalent as the 32.368-kHz crystal 
Package shape matches KDS America DT-26 or Epson America C-002RX 

Note select English at the ICDSJ home page site at http://www.kdsj.co.jp 
D’I’-ZG L)a~a sileet: htLp://wcc/w.kdsj .co.jp/eiiglish.html 
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Ampro SVG-I1 - Video Board 

The SVG-I1 video board is not on the Ampro Web site because this product is subject to 
continuing availability. The Ampro Internet address is http://www.ampro.com 

Components of the SVG-I1 Video Board 

U1 = CIRRUS LOGIC CL-GD5429 = Memory-Mapped I/O VGA GUI Accelerator 
Info: http://~vww,cirrus.com/servlet/HTMLEngine/dashboard/srffame.html?SearchString=CL- 

GD5429&AttributeBlockCount=O&ReplaceBlockID= 106&BlockID=l06&LastID=O&ContentID 
=1316 

Specifications: http://www.cirrus.com/products/overviews/gd5429.html 
Data Book: http://2 16.35.18.143:80/servlet/SiteDriver/Content/655/gd542xdb.pdf 
Technical Manual: http://216.35.18.143:80/servlet/SiteDriver/Content/656/gd542xt~.pdf 

U4 & U5 = MT 4C16257 = 256kx16 -- 512-kbyte DRAM memory 
IC may be from Micron ? 
Info is from Fairchild 27C256 - MEMORY ON SVG-2 
Info: http://www. fairchildsemi .com/pf/NM/NM27C256. html 
Data sheet: http://www.fairchildsemi.com/ds~M/NM27C256.pdf 

U7 = Motorola 74HCT244A = &bit Register 
' Short Info: http://scgproducts,motorola.com/ProdSum.asp?base=MC74HCT244A 

Data Sheet: http://scgproducts.motorola.com/onsemi/Collateral/DataSheetev7.pdf 

U11 = LM334 on SVG Constant Source and Temperature Sensor 
Linear Technology L334-3A data sheet 
Info: http://www.linear.com/cgi- 

bin/database?function=elementinhtml&filename=DataSheet.html&name=DataSheet&num= 156 

Y1 = E14.318 = 14.318-MHz Clock crystal for CL-GD5429 
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Diamomd Systems EmeraWd- M-DIO - Extra I/O Board 

The Diamond Systems Home Page: http://www.diarnondsystems.coni/ 
Emerald-MM-1310 product sheet: bttp://wtvw.diamondsystems,~o~~emmdio~htm 
I:)merald-MM-D IO manual : http ://wtw. diamonds y s terns. com/fi les/emnidio. pdf 

Components of the Emerald-MM-DIO Extra I/O Board 

Ul-lJ4 == SIPEX = RS-232 Liiic IIriverReceiver = SIPEX I SP211CA I 9924 
SP2 1 1 E data sheet: http://www.sipex.com/dsheets/SP207E.pdf 

U5 = XILINX 17128EP1 I 92.5884 --I 128 kbit one-time programmable memory for FPGA 
InEo: h t t I s : / / w c v w , x i l i I . ~ o ~ s L ~ p I s ~ ~ / ~ r o ~ r ~ r / ~ l ~ s / l 7 0 0 e x . p d f  

lJ6 = XILINX XC5204 f= FPGA - 480 Cells 
One major coixiponent of the: DTO card is the XILINX = XCS204 FPGA - 480 Cells 
Data Skeet: http://www.xilirix.com/partinfo/5200.pdf 

lJ7 = Texas Instruments TI, lhC554 = Quad UART Chip 
One major cornponent ofthe DIO card is the Texas Instruments TLlGC554 IC 
In Cormation from the Diamond Systems site: 
1'1, I GC554 Quad UARl' IC: http://www.diarnondsysteins.com/ftles/TLl GC554.pdf 
The Texas Instruments 1-lome Page is at: http://www-s,ti.com 
TI, 1 6C554 in ti): %Ittp:N~.ti.conl/sc/docs/products/analog/tl16~5 S4. html 
1'1,lGCS 54 data sheet: Iirtp://www-s.ti.com/sc/psheets/slls 165d/slls 1 65d.pdfHxml=http://www- 

searclt.ti.coni/~earcl.t97cgifs971._sgi?ac~ion~Vie w&VdkVgwKey=http%3 A%2F%2Fwww%2Ds% 
2Eti%2f'com%2Fsc%2Fpsheets%21:slls 1 65d0/o2Fslls 165d~2Epdf&doctype=xrnI&CoIlection=Te 
chDocs&QueryZip--tl16~554& 

Y 1 = PLE SRMP49 =' 1.8432-MHz quartz clock crystal 



Support Hardware - Other Parts 

Line Filter Corcom3EC 1 : http://www.cor.com/ 
Data Sheet: http://www.cor.com/catalog/fiIters/ec/default.htm 

Power supply Condor GSC20-5 5V 3.8A switching power supply 
Data sheet Info: http://wwtv.powerbox.com.au/gsc2O.htm 
Info: http://www.digikey.? ~/MKT/New!J75/Condor/Comniercial.html 

Fuse assembly = Telfuse 250 VAC max 

Push-Button Ordoff Switch = 

Metal Case = 

Computational Block Supporting Information - PC104 

PC-104 Specifications from Diamond Systems 
PC-104: http://www.diamondsystems.com/files/pclO4-2~ .pdf 
PC- 104-Plus: http://www,diamondsystems.com/files/pc 104p 1 O.pdf 

Non-Computational Block Hardware Information - Counter Card 

Symmetry counter card: 
Base address: http://www,computerboards.com/specs.html 
Data sheet: http://www.computerboards.com/pdfs/pc 1 04-ctr 1 0hd.pdf 
AM95 1 3 chip: http://~.computerboards,com/PDFmanuals\95 1 3A.pdf 

Non-Computational Block Hardware Information - SSD Card 

' Ampro Drivers for SSD/DOS: 
http://www.arnpro.com/products/software/sw-ssd, htm 
http://www.ampro.corn/products/software/sw-ssd.pdf 
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Computational Block Software Information - ROM-DOS 

ROM-DOS by Datalight 1n.c. 
Ehtalight home page: ht t p : / / ~ ~ ~ . d a t a l i g ~ i t . c o m  
Datalight ROM-UOS: http://\;vww.clatalight.com/products.htm#rom-dos 
KOM-DOS info: http://wwcv.datalight.com/rom-dos.htm 
1 Jser's Guide Manual : lit tp://www. dat alight. com/eval/rd-ug .pdf 
Hidden files: http://www.ctataIight.com/superboot-wp.htm 
Dynamic configuration & Vdisk: http://www.dataliglit.com/dyndrv-wp.htm 
Supper Boot: http://www.datalight.com/tl~-superboot. htm 
J)ownload manuals: http://www.datalight.com/files.htm 

Computational Block Sof"tware Information - BIOS 

BIOS: AWARDBIOS I c1998 I ISA386 1161995858 @UlOCPUchip 
Award Home Page: littp://w\~v.awat.cl.corn 
F'hoenix acquired Award - Phoenix home page: http://w.phoenix.com 
Award R IO S info : http ://www.phoenix .com/platform/awardbios. ht in1 
PC: user support: http://www.plioenix.com/pciiser/ 
PhoenixRIOS 4.0 Release 6 IJser's Manual: http://www.plioenix,com/pcuser/usennan.pdf 
Se hip info: htt~://wwcv,r)hocnix.corn/~cuser/bios-award-setup.html 
Index of setup fields: littp://~.vww.plioenix.conl/pciiser/bios-award-~ilds.html 
Setrip Award BIOS for MG 1 17: http://www.phoenix,comlpcuser/bios-awarcl-m6 1 17.pdf 
Maiiiual Download Menu: htltp://www.phoenix.com/pcuser/index.html 
BIOS upgrade info: http://www.unicolre.coml 

Good BIOS search engine: ht~p://www.ping.be/bios/ 
Note no BIOS ID string appeared at bottom of screen during boot tip 

Computational lock Software Information - COMM LIBRARY 

Willies Computer Software Company, WCSC home page; http://www.wcscnet.com/ 
C OMM-DRV/I,IB info: http ://www. wcsc net. com/CdrvLBro. htm 

Microsoft Visual G 
Data Sheet Version 6.0: http:/lmsdn.microsoft.~onl/visualc/prodinfo/datashee~default.asp 
Previous Versions to 4.0: http://xnsdn.microso~.com/visualc/prodinfo/previous/default.asp 
Alternate C/C++ compilers that generate DOS code 
t-Clnmpili:rs: h t t ~ : / / ~ w v w . ~ r e y - w n a t t e r . c o m / e n i W E n / ~ . H 7 ' M  
Borland C t-t version 5 .O littp://www,grey-niatter.com/gmWEB/nodes/NOT)EO5B8,I-ITM 

I3orl and features littp://~~.~~.grey-inat~er.com/Rlobs/pdf/00002026.pdf 
Borlancl features: littp://w~v.Rorland.com/bcppbuilder/freecompiler/~eaben.html 
Borl and Turbo C for DOS: bttp://w.cvw.borland.com/borlandcpp/tiirbosuite/t~irbo3 .litnil 

Watcom Ct-+: http://www.grey-matter.com/Blobs/pdf/OOOO 1 800.pdf 
S y ni ante c C ++ : http : //-cvww. s yrrianle c . com/scpp/fs-s cpp 72-95. h tm 1 
Free C: http://wwtv.delorie.coni/ 



Other Supporting Information 

RS232 Standards from Motorola: 
http://www.mot.com/SPS/MCTG/MDAD/pdf/DL 1 5 9/AN78 1 A.pdf 

DL1 59-LonTalk 234-pages with Interconnection standards from Motorola 
http://www.mot.conl/SPS/MCTG/MDAD/pdf/DL 159DL 159.RevSvo13 .pdf 

Memory Guide: 
http://www. kingston.com/tools/umg/umg-en.pdf 

Logic Chips On Web 
http://www,zett~veb.com/CDROMs/cdromOO6/families/logic.htm#CD54/74 AC/ACT 

Commercial Logic Data Sheets 

List of IC manufactures links 
http://www.mitronet .com/chipdir/c/a.htm 
http: //www. SemiResources. com/ 

Data Book Shelf links 
http://www.crhc.uiuc.edu/-dburke/databookshelf.html 

Emac home page for other computers in the AMS 
http://www.emacinc.com/ 

Books: 
BIOS: http://www.advicepress.com/products/books/CoInpanion/BIOSroios.html 
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