


oi j 

oi 

,oj 
I 

j 
j 
j 
j 
j 
j 
j 

j 

j 
j 
j 
j 

j 
j 

j 
j 
j 
j 

j 
j 
j 
j 
j 

j 
j 

j 

j 
j 
j 

j 

j 
j 
j 
j 



Personal Computer PCjr 
Hardware R¢erence 
Library 



Edition Revised (November 1983) 

are periodically made to the information herein; these 
_ .. ~ ... ,..,.~_ will be incorporated in new editions of this publication. 

VUU .... 'L" are not stocked at the address below. 
this product and for technical infonnation about the 

should be made to your authorized IBM .-.. ,.'~n.'" 

Keaal~r's Comment Form is provided at the back this 
1J .... ,,>1 ....... ,,'vu. If has been removed, 

Personal Computer, P.O. Box Boca 
33432. IBM may use or distribute any of the 

...... ' .. ..., .. you supply any way it believes 
vu,uJ;<un,..., whatever. 

International Business Machines Corporation 1983 



c 

FEDERAL COMMUNICATIONS 
COMMISSION RADIO FREQUENCY 
INTERFERENCE STATEMENT 

Warning: This equipment certified to 
comply with the limits for a Class B computing 
device, pursuant to Subpart 1 of Part 15 of FCC 
rules. Only peripherals (computer input/output 
devices, terminals, etc.) certified to comply 
with the Class B limits be attached to this 
computer. Operation with non-certified peripherals 
is likely to to radio and TV 

INSTRUCTIONS TO LlLY""_ 

equipment generates and uses radio frequency 
energy and if not installed and used properly, i.e., in 
strict accordance with the operating instructions, 
reference manuals, manual, may cause 
interference to radio or reception. It has been 

and found to comply with the limits for a Class B 
computing device pursuant to Subpart J of Part 15 

Rules, which are to provide reasonable 
protection against such when operated a 
residential installation. 



H equipment does cause interference to radio or 
television which can determined by 
turning the equipment off on, the user is 
encouraged to try to correct the interference by one or 
more of the following measures: 

• Reorient the receiving antenna. 

• Relocate equipment respect to receiver. 

.. the equipment away from receiver . 

• Plug the equipment into a different outlet so that 
equipment and receiver are on different branch 

• that side mounting screws, 
attachment connector screws, and ground wires are 
tightly secured. 

by IBM are with this 
sUlnIeste:d that you use shielded,--/' 

in-line if necessary. 

H necessary, consult your 
for additional suggestions. 

service representative 

The manufacturer is not responsible any radio or 
TV modifications 
to this equipment. It is the responsibility of the user to 
correct such interference. 

CAUTION 
product is equipped with a 

CSA-certified plug the It is to be 
used in conjunction with a properly grounded 115 
Vac receptacle to avoid electrical shock. 



Preface 

ruM PCjr Technical Reference manual describes 
the hardware design and provides interface information 
for ruM This publication also 
information about the b~ic input/output QUC!h'l'n 

(BIOS) and programming support. 

information in publication is both descriptive 
and reference oriented, and is intended hardware 
and software designers, programmers, engineers, 
interested persons who to understand design 

of the ruM PCjr computer. 

You should be familiar with the use of the ruM PCjr, 
and understand the concepts of computer architecture 
and programming. 

manual has 

Section 1: "Introduction" is an overview of the 
system and available options. 

Section 2: "Base System" describes each functional 
of the system. This section has 

specifications for power, and interfaces. 
Programming considerations are supported by ""-AICIllJ<, 

tables, command codes, and registers. 

:se<~t1cm 3: "System Options" each available 
option the same format as Section "Base 
System." 
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Section 4: "Compatibility with the mM Personal 
Computer Family" describes programming concerns for 
maintaining compatibility between the mM PCjr and 
the other IDM Personal Computers. 

Section 5: "System BIOS and Usage" describes the 
basic input/output system (BIOS) and its use. This 
section also contains the software interrupt listing, a 
system memory map, descriptions of vectors with 
special meanings, and a set of low-storage maps. In 
addition, keyboard encoding and usage is discussed. 

11ris publication has four appendixes: 

Appendix A: "ROM BIOS Listing" 
Appendix B: "Logic Diagrams" 
Appendix C: "Characters, Keystrokes, and Color" 
Appendix D: "Unit Specifications" 

Prerequisite Publication: 

Guide to Operations part number 1502291 

Guide to Operations part number 1502292 

Suggested Reading: 
IBM PCjr Hands on BASIC part number 1504702 
IBM PCjr BASIC Reference Manual part number 
6182371 
Disk Operating System (DOS) part number 6024061 
Hardware Maintenance and Service Manual part 
number 1502294 
Macro Assembler part number 6024002 

Related publications are listed in "Bibliography." 
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Introduction 

The unit, a desk t{)P h'".,,,.,'1';,...... and a cordless 
keyboard make up the hardware the PCjl' base 

The following options are available for the base system: 

It PCjl' 64KB Memory and """"1J1 .. Expansion 

Bytes. 

.lJ:U;pUlLY Expansion 
density 

system's 
to a total of 128K 

It mMPCjl' Diskette Drive .M.U;i:l.V~!;;;l 

to PC jr and reSJ.oes 
connector on the'mM QVQ1t~m 

It Diskette Drive 

PCjr Diskette Drive is double-sided 
40 tracks for each side, is 

sel1F-C()ntatned. and a spindle drive 
QVQ1tpm a read and a 
read/ write/erase system. 

.. Internal Modem 

IBM PCjr Internal Modem is an adapter 
into the PCjr board modem 

connector and allows over 
standard telephone lines. 
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• mM Parallel Printer Atltaclilmient 

- The mM PCjr Parallel Attachment is 
provided to attach various I/O devices that 
<>,..,.. ....... 1" eight bits of parallel data at standard 
logic It attaches as a feature to the 

of the system ~. 

• IBM t'eJrsOnal Computer tinaptucs Printer 

mM Graphics Printer is an 80 cps 
(characters-per-second) , self-powered, 
staJI1G-atone. tabletop 

• IBM Joystick 

PCjr Joystick is an input device to 
provide the user with two-dimensional 
positioning-control. Two pushbutton switches 
on joystick give the user additional input 
capability. 

• mM Color Display 

mM Color Display is a Red/Green/Blue 
LLI.I..;;;lUUlLJ (RGBI) display, that is 

independently housed powered. 

• mM '-'Ulllllt:Cl for Television 

Connector for Television allows a 
connected to the system. 

• mM PCjr Keyboard Cord 

- The mM PCjr Keyboard Cord option is used to 
connect the mM PCjr Keyboard to '-~/ 

system board. 

In du ti n 



• mM PCjr Adapter Cable for Devices 

option is an adapter cable that allows 
cormelcticln of serial devices to the mM 
system board. 

• PCjr Adapter Cable for Cal:isette 

option is an adapter .cable that allows a 
cassette recorder to connected to the 
PCp. 

• mM PCjr Adapter Cable for Color Display 

.adapter cable allows the mM Color. Display 
to be connected to thePCjr. 

following is a block.diagramof mMPCjr 

mtr n 1-5 



moo H 
JIIIII 

''''' 

System Block Diagram (Sheet 1 of 2) 

1-6 



System Block Diagram (Sheet 2 of 2) 
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Introduction 

The.PCjrbase-system hardware consists of the system 
unit, a 62.,;key corclless.,.keyboard, and a power 
transformer. 

The PCjr system board is the center of the PCjr system 
- unit. The system boardfits horizontally in the base of 
the system unit and is approximately 255mm by 350 
mm (to inches by 13.8 inches). It is double-sided,with 
an internal,.,power / ground plane. Low voltage ac -
power enters the power supply adapter, is converted to 
dc voltage, and enters the system board through the 
power supply adapter edge-connector. Other system 
board connectors provide interfaces for a variety of 
input/output (I/O) devices and are individually keyed 
to prevent improper installation. The following is a list 
of these connectors: 

• 64KB Memory and Display Expansion Connector 
• Diskette Drive Adapter Connector 
• . Internal Modem Connector 
• Infra-Red (IR) Link Receiver Board Connector 
• Program Cartridge Connectors (2) 
.. 1/0 Channel Expansion Connector 
.. Serial Port (RS232) Connector (with optional 

adapter cable) 
.. Direct Drive (RGBI) Video Connector 
.. Composite Video Connector 
.. ruM Connector for Television Connector (external 

RF modulator) 
.. Light Pen Connector 
.. External Audio Connector 
.. IDM PCjr Keyboard Cord Connector 
.. Cassette Connector (with optional adapter cable) 
.. IDM PCjr Attachable Joystick Connectors (2) 

Introduction 2-5 



The system board consists of seven functional 
subsystems: processor subsystem and its support 
o;;,.,.iJLUVJUIrl:>, the read-only (ROM) subsystem, the 
read/write (R/W) subsystem, the audio subsystem, 
video subsystem, games subsystem, and I/O 
channel. are described in this section. 

nucleus of the system board is the Intel 8088 
microprocessor. This processor is an external 
version of Inters 16-bit 8086 processor, and is 
software-compatible with the 8086. The 8088 supports 
16-bit operations, including multiplication and division, 
and supports 20 bits addressing (1 megabyte 

It in the at 4.77 
This frequency, is derived 

14.31818-MHz is divided by 3 for 
processor clock, and by 4 to obtain 3.58-MHz 
color-burst signal required for color televisions. 

additional information about the 8088, refer to 
IbU~~tilons listed in "Bibliography". 

The processor is supported by a set of high-function 
support-devices providing three 16-bit timer-counter 
channels, and nine prioritized-interrupt levels. 

The programmable timer I counters are provided 
by an Intel 8253-5 programmable interval-timer and are 
used by system the following manner: Channel 0 
is used as a general-purpose timer providing a constant 
time-base for implementing a time-of -day clock; 
L:n,annel 1 is to deserialize keyboard data 
for time-of-day overflow diskette operations. 
Channel 2 is used to support the tone generation for the 
audio speaker and to write data to cassette. 

Of the nine prioritized levels of interrupt, three are 
to the I/O channel for use by """' ... v""'. 

are used on the board. 

2-6 Introduction 
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LU"' .. A ..... "~ priority, is attached to 0 
timer/counter and provides a periodic for the 
time-of -day clock; level 3 is the serial-port-access 
interrupt; level 4 is the modem-access interrupt; level 5 
is the vertical-retrace interrupt for video; and level 

is diskette drive adapter-access The 
non-maskable interrupt (NMI) of the 8088 is attached 
to keyboard-interface circuits and receives an 
, .. 1" ........ 'n"1" for each scan code sent by keyboard. 

",,,,,iron'" board supports both LV.,' .... -'JUA 

(ROM) and R/W memory (RAM). It for 
by 8 bits of ROM. are two module 

i)U";AC~!> that accept a 32K byte by 8 module. 
ROM is aligned at the top of the 8088's address space. 

ROM contains the Power-On 
cassette-BASIC interpreter, cassette-operating system, 

dot patterns for graphics 
a diskette bootstrap-loader user-selectable 

diagnostic-routines. 
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The system board contains the following major 
functional components: 

• 8088 Microprocessor 
• 64KROM 
• 128K 
• 64K 
• 64KB Display .L>A:IJ'<:umu",u Interface 

(RS232) 
• Audio (Beeper) 
• Sound Subsystem 
• Cassette Interface 
• Joystick 
• Keyboard Interface 
• Modem '_".a_.~_~ 

• 
• Video/Graphics Subsystem 
• Light Interface 
.. I/O Bus 
.. 9-Level Interrupt 

The U ......... .., .ill."" is a block diagram System Board. 

2-8 Introduction 
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Processor and Support 

The (R) Intel 8088 Microprocessor is used as 
system's central processor. its characteristics 
are: 

• MHz clock 
• 20 bit address 
.. 8-bitinterface 
• 16-bit ALU (arithmatic/logic unit) and .. .,.0-,"'.-.,. . ..., 
• Extensive instruction set 
• DMA and interrupt capabilities 
• fixed...,point multiply and 

system is provided Intel 8284A clock 
chip. The 8088 is operated-in 

Performance 
The 8088 is ........ "' .. "'-r •• rl at 4.77 MHz which results a 

cycle-time of 210 ns. 

Normally four clock are required for a bus cycle 
so that an 840 ns ROM memory cycle is achieved. 
RAM and read will incur an of two 

states with .video, ....... .........,'F'o 
average of six clock cycles. I/O reads and writes 

clock leading to a bus cycle time 
1.260 
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8259A Interrupt Controller 

( PCjr Hardware Interrupts 
L, 

o 
8088 

8259A 
8259A 

8259A 
8259A 

Hardware 

hardware levels of interrupts are available for the 
system. The highest-priority interrupt is the NMI 

interrupt in the 8088. The NMI is followed by eight 
lonltlZc:d interrupt-levels (0-7) in 

Interrupt 
,U~",,",,~ and IRQ 7 as the lowest. 
ass),gnrnen:ts follow: 

NMI 

o 

Function 

Keyboard Interrupt 

Timer Clock Interrupt 
I/O Channel (Reserved) 
I/O Channel 

with IRQ 0 as the 
interrupt level 

IRQ 1 
2 
3 
4 
5 
6 
7 

Asynchronous Port Interrupt (RS-232C) 
Modem Interrupt 

Retrace 
Interrupt 

I/O Channel 

Inte Controller 2-15 



8259A Programming Considerations 
is set up with the t"nl1In....,ino cttllil'ac:tel'1lStl(;S: 

.. Mode 

.. 8086Mode 

.. Trioo",r",rI Mode 

.. cru.cactmg is Allowed) 

The 8259A I/O is located at I/O 
8259A is set up to issue ; ... t"' ......... ,·nt 

use pointers to point to llJ.,""LUV.lY 

20 to hex 3F. 

0263 BO 13 MOV AL,} 3H ; ICW} Reset 
sense set 
single 

; 8259 Chip and ICW4 
read 

~------~--------------~----------------~~. 
0265 

0267 

0269 

Example Set Up 

Interru t Controller 

; ICW2-

; ICW4 

INTAOl,AL 

interrupt 
8 (8-F) 

buffered 
mode/master 
and 8086 mode 



64KRAM 

The 64K on the system 
... ""rl111,-"" no user 

Eight 64K by 1, 150 ns, 
are used to 64K byte of 
no parity_ of these memOJry J..LllVU1.u~'" 
the Motorola MCM6665AL15 the Texas 
Instruments TMS4164-15 or equivalent. 

The system board 64K RAM is mapped at the bottom 
of the 1 address space. system board 64K 

to the next of address 
Memory and Display .L.JAV .... .wn.'u: 

not or 
address space look just like 
block. means the bottom bytes of address 
space is always reserved for RAM. If the 64KB 
Memory and Display Expansion option is installed, it is 
mapped to I ODD I memory within the 128K 
byte-reserved while the board memory is 
mapped to refresh is 
provided gate 
The gate cycles the RAM resolves contention 
between CRT and processor eve,...,,, 

See "IBM 64KB Memory and Display Expansion" 
in Section 3 for a detailed description. 

64KRAM 



Notes: 
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ROM Subsystem 

ROM subsystem is made up of bytes of 
aligned at the of the 1 address space. The 
ROM is built using 32K byte by 8 ROM-modules. The 
ROM no parity. The general memory specifications 
for the ROM are: 

Access Time - 250 ns 
Cycle Time - 375ns 

ROM modules 
or are 
pin 1 and pin 27. 

38000 from Mostek, TMM23256P 
Address is wired to both 

following figure is a map of the sections of memory 
allocated for use by the system: 



BIOS/Diagnostic/Cassette 
Basic Program Area 

Standard Application Cartridge 

Standard Application Cartridge 

Reserved For Future Cartridge 

Reserved For Future Cartridge 

Reserved for 
I/O ROM 

Video RAM 

Reserved 
Future 
Video 

Reserved 
Future User 
RAM 

Expansion RAM 

Base RAM 

Memory Map 

FFFFF 

FOOOO 

E8000 

EOOOO 

D80CO 

00000 

COOOO 

88000 

AOOOO 

20000 

10000 

00000 

Cartridge 
Chip 
Selects 



Input Output Channel 

The Input/Out channel (I/O) is an extension of the 
8088 microprocessor bus. It is demnltiplexed, 

enhanced by the addition of interrupts . 

.. ....., • .u.u,"'~ contains an bidirectional bus, 20 
3 levels of interrupt, control lines for 

I/O read or write, and timing lines, 
ground for the Voltages of 

+ 5 dc + 12 dc are provided external adapters. 
Any additional power needs will a separate 
power-modnle. 

to right-hand 
"'<1"'1~"' ..... unit and are by a 

right-angle, 60-pin connector. Each external adapter 
connects to the I/O bus and along for 
the next attachment. 

I line is available on the Channel to allow 
An~'1"!:If';nn with slow I/O or memory devices. If the 
channel's I ready I line is not by an addressed 

processor-generated and write 
four 21O-ns clocks or All 

pf()cess(J~r-l!:enera,ted I/O-read or cycles require 
for a cycle time of 1.26-p.s/byte. 

The I/O also contains capability to add 
bus masters to the channel. devices conld be 
DMA or alternate processors. 

Channel signals 
I/O Channel eXlllarulioilL-aCllap1:er 

,nt""1"1"I'<>' modem and diskette 
SIWloalra TTL load per attacllmu:mt. 

illIiOfIl[latLOn on power available ext,emal adapters, 
.. 1i;1"y"t ....... Power Supply", later Section. 



Signal Name 

01 

02 

04 

Shield 

07 

AO 

GNO -

A2 

Shield 

AS 

GNO -

AS 

KO 

A8 

-OAC 

A11 

A12 

Shield 

A16 

Shield 

A17 

A19 

Shield 

-MEM 

GNO 

GNO 

GNO 

R 

-MEM W 

GNO 

Y 

-

-

-

-
ALE 

Shield 

to/-M 

READ 

-CAR 

Shield 

IRQ7 

AUOI 

OSlCTO -
GNO 

OIN· 

B1 A1 

B6 A6 

B10 A10 

B15 A15 

B20 A20 

B25 A25 

. 

B30 A30 

1/0 Channel Expansion Connector Specifications 

Signal Name 

DO 

+12 Vdc 

03 

05 

06 

+5 Vdc 

A1 

A3 

A4 

GNO 

A7 

A9 

A10 

ORQO 

A13 

A14 

A16 

GNO 

A18 

-lOR ~ 

-lOW 

GNO 

HOLA 

ClK 

RESET 

+5 Vdc 

-HRQ 

IRQ1 

IRQ2 

Reserved 



System Board 110 Channel Description 
The following is a description of the I/O Channel. All 
signals are TTL compatible. 

Signal 

Duty Cycle 

RESET 

AO-A19 

I/O Description 

o System Clock: It is a 
t1,Ult1p_n",_TI"I,rpp of the 14.31818 

o 

MHz oscillator has a period 
of 210 ns (4.77 MHz). The 
clock has a duty cycle. 

This is used to reset or 
initialize logic upon 

is 
ncl1lfOIllZf~O to the falling 

is 'active 
Its duration upon power up is 
26.5 p.s. 

I/O Address o to 19: These 
to address memory 

npvU'''p'1;1 within the system. 
allow access 

of up to 1 of memory. 
AO is least-significant-
(LSB) A19 is the 
most-significant-bit (MSB). 

are normally 
8088 microprocessor as 

I/O Channel 



DO-D7 

READY 

2-24 I/O Cbannel 

outputs, but can become inputs 
from an external bus-master by 
issuing an HRQ and an 
HLDA. 

I/O Data Bits 0-7: 
provide data-bus 
the prolces:sor me:molry 
devices. DO is the 
least-significant-bit 
D7isiliemost-s:lgntt~am-btt 

(MSB). These lines can 
controlled an "'vt'''' .... ,!> 

bus-master by lsSl.loog 
and receiving an JL ....... ,..,."1. 

o Address Latch En:abl,e: 
is provided to allow 

I 

of wait states in memory 
cycles. 

This line, ...... , ............... :1 

(' ready'), is pulled' , (' not 
ready') by a memory or I/O 
device to or 
memory cycles. It allows slower 
devices to attach to 
Channel with a millim.um 
difficulty. 

'low' UDlmell11a'tel} 
detecting a 
10/ -M signal. 1Vlal,;IWle 

it 

(I/O and memory) are exten<lea 
by an integral of 
cycles (210 
on the I/O "-'uc ......... VA "'AAV'WAU 

honor this I ready I 
pulled 'low I by 



on memory read and write 
and outputting to the 
subsystem. 

IRQ!,IRQ2, I Interrupt Request 1, and 7: 
IRQ7 These lines are used to 

processor that an I/O 
requires attention. They are 
prioritized IRQ1 as 
highest priority 
lowest. An Interrupt 
generated by 
('low' to ' 
'high' iUs 
by the processor 
(interrupt-service 

.. lOR I/O I/O Read Command: 
command line instructs an I/O 
device to drive its data onto 
data bus. This 
driven by the 8088 
microprocessor or by an 
bus-master after it has 
control of the bus. 
active I low I • 

.. lOW I/O I/O Write Command: 
command line an 
device to the data on 
data bus. 
driven by the 8088 
microprocessor or by an 
bus-master after it has 
control of the 
active 'low I • 

',-~ 

-MEMR I/O Memory Read 
command line 



-MEMW I/O 

memory to drive its data onto 
data bus. signal may 
driven 8088 
microprocessor or by an .. VT,"' ......... 

bus-master it has gained 
control of bus. This is 
active 'low'. 

memory to store the data n .. "·",,,,"" 

on the bus. This signal 
be driven by the 8088 
microprocessor or by an external 
bus-master it has 2ailtled 
control bus. This is 
active 

IO/-M II 0 I/O or Memolry Status: This 

-HRQ I 

status is used to distinguish a 
memory access from an I/O 

line should be 
a bus master 

2aIltleO control of 
this line is I 

II 0 AOOifess 
Bus; if line is 'low', it 
indicates a memory address is on 
the Bus. 

that master is 
requesting the I/O Channel. 
gain bus-master status, a """"m'", 
on the channel must assert 
(active 'low'). The 8088 
respond to a -HRQ by ",,,,,,,,..tina 

an an 
JR..DA, the new bus master 



DRQO o 

c 
-DACKO I 

HLDA o 

control the bus, and must 
continue to assert the-HRQ until 
it is yeady to relinquish the bus. A 
-HRQ is not an asynchronous 
signal and should be 
synchronized to the system clock. 
All channel devices with 
bus-master capabilities must latch 
data-bit D4 during any 'Out I 
instruction to AO-A7. The 
resulting signal should be used to 
qualify -HRQ as follows: 
Latched value = 1 --> -HRQ is 
inhibited. Latched value = 0 - > 
-HRQ is allowed. Formore 
detail, see the explanation of the 
AO port. 

This line comes from the floppy 
disk controller (FDC) and can be 
used by an external DMA to 
indicate that a byte should be 
transferred to the FDC. 

This line should come from an 
external DMA and should 
indicate that a byte is being 
transferred from memory to the 
FDC. 

Hold Acknowledge: This line 
indicates to a bus master on the 
channel that -HRQ has been 
honored and that the 8088 has 
floated its bus and control lines. 



I This line be. pulled down 
by any adapter it is selected. 
with address and IO/-M. This 
line will be bus 
expansion. is pulled up with a 
resistor and pulled 
down collector 
device. 

AUDIOIN I Channel 
sound sources to 
system-board solmdl-Sllbsvstem 
through 
peak -to-peak, 
volts above 2f()~un,a. 



Input/ Output 

5 4 3 2 1 0 Device 
/~ 

L, o 0 1 0 0 X X 

40-47 o 0 0 o 0 0 0 At 

60-67 o 0 0 0 0 X Al 

AO-A7 o 0 0 0 0 X X 

o 0 1 o 0 0 X X 

I I X A2 AI 

0 X X 

A2 Al 

C 
0 A3 A2 Al 

1 A2 AI AO Modem 

I/O Map 

- care (that is, not 

" I/O which is not decoded on board 
decoded on the I/O Ch(mnl~l. 

" Power-On time the NMI 8088 is masked 
I off I. This mask bit can be set by software 
as follows: 

Write to Port AO D7 -ENA NMI 
-u ... .;,LJ....., eLK 1 INPUT 



8255 Bit Assignments 

..,..,..."rv.." for Keystroke Storage 
"""''''''IV~' for Keystroke Storage 

for Keystroke Storage 
Allp·1"VP'1T for Keystroke Storage 
"'_·1"VP'1T for Ke.ystroke Storage 
P'QP,1"VP,n for Keystroke Storage 

1<1' ... '.,.....1 .. .., for Keystroke Storage 
Reserved for Keystroke Storage 
Output 

Gate (Speaker) 
+iSDe,li]{€::r Data 
... .nUILlJlJ .... (-Graphics) 

....,a"l)";;u,,;; Motor Off 
+Disable Internal Beeper and Cassette 

-u..,. ... '-L.l' Memory and Display Expansion Installed 
CWlsette Data In 

Channel 2 Output 
",,,"',,,,,,,,.£'1 Data 

Cable Connected 

2-30 I 0 Channel 
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8255 Bit Assignment Description 

P AO thru (Output 
Lines) 

PBO (+Timer 2 
Gate) 

PBt (+Speaker 
Data) 

PB2 
-Graphics) 

Port A is as an output. 
output are not by the 

n~"!~.n'~"" but are used to store 
ke~'stt~Dkes. Thisisdoneto'UQ.~~~ 

compatibility with the Personal 
Computer, and Personal Computer 

This is routed to the gate input 
of timer 2 on the When this 
bit is I low I , the counter operation is 

bit and (+Speaker 
Data) controls operation of the 
8253-5 sound source. 

This bit ANDS I off I the output 
the 8253-5 2. It can be used to 
disable the sound source, or 

its output. When bit is a 
1. it the output. a 0 
the output to zero. 

bit is used to steer data from the 
memory into Video Gate Array. 
This bit should a 1 for all 
modes, a 0 for all 
modes. 



PBJ When this bit is aI, the cassette 
Motor Off) relay is I open I and the cassette 

motor is I off I • is a 0, 
and PB4 = 0, the cassette motor is 
'on', 

-' PB4 When this bit is a 1, the 
beeper is I disabled I and the 

and timer 2 sound source can 
cassette heard if it is steered to the audio 
motor relay) output. This bit also disables the 

cassette motor when it is a 1. 
I enable' the cassette motor, this bit 
must be a O. In this PBI 
should be used to gate I 

internal beeper and sound 
source. 

PBS, 
PB6 sources. This is to 

modulator or the external 
The sound sources selected are 
shown below. 

PB6 PBS Sound 
0 0 8253-5 2 
0 1 Cassette Audio Input 
1 0 I/O Channel Audio 
1 1 76496 

(Open) Reserved for future use. 



PCG (Keyboard This input comes from a latch which 
latched) is set to a 1 on the first rising of 

the Keyboard Data stream. 
output of this latch also causes 
NMI to occur. This latch is 
by doing a dummy I 

to port AO. is 
that a program can tell if a 
occurred a time 
NMIwas 
keystroke has 
program will then be able to an 
error indication of the 
keystroke. 

PCI (-Modem When this bit is a 0, it 
card the Internal Modem card is 
installed) 

(-Diskette When this bit is a zero, it indicates 
card that the Diskette is 

installed. 

PC3 (-64KB When this bit is a 0, it 
Memory and the 64KB Memory 
Display Expansion is 
Expansion 
installed) 

I/O Clwmel 2-33 



PC4 (Cassette the cassette-motor is 
data in) I closed I , and cassette motor is 

Ion I , this pin will contain data 
which has been wave shaped from 
the cassette. If the cassette-motor 

is I off I • this will contain 
the same data as the 8253-5 timer 2 
output. 

(Timer input is wired to the timer 
channel 2 channel 2 output the 8253-5. 
output) 

PC6 (+Keyboard input keyboard data. 
data) keyboard comes from 

cable if attached, or theIR 
Receiver if the is not attached. 

PC7 (-Keyboard this bit is 'low I • it indicates that 
cable the keyboard is connected. 
connected) 

I 0 Channel 



~ 

( . ,,---. 

Port AO Output Description 

D7 

D6 OR test ENA) 

D5 input) 

When this 
'enabled'. 
'disabled' . 
This bit ""' ........... ,,'" 
output into an 

NMIis 

Receiver board. information is 
then wrapped to the keyboard 
input. IT the is not connected, 
timer 2 should set for 40 kHz 
which is the IR-modulation 
frequency. is used only 
for a IR 
Receiver 
This bit two input 
to the 8253-5 1. A 0 selects a 
1.1925 MHz used to 'assist 
the program de-serializing the 
keyboard data. A 1 selects the timer 
o output to be used as the elk input 
to timer 1. is used to catch timer 

drive 

update 
D4 (+Disabie HRQ) This bit is not actually implemented 

on the system boardt but is supported 
by the This bit is used 
to disable from externaL 
bus-masters (DM~ Alternate 
Processors, logic for 
this bit must on each 
bus-master A 0 
should ''''U'''lJi''' 
should '.........,~ ... n . .., 



04----1 

+HRO .from external 
bus master 

LS74 LS03 

I------HRO on 1/0 

AOCS-----I 

Port AO Output 

Port AO Input Operation 

A I read I to I/O port AO will clear 
latch. causes an NMI on 
of the data if the enable 

latch can also be 

Input should be an open 
collector type device 

keyboard NMI 
first rising 
bit (port AO 
on the 8255 

n .. " ....... ·" ...... can determine if a keystroke 
occurred while the NMI was 'disabled' by reading the 
status of this latch. This latch must be cleared before 
another can be received. 

system board 
through an IR source of 

keyboard's is determined by the -Cable Connected 
signal at the keyboard cable connector. Keyboard 
serial data is available to the 8088 at bit PC6 of the 
8255 PPI. 

The system board is responsible for the de-serialization 
of keyboard The start bit in the serial stream 
causes an NMI to be generated. 8088 then reads 
the 8253 to determine when to interrogate the 

I· 0 Channel 



After de-serialization 
Qp.rVll".p._r,nllt'lnp. does a I Read I from 
NMIlatch. 

the 

,..",1'1t<:o'n time-critical operations, as i'ti"!lIr",t1t,,, 

I/O, the processor will mask 'off' the NMI 
inputs during this cannot A 

11'"","rnn~rl1 latch is provided so that at 
operations the processor will determine wnletru~r 

were pressed and take appropriate actions. 
keyboard latch is I set' by any pressed and is 

I by 'Reading I the NMI port. (No data is 
pr~~seltlted to the microprocessor during I Read I .) 
Keyboard latch data is available to the at 

of the 8255 PPI. 



Notes: 
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Cassette Interface 

cassette interface is controlled through software. 
An output from the 8253 timer controls the data to the 
cassette recorder through the cassette connector at the 
rear of the system board. The cassette-input data is 
read by an input-port bit of the 8255A-5 
programmable-peripheral·interface (PPI) (8255A-5 
PC4). Software algorithms are used to generate and 
read cassette-data. The cassette drive- motor is 
controlled by Bit PB3 of the 8255. Bit PB4. which 
'enables' the 7547 relay driver. must be 'low' 
the motor is to be turned on. The cassette interface has 
a wrap feature which connects the output to 
when the motor control is 'off'. See "BIOS L:asseue 
Logic" in Section 5 for information on data storage and 
retrival. 

A mechanism is provided that will direct the cassette 
input to the audio subsystem. Please see --~()UnlO 
Subsection" in Section 2. 

block diagrams for the ca~iset:te-intlertllce 
motor control are illustrated 

figures. 

Cassette Interface 2-39 



Cassette 
GND --.......; 

0.047 pF 
Capacitor 

Audio 
..... --.1 Subsystem 

Data From 
Cassette 
Recorder 
Earphone 
Jack 

18 Ohm 
Resistor 

18k Ohm 
Resistor 

18k Ohm 
Resistor 

GND 

1000k 
Ohm 
Resistor 

GND 
Silicon 
Diode 

Cassette 
Data In 

'--V_ir_._4_V......,J) Cathode 

Cassette-Interface Read-Hardware Block Diagram 

+6V 
I 

74LS126 
3.9kOhm 

8263 Timer #2 G Resistor 

_ D DRV 1 
T 

G ND 
4.7kOhm 
Resistor 

1 
T 

1.2kOhm 
Resistor 

1 
1 

160 Ohm 
Resistor 

I 
GND 

Cassette-Interface Write-Hardware Block Diagram 

2-40 Cassette Interface 

0.678Vt 
AUX Inpu 

o 
t 

0.076Vto 
MIC Input 



/~. 

L 

PB3 
Motor 
On 

PB4 
Enable 
Beeper/ 
Cassette 
Motor 
Relay 

+5V 

74LS04 

NOT 

+5 

GND 

SN75475 

VCC 

Clamp 

In Out 

S 

VSS 

+5V 

Coil 

D--","""",Coil 

Relay 

N/O 

Cassette 
Motor 
Control 

Cassette-Motor Control Block Diagram 

Signal Name Pin Number 

LOGIC GND --------A01 ---I 

CASS AUDIO IN A02 ---I...j 

MIKE AUDIO OUT A03 ---I 

Cassette MOTOR CONTROL A04 --""i 
KEY PLUG B01 

AUX DATA OUT B02 ---I 

MOTOR CONTROL SW B03 ---I 

SHielD GND B04 --""i 

System 
Board 

Cassette Connector Specifications 

c 
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Video Color/Graphics Subsystem 

subsystem is aes:lgn~:a 
composite monitors, set 

attached. It is capable of op€~rat:inJ!; 
ancl-'Vl1nnle or color. It provides video ports: a 
composite-video, a direct...drive, and a connector for 
an modulator to be used with home televisions. In 
addition, it contains a light pen 

Note: The mM Personal Computer Monochrome 
. .lJli.IJ .. U' cannot be used system.. 

Note: An mM Connector for Television option 
must be obtained to attach a TV. 

hCt'U'Cttp'm has two basic moces 
alphanumeric (A/N) and all 
<i1"anl'l1,,...,, (AP A). Additional maces are available within 
the A/N and AP A modes. 

In A/N mode, the display can be operated in either 
a 40-column by 25-row mode a low-resolution 

television, or an 25-row 
high-resolution modes, 

"' .. ",..T"""", are defined character 
are 7-wide by 7-high, 

Both A/N modes can ODCl'lra1te 
or black-and-white. 

the character 
of reverse video, ..,'"u, ........ "6' highlighting and 

"' ........ "'''' are available. 

A/N color mode, foreground-colors and 
"'LA~"''''Lf. background-colors are available each 

In addition, blinking on a per-character basis 
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is available. When blinkiogis used, only eight 
background-colors are available. One of 16 colors, or 
gray shades can be selected for the screen's border in 
all A/N modes. 

In both A/N modes, characters are formed from a 
ROM character-generator. The character generator 
contains dot patterns for different The 
character set contains the following major groupings of 
characters: 

• 16 special characters for game support 

• 15 ch~lral~telrs for word-processing editing support 

.. 96 characters for the standard-ASCII-graphics set 

• 48 characters for foreign-language. support 

.. 48 characters business block-graphics (allowing 
of 

double lines) 
boxes,and using or 

• 16 selected Greek symbols 

.. 15 selected sci,enljfil:;-not~lti(m characters 

In the AP A mode. are three resolutions available: 
a low-resolution mode (160 PELs [Picture ELements]. 
by 200 rows), a medium-resolution mode (320 PELs by 
200 rows), and a high-resolution mode (640 by 
200 rows). 

Different color modes within each of the AP A 
resolutions. four, or sixteen colors are available 
APAcolor, and two, four, or sixteen gray shades are 
available in AP A black-and-white. 



The direct composite video and Modulator 
connector are right-angle-mountedconnectors 
extending through rear of system unit. 

The video color/graphics subsystem is implemented 
using a Motorola 6845 controller device and a 
Video Gate Array (VGA) (LSI5220). video 
subsystem is programmable with 'respect to raster 
and character Thus additional ..... \,1' ....... ., 

are possible with 

The following figure shows a block diagram of the. 
color/graphics subsystem. 

Video Su stem 



r Processo 
Memory 
Data Bus 

PrOcesso 
Address 

Processo 
110 

r 

r 

Data Bus 

Video 

r"'" 

64K Expansion Card 
1--------------, 

I 
1 r--- Processor - I 
I 64Kx8 Data latch I 
1 RAM I 

DIN I 
I ..... I I 

,.. ..... CRT Data - I 
I -latch I 
t. --- ---------- ~ 

DIN 

.1 Address I 
I Multiplexer .. Processor 

Data latch ~ 
64Kx8 

~Address RAM 

6846 Multiplexer 
CRT Character 
eontrol t 

... 
Data latch 

SYNCS 
Video l Gate 

RAS.CAS. WE 

Array Control Character - Generator 
ROM 

CRT 
l 

Data CG Data 
latch latch 

J , 
RGBI Television Direct 

Syncs 
Drive 
Video 

~ 
Composite 

Composite Video ..... 1"'11-

logic Video 

,..-------., 
1 RF ...a+- Television I Modulator I 
I 

I 

I External I L ______ .J 

l"I'Slnnll'! Subsystem Block Diagram 



Major Components Definitions 

Motorola 6845 CRT Controller 

device provides the necessary to drive a 

CJ raster-scan CRT. Additional information about this 
component is provided in publications listed in 
"Bibliography" . 

c 

c 

memory (RAM). 
and Display Expansion can be to Inc.'rf'\;;!!~f'\ 
amount of system RAM to' 128K 
memory-storage area serves two functions; as the 
video-display buffer and as the processor is 
(8088) main-RAM. 

RAM is located at address 0000 and is either 
or 128K bytes with the expansion 

option. The 8088 can access the by reading 
from and writing to address 00000 to 

or by reading from or to the 16K -byte 
starting at address B8000. page 

a read or write operation is determined by 
oroices:sor's page can access 
RAM at any time in all no adverse 

to the video information. that the 
information is taken from is by the 
page register. 

orocessor and CRT page regISters 
can be changed at 

... ""'''' ..... ,.''' allow the processor to 
display is displaying another 

can switch pages at the UP1"1t1l""" 

arulllilltioin on the video 

processor 
This will 
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Also, since all 128K bytes of read/write memory are 
available for display purposes, the application can use 
as little or as much memory as needed for the display. 

The following figure is a map of the video 
color/ graphics subsystem. 

Memory Map 

Video 

· · · · 
Page 7 

Page 6 

Page 5 

Page 4 

Page 3 

Page 2 

Page 1 

Page 0 

Hex 
Address 

coooo 

88000 

20000 

10000 

00000 

CRT Page 
Select 

~ 

Video Color/Graphics Subsystem Memory Map 
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Bandwidth 

The video bandwidth is either 3.5, 7 or 14 MHz 
depending on the mode of operation. The processor 
bandwidth is the same for all modes. The processor is 
allowed one cycle every 1.1 microseconds. An average 
of two wait states will be inserted in a processor RAM 
read cycle, because the average latency time for the 
processor to get a cycle is 560 ns and the cycle time is 
350 ns. There is no performance penalty for redirecting 
processor reads and writes through the B8000 - BFFFF 

f 

address area. 

Character Generator 

The ROM character-generator consists of 2K bytes of 
storage which cannot be read from, or written to under 
software control. It is implemented with a 
MCM68A316E or equivalent. Its specifications are 
350 ns access, 350 ns cycle static operation. The 
device is pin compatible with 2716 and 2732 EPROMS. 

Video Gate Array 

A CMOS gate array is used to generate storage-timing 
(RAS, CAS, WE), direct-drive, composite-color and 
status signals. See "Video Gate Array" later in this 
section. 
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Palette 
color/graphics subsystem ......... 1.J,""""'W:> 

"'_~1l1l"'1~n by palette in the Video 
PEL (Picture ELement) mtlOnlllatlon 

the memory and uses it to 
display. This palette is used in all A/N __ 
modes. Any input to the palette can be individually 
masked I off I if a mode does not support full 
COlnplement of 16 colors. This masking allows the user 
to a unique palette of colors mode 

not all 16 colors. 

tW4[)-Colc.r .............. ..,". the palette is ae]:m(;~a by 
the following logic: 

... n ........ Address Bit 

PAO 

o 
1 

Palette (1 of 3) 

Function 

Palette 
Palette 

o 
1 

one 
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modes, the 
(P Al and PAO), with 

Palette Address Bits 

PAl PAO 

0 0 
0 1 
1 0 
1 I 

Palette logic of 3) 

is defined by using two 
following logic: 

Function 

Register 0 
1 
2 
3 

Video em 



.S]xlteell-CI)lor modes, the palette is .... ..,LU ..... ' .... 

PA2, PAl, and PAO), 

Palette Address Bits 

PAl PAO Function 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 I 3 
0 I 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
I 0 0 0 8 
1 0 0 1 Palette 9 
1 0 1 0 Palette lO 
1 0 I I Palette 11 
1 1 0 0 Palette 12 
1 I 0 1 Palette 13 
I I 1 0 Palette 14 
1 1 1 I Palette 15 

Palette (3 of 3) 
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I 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
I 
I 
I 

sixteen colors available to all A/N and APA 
modes are selected through combinations of the I 
(Intensity), R (Red). G and B (Blue) bits. These 
colors are the following figure: 

G B Color 

0 0 0 
0 0 I 
0 1 0 
0 1 I Cyan 
1 0 0 Red 
1 0 1 Magenta 
1 I 0 Brown 
1 1 1 Gray 
0 0 0 Gray 
0 0 1 Blue 
0 1 0 Light 
0 I I Light 
1 0 0 Pink 
1 0 1 Light Magenta 
1 1 0 Yellow 
1 1 1 

Note: bit provides extra luminance 
(brightness) to each available shade. This results in the 
light colors above, for monitors that do 
not recognize the "I" bit. 

Summary of Available Colors 

Video Sub stem 2-53 



Alphanumeric Modes 
disjpla:v-cJllar;act~~r position in 

defined by two bytes in the ... " ... 'ho ...... 

the following format: 
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functions of attribute byte are defmed by the 
fonowing figure: 

Attribute 
A !tribute Byte Definition 

1 6 5 4 3 2 I 0 

Fore- PA2 PAl PAO PA3 PA2 PAl PAO 
Ground 
Blink Background Foreground 

Normal B 0 0 0 I I I I 
Reverse B I I I I 0 0 0 
Video 
Nondisplay B 0 0 0 I 0 0 0 
(Off) 
Nondisplay B I 
(On) 

I = Highlighted Foreground (Character) 
B Blinking (Character) 

Attribute functions 

Graphics Mode 
Video Color/Graphics can be 

programmed for a wide variety of modes within the 
<n-"'·ntn, .... ., mode. graphics-modes are supported by 

'''n,,~~ .... ,7., ROM BIOS. are low-resolution 
O-(x)l()r graphics, medium-resolution 4-color gra,pnlcs, 

medium-resolution 16-color graphics, high-resolution 
2-color graphics, and high-resolution 4-color graphics. 
The table in the following figure summarizes the five 
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N umber of Colors 
Horiz. Vert. A vailable (Includes 

Mode (PELs) (Rows) Background Color) 

Low-Resolution 160 200 16 (Includes b-and-w) 
16-Color 

Medium-Resolution 320 200 4 16 
4-Color Available 

320 200 16 
16-Color 

High-Resolution 640 200 2 Colors 16 
2-Color Available 

640 200 4 Colors 16 
4-Color Available 

Note: The border color in all modes can be set to any 
I of the 16 colors. This border color is of 
the screen's area colors. In Black and White 
maps to a distinct gray shade . 

.. r$1Onh ...... Modes 

Low-Resolution 16-Color Graphics 

The low-resolution mode supports home-television sets, 
low-resolution displays, and high-resolution displays. It 
has the following characteristics: 

• Conta1ns a maximum of 200 rows of 160 
• ..: ... , .. "11-,,,,,,, 1 16 colors for each 

• bytes of read/write memory 
.. 2 PELs per byte for each byte in 

following manner: 
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7 6 5 4 3 2 1 o 

PA3 PA2 PAl PAO PA3 PA2 PAl PAO 

First Second 
Display Display 
PEl PEL 

Low-Resolution 16-Color Graphics 

Medium-Resolution 4-Color Graphics 

medium-resolution mode supports "'''"' ..... '''_t''.I'' •. ,...o'''' ... 
sets, low-resolution displays, and hill;h-Ires;olultion 
displays. It has the following characteristics: 

• Contams a maximum of 200 rows 
• Selects one of four colors for 
• Requires 16K bytes of read/write memory 
• Supports 4 of 16 possible colors 
• Formats 4 PELs per byte for byte the 

following manner: 

7 6 5 4 3 2 1 o 

PA1 PAO PA1 PAO A1 PAO PA1 PAO 

First Second Third Fourth 
Display Display Display Display 
PEL PEL PEL PEL 

Medium-Resolution 4-Color ("r~n')h,IC~ 

Vi 



Medium-Resolution 16-Color Graphics 

The medium-resolution 16-color _, ..... .u .. ..," mode 
television sets, low-resolution 

and high-resolution displays. It has the following 

.. 
memory 

.. 32K bytes of read/write melmolry 

.. a maximum of 200 rows 

.. Specifies 1 of 16 colors for each PEL 

.. Formats 2 PELs per byte for each byte in 
following manner. 

7 e 5 4 3 2 1 

PA3 PA2 PA1 PAO PA3 PA2 PA1 

First Second 
Display Display 
PEL PEL 

Medium-Resolution 16-Color Graphics 

High-Resolution 2-Color Graphics 

high-resolution 2-color mode SUl)DClrtS 

high-resolution monitors only. This 
InmeinO' characteristics: 

.. Contains a maximum of 200 rows of 640 

.. Supports 2 of 16 possible colors. 
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c' 7 6 

.. 16K bytes of read/write melmolrv 

.. Formats 8 PELs per byte for each byte the 
following manner: 

6 4 3 2 o 

I PAol PAolpAOlpAOlpAOjPAO/ PAol PAol 

I 

High~Resolution 2-ColorGraphics 

I Eighth Display PEL 

Seventh D.isplay PEL' 

Sixth Display PEL 

Fifth Display ,PE l 

Fourth Dililplay PEL 

Third Display PEL 

Second Dispfay PEL 

First Displav PEL 

High-Resolution 4-Color Graphics 

hlgh-resolution mode is with 
ID.Iltn .... :resOH1IWJIfl monitors. This mode the following 
characteristics: 

.. system co:nlllrolratJlon 
read/write memory 

.. 32K bytes of 

.. a maximum 

.. Selects one of four colors for 

.. Supports 4 out of 16 colors 

.. Formats 8 PELs per two bytes (consisting of one 
even-byte and one odd-byte) in following 
manner: 



Even Bytes 

7 6 5 4 3 2 1 o 

FAO FAO FAO FAO FAO FAO FAO FAO 

First 
Display 
PEl 

Second 
Display 
PEL 

Third Fourth Fifth Sixth Seventh Eighth 
Display Display Display Display Display Display 
PEL FEl PEL PEL PEL PEL 

FA' FA1 PA1 PA1 FA1 PA1 FA1 PA1 

7 6 5 4 3 2 1 o 

Odd Bytes 

High-Resolution 4-Color Graphics 

Graphics Storage Organization 

For the 10vV'-rc~solUtlon 16-color graphics. 
medium-resolution 4-color graphics, the high-
resolution 2-color graphics, is organized into 
two 8000 bytes each. 

shows the org;aruzallon of the 



c 

Memory Address 
(Hex) 

OOOOH 

1F3F 

2000 

3F3F 

Even Scans (0,2,4, ... ,190) 
8000 Bytes 

Odd Scans (1.3.5 •...• 199) 
8000 Bytes 

Graphics Storage Organization (Part 1 of 2) 

""" .... ,"'''''' 0000 contains PEL u\1' ..... ".r.r' ... for the 
comer of the display area. 

the. medium-resolution 16-color and the 
high-resolution 4-color graphics the graphics 
,;,U\1",:U11'" is organized into four banks of 8000 bytes each. 
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Memory Address 
(Hex) ...... __ 160 Bytes ~ 

0000 

1F3F 

2000 

3F3F 

4000 

5F3F 

6000 

7F3F 

Graphics Storage Organization 

00 Scans 
10,4,8 •...• 196) 
(8000 Bytes) 

01 Scans 
(1.5,9 •...• 197) 
18000 Bytes) 

10 Scans 
(2.6.10 ..... 198) 
18000 Bytes) 

11 Scans 
13.7.11 ..... 1991 
18000 Bytes) 

2 of 2) 

l'U':IGrless 0000 contains information for the 
upper-left comer the display. 
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Video Gate Array 
Video Gate Array is located at I/O ""t1l1 .. ",.~(! 

and is programmed by first 
address to port hex 3DA and then "',..."i" ..... , ... 

3DA. 

I write I -operations to hex "' .. " .... "', .. " 
continuously toggle an internal ........... "''''''' 

LU~'''L.u.'''' flip-flop can be set to the 
issuing an I/O 'read' instruction to port hex 
II 0 'read' instruction also 'reads' the status of 
Video Gate Array. A description of each of the 
registers the Video Gate Array follows. 

Hex Address Register 

00 Mode Control I 
01 Palette Mask 
02 Border Color 
03 Mode Control 2 
04 Reset 
lO-IF Palette .:, 

,l:Oel"Ll:Ol" 

Video Gate Array Register Addresses 
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Mode Control 1 Register 

This is a 5-bit 'write' -only register, it cannot 
'read I. Its address is 0 within the Video Gate Array. 
A description of follows. 

BitO +HIBWj-LOBW 
Bit 1 +Graphicsj-Alpha 
Bit 2 +BjW 

3 Enable 
4 + 16 Color Graphics 

Mode Control 1 Register 

Bit 0 This bit is I I (1) for all 
high-bandwidth modes. These modes are 

modes which require the 64KB Memory 
and Display Expansion for a system total 
of bytes of ~~ 

high bandwidth modes are 80 by 
alphanumeric mode, the 640 by 200 
4-color graphics mode, and the 320 by 200 
16-color graphics mode. This bit is 'low I 
(0) all low-bandwidth modes. 

Bit 1 This bit is I high I (1) for all graphics 
modes and is 'low' (0) for 
alphanumeric ll.I.'"' .... "',,,. 

Bit 2 When this bit is 'high I (1). the 
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composite-video and 
cm'onrllli,lnc:e are disabled, leaving the 
composite intensity-levels shades. 
When this bit is 'low' (0), the 
composite-video color is 'enabled'. This 



c) 

bit should be set I I for high-
resolution black-and-white display 
applications. 

Note: This bit has no 
colors. 

on direct-drive 

Bit 3 When this bit is I high I (1). the video 
signal is 'enabled'. video signal 
should be 'disabled' when changing 
modes. When the video signal is 
, disabled I • the screen is to the 
border color. 

Bit 4 must 
16-color J,U"a.pOlcs··m4)OC)S. 
are the 160 by 200 16-color 
graphics-mode and by 200 
16-color graphics-mode. 

Palette Mask Register 

write-only it cannot be I read I • 

the Video Gate Array is 01. A 
this register's bit follows. 

o -Palette Mask 0 
1 -Palette Mask 1 
2 -Palette Mask 2 
3 -Palette Mask 3 

Palette Mask Register 

0-3 are 0, they force the appropriate palette 
to 0 regardless color 
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information. This can be used to make some 
information in memory a I don't care I condition until it 
is requested. 

In the 2-color and 4-color modes, the palette addresses 
should be I masked I because only 1 or 2 color-lines 
contain valid information. For 4-color modes, the 
palette mask register should contain a hex 03 and, for 
2-color modes, it should contain a hex 01. 

Border Color Register 

This is a 4-bit 'write' -only register, it cannot be 
'. Its address in the Video Gate Array is hex 02. 

following is a description of the register's bit 
functions: 

umber 

o 
1 
2 
3 

Border Color 

Function 

+ B (Blue) Border Color Select 
+ (Green) Border Color 
+ R (Red) Border Color Select 
+ I (Intensity) Border Color 

A combination of bits 0-3 selects the screen-border 
color as one of 16 colors, as listed in the "Summary of 
Available Colors" table in this section. 

Mode Control 2 Register 

is a 4-bit, 'write' -only register, it cannot be 
'read I. Its address inside the Video Gate Array is hex 
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7 6 

03. Thefoliowing is a description of the register's bit 
functions: 

Bit Number Function 

0 - Reserved = 0 
1 + Enable Blink 
2 - Reserved = 0 
3 + 2-Color Graphics 

Mode Control 2 Register 

Bit 0 This bit is reserved, but should always be 
programmed as a O. 

Bit 1 

5 4 

When this bit is 'high' (1) in the 
alphanumeric mode, the attribute byte has 
the following definition: 

3 2 o 

I B I PA2 PA1 PAO I PA3 PA2 PA1 PAO I 
t 
'------.... Foreground Color 

'-------------- Background Color 

'------------------ Blinking 

Where PAO toPA3 are peletteaddresses. 

Attribute Byte Definition· (Part 1 of 2) 



7 6 5 4 

the enable-blink bit is I I in the 
alphanumeric mode, the attribute byte 

on the following definition: 

3 2 1 o 

PA3 PA2 PA1 PAO PAl PAO 

""-----........ Foreground Color 

""-------------.... Background Color 

Attribute Byte Definition (Part 2 of 2) 

the enable-blink bit is on in a graphics 
the high-order address of the palette 

(p A3) is replaced with character-blink 
rate. This causes colors to 
switch between two sets of colors. 

If the colors in lower half of the palette 
are the same as in the half of the 

no color occur. If the 
the upper 

nif'fp .. ,pnt from the of the I.n:UI;;~~'I;;, 
the colors will alternately change between 

2 palette colors at blink rate. 

Only eight colors are available in the 
Q-c:Ol()r modes when feature. 

3 of the palette 
mode. 

Bit 2 bit is reserved, but should always be 
programmed as a O. 

V'd u 



Bit 3 This bit should be 'high' 0) when in the 
640 by 200 2-color graphics-mode. It 
should be 'low' (0) for all other modes. 

Reset Register 

This is a 2-bit 'write' -only register, it cannot be 
'read'. Its address inside the Video Gate Array is hex 
04. The following is a description of the register's bit 
functions: 

Bit 0 +Asynchronous Reset 
Bit I +Synchronous Reset 

Reset Register 

Bit 0 When 'high I 0), this bit will issue an 
, asynchronous reset I to the Video Gate 
Array. This will cause all memory cycles 
to stop and all output sig.oaLs to be 
tri-stated. The 'asynchronous reset' 
should only be issued once at the system 
power-on time. This bit should be I high , 
0), the Video Gate Array and the 6845 
programmed, and then it should be 'low' 
(0). 

The system read/write memory (RAM) 
will not work until this power-on sequence 
is finished. After this power-on sequence, 
subsequent I resets' should be 
, synchronous resets' . 
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Note: Issuing an I reset • 
can cause the contents of RAM to 
destroyed. 

Bit 1 I (1). bit a 
SVI1ClltrOlilOllS reset I to the Video Gate 

Array. This will cause all memory 
to stop and all output signals to stop. Bit 1 
should be • • (0) before changing 
modes . 

..,.", ......... F. a" synchronous reset • , the 
'"'_ ......... should read 256 locations in 

RAM as every other location in 512 
locations. The program should then issue 
the I synchronous reset I and change the 
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mode. This changes the Video Array 
mode··contr,ol registers and 6845 

Next. I synchronous reset I should be 
removed and the 256 RAM locations 
should be I read' again as above. This 
procedure ensure RAM 
dat:a-tntegnt:y during changes. 
'Synchronous resets I need only be issued 
when changing between high-bandwidth, 
and low- bandwidth (Bit 0 in 
mode controll register) 

No accesses to RAM can 
made while the video gate. array is a 
I reset I state. I Resets I must be done 
from code in ROM or EPROM's. 



Palette Registers 

address hex 10 is acc:es!;ea 
code from memory is a hex 0, 
acc~es!~ea whenever the color from memory is a 
1, and so forth. A description of the color codes is in 
"Summary of Available Colors" in this section. 

The 
functions: 

The palette address can 
palette 

is a description 

Bit Number Function 

0 + Blue 
1 + 
2 + Red 
3 + 

Palette Register Format 

'masked' by 

register's bit 

n .... ' ........ 'A the palette, is 'disabled I 
the viewed on the screen is the data contained 

reg;istc~r being addressed processor. 

When program has completed loading the palette, it 
must change the hex address to some address less 

10 video to be ' , again. 



If a pf()2IamLDU~r does not wish a user to see the adverse 
AV"·~'15 the palette, the palette should be 

the vertical-retrace The program 
palette and change video gate array 

than hex 10 within 
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Status Register 

This is a 5-bit 'read '-only register, it cannot be 
, written'. The internal address of array 
is a 'don't care I condition for the 
read-operation. A description of 
1"""'1"'1" •• ,....,,,, follows: 

Bit 0 +Display Enable 
Bit 1 +Light Pen 
Bit 2 Pen 
Bit 3 +VerticaJ 
Bit 4 + Video Dots 

Register 

Bit 0 When 'high' 0), this bit indicates video is 
being displayed. 

Bit 1 When 'high' (1). this bit indicates that a 
positive- going edge from 
input has set the light 
trigger is 'low' (0) 
power-on, and 
performing an I/O 'Out I COllDlIlan.o 

address hex 3DB. 

2 pen 

light pen switch is 'on'. 

Bit 3 When I high! (1). bit indicates the 
vertical retrace is I active I • 



Bit 4 When I high I (1), 
video-dot information is QV<JlllQ' .... !\;'. 

two low-order bits of the aQ(JIe:ss r~~gJ1iiter 
t1p1'p~nn1rIP~ the video-dot lDIlornllat:Lon 
presented through the 

Video Dot 
Address Register Address Register Information 

1 Bit 0 Selected 

0 0 Blue 
0 1 
1 0 
1 1 

Address Register 

bit is provided for testing purposes. It verifies that 
is occurring properly, and that the 

and all other 'write' -only are 
correctly. 

Light Pen 
can be used on the PCjr by coImectiIIJ?; 

SIX-Oln connector for light pens on 
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Signal Name Pin Number 

+12V A01 

-LIGHT PEN INPUT A02 
Light +5V A()3 
Pen 

LOGIC GND 1301 

-LIGHT PEN SWITCH 1302 
UNUSED 803 

Connector Specifications 

Note: The light pen interface is set for 
(Red, Green, Blue, Intensity). Due to 
differences between different ......,y_ • .1 

phosphors take longer to turn on, 
circuits take longer to accomplish 
row, column value returned 
This difference must be compensated 
software. 

Programming Considerations 

Programming tbe 6845 CRT 

6845 has 19 accessible, internal.l"'I';L">""'l'O 
are used to define and ","",1"1",,,,1 

One of these "''''I' ..... u' .. " 

"' ...... IUlLl)' used as a pointer to the 

System 
Board 

a I write' -only register, which is loaded from the 
processor by executing an 'Out' to I/O 
address hex 3D4. The five of the 
II 0 bus are loaded into the Index Ke'JnSter 

In order to load any of the other 18 1"p.ert<!t,p,1"1:! the Index 
Register is first loaded with the nec:ess:ary 
the Data Register is loaded with 



• Hex 
Addr. 

0 

I 

2 

3 

4 

5 

Note: 

vu .. ' ..... u in the selected r",o!1C!t.~r 
loaded from processor 
instruction to I/O address 

Register is 
executing an I Out I 

3D5. 

The following table defines the that must be 
loaded into the 6845-CR T -Controller registers to 
control the different modes of operation supported by .~ 

the attachment: 

Low/High 
Register Alphanumeric Band 

Width 
# Type Units 1/0 40x25 ISOx25 Graphics 

RO Horizontal Write 38 71 38/71 
Total Only 

Rl Horizontal Char. Write 28 50 28/50 
Display Only 

R2 Horizontal Write 2C 2B/ 
Sync Only 
Position 

R3 Horizontal Char. 'rite 06 OC 06/0C 
Only 

Width 

R4 Char. Write IF IF 7F/ 
Total Row Only 

R5 Vertical Scan Write 06 06 06/06 
Total Line Only 
Adjustment 

All register values are in hexadecimal. 

6845 Register Table (Part 1 of 3) 
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Low/High 
Band 
Width 

I/O Graphics 

( 
Write 19 64/32 
Only 

7 Write IC IC 70/38 
Row Only 

8 Write 02 02 02/02 
Only 

9 Write 07 01/03 
Only 

A Scan Write 06 06 26/26 
Line Only 

B Scan Write 07 07 07/07 
Line Only 

2 of 3) 
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Low/High 
Register Alphanumeric Band 

Hex Width 
Addf'. # Type Units 1/0 40x25 80x25 Graphics 

C . R12 Start - Write 00 00 DO/DO 
Addr. (H) Only 

D R13 Start - Write 00 00 DO/DO 
Addr. (L) Only 

E R14 Cursor - Readj 00 00 00/00 
Addr. (H) Write 

F R15 Cursor - Read/ 00 00 00/00 
Addr. (L) Write 

10 R16 Light - Read NA NA NA/NA 
Pen (H) Only 

11 R17 Light - Read NA NA NA/NA 
Pen (L) Only 

Note: All register values are given in hexadecimal. 

6845 Register Table (Part 3 of 3) 
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CRT IProcessor Page Register 
register is an 8-bit I write I -only register, that 

cannot be read. Its address is hex 3DF. The 
is a description of the Register functions. 

Bit Number Description 

0 CRT Page 0 
1 CRT Page 1 
2 CRT Page 2 
3 Processor 1 
4 Processor Page 2 
5 Processor Page 3 
6 Video Address Mode 0 
7 Video Address Mode I 

CRT/Processor Page Register (Part 1 of 21 

CRT Page 0-2 

Processor Page 0-2 

These bits select which 
byte memory-page nf'\lrUlf~f'\n 
00000 to hex is 
displayed. If there is no 
expansion RAM 
the high- order bit is a I don't 
care I , and only 4 
supported. 
which require 32K bytes 
low-order bit is a I don't care I • 

These bits 

memory 
redirected. 

is a I don't care I and only 4 
pages are supported. 
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Hex 
Address 

3DA 

Video Adr Mode 0-t 

I (Bit 7) 

o 
o 
1 
1 

o (Bit 6) 

o 
1 
1 
o 

These bits control whether the 
row scan addresses are used as 
part of the memory address. 
These should be pro'gramnled 
as follows: 

Resulting Modes 

All Alpha Modes 
Low-Resolution-Graphics Modes 
High-Resolution-Graphics Modes 
Unused, Reserved 

CRT IProcessor Page Register (Part 2 of 2) 

following I/O devices are defined on the video 
color/ graphics subsystem: 

A9A8A7A6A5A4A3A2AIAO 

0 0 0 

0 0 

0 0 0 

1 0 0 x x 0 
1 0 0 x x 1 
1 0 1 I 1 1 

Function of 
Register 

Gate Array Address 
and Status 
Clear Light 
Pen Latch 
Preset Light 
Pen Latch 
6845 Index 
6845 Data 
CRT, Processor 
Page 

x "don't care" condition 

Video 110 Devices 
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Mode Selection Summary 

to access all the alphanumeric 
SupipOJ'tea by system ROM 
table the modes and 

Mode 

40 by 25 Alphanumeric Black-and-White 
40 25 Color 
80 by 
80 by Color 
160 by 200 16-Color Graphics 
320 by 200 Graphics 
320 by 200 Black-and-White 
320 by 200 I Graphics 
640 by 200 2-Color Graphics 
640 by 200 Graphics 

Note: All are given in 

Mode 

of Events for 

1. the mode of 
2. the 'video enable' bit 

to disable video. 
the 6845 CRT 

bytes of 
gate array 

4. Program the Video 

p,LQV.LU'..,'" modes 
following 

ref;!iStc~r settings: 

Video Gate 
Array Reg. 

00 01 02 03 

OF 00 02 
OF 00 02 
OF 00 02 
OF 00 02 

1A OF 00 00 
OA 03 00 00 
OE 03 00 00 
IB OF 00 00 
OE 0] 00 08 
OB 03 00 00 

Modes 

to select the 

registers. 
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Remc)ve gate-array reset 
bytes of me:mOlrv 

5. Re-enable video. 

Note: The array needs to be reset when 
"'ll~ • .uE>LU.i5 the high-bandwidth/low-bandwidth 

Interrupt Information 

The Gate Array uses interrupt level 5 of Intel 
8259 to provide the retrace interrupt to the 
system. 

At Standard TTL Levels 

-VERT SYNC A1 B1 +VERT SYNC 

LOGIC GND LOGIC GND 

-HORIZ SYNC A3 B3 +HORIZSYNC 
BLUE RESERVED 

RED LOGICGND 
INTEN A6 B6 RESERVED 
GREEN RESERVED 

COMP SYNC RESERVED 

AUDIO A9 89 SHIELD GND 

Connector Specifications 

The direct-drive signals are standard levels except 
the audio output which is a 1 V peak-to-peak signal 

at OV which can drive a 10K ohm or greater 
input-impedence. 
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Composite Video Signal 

Video 
Monitor 

~-------------------1 
Chassis Ground 

Color IGraphics 
Composite Jack 

~-------------------2 L Connector Specifications 

The composite-video signal is IV peak to peak biased 
at .7V with a 75 ohm load. 

Connector V r.---- A01 - +12 

r.---- A02 - Key 

1---A03 - Com 

1---- B01 - GND 

1---- B02 - Aud 

r.--- B03 - Shie 

RF 

for posite Video Modulator 

io ill 

Television IdGND 

Television Connector Specifications 

The Connector for Television connector has the 
composite,..video signal at 1 V peak to peak biased at 
.7V with a 75 ohm load. The connector also has the 
audio output which is 1 V peak-to-peak signal biased at 
OV which can drive a 10K ohm or greater input 
impedence. 
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Beeper 

The system beeper is a small, piezoelectric- speaker, 
which can be driven from one or both of two sources. 
The two sources are: 

• The 8255A-5 PPI output-bit PBI 

• A timer clock out of an 8253-5 timer which has a 
1.19 MHz-clock input. The timer gate is also 
controlled by an 8255-5 outport bit PBO. 

Note: The 1176496 Sound Generator cannot be 
directed through the beeper. 

• 1/0 Address Hex 61 8255A-5 Bit PB1 

Timer Clock Out 2 

C 8255A-5 Bit PB4 

Beeper Block Diagram 

AND 

.. 

~ 30 Ohm Resistor 

Drive 
Select ~ 

Beeper 
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Sound Subsystem 

The nucleus of the sound subsystem is an analog 
multiplexer (mpx) which allows 1 of 4 different sound 
sources to be selected, amplified, and sent to the audio 
outputs. The mpx and amplifier are configured so the 
amplifier's gain is unique to and consistent with each 
sound source. This provides a consistent level of output 
with any of the sound sources. The output of the 
amplifier is supplied to the IBM Connector for 
Television interface and external-amplifier interface. If 
an external speaker is used, an external amplifier must 
be used to drive it. The amplifier is configured as a 
single-pole low pass filter with a 3 dB cut-off frequency 
of 4.8 kHz. This filter is used to "round" off the 
corners of the square-wave signals. BIOS Power-on will 
initialize the sound subsystem to use the 8253 
programmable-timer mode. 

, Audio 

System External 
Unit 2 GND Amp 

Connector Specifications 

The audio output is a 1 V peak-to-peak signal biased at 
OV. It can drive a 10k ohm or greater 
input-impedence. 
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Complex Sound 

Cassette Audio 

1/0 Channel Audio 

(TI76496) 

(8253) 

Port 
PB6 

I 

o 
o 

r 
o 
1 

o 

Port 
selected. 

PB5 and PB6, 8255, control which source is 

Sound Sources 

Complex Sound Generator 
The Sound chip (SN76496N) has 3 
programmable frequencies which be mixed to form 
chords and a generator may also be 

for special Each of the 3 channels as 
well as white noise can be independently 
attenuated. the sound by 
writing to 

Sound Generator is described greater detail later 
section. More information can obtained by 

to Texas data sheets 
application notes. 
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Sound 
Mpx 
Select PB6-------_ 
(8266) 

External 
Channel 

T.I. 
76496 

Protection 
Diodes 

Analog 

Mpx 

Low 
Pass 
Filter 

f3dB 
4.8 kHz 

Direct Drive 
Monitor Audio 

~ ........ R.F. Modulator 
Audio 

External Audio 
Amp 

Block Diagram 

Audio Tone Generator 

Features 

• 3 Programmable Tone-Generators 
• White Noise 
• Programmable Attenuation 
• Sounds 
• TIL Compatible 
• 3.579 MHz Clock Input 
• Audio Mixer 

Processor to Sound-Generator Interface 

The microprocessor .... v •. .LLLI.J, .......... 

SN76496N through the 8 data lines and 3 control 
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(WE, and READY). Each tone generator requires 
10 bits of information to select the frequency and 4 bits 
of information to select attenuation. A frequency 
update requires a double-byte transfer, while an 
attenuator update requires a single-byte 

If no other control on the chip are accessed, a 
tone generator may be rapidly updated by initially 
sending both types of frequency and data, 
followed by just second of data for succeeding 
values. register address is latched on the chip, so 
the data will continue into This 
allows the 6 most-significant bits to 
modified for frequency ~W,F'PTI<;: 

Control Registers 

T ... ~rll:r,""T~ which are 
to 3 tone O''''l'l'''T~~tnlr~ 

source. During all data transfers to the 
n.:>1'l,,,,r<>f-nr the first byte contains a 3-bit 
determii:les the destination control register. 
address are as follows: 
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Register Address Field 

MSB LSD 
RO Rl R2 Destination Control 

0 0 0 
0 0 1 
0 1 0 
0 1 I 
1 0 0 Tone 3 
1 0 1 Tone 3 
1 1 0 Noise 
I 1 1 Noise Attenuation 

Address Field 

/ ReG. Addr. low,Data High Data 
1 RO R1 R2 F6 F7 Fa F9 

I I I I I 
0 X FO F1 F2 F3

1 
F4 I F5 

I I I I 
Bit First Byte Bit Bit Second Bvte Bit 
0 7 0 7 
MSB ·lSB MSB .lSB 

Frequency (Double or Single Byte Transfer) 

Frequency·Generation 

tone generator consists of a rreQuc~nc:y-~;ynth(;:SlS 
sec:tlon and an attenuation section . 

...... ..,,,, ..... section requires 10 bits of information 
to define half the period 

frequency (n). Hex PO is the mc~st-slgJtlUlCaI1t 
hex is the least-significant 
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loaded into a lO-stage tone-counter, wbichis 
decremented at an Nj 16 rate. N is the input-clock 
frequency. the tone counter decrements to 0, a 
borrow signal is produced. This borrow signal tOfl:gle~s 
the frequency flip-flop and also reloads the tone 
counter. Thus, the period of the frequency is 
twice the value the period register. 

The frequency can be calculated following: 

f:: N 

where N :: clock in Hz (3. MHz) 

n :: t binary-number 

Attenuator 

Reg. Addr. Data , 
RO I R1 I R2 AO I A 1 I A2 I A3 

BitO Second Bit 7 

MSB Byte lSB 

Update Attenuation (Single Byte Transfer) 

The output the frequency flip-flop feeds into a 
four-stage attenuator. The attenuator values, 

their the are 
the following Multiple-attenuation control-bits 
may be I true I simultaneously. the maximum 
theoretical attenuation is 28 dB typically. 
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/ 
r""""". 

L 

Bit Position 

MSB LSB 
AO A1 A2 A3· Weight 

0 0 0 

0 0 0 

0 0 0 8dB 

0 0 0 

Attenuator Values 

Noise Generator· 

Reg. Addr. 

RO R1 R2 SHIFT 
1 i 1 I 1 I 0 X FB NFO Nfl 

MSB lSB 

Upda1te Noise Source {Single Byte 

generator consists of a noise source and an . 
attenuator. The noise source is a shift with an 
exclusive-OR feedback-network. The feedback 

provisions to protect 
locked the zero state. 
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FB Configuration 

0 Periodic Noise 
1 White Noise 

Noise Feedback Control 

Whenever the noise-control reg;1Su~r is changed, the 
shift is The will shift at 
one of four rates as detennined two NF bits. 
The fixed are derived the input clock~ 

NFO Shift Rate 

0 0 N/512 

0 1 N/1024 

0 N/2048 

1 T one Generator Output 

Noise Generator Frequency 

The output noise source is connected to a 

Audio Mixer/Output Buffer 

The mixer isa conventional operational-amplifier 
summing-circuit. It will sum the tone-generator 
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outputs, and the noise-generator output. The output 
will generate up to 10 mAo 

Data Transfer 

The sound generator requires 
cycles to load the data into the register. The 
collector READY output is used to SVIlchrOlllize 
microprocessor to this transfer and is pulled to 
state (low voltage) immediately 1"r.llln""~nfi 
edge of CE. It is released to go to the true state 
(external pull-up) when the data transfer is completed. 

This will insert approximately 42 wait states (8.9 Ils) 
for each data transfer. 

Warning: Do not attempt to issue an I/O 
operation to the TI76496 port (COH). Such an 
operation will cause the system to hang indefinitely. 

Note: If DMA is added to the system on the I/O 
channel, I/O WRITES to the 76496 will increase 
the latency time. 
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Infra-Red Link 

infra-red link provides 
between the keyboard and 
infra-red-emitting diodes, mClunted 
transmit coded information to 
keyboard transmitter is fully L'i,,,",,..,,,,",,,,,,rl 

Keyboard" in this section. 
is located in the 

infra-red-sensitive device that demodulates the signal 
transmitted from the keyboard and it to the 

Infra-Red Receiver 
The receiver card measures 
(2.25 in. by 2.50 in.) long. receiver is 
mo.unteo on the system board, component-side down, 
with two snap-in-type Signal output and 
power input is through an connector,located at 
the rear of the infra-red r",","'n"~". 
infra-red-sensitive device is on the front of the 
board and receives its input through an opening in the 

of the system unit's cover. is also an 
transmitter on board for 

0l3,g114[)stllC purposes. 

Functional Description 

following figure is the Receiver Block 
Diagram. During keyboard nnf'r~t'H'U'l the emitted light 
is modulated, transmitted, r""f""''''T<''i1 in the following 
sequence: 

1. A key is pushed. 
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Keyboard 
with 
Encoder 

2. The data stream is sent using the infra-red-emitting 
diodes. 

3. The receiver amplifies and processes the signal. 
4. The demodulated signal is sent to the system board. 

The signal received consists of an infra-red-light 
transmission modulated at 40 kHz. 

An input is available (I/R Test Frequency) to the 
system for receiver-circuit-operationai verification. 

Infra-Red Receiver Board 

~~ First Second 

Infra- Amplifier -.. Amplifier 
~ 

Demod- -r-
Red Stage Stage ulator 

~ Photo-Diode with AGC 

I 
Infra-

Ry 

Test 
Circuit 

Infra-Red Test Frequency 
From System Board 

Out 

Infra-Red Receiver Block Diagram 

Application Notes 

The Infra-Red Receiver Board can serve as a 
general-purpose infra-red-receiver, however, the 
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demodulator ~llLU..u.!"", are to needs of 

Programming Considerations 

The serially-encoded word is de-serialized by 
the 8088 on the unit. The & ..... .........u,1'. 

edge of start will a non-maskable 
interrupt (NMI). Once the enters 
routine to handle the deserialization, the keyboard-data 
line is sampled and the processor waits to sample 
trailing of the start bit. the trailing 
the start sampled, the processor willwait for 310 
JJS and sample the first half of the first data bit. 
delay causes the processor to in the normn;aL 

first half of bit. The 
samples keyboard data every 

bit cell-time. The sampling interval is 220 p.s. The 
processor samples each half-bit-sample 5 times and will 
determine the logical level of the sample by majority 
rule. enables the. processor to discriminate 

~ •. "'ll';"" and to out noise. The 808S' 
processor one (PORT C BIT 6) 
and one 8253 (CHANNEL to 
do the software de-serialization of the keyboard 
See the "Cordless Keyboard'" this section for more 
information on the data-transmi.ssion proto cal. 

Detectable Error Conditions 

Errors Cause 

Phase The 1st half the bit-cell sample 
not equal to inverse of the 2nd half 
of the bit-cell ""L"'",''''' 

Parity Errors The received encoded word did not 
maintain odd 
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Note: will be signaled by 
a tone from the audio 
speaker. 

Operational Parameters 

processor with 
or external 

The operational distance from devices to the 
SVSllem "'''Y'',,,,,,, not exceed 6.1 meters (20 
(line-of-sight). Operational can be imltlaiJred 
by outside sources. These sources are. 
ex(:es~)ivt:)ly-brigbt lights, and lines, which 
include some sets. High-energy sources will 
generally cause an audible alarm within the system unit. 
These sources downgrade the operational distance 
from the keyboard to the system. keyboard cable is 
re(:onnnc~ncled if above are 
not controllable. 

Pin 

AOl 
A02 

A04 
BOl 
B02 
B03 
B04 

Signal 

LR. TEST FREQ. 
GROUND 

Volts 
-I.R. KBD DATA 

Infra-Red Connector Specifications 

2-100 Infra-Red Link 

Input/Output 

Input 
Input 

Input 
Input 
Input 
Output 
Input 



IBM PCjr Cordless Keyboard 

The keyboard is a low-profile, 62-key, detached 
keyboard with full-travel keys. keys are arranged 
a .standard . typewriter layout with addition of a 
function key and cursor-control 
.are unmarked; however, an overlay is 

functional descriptions. 

figure shows layout of 

makes the remote,"""''':'''''''''''''''' 
portable hand-held device. 
connection to the system unit is Power is 
sent to the keyboard and serially-encoded data received 
by the system unit through the optional When 
cormecteci, the cord's removes the 
battery power and the -CABLE signal 
disables the infra-red-receiver circuit. disabling of 
the circuit also allows other infrared devices to be used 



without interfering with the system. The data which is 
received through the IR or by the cord, have the 
same format. 

The keyboard is ...... ,>.lAJ,.i ....... 

system-software flexibility in keyboard 
operations as shift states of keys, and tytJeDlatllC 
operation. is accomplished by having the 
keyboard return scan codes rather than American 
National Standard Code for Information Interchange 
(ASCll) codes. The scan codes are compatible with 
Personal Computer Personal Computer XT scan 

at BIOS level. the are 
typematic a break scan-
code. For example, key 1 produces scan code hex 01 
on make and code 81 on break. Break codes are 
formed by adding 80 to the codes. 
keyboard 110 driver can define keyboard keys as 

or as required by application. 

1Dl(:rOIJfOCessor in the keyboard performs keyboard 
scanning,phantom-key detection, key deb ounce, 
buffering of up to 16 key-sean-codes, and transfer of 
serially-encoded data to the system unit. The keyboard 
microprocessor is normally in a' standby power-down 
mode until a is This causes 
1Dl(;r01Drocessor to scan the keyboard. 
microprocessor transmits scan code,and 
re-enters the power-down mode if its buffer is empty . 

no keys are pressed. 

keyboard is designed with low-power 
CMOS integrated-circuitry battery operation. 
Four batteries are required. Because the 
keyboard normally in the standby power-down mode, 

uses very little no onloff switch is 
needed. 
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Unlike other keyboards in the IDM Personal Computer 
family, the IDM PCjr Cordless Keyboard has 
phantom-key detection. Phantom-key detection occurs 
when invalid combinations of three or more keys are 
pressed simultaneously, causing a hex 55 scan-code to 
be sent to the keyboard's processor. The phantom-key 
scan-code instructs the keyboard's processor to ignore 
all of the keys that were pressed at that time. BIOS 
ignores the resulting scan-code that is sent to it. 

The keyboard-cord connector provides a battery
disconnect function and also disables the infra-red
transmission circuitry when the mating plug for the 
modular jack is connected. 

Note: See "Keyboard Encoding and Usage" in 
Section 5, for scan codes and further information. 

Transmitter 
Serially encoded words are transmitted to the system 
unit using the Infra-Red Link or the cable link. Encoded 
words are sent to the system unit with odd parity. Both 
the Infra-Red Link and the cable link use biphase 
serial-encoding and each is a simplex link. 

The 80C48 microprocessor does the biphase serial 
encoding with a bit cell of 440 ps. A biphase 
logically-encoded 1 is transmitted as logical 1 for the 
first half of the bit cell time and as a logical 0 for the 
second half of the bit cell. A biphase logically-encoded 
o is transmitted as a logical 0 for the first half of the bit 
cell time and as a logical 1 for the second half of the bit 
cell. 

Each logical] transmission for the Infra-Red Link 
consists of a 40 kHz carrier burst at a 50% duty cycle. 
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First Bit 
Second Bit 
Third Bit 
Fourth Bit 
Fifth Bit 
Sixth Bit 
Seventh Bit 
Eight Bit 
Ninth Bit 
Tenth Bit 
Eleventh Bit 

Data Stream 

Start Bit 
Data Bit 0 Significant Bit) 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 (Most Bit) 
Parity Bit 
Stop Bit 

after scan-code 
is to allow some orolces:sor 

bandwidth between keystrokes to honor other types of 
interrupts, such as and time-of-day. 
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r'-~ 

I 
\~/ 

(' 
"---

~, 

~ 

Eleven Stop I 
Bit Cells 

-"-I-s--'-I 0-0"-1 0-1 r-10--'2Ir-03--rlo-4-'-] 0-5"-1 0-6"-1 0--,7Ir-p ..... I------In I S 1001011021 

~ j..-BitCell 

Example: DATA = "2EH" PARITY = '" 

Cable Data tu------
I" 'l'°'I'1""'I'1'j'o'I""'o"'O""" 

Infra- Red Data r-------
Cable 1 BI-Phase ',', I BI-Phase '0'1 

Bit Cell 

J ~220~~ ~220~~ L 
440 115 44Ol1s 

Infra-
Red I BI-Phase "'1 I BI-Phase '0' I 

1100 40 kHz @ 50% Duty Cycle llillJ 40 kHz @ 50% 

d ~.25~L j ~C~~' .. 220~ ~ 
62.511S 

440l1s 44Ol1s 

Keyboard Transmission Timing 
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-CLB Data 
~ 

AND 

,......... 

Keyboard Data 
-I.R. Data I.- 8255 pce 

AND NOR 

I 
-CBLCon 

Inverter ~ +5_ D 

CLK 
Q 

FlipFlop 
8255 PCO 

CLR 

- NMI 

NMI Mask 
AND 

-lOR From -
PortAO Hex 

Keyboard Interface 
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Program Cartridge and Interface 

The Program Cartridge allows the addition of ROM to 
the system without removing the cover by plugging it , 
into either of two slots in the front of the machine. 

The 48 by 72 mID (2 by 3 inch) cartridge can hold one 
or two 32K byte by8 ROMS (64K bytes total) of 
program storage. Smaller ROMS such as the 8K byte 
by 8 modules can be used in the cartridge. When a 
smaller module is used, the higher address lines are not 
used. To allow two smaller modules to be mapped to 
adjacent memory segments, each module's contents is 
addressed to multiple adjacent-memory segments, 
within the addressable range of the module's socket 
(32k). 

Program Cartridge Slots 
The Program Cartridge is designed to plug into either of 
two identical slots in the front of the machine. Each 
slot has 15 address signals, 8 data signals, 6 chip 
selects, 2 control signals, and power. Cartridge 
selectwnis accomplished by the chip selects, each of 
which addresses one of the high 32K memory-blocks. 
Each cartridge uses up to two of the six chip selects. 
Selection is determined on the basis of the intended use 
of the cartridge. This is done at the factory. 

Two of the chip selects are used by the internal 
system-ROM. These two signals can be used to allow 
the internal ROM to be replaced by a Program 
Cartridge. This allows the machine to assume a 
different personality from the standard machine. To 
use this option of mapping the internal-ROM space to a 
cartridge, the Base-ROM-in-Cartridge function must be 
inserted. This function is a factory-installed 
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signal-jumper manufactured into particular 
program-cartridges that are intended to replace the 
system ROM. 

Note: When cartridge is 
the system on, the "' .. ,,"j'''' ..... 

and through a warm power-up. 
system RAM will be lost. 

Cartridge Storage Allocations 
A. The following conventions will be followed for 
"Initial Loadable" program cartridges: 

Location Contents 

0 055H 

I OAAH 

2 l.enI:Yth -""r 
3,4,5 Jump to Initialize Code 

6 0 

Last 2 ..:I. Bytes ''''''''''''''' 

Storage Conventions 

2-108 

• Locations 0 and 1 contain the word hex SSAA; 
is used as a test for the of the 

cartridge during the configuration- determination 
portion the power-on routines. 

• Location 2 contains a indicator reJ)fe:sellltirllg 
the. space by the ROM on the 

algorithm for determining 



contents of this byte is (length/512). The contents 
of byte is used by the 
(cyclic-redundancy-check) routine to determine 
how much ROM to check. 

.. Location 3 contains the" of an 
initialization routine that is reached by a I Long I 

QUIm2 the power-on For cartridges 
that are I IPL-able I (BASIC or assembler program) 
this should set INT 18 vector to 
point to their entry points. types of 
.... "f"Itriliop'" (BASIC or should merely 
I return I to the caller. INT hex 18 
vector will enable transfer of control to the .... "' .. t ... r1 

pr<)2fam by the IPL routine. 
.. location 6 should be 00. 
.. The last two of the " .. u, ....... " 

space used by the cartridge must be blank. eRe 
characters will be placed bytes when 
.... ,.rjcrili.CY .. is built. See at label "eRe 

the BIOS the CRC 

B. The following conventions will be followed for 
that wish to be by DOS 2.1 as 

containing code associated DOS command words: 
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Location Contents 

0 055H 

1 OAAH 

2 Length 

3-5 Jump to Initialize 

6 Command Name Length (Offset y-
Offset Z) 

Z First Chal'acter in Command N arne 

y Last Character in Command Name 

W Word Pointing to Routine that is 
Jumped to if "Name" is Typed 

X Next Command Name Length or 
"00" if No More Command Names 

Last 2 Addresses CRC Bytes 

DOS Conventions 

.. Locations 0 and 1 contain the word hex SSAA. 
This is used as a test for the presence of the 
cartridge during the configuration- determination 
portion of the power-on routines. 

.. Location 2 contains a length indicator representing 
the entire address space taken by the ROM on the 
cartridge. The algorithm for determining the 
contents of this byte is (length/ 512). The contents 
of this byte is used by the CRC routine to determine 
how much ROM to check. 

.. Location 3 contains a 'jump I to the initialization 
code for this ROM. (May just be a 'Far Return' ) 

.. Starting at location 6 may be a sequence of 
command name pointers consisting of 1: Count of 
length name, 2: Name in ASCII, and 3: Word 
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'"'v .......... CI.LUJ.o offset within this segment to the code 
that is entered when this name is called, There can 
be as many names as desired, providing that a hex 
00 is placed the count field following the last 
name pointer. If a cartridge has a routine called 
I I at location hex (offset from start of 
segment that the cartridge is in) that to be 
executed when I test I is entered as a DOS command 

entry at location 6 would hex 
04,54,45,53,54,B5,OF. 

• bytes; last two locations of the " ......... "',." 
space used by cartridge must be blank. CRC 
characters will placed in when the 
cartridge is built, the at label "CRC 
Check", the BIOS listing for the CRC algorithm. 

C. The following conventions will be followed for 
cartridges that to be by "Cartridge 
BASIC" as interpretable-BASIC Code: 

.. cartridge-chip selects must address DOOOO 
since the cartridge addresses hex EOOOO. 

"Cartridge BASIC" is activated, it will check 
for a program at hex DOOOO. If the 
second cartridge is present and formatted properly. 
then the BASIC is loaded RAM run. 

• format for this interpretable-BASIC code must 
as follows: 



Location Contents 

0 055H 

1 OAAH 

2 Length 

3 OCBH 

4 OAAH 

5 055H 

6 0 

7 OFFH if unprotected Basic program 
or OFEH if protected Basic program 

8 Start of interpretable Basic code 

n OFFH Padding to next 2048 byte 
boundary 

Last 2 Addresses CRC Bytes 

Cartridge Format 

1. Locations 0 and 1 contain the word hex 55AA. 
This is used as a test for the presence of the 
cartridge during the configuration-determination 
portion of the power-on routines. 

2. Location 2 contains a length indicator representing 
the entire address space taken by the ROM on the 
cartridge. The algorithm for determining the 
contents of this byte is (length/512). The contents 
of this byte is used by the eRe routine to determine 
how much ROM to check. 

3. Location 3 must be hex OeB for a I far return I 
instruction. 
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4. Locations 4 and 5 contain the word hex AA55. 
is used as a test for the presence of the second 

cartridge by Basic". 
5. Location 6 must be a 0 to follow the DOS 

6. Location 7 can to indicate an 
unprotected "-'''' • ..."Jl''-' program, or FE to indicate 
a protected 

7. Location 8 must be the start of the BASIC program. 

8. 

It must interpretable and not compiled. 
Also, at end of the program PAD to the next 
2048 byte boundary with hex 

bytes: two locations 
used by the must 

"' .. "'t"t" ... ..., will be placed these bytes 
cartridge is built. See the routine at label 
Check", BIOS listing the CRC algorithm. 
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ROM Module 
ROM modules used are 250 ns devices. Typical 

modules are the Mostek MK.37000 and MK.38000, 
TMM the SY23128, and other COInp~ltible 

Hex 
Address Space 

x 
X 
DOOOO-D7FFF 
DSOOO-DFFFF 

FOOOO-F7FFF 
F8000-FFFFF 

Typical Use 

Not Used 
Not Used 
Optional 
Optional 
Standard 
Standard Cartridge 
System Board ROM 
System Board ROM #1 

ROM Chip Select Table 

Signal 

AO

DO 

I/O Description 

o 

I 

Processor Address 

Processor Data 
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-CS2 0 are used to 
THRU at different 
-CS7 addresses. for each 

chip-select are the ROM-chip 
select-table. -CS7 are used 
on the system board for BIOS, 
Power-On-Self -Test (POST) and 
cassette-basic In order to use 
these chip selects on a cartridge, 
-BASE 1 ROM CARTRIDGE or 
-BASE 2 ROM IN CARTRIDGE must 
be pulled 'low' 

-BASE I I line 
ROM IN 
CARTRIDGE FFFFFon 

the system board. ROM module 
can then be replaced by a ROM 
module on the cartridge by using. -CS7. 

-BASE 2 I This line pulled 'low' instructs 
IN the system board to de-gate the ROM 

module -F7FFFon 
the system ROM module 
can then be by a ROM 
module on the by using -CS6. 
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Cartridge I This input when I I causes a I reset I 
to the system. system will remain 
I reset I until is brought back 
I high I • tab is usually wired with 
an L shaped land to the GND 
at A02 which a momentary 
J reset I when a is inserted o~ 
removed. 
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A 1 A2 A3 A4 A5 • • • • • A 18 

Top of Cartridge 

Momentary Reset land 

GND B01 A01 GND 
-CS7 CARTRIDGE RESET TAB 
-CS3 -CS5 
A14 -BASE 1 ROM IN CARTRIDGE 
A12 B06 A05 A13 

~ A7 A8 I 

L A6 A9 
A5 A11 

A4 -BASE 2 ROM IN CARTRIDGE 
A3 B10 A10 A10 
A2 D7 
A1 D6 
AO D5 
DO D4 
D1 B15 A15 D3 
D2 -CS2 

-CS6 -CS4 
+6V B18 A18 +5V 

Connector Specification 
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Cartridge ROM locations 

2-118 Program Cartridge 

B1 Opposite 818 
Side 

A1 
ROM Cartridge 

Address 
E8000 

Address 
EOOOO 



Games Interface 

OInterface Description . 
The Game Interface has two connectors located at the 
rear of System unit for four paddles per 
connector) or two joysticks. Each connector has four 

lines: two digital inputs and two resistive inputs. 
inputs are I I with one I IN I from 

201. The plus software, converts 
the resistive to a relative paddle or 
joystick-position. On receipt of an output signal, four 
timing circuits are started. By determining the time 
required for the to time out (a function the 
resistance), the paddle or joystick position can 

The four digital inputs each have a lK resistor to 
pull the voltage up to +5V. With no drive on 
inputs, a 1 is read. a 0 the inputs must be 
pulled to ground. 

The are converted to a digital 
with a duration proportional to the resistive load, 
according to following equation: 

Time::; 24.2 
Where r is 

+ 0.011 (r) 
resistance in ohms 
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from Right 
2 Resistive Inputs Joystick 

from Left Convart 
2 Resistive Inputs Joystick Resistance 

1/0 
to Digital 

I Pulse 
Write 4 AND 

I 
Games 
CS -
1/0 ---j AND 

I Data Bus 
I Reads Bufferl 

Driver 
Data Bus 0-7 

2 Button Inputs From Right Joystick I 
2 Button Inputs From Left Joystick 

Games Interface Block Diagram 

Any program application must first begin the 
conversion by an 'OUT' to address hex 201. An 'IN' 
from address hex 201 will show the digital pulse go 
, high' and remain 'high' for the duration according to 
the resistance value. All four bits (Bit 3 through Bit 0) 
function in the same manner. Each bits digital pulse 
goes high simultaneously and resets independently 
according to the input resistance value. 
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Input from Address Hex 201 

Digital Inputs Resistive Inputs 

Input From Address Hex 201 

Joysticks typically have one or two buttons and two 
variable resistances each. The variable resistances are 
mechanically linked to have a range from 0 to lOOk 
ohms. One variable resistance indicates the X 
coordinate and the other variable resistance indicates 
the Y coordinate. The joysticks are attached to give the 
following input data: 

Joystick B Joystick A Joystick B Joystick A 

Button Button Button Button Coord. Coord. Coord. Coord. 
#2 #1 #2 #1 Y X Y X 

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

Joystick Input Data 
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game paddles have one button 
resistance each. The variable is 

LU .... "" ................... ..l' linked to have a range from 0 to 1 OOk 
The paddles are attached to following 

input data. 

Coordinates 

Ie Paddle Paddle 
A D 

Bit4 Bit 3 

Paddle Input Data 

Pushbuttons 
pushbutton inputs are I read I by an I IN I from 

address hex 201. These values are seen on bits 7 
through 4. These buttons default to an I open I state 

are I read I as 1. When a button is it is 
I as O. 

Note: Software should be aware that 
are not debounced in hardware. 

Joystick Positions 

buttons 

joystick position is indicated by a po1tentiolmeter 
COC)ramalte. Each potentiometer has a 

o to 100)( ohms that varies the time constant 
four one-shots. As this time constant is set at 

different values. the output of be of 
varying durations. 

All four one-shots are fired simultaneously by an 
lOUT I to address hex 201. All four one-shot outputs 
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Joystick 

will,go I true I after the fire pulse and will 
I high I for varying times depending on where each 
potentiometer is set. 

These four one-shot outputs are 'read' by an I IN I 
from address hex 201 and are seen 'on data bits 3 
through O. 

Signal Name Pin Number 

Kayplug A01 

lOGICGND A02 

V·AXIS RESISTANCE A03 

+5V A04 System 
SHIELD GND B01 Board 

X-AXIS RESISTANCE B02 

SWITCH B03 

SWITCH B04 

Specification 
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Notes: 

2-124 Games Interface 



Serial Port (RS232) 

The PCjr serial port is fully programmable and supports . 
nClrron01lS conlrnunications It will add 

stop bits, and A 
programmable generator operation 

50 baud to 4800 baud. Five, seven or eight 
1""">""',~1" .. ,,.., with 1, 1-1/2, or 2 stop bits are . 

fully-prioritized interrupt-system controls 
transmit, line status and data-set interrupts. 
Diagnostic capabilities provide loop back functions of 
transmit/receive and input/ output signals. 

l1UI";lI;;L'~ of the adapter is a 8250A LSI 
functional equivalent. addition to 
previously listed are: 

.. Full double-buffering eliminates the for precise 
synchronization 

.. receiver clock input 

.. Modem functions: to send (CTS), 
request to (RTS), data set ready (DSR), 
terminal ready (DTR) 

.. odd, or no-parity-bit generation and detection 

.. start bit detection 
II Complete status reporting capabilities 
.. Line-break generation and aetectlon 
• Break, overrun, and error 
.. Full prioritized interrupt system controls 

All cOnlrnunications protocol is a function system 
ROM and must be loaded the adapter is 
operational. All of the and 1"1"\11" .. 0 

status must handled by system software. 
It should be noted Asynchronous (Async) 
receive operations cannot overlap diskette operation 
since all but the. Diskette Interrupt are masked I off I 
during operations. Async receive 
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to be overlapped keyboard 
receive the Async Receiver rate cannot 
exceed 1200 baud. This is due to 

keyboard. mM PCjr 
Cordless in this section for more information. 

Programming Note: Due to the cycle-time of 
the 8250A, it is recommended that back-to-back I/O 
operations to 8250A be avoided. 
Programming Technique -would to insert a short 
, jump I consecutive I/O 
instruction. action will flush the and 
provide periods between I/O operations. 

Note: note only applies to programmers using 
the 8250A directly. It is suggested 
that user not communicate the 
physical hardware,but use the BIOS instead. 

Note: It is important to note when the mM 
PCjr the Internal Modem installed it is logically 
COM1 and the RS232 serial port is logically COM2 
in and BASIC. Without the Internal 
Modem.installed the RS232 serial port is logically 

as COM1 in BIOS, ,and BASIC 
address is 

The following figure is a Serial Diagram: 
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Address AO Through A2 
AO Through A2 

Data Bus 
DO Through 07 

Interrupt 

Baud Clock 8250A 
1.7895 Asynchronous 
MHz Communications 

Element 
Control Signals 

EIA EIA 
Receivers Drivers 

I 16-Pin I 
I Connector I 

Serial Port Block Diagram 

Serial Port 



Modes of Operation 
The different modes of operation are selected by 
programming the 8250A asynchronous communications 
element. is done by selecting the 110 address (hex 
2F8 to I writing I data out to the card. 
Address AO, At, and A2 different 

.... "".JI..Ul"" the modes of Also, the 
acceSS·-Dlt (bit line-control 

register is to select certain reg~stc'rs. 

1/0 Decode 
(in Hex) Selected DLAB State 

2F8 DLAB=O (Write) 
DLAB=O (Read) 

2F8 
2F9 1 
2F9 DLAB=O 
2FA (Don't Care) 

(Don't Care) 
(Don't Care) 
(Don't Care) 
(Don't Care) 

Care) 

1/0 Decodes 

Address hex 2F8 - 2FF 

Note: state of the access-bit 
(DLAB) , is the bit 
line-control register, affects selection of certain 
8250A The DLAB must be set 'high' 
the system software to access 
baud-rate-generator divisor latches. 
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Interrupts 
interrupt line is provided to the system. 

interrupt is IRQ3 is I positive I. To allow 
port to send interrupts to bit 3 of 

modem control register must be set to 1 I high I. At 
this point, any of the following interrupt 
I enabled I by bits in the interrupt-enable will 
cause an interrupt: Receiver-line status, Received 
available. Transmitter-Holding-Register empty, or 
Modem Status. 

Interface Description 
communications adapter an EIA RS-232C 

electrically-compatible interface. 2 by 8-pin 
connector is provided to attach to various peripheral 
devices. 

'~.~_,~A~ is a serial interface. It 
"114l1"'ll:> as follows: 

PinA04 
PinA08 

A03 
A07 

PinA06 
Pin B02-B08 
PinAOS 

A02 
Pin Bot 

Transmit 
Receive Data 

Data 
Signal 

to Send 

Carrier Detect 
Terminal 

Ground 

The adapter converts these signals to/from TIL levels 
to EIA levels. signals are sampled or 

communications-control chip. These 
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signals can 
determine 
device. 

<!u<'r ... ' .... software to 

Note: above nomenclature describes the 
communications adapter as a (Data Terminal 
Equipment) device. Suitable adapters must be used -./ 
to attach other devices such as serial printers. 

Note: Indicate is not sm:mc,rterl on the PCjr. 

Voltage Interchange Information 

Interface 
Interchange Binary Shmal Control 

'" Voltage State Condition Function 

Positive Voltage = Binary (0) Spacing =On 
Negative Voltage Binary (1) Marking = Off 

Voltage Interchange Information 

+15 Vdc 

+3 Vdc 

o Vdc 

-3 Vdc 

-15 Vdc 

Invalid Levels 

On Function 

Invalid Levels 

Off Function 

Invalid Levels 

The signal will be considered in the I marking I 
condition the voltage on interchange circuit, 

interface point, is more negative 

2-130 Serial Port 



c 

I 
\ 

/~ 

'-.--. 

c 

-3 Vdc with respect to signal ground. The signal will be 
considered in the I spacing I condition when the voltage 
is more positive than +3 Vdc with respect to signal 
ground. The region between +3 Vde and -3 Vdc is 
defined as the transition region, and considered an 
invalid level. The voltage which is more negative than 
-15 V dc or more positive than + 15 V dc will also be 
considered an invalid level. 

During the transmission of data, the 'marking I 
condition will be used to denote the binary state 1, and 
the 'spacing' condition will be used to denote the 
binary state O. 

For interface control circuits, the function is 'on I 
when the voltage is more positive than + 3 V dc with 
respect to signal ground and is I off' when the voltage 
is more negative than -3 Vdc with respect to signal 
ground. 

For detailed information regarding the INS8250A 
Communications Controller, refer to 
"Bibliography" . 

Output Signals 

Output 1 (OUTl), Pin 34: Output 1 of the 8250A is 
not supported in PCjr hardware. 

Output 2 (OUT 2), Pin 31: Output 2 of the 8250A is 
not supported in PCjr hardware. 

Accessible Registers 

The INS8250A has a number of accessible registers. 
The system programmer may access or control any of 
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2-132 

registers through the urOiCes:sor 
registers are used to control INS8250A ope;raclons 

... <UJ.i>1JJeu and receive·data. For.further information 
regardmg accessible registers, refer to 
"Bibliography" . 

INS8250A Programmable Baud Rate 
Generator 

INS8250A contains a programmable baud rate 
eJP>f'lIp>r!.litnr that is capable of taking the clock input 

dividing it by 1 to 
output frequency of 

ien:era:tor is x the baud rate 
(frequency input) / (baud rate x 16)]. 
latches store the divisor in a 16-bit binary- formalt. 

divisor latches must be loaded 
u .. uu ..... "" ..... LVli in order to ensure desired the 
baud rate generator. Upon loading of the divisor 
l.at,~nes. a 16-bit baud-counter is immediately loaded. 

",,,,',,,"nh, long counts on initialload.......-' 

figure illustrates the use of 
a,",L.""' .. ", • ..,'V .. with a frequency of 1.7895 

4800 and below, the error obtained is minimal. 

maximum OJH~ralmg Irequ~~nc:y 
is 3.1 MHz. 

rate be greater than 4800 

_/ 



Desired Used to Bit 
Baud 16x Clock 
Rate (Decimal) (Hex) 

50 8BD .006 
75 5D3 .017 

110 tAl .023 
134.5 167 .054 
150 .050 
300 175 .050 
600 186 BA .218 

1200 93 5D .218 
1800 3E .218 
2000 56 38 .140 
2400 47 2F .855 
3600 31 IF .218 
4800 17 1.291 

Baud Rate at 1 .7895 MHz 

Note: These divisions are different than 
mM Personal For portability, all 

initialization should be through the QUQlt","" 

BIOS. 

Note: Receive rates not exceed 1200 baud if 
operation is overlapped with keyboard 

The following Assembly sample n .. ",0'1"<>""'" 

initializes 8250. The baud rate is set to 1200 baud. 
It's word is dermed: 8 with 1 stop bit odd 
parity. 
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BEGIN PRoe NEAR 
MOV AL,80H SET DLAB 1 
MOV DX.2FBH To Line Control Register 
OUT DX.AL 
JMP $+2 I/O DELAY 
MOV DX,2F8H Point to LSB of Divisor Latch 
MOV AL.5DH This is LSB of Divisor 
OUT DX.AL 
JMP $+2 I/O DELAY 
MOV DX.2F9H Point to MSB of Divisor Latch 
MOV AL,O This is MSB of Divisor 
OUT DX.AL 
JMP $+2 I/O DELAY 
MOV DX,2FBH Une Control Register 
MOV AL,OBH 8 Bits/Word, 1 Stop Bit. 

Odd Parity. DLAB 0 
OUT DX.AL 
JMP $+2 I/O DELAY 
MOV DX.2FSH 
IN ALDX In CasEl Writing to Port LCR Caused 

Data Ready to go high 
ENDP 

BEGIN 

Assembly Language Sample Program 

UNUSED A1 81 SHIElDGND 

DTR LOGIC GND 

RTS LOGIC GND 

TRANSMIT DATA A4 84 LOGIC GND 

CARRIER DETECT LOGIC GND 

DSR LOGICGND 

CTS LOGICGND 

RECEIVE DATA AS BS LOGICGND 

Connector Specifications 
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System Power Supply 

The system power supply is a 33 Watt, 
voltage-level, two-stage supply. The first 
"A~'''AUU.l power transformer provides a sm21e-IU 
protected, extra low, ac-voltage output. The power 
cord is 3.08 meters (10.16 feet) long. second 
is an printed-circuit board, 
mounted the system The sec4[)nO 
converts the transformer's ac-output into three 
dc-output levels. 

The amount of power available on the 1/0 connector 
for a that is fully configured with internal 
features is 400 rnA of Vdc, 0 rnA of + Vdc and 0 

of -6 Vdc. 

Power is supplied to the system board through a 
printed-circuit-board edge-connector. diskette 
drive is powered through a separate four-pin connector 
mounted on front edge Power Board. 
power for the drive is provided a 
three-pin Berg-type connector mounted directly below 
the diskette-drive connector. Power is removed from 
the board and diskette drive a switch 
mounted on the rear of the Power Board. Both the 
switch and connector are accessilble 

system. 
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Operating Characteristics 

Power Supply Input Requirements 

Voltage (Vac) Frequency Current (Amps) 

Nominal Minimum Maximum ±.5Hz Maximum 

120 104 127 60 Hz .65 at 104 Vac 

Voltage ae 

D.C OUtputs 

Vdc Regulation 
Voltage Current (Amps) Tolerance 

Nominal Minimum Maximum ±% 

+5 >I< 1.5 3.6 5 
+12 .04 1.2 5 
-6 0.0 .025 16 

Voltage de 

>I< There must be a minimum of a 1.5 Amp load on the 
+5 Vdc output for the -6 Vdc to be present. 
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Over-Voltage/ Over-Current Protection 

Input (Transformer) 

The following table describes the 
protection: 

aruaolrmj~r input 

lonlin:al) Type Protection 

120 Vac Non-resettable Fuse 
Thermal! Over-Current 

Input Protection 

Output (power Board) 

The following table describes the Power Board's output 
protection: 

Output 
Voltages 

+5 Vdc 

12 Vdc 

Protection Condition 

Over-Voltage Over-Current 

*6.3 ± .7 Vdc **3.9 ± 

*14.4 ± 1.4 Vdc 2.2 ±.9 Amps 

* Over-Voltage protection is provided by fuse 
**Resettable by removing the fault condition 
power at least 5 seconds and then applying power. 

Output Protection 
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Power Board (Component Side) 

Input From 
Transformer 

Grounding Pin 
Connector 

~~ 
! Supply to 

o (fj ;~ 3
3 

Diskette 
y 4 Drive 

1 
2 Fan Plug 

A10 

Connector Specifications 

1 ------+1 2 

2 ------GN D 

3 -----GN D 

4 ------+5 
Power 5 ------+5 
Board 8 ------+5 

7 ------+5 
8 -----GN D 

9 -----GN D 

10 -----+12 

Connector Specifications 

f'oIII---1----

10---2-----
~--3------17 

Connector Specifications 

Connector Specifications 
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Fan Connector Specifications 

c 
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Notes: 
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IBM PCjr 64KB Memory and Display 
Expansion 

The 64KB Memory and Display Expansion option 
enables user to work with the higher video 
modes while increasing the system's memory size by 
64K bytes to a total of 128K The memory 
expansion plugs into the 44-pin memory 
"'A~" .. .u":UV'll connector on system board. Only one 

"'A~""AJ''''.''''ll is supported. 

The Memory Expansion Option not require the 
user to reconfigure the system to recognize 
additional memory. 

Eight ns, memory modules 
provide bytes storage. memory modules 
are Motorola's MCM6665AL15, and Texas 
Instrument's TMS4164-15, or equivalent. 

When inserted, memory expansion option uses the 
ODD space, while system is 
decoded as the EVEN memory. Thus, used as 
video the option the 
video attributes while on-board system memory has 
the video characters. This arrangement provides a 
higher bandwidth of video characters. 

In addition to the memory modules, expansion 
has to do the EVEN/ODD address decoding, 

video data multiplexing, a CARD wrap. 

Dynamic-refresh timing and address generation are 
done on system board and by the meJmolrv 
eXl)anSlO,n option. 
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The following is a block diagram of the 
64KB Display Expansion. 

64KxB.RAM 

00-07 Din Dout 

CPU LATCH 

f--

0-A7 ADR r Latch CNTL 

TCH 

MEMA 

CPU LA 

ATR 
LATCH 

AS. -WE. 
UDLY, 

RAS.C 
AO.CP 
VIDEO MEMR 

Odd/Even 
Gating 

Memory Expansion Block Diagram 

3-6 64KBM mo 

ATR LATCH 

Latch 
G 

T 

f-+- MDO-MD7 

II -01 
-01 

SABLE E DATA 
SABLE CASO 
G -LC 

...-----1 ... -ATR CD IN 



Signal 

+RAS 

+AO 

1/ 0 Description 

I + Row Address Strobe. 
line is inverted and 

then becomes -RAS 
for the RAM modules. 

I Microprocessor Address 
O. This is used to 
determine whether the 
microprocessor access is 
from system board 
RAM (Low) or the. 

-DISABLE EDATA. 0 
expansion RAM (High). 
When the. expansion 
RAM card is in and 

ATRLATCH 

MDOtbmMD7 

DO thruD7 

MEMAOtbmA7 

microprocessor is reading 
an byte of data the 

card 
the latch data 
on the system board 
using this line. 

I signal indicates that 
the expansion RAM card 
should I latch I data 
from RAM 

the attribute latch. 
o These data contain 

CRT information from 
the attribute latch and go 
to the Array. 

1/ 0 lines are from 
microprocessor 

are bidirectional. 
I These are the multiplexed 

address lines for 
dynamic-RAM modules. 
These lines are 
multiplexed between row 
address and column 
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address, and also 
between microprocessor 
and CRT addresses. 

VIDEOMEMR I When this signal is 
'high' it a 
MEMRis 
system board or 
expansion RAM is 
accessed. This 
with AO determines if 
expansion RAM 

onto 
CPUDLY I This when 'high' 

indicates that a 
microprocessor RAM 
cycle is occurring. It is 
used to gate I off I the 
expansion RAM CAS or 
used with AO to generate 
the -DISABLE CAS 0 
signal. 

-DISABLE CAS 0 0 This line is used to 
disable the system board 
CASO when a system 
microprocessor I write' is 
occurring to the 
expansion RAM. 
line keeps the 'write I 
from occurring to the 
system board RAM. 

I Column Address Strobe. 
This line instructs 
expansion RAM to 
'latch' up the address on 
the MEM AO thru A 7 -
address lines. 
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0 is used to 
system board 

or ODD 
should be 

RAM card for 
use by the Video Gate 
Array_ 

I is I wrapped I 
the -LeG 

output. 
I instructs the 

the cycle is 
'write' 

I the 
expansion RAM card to 

I data from 
the expansion RAM into 

microprocessor latch. 
-ATRCDIN 0 line is a wrap of the 

on the 
RAM card. It 

pulls I down I an 8255 
so that the 

microprocessor can tell if 
card is installed or 

not. 
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foUowing.is the connector specifications the 
IBM PCjr 64KB Memory and Display Expansion. 

System Board 
Connector 

64KB Memory and Display Expansion 
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Connector Connector 
Signal Name Name Pin 

AOI +RAS BOI 
A02 AO B02 
A03 -DISABLE B03 

EDATA CASO 
A04 LATCH +CAS B04 
A05 MD4 B05 
A06 MD5 GATE B06 
A07 MD6 Ground B07 
A08 MD7 Ground B08 
A09 MDO Ground B09 
AI0 BIO 
All MD2 LATCH B11 
A MD3 CDIN B12 
A13 GND GND B13 
A14 VCC VCC B14 
A15 D6 5 
A16 D4 B16 
AI7 D3 B17 
A DI B18 
A MEM A7 B19 
A20 MEMA4 MEM 
A21 MEMA2 MEMA3 B21 
A22 AO MEMAI 

Connector Specifications 
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Notes: 

-" 
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IBM PCjr Diskette Drive Adapter 

diskette adapter resides in a dedicated 
connector on the ffiM PCjr board. It is 
att<llch~"1 to the diskette through a fiat, 
internal, 60-conductor, signal cable. 

The general is designed for a 
double-density, Modified Frequency Modulation 
(MFM)-coded, diskette drive and uses 
precompensation an analog phase-lock loop for 
clock data recovery. The uses the 
JLPD765 or compatible controller, so the JLPD765 
characteristics of the diskette drive can be programmed. 
In addition, the attachment supports the diskette drive's 
write-protect The adapter is buffered on the 
I/O bus and uses system ROM BIOS for 
transferring record data. An interrupt level is also used 
to indicate an error status condition that requires 
prCtcessor attention. 

A block diagram of the diskette drive adapter follows. 

Diskette Ada ter 
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Functional Description 

Bit 

From a programming point of view. the diskette 
adapter consists of a 4-bit output register {DOR) 
in parallel with a NEC p.PD765or equivalent floppy 
disk controller (FDC). 

Digital Output Register 

The digital output register (DOR) is an output-only 
register to control the drive motor and selection. 
All bits are cleared by the I/O interface reset line. 
bits have the following functions: 

1/0 Address Hex F2 

7 6 543 i " L :" D,iw En.bl, L.:: Reserved 
Reserved 

1...-_____ ... Reserved 

'--______ ... Reserved 

'--_______ -.. Watch Dog Timer Enable 
1...-_________ ... Watch Dog Timer Trigger 

'--------------FDC Reset 

Note: All bits are cleared with channel reset. 

Output 

Bit 0 bit controls motor and ~ll(lUll~ 
lines to the When 'high' (1). 

will tum Ion I drive motor 
'enable' When 'low' (0), 
bit will tum 'off' drive motor 
, disable I the 

Bits 1-4 These bits are reserved. 



BitS 

Bit 6 

When 'high' (1), this 'enables'the 
WatchDog Timer function and interrupt. 
When 'low' (0), bit' , the 
WatchDog Timer and 

bit controls the start a watchdog 
cycle. Two output commands are 

required to operate A·l and 
a 0 must be written succession to . 

'strobe' the trigger. 
Bit 7 bit is the hardware 'reset' for the 

floppy diskette controner chip. When 
'low' (0), this bit in its 
I reset I state. When 'high I (1), this bit 

u;n;;i:!.1>I;;>1> the I reset I state on the FDC. 

WatchDog Timer 

The Timer (WDT) is a one to three-second 
timer to interrupt request 6 (IRQ6) of 
the 8259. This timer breaks the program out of data 
transfer loops in the event of a hardware malfunction. ..--, 

WatchDog Timer starts its cycle when I triggered. I 

Floppy Disk Controller (FDC) 

The floppy disk controller (FDC) two registers 
that can accessed by the system microprocessor: a 

"'J1aln"'~ and a data register. 8-bit 
contains status information of 

can be accessed at any time. The 8-bit 
"'I"r""''''' COIlSlSts of several in a stack with 

presented to bus at a time. 
re~iStc~r stores data, parameters, 

..... ,"""" .. " floppy disk drive status 
information. Data bytes are read or written to the 
data order to results after 



(, 

r 
~ 

a particular command. The main status register can 
only be read and is used to facilitate the transfer of data 
between the system microprocessor and FDC. 

FOC Register 
Data Register 
Main Status Register 

I/O Address 
hexF5 
hexF4 

Programming Summary 

The FDC is set up with the following Parameters during 
system power up: 

Parameter Power-up Condition 

Sector Size hex 02 for 512 Byte Sectors 

Sector Count 9 

Head Unload hex OF - Has no effect on system 
operation. 

Head Step Rate hex D - This gives a step rate of 
6 milliseconds. 

Head Load Time hex 1 Minimum head load time. 

Format Gap hex 50 

Write Gap hex 2A 

Non-DMA Mode hex 1 

Fill byte for Format hex F6 

FOe Power-up Parameters Settings 



~-1 

The PCjr Diskette Drive Adapter and BIOS use 
and .support following FDC commands: 

.. Specify 

.. RecaJibrate 

.. Seek 
• interrupt status 
• Drive status 
• Read data 
• Write data 
• Format a track 

Note: Please refer to 
. BIOS listing details 

used. 

Diskette section the 
how commands are 

The following FDC hardware functions are not 
implemented or supported by the mM PCjr Diskette 
Drive Adapter. 

• DMA data transfer 
.. FDC interrupt 
.. Drive polling and overlapped seek 
.. data incoding 
• select status bits 

2 (l per 
40 Cylinders Side 
9 Sectors/Track 
512 Bytes/Sector 
Modified Frequency Modulation (MFM) 

Diskette Format 



Constant 

Load 
Settle 

Motor Start 

Drive Constants 

Comments 

Value 

Not Applicable 
21 Milliseconds 
500 Milliseconds 

1. loads when diskette is clamp1ec1. 
Following access, wait Head Settle time Detore 
RD/WR. 
Drive motor should be 'off' when not in use. Wait 
Motor Start time before RD /WR. 

4. All system interrupts except IRQ6 must 
, disabled' during diskette data 
prevent data under-run or over-run COlICli1tiOllS 

occurring. 

System I/O Channel Interface 
All '''6'-''''-'''' are TTL-compatible: 

Most-Positive Up-Level 
Least-Positive Up-Level 
Most-Positive Down-Level 
~1St-·Positi'fe Down-Level 

The following lines are used by this ..... '~Vl,,'''l 

+00 tbru 7 (Bidirectional, Load: 1 
Driver: 74LS 3-state) 
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These eight lines form a bus through 
which all commands, status, and data 
are transferred. Bit 0 is the 
low-order bit. 

+AOtbru3 (Adapter Input, Load: 174LS) 

These four lines form an 
by which a register is 
receive or supply 
transferred through 
is the low-order bit. 

-lOW (Adapter Input, Load: 174LS) 

The content of lines DO-7 is 
in the register by 
AO-3 at the 
signal. 
(Adapter Input, Load: 1 

The content of the addressed 
by lines AO-3 is I gated I onto lines 
DO-7 when this line is I active. I -
(Adapter Input, Load: 1 

A down level I aborts I any operation 
in process and I clears I 

output register (DOR). 
+IRQ6 (Adapter Output, 

3-state) 

This line is 

-DISKETIE 
CARD 
INSTALLED (Adapter Output, 

This line is pulled I 

System Board and is 
port bit pe2 on port 

Ada ter 



8255. This 
program to 
drive adapter is llI.l)~Q.U.~U. 

-U1lSkE~tte CS (Adapter Input, Load: t 74LS) 

A9 

DRQO 

DACKO 

This line is the modem 
.... , ... ,"' .... ",,,,, ... the 

nricroprocessoris lOR or lOW 
to either 
modem. This be 
conditioned with A9 being 'low' to 

CS. 
t 74LS) 

This line is the nricroprocessor 
address line line is 
'low' and -LJ""' ....... ....., 
lOR and lOW are 
diskette adapter. 
(adapter Output, 
765) 

NEC p.pd 

This output would un ... ..., .. , • ..., 

DMA device on 
Channel that 
wants to ' , or 'traltlSIIut' a 
byte of data to or 
(Adapter input, 
765) 

memory. 
NEC p.pd 

This line should come an 
indicate 

transferred 
extemaiDMA 
that a byte is 
from/to the 
to/from memory. 

Disk Controller 



Drive Interface 

Most Up Level 
"'n!i!irn~ .. Up Level 

Most Positive Down Level 
Least Positive Down Level 

All adapter outputs are driven by active collector gates. 
The drive should not provide termination networks to 

Select which a 2,000 

attactlmC;lnt input is terminated a 2,000 ohm 
resistor to V cc. 

Adapter Outputs 

-Drive 

-Motor Enable 

-Step 

-22 • k tt r 

(Driver: MC3487) 

drivers to 
from the 
Enable) when 
'active. ' 
(Driver: 74LS04) 

The drive must ,...""",i" .. ,,,,1 

motor to I start I 
becomes I active I and I stop I when 
the line becomes I I 

(Driver: MC3487) 

must move the 
""""in,,,'''' in or -..,./ 



-Direction 

-Write Enable 

1 

out as instructed by the Direction 
line for on this 
line. 
(Driver: MC3487) 

For each of the 
step line read/write head should 
move one cylinder toward the 
spindle if this is active, and 
away from spindle if not-active. 
(Driver: 74LS04) 

For each I 

transition 
Enable is I 

current in 
is 'active.' 

(Driver: MC3487) 

selected 
change to be 

This ael[m€~S which 
tWi[)-Slaea ditskt:tte is used 

I high' level on 
R/Wheadon 
the diskette. 
side 0 to side 1 
100 J.LS delay is 
'read I or I 

initiated. 

A 

1 surface of 
switching from 
conversely, a 

before any 
can be ' 
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Adapter Inputs 

-Write Protect 

o 

Data 

The selected drive must supply 
one pulse per diskette 
revolution on this line. 
The selected drive must 
this line ' , if a 
write-protected is 
mounted in the 
The .,vU;;Vtl;;;U 

this line ' , if 
read/write head is over 
O. 
The selected drive must sun,n]v 
a pulse on 
flux \,;lli<&lle,1;;; eU(~ountered 

diskette. 

Voltage and Current Requirements 
diskette drive adapter requires a 

V dc + / - 5 % and draws a nominal current of 
rnA and a maximum current of 700 rnA. 

Adapter 



Signal Cable 
Connector Keyed (Pin 5 Missing) 

1 

System Board 
Connector 

Diskette Drive alUII'lTS 

At Standard TTL levels 

Ground· Odd Numbers 

Unused 

-INDEX 

Unused 

-DRIVE SELECT 

Diskette Unused 
Drive -MOTOR ENABLE 

Pin 
Number 

1 Through 33 

5 

2,4,6 

8 
10 

12 

14 

16 
-DIRECTION (Stepper Motor)-18 

-STEP PULSE 20 
-WRITE DATA 22 
-WRITE ENABLE 24 
-TRACK 0 26 
-WRITE PROTECT 28 
-READ DATA 30 
-SELECT HEAD 1 32 
Unused 34 

Note: Pin 5 is missing to match the key plug on the signal cable. 

Connector ... "', ... i-l'ii ....... +i .... " ..... (Part 1 of 
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Signal Name Diskette Drive Adapter SignatName 

07 A01 801 +5V 

06 -DISKETTE CS 

06 III AS 

GND A3 

04 AOS 805 GND 

03 A2 

02 A1 

GND AO 

01 GND 

DO A10 810 -lOR 

IROS -lOW 

+DROO GND 

-DACKO -CARD INSTl 

-5V -RESET 

N/C A15 815 ... +5V 

System Board System Board 

Note: All levels are TIL compatible. 

Connector Specifications (Part 2 of 2) 
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IBM PCjr Diskette Drive 

"''''''f-A ..... unit has space and power one (liSJltet1te 
The drive is double-sided with 40 tracks for 

side, is fully self-contained, and consists of a 
spindle-drive system, a read- positioning a 
read/write/erase system. 

Functional Description 

diskette drive uses modified frequency ... 1\ ......... " .... "V .. 

(MFM) to read and write digital-data, with a 
track-to-track access time of 6 milliseconds. 

To load a diskette, the operator rotates the load 
the front of the diskette drive clockwise and in..:!."'rt..:! 

diskette into the slot. Plastic guides the ensure 
the diskette is in the correct position. Closing the load 
lever centers the diskette and clamps it to the hub. 
This same action also loads the Read/Write heads 
against the surfaces of the diskette. The load lever is 
mechanically interlocked to prevent closing 
if a diskette is not installed. 

The head-positioning system moves the """"""0"""'''' 
to come in contact with the desired track of the 
diskette. Operator intervention is not required during 
normal operation. If the diskette is a 
write-protect sensor I disables' the drive's circuitry, 

an appropriate signal is sent to 

Data is read from the diskette by data-recovery 
circuitry, which consists of a low-level rellLo-:amonner 
differentiator, zero-crossing detector, and dig~tizJng 
circuits. All data decoding is done by the 



The is equipped with a media 
power from supply 

diskette drive also has the following sensor 

• The 00 sensor, senses when the head/carriage 
assembly is at track 00. 

• index sensor, which of an LED 
source and phototransistor. sensor is 
positioned so that an index hole is detected, a 
digital signal is generated. 

• The write-protect sensor I disables I the UJ.l:>J ........ , .... 

drive's electronics whenever it senses a 
write-protect on the diskette. 

The drive requires .......... "",. within the 
specifications: 

Specification +5 Vdc Input +12 Vdc Input 

Nominal Supply 
(0 to 50 

Tolerance (Including Ripple) 
Standby Current (Nominal) 
Standby Current (Worst 
Operating Current (N ominal) 
Operating Current (Worst 

Diskette Drive Power Specifications 

+5 Vdc 
100 mV 

600 rnA 
700 rnA 
600 rnA 
700 rnA 

+12 Vdc 
100 mV 

400 rnA 
500 rnA 
900 rnA 
2400 rnA 

interface information refer to "Diskette Drive 
Adapter" in this section. 

For mechanical and electrical specifications see 
AppendixD. 
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Key Signal Cable 
Slot Connector 

Power 
Connector Fan Connector 

Opposite Side 
1 33 

Diskette Drive Connectors 

1 : +12 Vdc 

Diskette 2 GND 
Drive 3 GND 

4 +5Vdc 

Connector Specifications (Part 1 of 2) 

Diskette 
Drive 
Fan 

1 GND--------~ 

2 1----+12Vdc---~ 

3 GND----I 

Connector Specifications (Part 2 of 2) 

1 

2 

3 

4 

1 

2 

3 

Power 
Board 

Power 
Board 
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Notes: 
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Diskette 

The IBM PCjr Diskette Drive uses a standard 133.4 
mm (5.25 in.) diskette. For programming 
considerations, single-sided, double-density, 
soft-sectored diskettes are used for single-sided drives. 
Double-sided drives use double-sided. double-density, 
soft-sectored diskettes. The figure below is a simplified 
drawing of the diskette used with the diskette drive. 
This recording medium is a flexible magnetic disk 
enclosed in a protective jacket. The protected disk, free 
to rotate within the jacket, is continuously cleaned by 
the soft fabric lining of the jacket during normal 
operation. Read/write/erase head access is thwughan 
opening in the jacket. Openings for the drive hub and 
diskette index hole are also provided. 

0.140 Inch 0.25 ± 0.01 Inch 

~ {3.56 mml ± (6.30 ± 0.25 mm) 

~ __ -I-__ -+il- Sealed 

I ;T Protective 

I ~ck~ 

13 E _ -~8 ;. ~ 5.25 Inch 
o N (133.4 mm) 

@ ci ci 
-t1 +1 
o II') 

co CD 
M !!I! 

I 5.25 Inch I 
t-- (133.4 mm)-I 

Recording Medium 

Oxide Coated 
Mylar Disk 

Access 

...... , 
\ 

\ 
\ 
I 
I 

I 
/ 

Hole Aperture Index Hole 



Notes: 
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IBM PCjr Internal Modem 

The mMPCjr IntemalModem is a mm (2.5 
by 190 i:nm inch) adapter plugs into. the 
system board modem connector .. The modem 
connector is an extension of the system I/O bus. 
system control signals and voltage requirements are 
provided through a 2by 15 position card-edge tab with 
0.254 cm (0.100-inch) on modem arumu::r 

FuncnonwDescripnon 
The Internal Modem consists of two major parts: (1) . 
the INS8250A Asynchronous Communication· Element, 
and (2) Smart 103 Modem. Therefore, the 
programming must be in ·two parts. 
INS8250A is a functicm 
the ROM BIOS, and is discussed later 
section. 'pacing' of and Control-signal 
status must be handled by the software. 
the INS8250A is initialized, the modem is controlled by 
ASCII characters transmitted by theINS8250A. 

Key of the INS8250Aused in the modem 
adapter are: 

• Adds or deletes start bits, bits, and parity bits 
to or the serial data stream 

• Full double-buffering eliminates the need for precise 

• Independently-:-controlled transmit, receive, 
data-set .... 1"· ...... '.n1'''' 

• Programmable baud-rate-generator allows ..... , .. ,,,' ..... 
of the baud clock by 373 175) for a 300-bps 
transmission-speed or 1017 (hex 3F9) for a 11O-bps 
transmission-speed to the internal 16 x 
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.. Modem-control functions: Clear to Send (CTS), 
Data Set Ready (DSR), Data Terminal Ready 
(DTR), Ring Indicator (RI), and Data Carrier 
Detect (DCD) 

.. Fully-programmable serial-interface 

characteristics: 
- 7, or 8-bit characters 
- Even, odd, or no-parity bit generation and 

detection 
1 stop-bit generation 
Baud-rate generation 

.. False-start bit detection 

.. Complete status reporting capabilities 

.. Line-break generation and detection 
• Internal-diagnostic capabilities 

- Loopback controls for communications-link 
fault-isolation 
Break, parity, overrun, framing-error simulation 

.. Fully prioritized-interrupt system-controls 

Key features of the Smart 103 Modem used on the IBM 
PCjr Internal Modem are: 

.. Direct connection to a telephone company line 
through an FCC Part-68-approved permissive 
connection 

• Compatible to Bell Series 100 originate/answer for 
modulation and handshaking 

• All functions controlled by ASCII characters and 
INS8250A modem-control lines 

• Uses modular phone-jack (USOC Rill) 
• Data rate is either 300 or 110 bits-per-second 
.. Auto/manual originate 
.. Auto/manual answer 
• Communication mode is full duplex on two-wire, 

switched-network channels 
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• Auto dialer; either DTMF ([dual-tone 
modulated-frequency] touch-tone) or pulse-dialing 
(rotary dial) by software command 

• Tandem dialing 
• Call-progress reporting 

('"\ • Dial-tone, ring-back tone, and busy-tone detection 
1 . 

\..~ 

Internal Modem 



Chip Select 
Data 

Data Bus 8250A 

Interrupt Asychronous 
Communications 3870 

Clock 11.7 MHz) Element Control Micro-
controller 

103 
Demodulator 

Interface 
Circuit 

RJ11 
Phone 
Jack 

IBM PCjr Internal Modem Block Diagram 
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Modem Design Parameters 
The following tables describe the design parameters of 
the Smart 103 Modem. 

C\ . 
j Dialer Type: 

Tandem Dialing: 

Pulse Dialing: 

DTMF Dialing: 

Two modes 
1. Forced Touch-Tone (DTMF) dialing 
2. Forced pulse dialing 

The ASCII character P (hex 50 or 70) in 
the dial string causes a delay of up to 10 
seconds while the modem is searching 
for another dial tone. A time out will 
cause the modem to hang up and post 
status. The ASCn character W (hex 57 
or 77) in the dial string causes a 
5-second dead wait before continuing to 
dial. Multiple ASCII W's will cause 
multiple waits. 

Rate: 10 + 1, -0 pulses per second 
Duty Cycle: 60% make, 40% break 
Interdigit Delay: 800 ms ± 50 ms 

T one Duration: 85 ms ± 10 ms 
Intertone Duration: 80 ms ± 10 ms 

Dialer Parameters (Part 1 of 2) 
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ASCII 

.. 
# 

Pair Frequencies: 

770 
770 
852 
852 
852 
941 
941 

Dialer Parameters (Part 2 of 2) 

Failed Call Time Out Parameter 

Modulation Parameter 

Internal Modem 

1336 
1477 
1209 
1336 
1477 
1209 
1477 

,/ 



Mode Originating 

1070 Space 
1270 Mark 

2025 Hz Space 
2225 Hz Mark 

1070 Space 
1270 Hz Mark 

Transmitter IReceiver Frequency Parameters 

Parameter 
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Programming ·CoDsiderations 
system can communicate 

between other. 
the mM PCjr are stripped 

from data stream and executed but are not 
transmitted to the receiving station.. The data is 
transparent to the modem. The modem is capable of 
causing hardware interrupts as the result of certain 
conditions, and response to queries for status. 

Commands to the are .. a characters 
preceded by a single command The 
command<character tells the modem that the following 
character sequence, until a carriage return, is a 
command. The carriage return completes command 
sequence and causes modem to execute 
commands. The command (represented by 
[ee] in following text) is programmable (with 
NEW command) to any ASCncharacter (hex 00 thru 

The default for the command character is Ctrl N 
\.M..J" ..... u hex OE). 

Commands can occur anywhere the data stream if 
properly formatted but are not to be by the 
modem uutil a carriage return is received. 

Multiple commands are allowed if separated by commas 
and preceded by a command character. 

Command Format 

The following is the command format that 
commands must 

[cc][ command woro] [ delimiter ][argmnents] [,more][ CRl 

where: 
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[ee] 

[command 'Word] 

[delimiter] 

[arguments] 

[,more] 

[CR] 

is the 
character. 

ASCHcommand 

command word. 
a space when separating 

argum,ent and command word. 
spaces thereafter are ignored 

modem sees a comma, an 
araum.ent or a carriage return. 

that is replaced by any 
l"n~'''<ll'·r .... allowed by the """JJL.I..I..I..U:O: ....... 

...... , ..... u ............ commands 
Dre:ce(lea by a comma. 

",QLUQ!;,", return that completes 
COlDlIlana sequence and causes 
mo~elm to execute the 

commands. 

The following are two eX~lmI)les of command 

[ee] COUNT 5 [CR] 
sample test [ee] VOICE, D (408) 
555-1234,QUERY [CR] 

FonnatGuidelines 

1. Commands can occur anywhere in the data stream if 
properly fonnatted but are not be executed by the 
modem until a return is received. 

2. Multiple commands are allowed if separated by 
commas and preceded by a single 
command-character. 
Only the first of the command word is 
significant. All characters are ignored up 
to the first space rnllnun command word. 
other words, command and DUMMY are 
treated identically. 
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4. The modem does not discriminate between 
upper-case and lower-case characters. 

5. There are three ways to send the current 
command-character as data to a receiving station: 
a. Consecutively sending it twice:. 

[eenee] 
This would send the character a single time. 

b. Change the command character (with the NEW 
command) to another ASCII character and then 
transmit the previous command-character. 

c. Place the modem in the Transparent mode and 
then transmit the character. 

Commands 

The commands that are used with the integrated 
modem are listed on the following pages in alphabetical 
order; 

Each of the commands has its syntax described 
according to the following conventions: 

1. Words in capital letters are keywords. Only the first 
letter of the keyword is required, the others are 
optional. 

2. You must supply any arguments which are in 
lower-case letters. Valid characters for arguments 
are defined as: 

• m - ASCII decimal digits 0 to 9, *, #, I, P, and W 

• n - ASCII hexadecimal digits 0 to F 

• 0 - ASCII hexadecimal digits 0 to 9 

• p - any ASCII character 
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3. All arguments are for validity. If extra 
characters are used an argument, the extra 
characters are ignored. the argument is invalid, 
the command is 

4. An ellipsis ( ... ) indlics,tes an item may be reD,eat€~ as 
many times as you 

All command lines must begin with a command 
character. The default command-character is 
(CONTROL N). 

Multiple commands separated by commas can 
follow a single command-character. 

example of the DIAL command is given below: 

Command format - m ••• m 

Command line DIAL 1 800555 1234 

If an invalid argument or no argument is given, the 
command is not executed. Also, a question mark (1) is 
given as the error and the command line is 
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Format: ANSWER 

A 

Purpose: logically the phone off the hook and 
ANSWER mode. This is logically like a manual 
answer. 

Break 0 

Purpose: To send a space or break character for a duration 
equal to a multiple of 100 IDS (0 x 100 ms). 
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Format: 

Purpose: 

COUNTn 

Cn 

Where n is the number of complete 
of 0 to hex F. 

When answering an incoming 
answers the phone after n complete lDcommg 

n is any value from hex 0 to 

A value of zero specifies 
an incoming call, but still carry out 

host. 

When dialing, the modem waits n + 3 COlnpJ.ete 
nngD:aCll~S before cancelling the call. 

n exceeds 4, the 45-second abort cancels an 
outgoing call with an "UNSUCCESSFUL II response, 
as more than seven ringbacks 45 seconds. 

the count when the .LU" ........ ,"'" is an 
mcommg call or dialing a call. 

Default: 0 



Format: 

Purpose: 

Default: 

DIALm. .. m 

Dm ••• m 

Where m. •. m is a decimal 0 
through 9, "', #, I. P, of 33 
characters are allowed The first 
character of the string defaults to P (a to-second 
delay while searching for dial tone). W causes 
the modem to delay five seconds, then continue 
dialing. 

W or P must start a can also occur ~n"rlVnp1"'" 
within a and causes the digits to tone 
dialed. 

The characters ... and # represent two extra 
buttons on a push-button phone, but may be for 

I causes the next digits to be dialed. The I 
stays effect until a (P ,), (W,),or end of command. 
The modem then searches for line busy, ringing, or 
incoming carriers posting the status. 

cause the mCl,delm to 

P (to-second timeout). (If this command is 
without an argument, the last number dialed is 
redialed once.) 
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Format: n 

Fn 

~. 

n is one of the following: 
~ 

n Parity Data Stop Bit 

0 Mark 7 1 
1 Space 7 1 
2 Odd 7 1 
3 Even 7 1 
4 None 8 1 

Reserved 

8250A line control register must specify 
same format as defined the FORMAT n 

to I enable I datal command 
communication. 

(' 
"- not combine this other 

except the SPEED on a single 
line. 

Note: If programming in 
must be used in addition to the same 
parity and data length in the I open I 
statement. 

Purpose: change the parity and number of stop-bits being 
transmitted at either end, to a new 

Default: 3 

~, , 
~. 
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Format: HANGUP 

H 

....... .fn ....... a clean disconnect 
same as manually hanging up. 

INITIALIZE 

I 

This command is executed in 10 seconds is 
same as a cold start. An "OK" response is not 
returned after execution. and the test 
the QUERY command is set. 

Purpose: Places the modem in the power-up default-state. 
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Format: LONG RESPONSE 0 

Lo 

is one of the 

0 Mode 

0 Verbose 
"BUSY" 
"CONNECTED" 
"NO ANSWER" 
"NO DIAL TONE" 
"OK" 

"UNSUCCESSFUL"· 
"?" (Question 
Mark) 

1 (Hex code) . 
30 
31 

36 

Note: The dial string is not echoed in the terse 

Purpose: message .. "''''' ........... '''''''. nf(mrlatj.on is posted 
the status area. 

Defamt:O (Verbose mode) 
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Format: 

Purpose: 

Format: 

Purpose: 

Default: 

Format: 

Purpose: 

M 

state where the 
telephone line and proper 

COJmE~ction··prlot(]tCo.1S are followed. 

This .corDm.ilnd is eOlllivaJlent to ANSWER if the data 
state " ...... ~"'n 

NEWp 

Np 

where p is any 

character. 

Ctrl N 

ORIGINATE 

o 

character.(hex OE) 

character to an ASCII 

phone off-hook and forces the 
LU.gU';,:WY equivalent to manual 
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Format: 

L' Purpose: 

p 

Logicany takes the phone offMhook 
the voice state. 

the 



Format:' QUERY 

Q 

Purpose: To query the modem status information. 

Possible characters ..... t-·I1f'T .... £1 by the modem are as 
follows: 

Responses 

HOorHl Hook status: HO = on-hook, = 
so to SF 

B 
D 

L 
N 

no dial-tone found or no 
ring/no busy timeout after UI.(:I .. UllO' 

Successful dial and handshake. 

x 

TO 
Tl 

Dial not recorded: dial tone n"~'(!"",nt 
after dialing. 
No answer: ringcount plus 3 

Jnte21jty test passed. 
Jnte21jty test failed. 

The first group of characters is always 
QUERY command. second group of i"1""~~,"'T 
is returned only a dialing sequence 
started or a occurred in the UI.(:IUllJO 

third group of is returned 
TEST command occurred. All characters except 
the first group are erased by being read and do not -
appear in response to next QUERY 
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condition has recurred in the interim. The QUERY 
response overrides any incoming data from the 
telephone line. 

/' Format: RETRY 
~, 

c 

R 

Purpose: When placed after a DIAL command, it causes the 
modem to execute up to 10 redials at a rate of one 
per 40 seconds. The redials are triggered by a busy 
detection after dialing. 
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Format: o 

So 

o is one of the following: 

o bps 

0- 110 
1- 300 
2 - Reserved 

Do not combine 
colnman<is except the FORMAT on a 
single command line. 

SPEED command must before the 
baud rate is changed. 

Note: If programming in BASIC, 
must be used in addition to same--../ 
bps rate in the BASIC 'open' statement. 

Purpose: Sets the baud rate. 

1 (300 bps) 
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--" 

D. •• n 

T n •.• n 

Where n ••• n is the number of bytes to transmit in 
range of 0 to hex FFFF. 

Purpose: Places mOlde]m in the t .. ~n<l1'\~ .. ,"'nt mode for 
next n ••• n bytes. 

The does not look for command sequences 
but transmits every it receives. 

ASCII-coded hex 
of 65,536 bytes. 

If an argument is not included with the 
TRANSPARENT command. command is 12Dorf~a 
because it has no default. 

The mode is when: 

t. n ••• n characters have transmitted. 

2. of carrier timeout. 

3. OUTl 
INS8250A -OUT 1 
'active' until the mode is 
requested again.) 

The mOl(1eln the transparent mode before 
next complete character from 

host. 

To re-enter the transparent the sequence 
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·Format: 

1. The INS8250A -OUT 1 pin changes to, or 
remains in the 'inactive' state. 

2. The command string containing the 
TRANSPARENT command is issued. 

An argument of 0 causes a permanent ~. 

transparent mode which can be exited by the 
INS8250A -OUT 1 pin going 'active. ' 

VOICE 

V 

Purpose: Forces the modem to the voice state where no tones 
or carriers are placed or searched for on the 
telephone line. 

This state is used for voice communication, when the 
modem is an autodialer or answering device only . It 
is also necessary to be in the voice state to transmit -....-/' 
DTMF tone-pairs. 

This command I disables' the autoanswer function. 

The status responses are: 

1. If a busy signal is detected "BUSY OK". 

2. Any other condition "0K. .. (16 
dots) .... CONNECTED". 
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Format: WAIT 

W 

Purpose: , Causes modem to take no action, including 
. autoanswer, until the next command is received from 
the All commands W AIr 
command a single command-line. are ignored. 

Format: XMITm ••• m 

Xm. •• m 

Instructs modem to transmit 
tone-pairs found in the m ••• m. This 
is only valid in the voice state. Delays between digits 
can be by inserting W's the string. 

Each W causes a five-second 
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Format: o 

Zo 

Where 0 is one of 

o 

0-
1 -

Purpose: Places the mO(lem 
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specified by the 

.nt""a~ .. t" test, the modem 
any other command is 

a 



c 

Responses 

Autoanswer 

If -DTR is I active I • the modem goes off-hook and 
proper connection protocols including the two-second 

delay are followed. If connection is made, the 
moceliD. sends "CONNECTED" to the host and posts 
the status the status area. 

Editing/Changing Command ............ ' ... "" 

Corrections to the command line can be performed by 
aborting current-command and typing a new line 
or by the correct later on in 
current-command line. 

command on a single colnn:land-line 
supersedes any previously entered command that 
performs an opposite function. 

Control X or backspace received by the modem 
immediately aborts command 
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Opposite Commands 

The command 
[CR] is "' ...... ..,UJ' .... ; 

during scan 
cause an action 

eX~lml)le. ~~~, are not candidates 
for opposite treatment. 

TheymCJuae 

Count (n) 
Format (n) 
New (p) 
Speed (n) 
Transparent n..n 
Modem - Voice 

Note: 

Status Conditions 

'"'VJU .... '''.Vll can be opposites. 

two emcnes, 
two emmes, 
two emcnes, 
two emmes, are used 
two entries, latest are used 

OP1)OSJltes only when 

ongmate are not opposites; each 
when "'"' ........ '..., .... 

the host messages as defined in the 
command for dialing success or 

interrupts for carrier loss and 
are provided on the 8250A. 

Dialing and Loss of Carrier 

tone is not aet:ectea, 
appropriate status ... n< ... "',r>T""',",, 

DIAL 

modem searching 
dialing mode. IT a 

up, the 
po:steIQ, and the "NO 

host. 

If a dial tone is found, 
When a P is em;otmtlered 

moCeltn continues to dial. 
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up to 10 seconds to for another dial 
returns the "NO TONE" message to 
if a dial tone is not When a W is 

the dial modem delays for 
seconds before continuing to dial. Consecutive 

W's are allowed in a dial 

nU1um,,,, a P or W is not followed with an I in a dial 
string, the next digits are tone-dialed. When an I 
follows a P or W, all following are pulse-dialed 
until a W, or end of command ([CRD is detected. 

"'VI' .. .,.,T 0 through 9, 
allows the user to 

the dial string for 

The checks the telephone again after it has 
dialed the digits in the dial a dial tone is found 
immediately. the dialed digits are not recorded and 
modem posts this to the status characters, hangs up, 
and "UNSUCCESSFUL" message to 

the line is busy, posted to the status 
", .. ", ... T"",~" and the modem up and returns the 

host. the line is ringing, 
mo'Oeltn DI:::l:m1S counting the of rings. If this 
count exceeds the value COUNT + 3, the modem 
hangs and takes the same as above. If no 
answer tone is detected within seconds after 
completion of dialing. the hangs up and 

same actions as above. 

if the call is answered, the modem either looks 
and begins the sequence (if it is 

data or modem silent (if it is 
In the modem 

reS1JODlse (1) when the 
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or (2) if it is found 
it also possibly dials voice state, 
ringback count and abort time out are not used. 

If, during the of establishing data link after 
dialing, the modem receives any i"h~''''''t'·I"''' .. 
or - DTR ' , the -..../ 
with a clean disconnect, clears the u<uu,u .. "", 

command sends an "OK" Also, the 
modem not carry out the instruction sent from the 
host, even if character is a character. 

In the data the modem transmits a after 
successful completion of the handshake, or after it has 
determined the handshake An unsuccessful 
handshake is evidenced by absence carrier at the 
proper 

If a carrier two seconds in the 
data state, lasting 
approximately 17 seconds. At the of the timeout, 
the modem hangs up. Any command received during 
the 17 seconds resets the timer. 

The modem reel,talJlllSn the 
connection if returns 
interval. allows the user or .,""I"h"'."' .... 
by modem to go voice state, 
to hang up immediately, or to take some other action. 
The data connection may also be terminated by a 
HANGUP command while carriers are still present. A 
voice is always terminated by a HANGUP 
command. 
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Default State 
power up or an IN1TIAL1ZE command is 
the modem returns to default state as 

follows: 

• A verification of h.u·,.h",,,,,1''' int,P01'itv 

and the result posted 
• The remaining status cleared. 
• The modem is the data state awaiting a 

dialing request or ring. 
• The Transparent mode is cleared. 
• All loop back modes are cleared. 
• The wait mode is clt~'i:l.Celu. 
• The command is set to Control-No 
.. The data format is set to 7 data bits, even parity, 

and one stop bit. 
• Ringcount is set to 0 (auto answer 'disabled I ) 

.. The modem is set to on··nOOK. 

.. The message mode is set to verbose. 

Programming Examples 
progress reporting is done two modes, verbose 

messages or terse as defined in LONG 
RESPONSE to In (SIN) pin 
8250A. The power-up default is the verbose lll".,.,af;;"" 
mode, and the modem are 
capital letters. 
status area is updated. 

The following examples are representative of real-time 
call-progress reporting. italicized entries are user 
entries. 
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Example 1: 

OK {ccjDial 555-1234 feR] 
NO TONE 
OK 

this no dial tone is detected within 
the time out period. 

Example 2: 
OK 
{ccjDiaI555-1234 {eR] 

1234 ................... .. 
RING .................................. CONNECTED OK 

In this a modem answer tone is detected. 

Example 3: 
OK 
{ccjDiall(301j555-1234 feR] 

BUSY 
OK 

In this example, busy is detected. 
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EXjlmple4: 
OK 
[cc}DiaI555-1234 {CR] 
5551234 ...... .. 
RmG ....................... .. 
RING ............................ . 

ANSWER 

In this ex~unJ)le, ring .count is exceeded 
before stops. 

Example 5: 
OK 
. [cc}Dial {CR} 
5551234 ........ . 
RING ........................................ . 

......................... UNSUCCESSFUL 
OK 

this example, a failed-calltime-out occurred an 
answer tone was not detected within allotted time. 
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[cclDiaI99P555-1234 
99 ......................................................... .. 
. ............... NODIAL 

this example, the " ...... 'J ......... 

out period. 

Example 1: 

"'''', ............ 99P421-7229 feR] 
99 ............. BUSY 
OK 

is not detected the 

example, busy is detected within the time-out period.-. .... / 
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Example 
OK 
[cclDial 
99 .......................................................... . 

answers. 

Example 9: 
r~ OK , 
\~~ [cclDial 

555 

OK 

access code is dialed and two dead waits are 
sec:ond nlumlber is dialed and a modem 

55S1234 ................. BUSY 
OK 
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Modes of Operation 
The different modes of operation are selected by 
programming the 8250A Asynchronous 
Communication Element. This is done by selecting the 
I/O address (hex 3F8 to 3FF) and writing data out to 
the card. 

The 8250A is externally programmed to provide 
asynchronous, ASCII, 10 bit character length including 
start, stop, and parity on the serial-output pin (SOUT, 
pin 11). The data rate is 110 or 300 bits-per-second. 
The commands can be either upper-case or lower-case 
characters. See the command, Format [n], earlier in this 
section for additional information. 

For further information refer to "Bibliography." 
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Hex Input! 
Mode. 

Address Output 1 2 Notes 

3F8 XX XX * 
C 3F8 XX XX * 

75 F9 ** 
3F9 01 03 ** 

Write * 
3FA Read XX XX 

Write lA 03 
3FC Write 01 01 
3FD Read XX XX 
3FE Read XX XX 
3FF Write XX XX 

control Register). 
control Register). 

1 Stop Bit, Even Parity. 
I Stop Bit, No Parity. 

r--. 
/ 
'~. 8250A Register Description 
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Interrupts 
One interrupt line is provided to the system. This 
interrupt is IRQ4 and is 'positive active.' The interrupt 
enable register must be properly programmed to allow 
interrupts. 

Data Format 
The data format is as follows: 

DO 01 02 03 04 05 06 07 

! • • • • ! ! • 
Transmit Start Parity Stop 
Data Bit Bit Bit 
Markmg ---

Transmitter Output and Receiver Input Data Format 

Data bit 0 is the first bit to be transmitted or received. 
The attachment automatically inserts the start bit, the 
correct parity-bit if programmed to do so, and the stop 
bit. 

Interfaces 

8250A to Modem Interface 

The following describes the 8250A to 103 modem 
interface: 

Signal Description 

3-70 Internal Modem 



Int,I'!1'n1ll1 Modem 



is wired 'active' on 
the adapter. 

... .nSR Ready 

This is wired I active I on 
the modem adapter. ~., 

-RLSD Line Signal 

'low' • this line 
data 

detected. If the 
drops out for longer two 

this line goes 
I inactive I and starts the 

timer. 

.;..RESET, lines are used to reset 
or the modem 
upon power-up. These 
are synchronized to the falling 

--../ 

edge of clock. Its 
upon power 
-RESET is 

low' +XRESETis 

AO~Al,A2,A9 Address bits 0 to 3 and bit 

on the 

-MODEM is 'active' for 
DISKETTE addresses hex OFO thru OFF 

and thru 3FF. It is gated 
withA9 the 8250A to 

--./ 

decode 

,IntemaJ Modem 



DOtbmD7 Data bits 0 thru 7: 

These eight lines form a bus 
through which all data is 
transferred. Bit 0 is the least 

( significant bit (LSB). 
~. 

-lOR The content of the register 
addresses by line AO thru A2 
is gated onto lines DO thru D7 
when this line is 'active', 
-MODEM CS is I active I ,and 
A9 is 'high. ' 

-lOW The content of lines DO,thru 
S7 is stored in the register 
addressed by AO thru A2 at 
the leading edge of this signal 
when .;.MODEM CS is 
I active' , and A9 is 'high. ' 

(' 
'--/ BAUDCLK . This is a 1.7895 MHz clock 

signal used to drive the Baud, 
Rate Generator. 

+MODEMINTR This line is connected to the 
+IQRP4 on the 8259A 
Interrupt Controller. 

-CARD INSTALL This line indicates to the 
system BIOS that an ffiM 
PCjr Internal Modem is 
installed in the feature 
location. 

-----.. 
( 
I 
\ 
~ 
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Telephone Company Interface 

The telephone company interface is a 600 Ohm, 
balanced, two-wire telephone-interface design that 
meets the FCC Part 68 rules. A 2.13 meter (7 foot) 
modular telephone cord is included with the modem 
adapter. 

Line-status detection of dial tone, ringback tone, busy, 
and incoming ring is provided along with automated 
routines which react to detected conditions. 

The modem card has one USOC RJ 11 jack. 

System I/O Channel 

The following shows pin assignments for the system 
board modem connector. Pins Al to A15 are on the 
component side. 
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D 

G'OUnd;n~ ::7 J!~~~~~~i~~~~l 
Connector Connector 

815 

Internal Modem Connectors 
( 

"'-
Signal Name Pin Number 

UNUSED 1 

UNUSED 2 

Telephone RING 3 Modem 
Cable TIP 4 

UNUSED 5 

UNUSED 6 

Connector Specifications (Part 1 of 2) 
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Signal Name Internal Modem Signal Name 

+5 Vdc B01 A01 07 

-MODEM CS/OISKETTE CS 06 

A9 06 

-RESET GND 

GND B05 A05 04 -" 
A2 03 

A1 02 

AO GNO 

GND 01 

-lOR B10 A10 DO 

-lOW MODEM INTERRUPT 

GND GND 

-CARD INSTALL BAUDCLK 

+XRESET +5 Vdc 

+5Vdc B15 A15 +12 Vdc 

All levels are lSTLL compatible. 

Connector Specifications (Part 2 of 

-.-" 
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IBM PCjr AttacbableJoystick 

Attachable Joystick is an input device intended to 
provide the user with two-dimensional 
positioning-control. Two pushbutton switcJles 

the user additional 

Hardware Description 
moaes of operation of the are 

"Spring Return" mode the control 
center position when relleasea. 

mode allows smooth, 
with the control stick remaining 

Selection of these modes can be 
each axis independently. Two controls are provided for 
individual adjustment to the electrical center of 
axis . 

.. Functional Description 

Positional information is derived from two 
potentiometers Rx and Ry. The 
potentiometers will vary from 0 to lOOK 
nominally as the position of the C01tltr.:>1 

left to (X-axis) 
A linear taper is on 

so a linear relationship exists ....... t'w ... ~·n glUe ......... 

displacement of the stick and 
centering for each axis is acc~n:lpllsnf~a 

controls by mechanically 
potentiometer. Adjustment in marmer 

of varying the mininlum and ma:lim.um resitstance 
relative to the extremes of the angular displacement. 

two pushbuttons provided on are 
single-pole, single-throw, normally-open pushbuttons. 
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are the logic diagram and specifications 
two Attachable Joystick connectors. 

A4 • +5 V 0-------_4��-------------. 

B2·Rxcr----~----~< 
X· Position 
Potentiometer 

A3-Ry~----------------------_a~--------~< 

B4·S10----------------~O 
Switch 1 

83· S2 O~~~~~---O 
Switch 2 

A2 . GND 0---------------------------------' 

Attachable Joystick Logic Diagram 

Attachable Jo • ell 

y. Position 
Potentiometer 
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Attachable Joystick Connector 

Signal Name Pin Number 

Keyplug A01 

1--- lOGIC GNO ------A02 ----I 

-- V-AXIS RESISTANCE A03 --""'901 

....... -- +5 V A04 ----I 

Joystick SHIELD GND B01 ---....j 

--X-AXIS RESISTANCE B02 --"""",,0-1 
--SWITCH B03 ---..I 

System 
Board 

SWITCH B04 --"""""1. __ _ 

Connector Specifications 
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Notes: 
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IBM Color Display 

The IBM Display is a Red/Green/Blue/Intensity 
(RGBI)-Direct-Drive display. that is independently 
housed and powered. 

Hardware Description 
The IBM Display's 
1.5 meters (5 in length. signal cable must be 
attached to the IBM PCjr with the PCjr Adapter 

the IBM Color Display which provides a 
connection the IBM PCjr 

A second provides ac power to the display a 
standard wall The display its own power 
control andindicator~ The display will either 
120:..volt 60-Hz power or 220-volt power. The 
power supply in the display automatically switches to 
match applied power. 

a 340 mm (13 in.) 
circuits are in an so the 

display may be placed separately from the system unit. 
Front panel controls and indicators include: .... r""I''''?·_1 
control, indicator, and 
controls. Two ... ,.U . .uUVH.""r."",r,_",> 

Vertical Hold and Vertical-Size ,,"' ... i-.. ".I" 
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Operating Characteristics 
Screen 

• contrast (black) screen. 
• up to colors. 
• defined an 8-high 8-wide JLU", ..... ", ... 

Video Signal 

• Maximum video bandwidth of MHz. 
• Red, green, and video-signals, vertical sync, 

horizontial sync, and are independent. 
All input signals are compatible. 

Drive 

• Screen refreshed at 60 Hz with 200 vertical lines 
resolution. 

iOfllZOIltal Drive 

• horizontal drive frequency is 15.75 kHz. 
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Color Direct
Drive 9-Pin 
D-Shell 
Connector 

Color-Display Connector 

IBM Color 
Display 

Signal Name Pin 

Ground --------- 1 
Ground 2 

-----------------3 
Green --------- 4 
Blue 5 

'ntensity 6 

N~U~d 7 

Horizontal Drive 8 

Vertical Drive 9 

Connector Specifications 

9-Pin 
Connector 
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Notes: 
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IBM Connector for Television 

Connector for Television is a sealed Radio 
Frequency (RF) Modulator that imposes composite 
video and audio signals onto RF carrier-wave 
supplied by modulator. The connector unit has two 
two-position switches. One switch selects between the 
computer's signal or standard-TV from an 
antenna as the input to TV. other switch 
selects channel 3's or 4's ... ''', .... ''', .. _,,IT'''., .. 

input to the TV. This allows users to 
.... ",,"uu;;, TV channel their area reclUcmg 

the amount of interference with the computer's input 
Signal input from the computer is provided a 

five-conductor cable a six-pin mM PCjr-dedicated 
connector. Two spade-lug terminals provide 

-c&Aj'~"'LllLC&-"''''UA''' connection. twin-lead flat-type 
..... ".",,,, .. '" input to the 

following is the connector specifications for the 
mM Connector for Television. 
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1111~ljlll~Wjlllll Ij~~ !!,QJOJ' 
~:::" 

" 

Connector for TV Connector 

+12 Volts 

No Pin 

Video 

System Unit 
Connector 

Connector Specifications 

3-86 Connector for Television 

logic GND 
Audio 

Shield GND 

_/ 



IBM PCjr Keyboard Cord 

PC}r Cordless Keyboard can be attached to 

Keyboard Cord is a 1.8 meter 
with a six-position RJ 1 

The 
foot), two twisted-pair 

connector for the 
1r .. ",hna1"rI and a six-position M .. , ..... _·nm' .. connector for 

<:!u<:!1t .. n'I unit. 

Keyboard Cord option should used in an 
V.l.Ull"".!L that is unfavorable for use of the infra-red 

..... ',..au.'....... brightly light areas, 
IBM PC}r areas can 

one another. 

n<;t""M1f'.n of the cord's keyboard connector into the 
actuates switches internal to keyboard. 

SWltCJl1eS 'deactivate' the transmitter by 
the power supplied by keyboard's 
The system (IR) receiver 

is I disabled' by the CONNECT 
"'.l'lA ........ , supplied when the end of the cord is 

figures show 
Keyboard Cord. 

connector specifications 
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Keyboard Cord Connectors 

Signal Name Pin·Number 

A01 Keyplug 

-CBl KEYBD DATA----A02 --"" 2 
5 +5 V A03 ---I System 

Keyboard B01 

-CABlECONNECT --B02 ---iOOl 
3 lOGIC GND B03 ---I 

Connector Specifications 
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Board 
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IBMPCjr Adapter Cable for Serial 
Devices 

Aaantler Cable for Serial Devices is a 72 mm 
(3-inch) long, nine-conductor cable terminated with a 
16-position Berg-type connector and a ,,-,-unI 

." ... """' ...... connector. This cable allows 
a standard L>Ll"'-A",""" • .J"'''-' 

figures show the connector spe:ctt:ica1ti011S 
Cable for Serial Devices. 

Adapter Cable for Serial Devices 

Serial Devices Cable" 



System 2S-Pin D-Shell 
Connector Cable Connector 

A1 Not Used 

A2 DATA TERMINAL READY 20 

A3 REQUEST TO SEND 4 
A4 TRANSMIT DATA 2 

AS CARRIER DETECT 8 
A6 DATA SET READY 6 

A7 CLEAR TO SEND 5 
A8 RECEIVE DATA 3 
B1 SHIELD GND 1 
B2 SIGNALGND 7 

B3 B8 Not Used 

Connector Specifications 
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IBM PCjr Adapter Cable for Cassette 

This option is an adapter cable that allows COlmectl()D 
of a cassette recorder to the mM PCjr cassette 
connector. 

cassette recorder to be connected must use 
type connectors: 

.. Style-51 miniture nfl(me"Dlllll 

.. Style-51 miniture nncme··nUII! (l~ar)hone) 

.. Style-56 subminiture phone-plug "'£~W'~.~ 

following figures show the connector "'V"'''Ul''''UV1,UJ) 

for the Adapter Cable for Cassette. 

j,U·UillnT'~,. Cable for Cassette Connectors 
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GND 

EARPHONE 

MIC 

REMOTE 

A1 

A2 

A3 

A4 

81 

82 

83 

84 

Connector Specifications (System 
1 2) 

ette Connector 

Signal 

Aux. IRed) 

Gnd 

Signal 

Ear IBlack) 

Gnd 

Signal 
. Remote (Gray) 

Gnd 

Keyplug 

AUX. 

REMOTE GND 

SHIELD 

System 
Connector Pin 

i B2 

! A1 

A2 

A1 

A4 

B3 

Connector Specifications (Recorder End) 
(Part 2 of 2) 
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IBM PCjr Adapter Cable for the IBM 
Color Display 

This adapter cable allows IBM Color Display to be 
connected to the IBM PCjr. 

connector specifications 
Color Display. 

Color Direct
Drive g·Pin 
D-Shell 
Connector 

Adapter Cable for IBM Color Display Connectors 

Color Display Connector 



System 
Connector 

A1 

A2 

A3 
A4 

AS 

AS 

A7 

A8 

AS 

81 

82 
83 

B4 

B5 

B6 

87 
B8 

89 

Cable 

Not Used 

Not Used 

Not Used 

Red 

Green 

Blue 

Intensity 

Not Used 

Not Used 

Vertical 

Not Used 

Horizontal 

Not Used 

Ground 

Not Used 

Not Used 

Not Used 

Ground 

Connector Specifications 

3-94 Color Display Connector 

9-Pin Color 
Display Connector 

5 

3 

S 

4 

9 

8 

2 

1 



IBM PCjr Parallel Printer Attachment 

The Parallel Printer Attachment 
I/O devices that accent 

data at standard TTL-logic 
76mm (3 inches) high by .l'l4.mm 

The Parallel Printer Attachment as a feature to 
the right-hand side of the system It connects to 
the 60-pin Input/Output (I/O) connector where power 
and system-input signals are A parallel 
printer attaches to the Parallel Attachment 
through a 25-pin female connector located 
on the rear edge of the a and 
shield can be attached. The logic is compatible 
with the IBM Personal Computer adapter. 

attachment card has 12 buffer-output points 
are latched and can be 'written' 

under program control using the pro1ces:sor 
I I instructions. 
steady-state input-points that 
processors' '~' 

In addition, one input can also be used to create a 
processor interrupt. This interrupt can be I enabled I 
and I disabled I under program control. I Reset I from 
the power-on circuit is also ORed 
program-output point allowing a a 
power-on 'reset' when the pro1ces:sor 

When the Parallel Printer Attachment is used to attach 
a printer, data or printer COInmamls 
8-bit latched output-port, 
I activated I to I write' data to 

...... ,~ ...... ''''1'n can then 'read I the input 

Parallel Printer Attachment 3-95 



status indicating when next '-' .. uu .. ~,~v .. can be written. 
or it may use interrupt line to not busy to 
the software. 

The output ports can also be 'read' at the card's 
interface for diagnostic-loop functions. This allows 
fault-isolation determination between the printer 
attachment and the attached printer. 

Description 
,<!u"t""m 1/0 ' I or I I , with proper 

..... , .... "'.,,,, selection, data may be· 1 
I to or ' 

, 
from Parallel :Printer Attachment. The data 
Control Registers must be manipulated by system 
software to be consistent with attaching hardware. 

following is a block diagram Parallel Printer 
Attachment 

3-% ParaDe1 Printer Attachment 



8 8 

Bus Buffer 

8 

Enable 

..... - ......... 1 Trans" .............. 4--""'"1 .... ......, 
ceiver 

ADRS 

XIO/-M 

READ 
DATA 

WRITE DATA 

WRITE CONTROL 

READ STATUS 

READ 
CONTROL 

. Command 
Decoder 

Bus 
Buffers 

3 

Data Latch 

25·Pin· 
Connector· 

CLK 8 

Control 
latch 

CLK 

CLR 

Drivers· SLCT IN 
STROBE 
AUTO 
FDXT 
INIT 

ERROR 
SLCT 
PE 
ACK 

L-______________ ~--------------~ BUSY Reset ______________________ ~ 

Parallel Printer Interface Block Diagram 



System Interface 
Printer Attachment reserves aa(lre~,ses 

through hex 37F. IO/-M must be ' 
, when addressing the Parallel Printer Atl;acllIn~mt. 

seJ(~cte)a signal (-CARD SLC1D) is nrn'lfl1,-11 

"'I.7.,1~ .. WI I/O when the above addresses are 
10/ -M bit is I active high. ' 

~P~~Cl1tC commands are decoded from AO, Al, RD. 
WR the following table. Input A2 is not used. 

Addresses (hex) Operation Comments 

'Read' Read 

379 'Read' Read Status 

'Read' Read 
Latch 

'Read' Unused 

'Write' Write 

'Write' Unused 

'Write' Write 
Latch 

'Write' Unused 

IraIlSlers take place over the 8-bit I/O 
provided by 8088 

mic:roPI'oce:ssor (lOR, lOW. 10/-M) 

interrupt is provided to the system through 
connector the Parallel Printer Attachment. 



... t,,,.....,,,, ... is 'positive active' , Level 7 
(+IRQ7). Bit 4 of control 
high' to allow interrupts. When -ACKnowledge 

( 'low active I signal I high') the 1/0 11;:>""(";:> 

causes a level 7 interrupt. the following figure. 

-ACK-----

+IQR7/-ACK logic Diagram 

Programming Considerations 
Parallel Attachment can serve as a O'p.t'lp.'I':>l1 

purpose peripherial driver. section describes a 
configuration which supports attachment to the mM 
Graphics Printer. 

Command Definition 

For parallel-printer application, the following bit 
definitions apply. 

Data Latch - Address hex 378 

A I to this address causes data to 
the data A I read I this <0'"11'''''''''' 

presents the contents of the data latch to the processor. 



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

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

Data latch Format 

Printer Status - Address hex 379, hex 7D, Input 

provides real-time feedback and status to 
.,uc, ......... from the printer. 

3-100 Parallel Printer Attachmeot 
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MSB7 

6 

5 

4 

3 

2 
Through 
OLSB 

Signal 
Name 

-BUSY 

+SLCT 

-ERROR 

Description 

When this signal is at a low level, 
is busy and cannot 

It can become low 
during data entry, off-line printing, 
head translation, or error state. 

When port B is read, this bit will 
represent the current state of the 
printer ACK signal. A low level 
means that a character been 
received and the printer is ready to 
accept another. Normally, this 
signal will be low for approximately 
5 microseconds before BUSY 
away. 

A low level indicates that the printer 
has an end of form. 

A level UUJ"'-''''''-''' that 
printer is selected. 

A low level indicates that the printer 
encounted an error condition. 

Unused. 

Printer Status 

Printer Control - .t·UIIUH~ 37A 

port contains printer control signals. A 'write' 
latches control bits to the printer; a 'read I presents the 
contents of the latches to processor. the 
following timing diagram: 



- ACKNlG ------, 

- STROBE -------;:-.--_ 

Parallel Interface Timing Diagram 

The following describes the printer control 
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Bit 

MSB7 
Through 
5 

4 

3 

2 

o 

Printer Control 

Signal 
Name 

+INTERRUPT 
ENABLE 

IN 

INIT 

AUTOFD 

Description 

A high in pOSltIon 
will allow an interrupt to 
occur when -ACK goes high. 

A low level will initialize 
printer (50 microseconds 
minimum). 

A low level cause the 
printer to line feed anytime a 
line is printed. 

A 5 microsecond (minimum) 
low active pulse docks data 

the printer. Valid data 
must be present for 5 
microseconds (minimum) 
before after 
pulse. 

following are the connector specifications for the 
IBM PCjr Parallel tl.-i,,,,+,,, .. At1tacllunlent. 

Parallel Prh,t,s.? Attachment 3-103 
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Parallel Printer Attachment Connectors 
f~ 
,~ 

25-Pin "D"-SheIl'Connedor 

Pin Max lOB Max Source 
~ 

rna Attachment 

2 DATA BIT 0 24 rna -2.6 rna Attachment 
Through Through Card 
9 DATA BIT 7 

10 -ACK Input 
11 74LS Input 
12 74LS Input Printer 
13 74LS Printer 
14 -AUTO Attachment 

FDXT Card 
15 -ERROR 74LS Input 
16 -I NIT 14 rna. 

17 14 rna .6ma Attachment 
INPUT Card 

18 GND N/A N/A 
Through 

Connector Specifications (Part 1 of 2) 

3-104 Parallel Printer Attachment 



Parallel Printer 
Attachment to 1/0 

Signal Name Expansion Connector Signal Name 

D1 B1 A1 DO 

D2 +12 Vdc 

D4 D3 

GND D6 

D7 85 AS D6 

AO +5Vdc 

A2 A1 

GND A3 

A5 A4 

A6· 810 A10 GND 

A8 A7 

-DACKO A9 

A11 A10 
A12 DRQO 

GND 815 A15 A13 

A15 A14 

GND A16 

A17 GND 

A19 A18 
GND 820 A20 -lOR 

-MEMR ~IOW 

-MEMW GND 

ALE HDLA 

GND CLK 

10/-M 825 A25 RESET 

READY +5Vdc 

-CARD SLCTD -HRQ 

GND IRQ1 

IRQ7 IRQ2 

AUDIO IN B30 A30 Reserved 

Connector Specifications (Part 2 of 2) 



Notes: 
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IBM Graphics Printer 

The ffiM Printer is a seJf-powered, 
stand-alone, tabletop unit attaches to the system 

through a parallel-signal cable, obtains 
120 Vac power a standard outlet through a 
seperate cable. It is an 80 CPS {characters per SeCOml} 
bidirectional, wire-matrix device that can print in a 
compressed mode of 132 characters per in a 
standard mode of 80 characters per line, in a double 
width-compressed mode of 66 characters per and 
in a double width of 40 It can 
also print double-size It 
prints the standard ..................... 
lowercase sets and has a set of 64 special 
block characters. It bas an extended character set for 
intemationallanguages, subscript, superscript, an 
underline mode, and programmable graphics. 
Graphics printer accepts commands set the 
line-feed control desired the application. 

It attaches to system unit the PCjr 
Parallel Printer Attachment. cable is a 
25-conducter, shielded cable with a 25-pin "On-shell 
connector at the system unit end, and a 36-pin 
connector at the printer end. 

Printer Specifications 
Print Method: Serial-impact dot maltnx 

Speed: 80 CPS 

Print Direction: Bidirectional with logic seeking 

Number of Pins in Head: 9 

Prin 3-1 



Line Spaclog: 1/16 inch (4.23 mm) or pro,grrunmllble 

UJUlIf.,U"" Characteristics: 9 by 9 

Character Full 96-character ASCn 
descenders plus 9 international characters/symbols 

Graphic Characters: See" Additional Pri .. tt", ... 

PrintiDg Sizes: 

Normal 10 characters-per-inch 
maDmwmmSOcha~~;te~s-ple~jme 

Double Width 5 characters-per-inch 
maDmwmof40cha~·ters 

Compressed 16.5 characters-per-inch 
maDmwm of 132 .... n!' ... !ll.r-I"""rC! 

Double Width-Compressed 
S.25 characters-per-inch with a 
maDmwm of 66 characters per line 

Subscript 10 characters-per-inch with a 
maDmwm of SO characters per line 
10 characters-per-inch with a 
maDmwmofSO 

Media Hand6ng: Adjustable sprock:et-IPin··tee~d 
"+-ll(1Cn (101.6 to 10-inch (254 mm) 

nritri ... ", I plus two carbon copies (total not 
exceed 0.012 inch (0.3 mm», minimum 

tmc:kness of 0.0025 inch (0.064 

Interface: ParallelS-bit data and control 

Inked. RI"bbon: Black, cartridge type with a 
3 million characters 

3-108 PrInters 
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Environmental Conditions: Operating temperature is 
5 to 35 centigrade (41 to degrees 
Fahrenheit), operating humidity is 10 to 80% 
non-condensing 

Power Requirements: 120 60 1 A mamnlum 
with a consumption of 1 00 VA ma:lim.um 

Physical aw:acteristics: 

Height 
Width 
Depth 
Weight 

107 mm (4.2 ~.", •• "",; 
374 mm(14.7 
305 mm (12 inches) 

kg (12 pounds) 

Additional Printer Specifications 

Printing Characteristics 

Character Set 

Set 1 Additional ASen numbers 160 
to 175 contain European 
characters. 176 to 

Selt~cte:a Greek-characters. 
Numbers 240 to 255 contain 
math extra symbols. 

2 The differences in 2 are 
ASen and 21. 

................ '" 128 to 175 
contain characters. 

Graphics There are 20 characters 
programmable graphics. 



Switch Settings 

There are two Dual-Inline-Package (DIP) switches on 
the control circuit-board. In order to satisfy the 
SDe(;tIIC requirements, desired control are 
Sel€~e:Q by the DIP switches. The functions of 

their preset conditions at the of --" 
~hl1.wn in the following tUZ\1lfes. 

DIP Switch 2 DIP Switch 1 

o 
o 0 ~D 0 

Location of DIP Switches 

3-11 0 Printers 



Number 

1-1 

1-7 

1-8 

Function 

Not Applicable 

Full 

Character 
Generator 

On 

Print 
Only 

Set 2 

IN Signal Fixed 
Internally 

"..,., ....... and Conditions of DIP Switch 1 

Function On 

Length 12 Inches 

1/8 Inch 

Fixed 
Internally 

I Inch Skip Over Valid 
Perforation 

Functions and Conditions of DIP Switch 2 

Off 

Not 
Internally 

Off 

II 

Invalid 

On 

On 

Position 

Off 

Off 

11 



Parallel Interface Description· 

Specifications 

Data Transfer. Rate 

Synchronization 

SignaJExcbange 
Logic level 

Connector 

1000 cycles..,per-second 
( cps)-(maximum) 

-By externally-supplied 
STROBE pulses 
-ACKNLG or BUSY signals 
Input data and all 
interface-control-signals are 
compatible with the 
Transistor-Transistor Logic 
(TIL) level. 
Plug 57 -30360 (AmphenoI)_ 

Connector-pin assignments and descriptions of 
respective interface-signals are provided in the 
following figures. 

Data .Transfer Sequence 

-The following figure shows the Parallel Interface 
Timing. 

34 12 Printers 

-' 



BUSY ---------:-'"'1 

ACKNLG ----, 

DATA------------~ 

I 

Parallel Interface Timing Ois.nr,Am 

Interface Signals 

-Strobe 

Data 

-ACKNLG 

BUSY 

to read data Pulse 
be more than 0.5 at the 

receiving. terminal The signal is 
.normally 'high'; however read-in of 
data is performed at the I level 

this signal. 
signals are the first to bits 

of parallel data. signal is at a 
I high I level when data is .a logical 1 
and 'low' when data is a logical O. 
Approximately O.5p;spulse (low) 
indicates that has been received 
and the printer is ready to data. 

I signal indicates. that the 
printer cannot receive data. The 

. signal is I high' in .the following cases: 
.. During data entry 



• During printing operation 
• In the "off-line" state 
• During printer-error status 

PE A 'high' signal indicates that the 
Drtnte:r is out of 

Dnme:ris 
in the selected state. 

Auto FeedXT When signal is 'low' paper is fed 
one line after printing. signal 

can be fixed 'low' by DIP 
pin 2-3. 

]NT this signal is 'low' the printer 
controller is reset to its state 
and the buffer is cleared. This 
signal is normally 'high' and its pulse 

must be more than 50 p.s at 
.. "" ... ""iuina terminal. 

Error is 'low I printer 
is in the "Paper End," uOff Line," 
and state. 

-SLCTIN Data entry to the printer is possible 
when this is 'low I • 

can be fixed 'low' by DIP 
switch 1-8. 

Notes: 

1. All interface C011cliltiOIlS 

Both the rise 
less than 0.2 I's. 

Data must not 
-ACKNLG or BUSY 

The following figure shows 
direction of 

carried out by ignoring 
Data 

-ACKNLG or 

pin assignment and 



Signal Return 
Signa) Pin # Pin # Direction 

1 19 In 
2 In 
3 21 
4 22 
5 23 In 
6 24 
7 25 In 
8 26 
9 

10 28 
11 29 Out 
12 30 Out 
13 Out 

AUTO XT 14 In 
NC 15 
OV 16 
CHASSIS GND 17 
NC 18 
GND 19-30 

31 In 
32 Out 
33 
34 
35 
36 

Graphics PrinJer can use any of the 
COllrlOUtlaUOns listed in the following 

can be changed at any place 

Modes can be selected and combined if they are in 
same vertical column. 



Printer Modes 

Normal X X X 
Compressed X X X 

.h"";,..,,,rl X X X 
Double X X X 
Subscript X X X 
Superscript X X X 

Width X X X X X X X X X 
Underline X X X X X X X X X 

Printer Modes 

Printer Control Codes 
the following pages are complete codes for printer 

characters, controls, and graphics. You may want to 
keep them handy for future reference. The printer 
codes are listed in ASCII-decimal numeric~order 
NUL which is 0 to which is 127). examplesJ, 
given in the Printer-Function descriptions are written in 

BASIC language. "input" description is given 
when more information is needed for programming 
considerations. 

ASCII deCImal 
found 

for the ......... 1' .... control codes can 

The Descriptions that follow assume that the printer 
DIP switches have not been changed from their factory 

Printer code 
NUL 

Printer Function 
Null: 

B ESC D as a list 
ter:mirlat()r. NUL is also used with 
other printer. 



BEL 

lIT 

CR 

exampl.e. ESC S). 

... v .. u ..... the printer buzzer for 1 sec:on,Q. 

CHR$(7); 
Horizontal Tab: 

to the next horizontal tab stop. Tab 
are set with ESC D. Tab are set 
8 rolumns when the is powered 

on . 

...... <l, ..... ., the paper up one line. 
is 1/ 16-inch unless reset by 

1, 2, or ESC 3. 

t1u~,nl""'!Il the paper to the top next 

Note: The location of the 
prulter is powered on, top of 

The next top of page is 11 inches 
from that position. ESC C can used to 
change the page length. 

LPRINT CHR$(12); 
............ u .... l!'>"" Return: 

the line that the printer is on 
the data remaining in printer 

(No Line Feed operation 



so 

SI 

DC2 

DC4 

CAN 

ESC 

ESC-

Note: mM Personal Computer BASIC adds a Line 
unless 128 is added example 

CHR$(141)]. 

LPRINT CHR$(13); 
(Double Width): 

v.u.~.u~iv;:, the printer to 

Note: Carriage Return, 
cancels Double-Width DriJ1t-llnod.e. 

CHR$(14); 
In (Compressed): 

printer to 
nnlnt-rnof1le. Example: 
LPRINT CHR$(15); 
Device Control 1 (Compressed Off): 

print-mode. 

orDC4 

Stops printing in the Compressed print-mode. 

CHR$(18); 
Control 4 (Double Width 

CHR$(20); 
Cancel: 

the printer buffer. Control codes, 
except SO, remain in effect. 

LPRINT CHR$(24); 

the printer know that the next data sent 
is a printer command. 



o 

ESCl 

ESC 2 

3 

ESC 6 

~ 

ESC 7 

V.I. .. "'.... ESC -;n; 
- followed by a J. prints an of the following 

data with an underline. 
ESC - followed by aO (zero), cancels the Underline 
print-mode. 
Example: 

CHR$(27) ;CHR$( 45);CHR$(I); 
Escape Zero (l/8-Inch 
Changes feeding to tl8-inch. 
Example: 
LPRINT CHR$(27);CHR$(48); 
.escape One (7/72-Inch Line 
Feeding) 
Changes feeding to 7/72-inch. 
Example: 

CHR$(27);CHR$(49); 
.i:1scape Two (Starts Variable 
Line-Feeding) 

2 is an execution command for ESC A. 
no ESC A command has given, line reec:Jmg 
returns to tI 6-inch. 

LPRINT CHR$(27);CHR$(50); 
Escape Three (Variable 
Line-Feeding) 
Format: 3;n; 

paper to n/216-inch. The 
ex~mple that follows sets the paper "''''''''''"'-'1''. 

to 54/216 (1 The value 
between 1 and 
Example: 
LPRINT CHR$(27);CHR$(51);CHR$(54); 
Escape Six (Select Set 2) 
:sel€~cts Character 2. (See "Printer 
Character set 2") 
Example: 
LPRINT CHR$(27);CHR$(54); 
Escape (Select Set 1) 



ESC 8 

ESC 9 

., ESC< 

A 

3-120 Printers 

Selects character set 1. (See "Printer 
Character Set 1") . 
Character set 1 is selected when the printer . 
is powered on or reset. 

LPRINT CHR$(27);CHR$(55); 
bsc:ape Eight (Ignore Paper End) 
Allows the printer to print to the end of the 
paper. The printer ignores the Paper End 
switch. 

LPRINT CHR$(27);CHR$(56); 
.cscane Nine (Cancel Ignore·Paper 
End) 
Cancels the Ignore Paper End command. ESC 9 

the is powered on or 
reset. 
Example: 
LPRINT CHR$(27);CHR$(57); 
Escape Less Than (Home Head) 
The printer head returns to the left 

to print the line following ESC <. 
This occurs for one line only. 
Example: 
LPRINT CHR$(27);CHR$(60); 

(Sets Variable 

Format: ESC A;n; 
Escape A sets the line-feed to n/72-inch. 

example that follows tells printer to 
set line to 24/72-inch. 2 must 
be sent to printer before the 
feeding changes. example, ESC A;24 
(text) 2 (text). The text following 
A;24 spaces at previously set 

text i'nll!nU1~n(f 
2 prints with newline-feed ---' 
increments of 24/72-inch. Any increment 
between 1/72 and 85/72-inch may be used. 



ESCD 

Example: 
LPRINT 
CHR$(27);CHR$(65);CHR$(24);. 
CHR$(27);CHR$(50); 
Escape C (Set Lines-per-Page) 
Format: ESC C;n; 
Sets the page length. The ESC C command must 
have a value following it to specify the 
length of page desired. (Maximum form length 
for the printer is 127 lines.) The example 
below sets the page length to 55 lines. The. 
printer defaults to 66 lines-per-page when 
powered on or reset. 
Example: 
LPRINT CHR$(27);CHR$(67);CHR$(55); 

Escape C (Set Inches-per-Page) 
Format: ESC C;n;m; 
Escape C sets the length of the page in 
inches. This cOIl"mland requires a value of 0 
(zero) for n, and a value between 1 and 22 
form. 
Example: 
LPRINT CHR$(27);CHR$(67);CHR$(0);CHR$(12); 
Escape D (Sets Horizontal Tab Stops) 
F.ormat: ESC D;nl;n2; ... nk;NUL; 
Sets the horizontal-tab stop;...positions. The 
example that follows shows the horizontal-tab 
stop-positions set at printer column 
positions of 10,20, and 40. They are 
followed by CHR$(O), the NUL code. They must. 
also be in ascending numeric order as shown. 
Tab stops can be set between 1 and 80. When 
in the Compressed-print mode, tab stops can 
be set up to 132. 
The Graphics Printer can have a maximum of 28 
tab stops. The HT (CHR$(9» is uSed to 
execute a tab operation. 
Example: 



ESCE 

ESCF 

ESCG 

H 

ESCK 

LPRINT 
CHR$(27);CHR$(68);CHR$(1O) 
;CHR$(20);CHR$(40); 
CHR$(O); 
Escape E (Emphasized) 
'-'H'''''''",'''''' the to the bmlpn'1SlZOO-pJ 
mode. The of the nrit1t",1" 

half speed the mode. 
Example: 
LPRINT CHR$(27);CHR$(69); 
Escape F (Emphasized Off) 

printing in Emphasized-print mode. 

LPRINT CHR$(27) ;CHR$(70); 
Escape (Double Strike) 
Changes the printer to the Double-Strike 
print-mode. The is spaced 1/216 of an 
inch before the second pass of the print 

Example: 
LPRINT CHR$(27);CHR$(71); 
Escape H (Double Off) 
Stops printing in the Double-Strike mode. 
Example: 

CHR$(27);CHR$(72); 
Escape J (Sets Variable Line Feeding) 
Format: J ;n; 
When J is sent to the printer, the paper 

in increments of n/216 of an inch. 
value of n must be 1 and 255. 
example follows a line of 

50/216-inch. ESC J is canceled after 
line takes place. 
Example: 

CHR$(27);CHR$(74);CHR$(50); 
Escape K (480 Graphics 
Mode) 
Format K;nl;n2;vl;v2; ... vk; 
Changes from the Text mode to Bit-Image 



Graphics mode. nl and n2 are one byte, which 
specify the number of bit-image data bytes to 
be transferred. vI through vk are the bytes 
of the bit-image data. The number of 
bit-image data bytes (k) is equal to nl 
+256n2 and cannot exceed 480 bytes. At every 
horizontal position, each byte can print up 
to 8 vertical dots. Bit-image data may be 
mixed with text data on the same line. 

Note: Assign values to nl and n2 as follows: 
nl represents values from 0 - 255. 
n2 represents values from 0 - I x 256. 

MSB is most-significant bit and LSB is least 
-significant bit. 

The following figures show the format. 

Data sent to the printer. 

Text (20 characters) ESC K n=360 Bit-image data Next data 



Text 
data 

In text 20 characters in text 
mode correspond to 120 bit-image 
poSJltlO][lS (20 x 6 = 120). 
printable portion left in LlU--JUU"""',,", 

mode is 3 60 dot positions (480 - 120 
= 360). 

Data sent to the printer. 

Length of 
data 

Bit-
image Text 
data data 

Length of 
data 

Bit
image 
data 

...... -----480 bit-image dot positions -----~ 

Example: 1 'OPEN PRINTER IN RANDOM MODE 
WITH LENGTH OF 255 
2 "LPTl:"AS#1 
3 WIDTH :" ,255 
4 PRINT #1,CHR$(13)+CHR$(10); 
5 SLASH$=CHR$(1)+CHR$(02) 
+CHR$(04)+CHR$(08) 
6 SLASH$=SLASH$+CHR$(16)+CHR$(32) 
+CHR&(64)+$CHR$(128)+CHR$(0) 
7 GAP$ = CHR$ (0) + CHR$(O) + CHR$(O) 
8 NDOTS=480 
9 'ESCKNI N2 
10 PRINT #I,CHR$(27);"K";CHR$(NDOTS 
MOD 256);CHR$ (FIX(NDOTS/256»; 
11 'SEND NDOTS NUMBER OF BIT 
IMAGE BYTES 

FOR 1 TO NDOTS/12 'NUMBER 
OF SLASHES TO 
PRINT USING GRAPmCS 
13 #I,SLASH$;GAP$; 



ESCL 

ESCN 

ESC 0 

S 

14 NEXT I 
CLOSE 

16 END 

This example gives you a row 
printed in the Bit-Image mode. 
Escape L (960-Bit-Image 
Graphics-Mode) 
Fonnat: ESC L;nl ;n2;vl ;v2; ... vk; 
Changes from the Text mode to the Jjlt'-lmalle 
Graphics mode. The input is similar to 
K. The 960 Bit-Image mode at 
speed of the 480 Bit-Image Graphics mode, but 
can produce a denser graphic ......... "'.l"."'. 
number of bytes of bit-image Data (k) is n 1 
+256n2 but cannot exceed 960. n1 is the 
range of 0 to 255. 
Escape N (Set Skip Perforation) 
Format ESC N ;n; 
Sets the Skip Perforation function. 
number following ESC N sets the 
number of lines of Skip Perforation. 
example shows a 12-line skip perforation. 
This prints 54 lines and feeds the paper 
12 lines. The value of n must be between 1 
and 127. ESC N must be reset anytime the 
page length (ESC C) is changed. 
Example: 
LPRlNT CHR$(27);CHR$(78);CHR$( 
Escape 0 (Cancel Skip Perforation) 
Cancels the Skip Perforation function. 
Example: 
LPRlNT CHR$(27);CHR$(79); 
Escape S (Subscript/Superscript) 
Format: ESC S;n; 
Changes the printer to 
mode when ESC S is followed by a I, as 
example that S is "nllnu"~rI 
by a 0 (zero), the printer prints 



Superscript print mode. 
Example: 
LPRINT CHR$(27);CHR$(83);CHR$(1); 

T Escape T (Subscript/Superscript Off) 
The printer stops printing in the Subscript 
or Superscript print mode. 

u 

w 

ESCY 

z 

LPRINT CHR$(27);CHR$(84); 
Escape U (Unidirectional Printing) 
Format: ESC U;n; 

printer prints from left to right 
following the input of U; 1. When U 
is followed by a 0 (zero), the left to right 
printing operation is canceled. The 
Unidirectional (ESC U) ensures a 
more accurate print-start position better 

quality. 
Example: 
LPRINT CHR$(27);CHR$(85);CHR$(1); 
Escape W (Double Width) 
Format: 
Changes Double-Width print -...Y 

when W is followed by a 1. This 
mode is not canceled by a line-feed operation 
and must be canceled with W followed by a 
o (zero). 
Example: 
LPRINT CHR$(27);CHR$(87);CHR$(1); 

Y (960 Bit-Image 
Mode Normal Speed) 
Format: ESC Y nl;n2;vl;v2; ... vk; 
Changes from the Text mode to the 960 
Bit-Image Graphics The prints 
at normal during operation and 
cannot print on dot 
position. The input of data is to 
~C -
Escape Z (1920 Bit-Image Graphics 
Mode) 



position. 

_127 



o 3 4 5 6 8 9 

NUL BEl HT 

10 11 12 13 14 15 16 17 18 19 

IF FF eR SO SI DC2 

20 21 n 23 24 25 26 27 ' 28 29 

'IDC4 CAN ESC 

30 31 32 33 34 35 36 3: 38 39 

SP ! " # $ % & 
, 

,,40 41 42 43 44 45 45 47 48 49 

( ) * - / 0 1 .. . 
50 51 52 53 54 55 56 57 58 59 

2 3 4 5 6 7 8 9 . . . .. 
60 61 64 65 66 67 68 69 

- > ? ~ A C D -
70 71 n 73 74 75 76 77 78 79 

F G H I J K L M N 0 
80 81 82 83 84 85 86 87 88 89 

P Q R S. U V W X Y 
90 9' 92 93 94 95 96 9: 9,. 99 

-
100 101 102 03 104 lOS 106 to' lOll H1G 

m 
10 12 113 14 15 16 18 19 

I I 
w 

i i 
1m 171 '" In 124 1;1;' ! 2n 127 128 129 , 

• 

!NUl 

Printer Character Set 1 (Part 1 of 



130 131 132 133 134 135 136 137 138 139 

BEL HT 

140 141 142 143 144 145 146 147 148 149 

~ 

FF CR 80 81 DC2 OC4 

150 151 152 153 155 156 157 158 159 

CAN ESC 

160 161 162 163 164 165 166 167 

, , , , 
fi N a I 0 U 

110 171 172 173 174 

230 23 3 236 237 238 239 

)1. T Q 8 n 0 00 f(J E n 
240 241 242 243 ; 44 245 246 247 248 24;) 

2:: 
jI J - < . = 0 II -- . 

2S0 251 252 253 254 255 

.J 
Printer Character Set 1 2 of 2) 
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0 1 2 3 4 5 6 7 6 9 

Nill • + :l 

14 15 16 

IF FF CR SO SI DC2 

20 22 23 24 25 26 27 28 ~9 

DC4 ~ CAN ESC 

30 31 32 3' 35 36 37 38 39 

SP ! II # $1% & I 

40 41 42 43 44 45 46 47 48 49 

~!, '* - / 0 1 I . 
52 53 54 55 56 5; ;'8 59 

3 4 5 6 

?~~ 
. . . , 

60 61 62 63 64 68 69 

< - > ? Q) ABC D E -

~~ 
72 73 74 75 76 7 

I 

H I J K l M N 0 
SO 8' 82 83 84 7 88 89 

P Q R S T U V W X Y 
91 92 93 94 95 96 97 98 99 

[ \ ] A , a b c -
100 101 '02 103 104 7 10" 109 

d e f 9 h I j Ik I m 
'0 12 13 14 11, 16 IB 19 

P q w 
, 7(1 17 127 123 174 12, 16 127 LI8 129 

C 
Printer Character Set 2 (part 1 of 2) 
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130 131 132 133 134 135 136 137 IJB 139 

, .... 

!l~ 
0 

l:Je e 'i I e a a ~ 
140 141 144 145 147 14B 149 

.. .... A A C2 )( 
.... 0 .... 

I I 0 0 

150 151 152 153 154 155 156 157 158 159 

.... .. .. .. 
¢ £ ¥ R f u u y 0 U 

160 161 162 163 164 165 166 167 168 169 
I 

N , , 
6 

, .... 
l a I u n a ... 

7C 72 73 174 75 176 Ie I « » iiliii 
iIIIIII 1f2 '/4 

...... 
I .... 

i:: 
1! 181 182 183 184 185 186 1B7 

.. .. III 

1 1 
i .. , J IJ 

Printer Character Set 2 (Part 2 of 
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IBM PC Compact Printer 

The PC Compact Printer is a stand-alone, tabletop unit 
that plugs into a standard wall outlet. Using an 
eight-wire print head, the printer can print characters 
from the standard ASCn, 96-character, uppercase and 
lowercase character sets, and prints the characters in a 
5-by-7 dot matrix at 56 characters-per-second (cps). It 
prints in one direction (left-to-right) and has four print 
modes. In the standard mode, the printer prints 80 
characters-per-line; in the compressed mode, 136 
characters; in the double-width mode, 40 characters, 
and in the compressed double-width mode, 68 
characters-per-line. The PC Compact Printer can also 
underline characters, has an extended character-set for 
intemationallanguages, and can accept special 
characters programmed by the user. 

The printer has a 1.89 meter (6-foot), 16-1ead, printer 
cable that connects, through an Amphenol connector, 
to the serial port (RS-232-C) at the rear of the system 
unit. 
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+V.--.. VOLTUE 
REG. HO ... 
SAFm ... 

PI1 "" LOOIC 

THERIIIAL 
HEAD 

... .. h) h) P30-37 K .lURIDATA BUS ) OATA LATCH HEAIlORIVER 

" -'-'--v 
SN74LS273 U1.N2803A 

LAIIIP/JIIOTOR C> PULSE 

" 
1II000R 

1'111-13 DRIVER 
UI.N2013 

Pl0 ./ 
MPU ~TDLED 
HD0801 
115 

1'46 L... FROII! LF!lEY 

1'47 .... IL fROIIIIHOIIIE ...- POSITION SWITCH 

1/ 
\,. U 

~ " 
ADDRESS 

" LATCH vi SII1741.S373 / 
Cl HAL 

V 
2KB -I 4.91 111Hz STATIC-IIAM 
11111111111 

1'40-44 1I10H ORDER ADDRESS " / 
V 

P23L... ~n} ... 
ORIVEII/ TO IBM pelr RECEIVER 

Pl5 
... 

--41>CTS .. 
r r 

+1211 -12V 
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Printer Specifications 

Print Method: 

Print Speed: 

Print Direction: 

Number of 
Print Head: 

Spacing: 

Matrix Pattern: 

Character 

Graphics: 

Thermal, non-impact, 
Dot-matrix 

cps 

to right only 

8 

mm (l/6in) 

5 by 7 Dots 

Fun 96-character 
with descenders, plus 
international 

symbols 

None 
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Print Modes: Characters 
per Inch Characters 

Line 

Standard 10 80 

Double 5 

Compressed 17.5 

Compressed/ 8.75 68 
Double Width 

Paper Feed: Friction Feed 

Paper Width: 216mm 

Copies: Single sheet only 

Paper Path: Top 

System Serial Data Control Lines 
--,,' 

Print Color: Black only 

Printers 



Temperature: 5°C to 40°C 
(104,oF) 

10 to 80% 

Requirement 
Voltage: 110 Vac 60 

245 rnA 

Consumption: 36 watts 

Output: 57.6 kJ (54.6 BTU)! 
(maximum) 

88.9 mm (3.5 in) 

Width: 312.4 mm (12.3 in) 

Depth: 221 mm (8.7 in) 

2.99 (6.61b) 

Length: L98m ft) 

28 

Printer Length: 1.83 m (6 ft) 

3 by 18 



Character Set: 

3-138 Printers 

AScn numbers 0 to 31 contain 
control codes and special 
characters. ASCn numbers 32 to 

standard printable 
characters. ASCn numbers 128 to 
175 contain European characters. 
ASCII numbers 224 to 255 
contain math and extra symbols. 



Serial Interface Description 

Received 
Data 

ROY 

Specifications: 

Transfer 

Synchronization: 

Handshaking: 

Level: 

Connector Plug: 

foHowing 
Interface. 

1200 bps (maximum) 

internal clocking 

(Clear to Send) Pacing 

Input data and all ...... ,,''"'1.1..,,'"'''' 
control- .:tJ.e,.t ........ " 

Levels 

9804 (Amphenol) 

shows timing of Serial 

1-4----- Character Period -----1l000i 

One 
Start 
Bit 

~I~~------Ti----~ 

Serial Interface Timing Diagram 
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Print Mode Combinations for the PC Compact 
Printer 

i'nlllnUlina figure shows the print-mode 
combinations possible with the PC Compact ~ ........ t .... 
Modes the same column can be combined. A 
print can be changed at any time within a 
however. double-width mode effects 

Modes 

xxx 

Printer Control Codes and Functions 

following pages you will 
codes and 

descriptions of the functions 
control codes. 

(LPRINT statements) the 
detailed of the printer control and 
functions list, are written in BASIC. Some knowledge 
of programming is needed to understand 
these Some of the printer control 
show a description when more 
information is needed for programming 
considerations. 
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CODE PRINTER FUNCTION 

CAN 
the printer 

""vl",,,nt- SO, remain Reinitializes 
the printer to the power on defaults. 

CHRS(24); 

CR Carriage Return 
the line the printer is on and prints 

data remaining hnffer. 
logical character position is moved to 

margin. (No operation 
place.) Note: Personal 

Computer BASIC adds a Feed unless 
is added. 

LPRINT CHRS(l3); 

DC2 Device Control 2 (Compressed Off) 
printing in mode. 

CHRS(l8); 

DC4 Control 4 (Double Width Off) 

ESC 

printing in the Width mode. 
LPRINT CHRS(20); 

... 1' ............ " the printer that 
is a printer command. 

commands.) 
LPRINT CHRS(27); 

following data 
the following 

Printers 



ESCB 

ESCC 

3-142 Printers 

pO~iiti(ms. Up to 64 
pOl;m~)nS are recoWllZ~~a 
stop positions must be 

received order. The 
stop numbers do not become valid until 

you type the NUL code. Once vertical tab 
stops are established, are until -y 

new tab stops are specified. (If the printer 
is reset or switched Off, set tab stops are 
cleared.) If no tab stop is the Vertical 

command acts as a Line 
B followed by NUL 

The form must be 
set by the ESC C command prior to setting 
tabs. 
LPRINT 
CHR$(27);CHR$(66);CHR$(lO);CHR$(20); 
CHR$(40);CHR$(O); 

Escape C (Set per page) 
Format: C;n; Sets the page length. 

ESC C command must be followed by-...-/ 
a value to specify length of page desired. 
(Maximum length for the is 
127 following example sets 
page length to lines. printer default 
is 66 lines per when switched On or 
reset. 
LPRINT CHR$(27);CHR$( 67);CHR$(55); 



ESCD 

ESCK 

Escape D (Set Horizontal Tab Stops) 
Sets the horizontal tab stop positions. The 
fonowing example shows the horizontal tab 
stop positions set at printer column 
positions of 10, 20 and horizontal 
tab stops are fonowed,by CHR$(O), 
NUL code. They must also be in ascending 
numeric order as shown. You can set tab 
stops between 1 and 80. When the 
Compressed print mode, you can set tabs up 
to 136. The maximum number 
tabs that can be set is 112. (CHR$(9» 
is used to execute a tab operation. 
LPRINT 
CHR$(17);CHRS(68),;CHRS(10)CHRS(10) 
CHRS( 49);CHRS(9); 

EscapeK (480 Bit-Image Graphics Mode) 
Format: ESCK;nl;n2; vI; v2; ..... vk; 
Changes printer to the Bit-Image 
Graphics mode. Dot density is 82.5 by 82.5 
dots per H data exc:eeC1S 
the space on the line, the printer 
ignores the excess data. Only the excess 
data is lost. 

numbersnl 
form, the number data bytes to 
be transferred. Assign values to n1 to 
represent values from zero to 255 and 
assign values to n2 to represent values from 
0-1 x 256. The total number of bit image 

bytes cannot 480. (nl + (02 X 
256», 
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ESCN 
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bit-image data are v 1 through vk. 

All eight of the print head wires are used to 
Bit-image graphics. Each bit of a 

Dlt··:tm;a2e data byte a dot 
position within a vertical line. The least 
significant bit (LSB) represents the bottom 

position, and the most significant bit ~. 

(MSB) represents top position. For 
examp].e, if'vX is 80, top will 

oruy in that position; if v X is 
01, the bottom dot will print; and if vX 

FF, all eight dots will print. 

Dot Bit Number 

Top 0---8 
0- --7 
0-- 6 
0- - - 5 
0-- 4 
0- - - 3 
0- - - 2 

Bottom 0 - - - 1 

LPRiNT CHR$(27);CHRS(75);nl;n2 

Escape N (Set Skip Perforation) 
Format: ESC N;n; the Skip Perforation 
function. The number following ESC N 
sets the number to be skipped. 
example shows a skip perforation. 

command will lines and 
paper 12 lines. 

beltwE~n 1 and 127. N must be reset 
anytime the page length (ESC C) is 
changed. The default skip perforation is 

mm (1 inch). 
LPRiNT CHRS(27);CHRS{78);CHRS(12); 



ESC O· .. 'Escape 0 (Cancel Skip Perforation) 
Cancels Skip Perforation function. 
LPRlNT CHRS(27);CHRS(79); 

ESC R Escape'R (Oear Tabs) 
Resets all tab stops,both horizontal and 
vertical to the powered-on defaults. 
LPRINT CHR$(17);CHRS(82); 

ESCW Escape W' (Double Width) 
Format: ESC W;n; the to 
the Double Width mode when ESC W is 
followed by 1. mode is not canceled 
by a line feed ,operation. It is canceled 
when ESC'W is followed by o (zero) . 

. LPRINT CHRS(27);CHRS(87);CllRS(1); 

ESC o Escape Zero (1/9-Incb Line Feed) 
Changes the line feed to 2.82 mm (1/9 
inch). 

ESC 1 

ESC 2 

ESC 5 

LPRINT CHRS(27);CHRS(48); 

Escape One (1/9-inch Line Feed) 
Changes the line feed to 2.82 mm (1/9 

ESC 1 functions the same as O. 
LPRINT CHRS(27);CHRS(49); 

Escape Two (Start Variable Line Feeding) 
Resets spacing to 4.23 mm (1/6 inch). 
This is the powered-on default for vertical 
line !Spa.cm,~. 
LPRINT CHRS(27);CHRS(50); 

Escape Five' (Sets Automatic Line Feed) 
With automatic: line on, when a CR 
code is a line feed automatically 
follows afterthe return. ESC 5 (1) 
sets auto line feed; ESC 5 (0) resets it. 
LPRINT CHRS(27);CHRS(53); 
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ESC-

< 

FF 

Escape Minus (Underline) 
1·."' ....... "',1"· ESC -;n; ESC - followed by 1, 
prints allof following data an 
underline. ESC - followed"by 0 (zero), 
cancels the Underline print mode. 
LPRINT CHRS(17);CHR(4S);CHRS(l); [or 
CHRS(O);l 

Than (Home Head) 
head returns to left margin to 

following ESC <. occurs 
for one line only. 
LPRINT CHRS(17);CHRS(60); 

Form Feed 
Advances the to the top of next 

The location the 
n",.,,""" switch is set to the 

On position, detennines the top of the 
The next top-of-page is 279 mm (11 inches) 
from that position.. ESC C can used to 
change page length. Always separate 
multiple Form Feed commands with spaces. 
LPRINT CHRS(t2); 

Horizontal Tab 
Tabs to the next horizontal tab stop. Tab 
stops are set with ESC D. (Tab stops are 
automlaUcalJly set at 8 columns when 
the printer switch is set to the 
position.) 
LPRINT CHRS(9); 

LF Line Feed 

is 
0, 1, 
LPRINT CHR$(lO); 
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NUL NuB 
Used with Band D as terminator 
for the tab set clear commands. 
LPRINT CHR$(O); 

SI Shift In (Compressed On) 
Changes to Compressed 
Character mode. This command is canceled 
by a code (Compressed Off). 
LPRINT CHR$(l5); 

SO Out (Double Width) 
Changes the printer to Double Width 
mode. Note: 
or DC4 code Double Width 
LPRINT CHR$(l4); 

VT Vertical Tab 
Spaces the paper to the next vertical tab 
position. VT are set by the B 
sequence. The command is the same as 
the LF command. if no tabs are set. 

is advanced one after or 
am'amooa to next vertical tab stop. 
LPRINT CHR$(l1); 

following charts list the control codes 
and characters in ASCII decimal numeric order, (for 
example, NUL is 0 and W is 87). 
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DOl ~ -1 CAN ! -+ ESC ++ 
30 31 32 33 34 35 36 37 38 39 .... SP I I, # $ % & 

, 
I ..... 

40 41 42 43 44 45 46 47 48 49 

( ,~tt - / 0 1 , . 
50 54 55 56 57 58 59 

2 .3 4 5 6 7 8 9 . . . , 
60 61 62 63 64 65 66 69 

< =1 17 @ A B CD 
I 

'-ro-71' 72 73 74 75 78 79 

FIG H I JIK l M N 0 
60 81 SO! !l3 64 85 86 8. 88 69 

Q V Iw X 
90 91 92 93 94 95 96 9, 96 99 

-
100 101 102 103 104 105 106 107 108 109 

m 
lIe 111 112 113 "4 15 16 ,18 19 

W 

120 12 122 123 124 125 126 12, 128 129 

Z I [ I ] 
,... 

DEL <;I~ I X Y I 

Character Set 1 of 2) 
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130 131 132 133 134 135 138 137 138 139 

, a a " 0 A e " e a a C e e I 

c A " .. 
¢ £ ¥ 1 f u u y 0 U 

187 ~ sa 169 160 161 HIZ 163 164 Hl5 16£ 

a , , , ,., N fj 0 l I 0 U n ... 
ro f72 73 74 75 176 177 7a 79 

Ik Ix • 
( I>: ..., 

lSC 1if 182 f83 184 185 186 187 lBB lB9 

190 191 192 193 194 195 196 197 1 

200 201 202 203 206 20 

7,0'2 212 213 214 215 216217 218 219 

220 221 222 223 224 225 226 221 228 229 

Q' f3 1T (J' 

r:1~; 
232 233 234 235 238 237 237 239 

Q Ie n 0 CX) fZj E n 
-240 24 j 242 243 245 248 24 248 249 

± 2:: 
I' J = 

-250 25 252 253 254 255 

- -4" n l • SP 

Character Set (Part 2 of 2) 
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Compact 
Printer 

ADa AD1 
80B 1--1-+-+-+--1--1-+-1 801 

18 Pin Connector 

-Signal Name Description PI n 

Not Used A01 

Data Terminal Ready A02 

Transmit Data J 
Request To Send A03 

) A04 

1 Carrier Detect AOS 

Data Set Ready ADS ... 

Clear To Send A07 .. 

Not Used AOs 

Not Used 8D1 

Not Used 802 

Not Used 803 

Ground 804 

Not Used 805 

Not Used 805 

Ground 807 

Not Used 80a 

Serial Port 
(RS-232-C) 

Data Terminal Ready Looped in Cable to Data Set Ready 
Request to Send Looped In Cable to Carrier Detect 

Connector Specilications 
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Compatibility Overview 

The IBM PCjr is a different Computer than 
Personal Computer and IBM Personal ComnlutE~r 
Even though it is different, IBM PCjr has a 

of compatibility with IBM 
Personal Computers. It is to create PCjr 
software applications can run without modification 
on other IBM Personal Computers. order to create 
such programs or to assess if a current program is 
compatible, you must understand the differences 
between Personal Computers in the family 
know the proper way to communicate with them. 

Normally. it would be impossible for a program written 
for one computer to run on a different computer since 

microprocessors would be different; and the 
language of application could not be executed by 
rl.t'·F", ... ", ... + processors. case, application would 
have to be re-written entirely in language of the 
other processor. Since the IBMPCjr and the other 
IBM Personal Computers use exactly the same 
microprocessors (Intel 8088), most assemblerlanguage 
programs need not be modified. 

This is not enough, applications normally 
take advantage of a computers device services (BIOS) 
and operating (IBM 2.1), order to 
allow for maximum program compatibility, the IBM 
PCjr has maintained BIOS system interrupts and 
""JJLI.LA.'" the same IBM DOS. This means that 
applications use the BIOS the IBM DOS 
interrupts on the IBM Pers~nal Computers operate the 
same on the IBM 

Note: The BIOS micro-code of the IBM PCjr is not 
identical to that of the IBM Personal Computers. If 
an app6cation bypasses the BIOS interrupt calls and 



directly accesses routines andlor storage locations in 
. one system, it may not run in the other system. Some 
routines may be similar and some BIOS storage 
locations may be the same. It is strongly 
recommended that applications use only tbe BIOS and . 
DOS interrupt interfaces in order to achieve 
compatibility in the mM Personal Computer family. 

Using the same language and the BIOS and DOS 
interfaces go a long way in achieving application 
compatibility. However, there are still several factors 
which need to be taken into consideration: 

.. Timing Dependencies 

.. Unequal Configurations 

.. Hardware Differences 



Timing. Dependencies 

Programs user read/write memory nOlrm~Uly 
run slower on PCjr than on IDM Personal 
Computers. Programs running in read-only memory 
(ROM) normally run a little faster on PCjrthan·on 
the Personal This or may not 
cause a depending upon the application. 
Most applications are very II 0 dependent in 
case the execution is not critical factor 

not be noticeable. In other cases, the application 
runs same but merely take a different amount of 
time. 

an application has very critical timing Ge]peIIGe:nCJles, 
timing differences (faster or slower) may ~rl"7"'1"C! ... lu 

its usability. . an application's program 
ex(~cutlon speed to a desired can effect 
the application. In these cases, the application may 
need to be modified. 

Note: It is recommended not to depend on 
execution speed to specific 

application timing. system can provide 
short interval timing assembly u .... 'cE'> ..... "E'>'" 

programs. Similar timing functions are available 
BASIC. 

spe:CII1C I/O devices (such as diskette 
or printer) between the the 
other Personal Computers. You should avoid 
using timing of any I/O device as a dependency for the 
application. 
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Unequal Configurations 

In an application to run on both the IBM 
PCjr the IBM Personal Computers, you need to 

sure that the required configuration is 
available on all machines. This means the application's 
minimum requirements are met by IBM Personal 
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Hardware Differences 

To be able to run on either COIlU1)lltter .... ullvl'n .... ,-lc .. .!,!;..." 

an application a I/O device must have 
access to identical devices (or with identical 
nn.,.,.!:>f'ino characteristics and interfaces). The 
PCp the mM Personal Computers very 
compatible I/O device capabilities. 

The following table lists the hardware features I/O 
£I .. V1".,." supported by the mM the mM 

Computers differences: 



Device PCXT PCjr 

640KB 128KB 

Cordless No Yes 
Keyboard 

~,~ 

83 Key Yes No 
Keyboard 

Diskette Yes Yes Yes 
Drive 

Hard Disk No Yes No 
File 

Parallel Yes Yes Yes 
Printer 

RS 232 Yes Yes 
Serial Port 

---
Game Yes Yes 
Control 

Cassette No Yes 

Internal No No Yes 
Modem 

Interrupt 
frequency 

divisor difference 

IBM Yes No 
Monochrome 
Display 

Color Yes Yes 
Graphics and 

"-~ Display 

Light Pen Yes Yes Yes Compatible 

PCjr and Personal Computers Comparison (Part 1 of 2) 
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Device P ir Comments 

Attachable Yes Yes Yes Compatible 
Joystick 

8253 Timer Yes Yes Compatible 
of day) 

Interrupt Yes Yes Some difference 
interrupt 

Internal Yes Yes Compatible but 
Sound frequency response 

TI 76496 No No Yes 
Sound 

ROM No No Yes 
Cartridge 

Yes Yes Yes Compatible 
ROM 
Architecture 

PCir and Personal Computers Comparison (Part 2 of 2) 

differences the ffiM and 
Personal lead to 

inc:onloa,tib>ilities depending upon the specific 
application. Once again; if your application maintains 
an interface to the Personal Computer Family at the 
BIOS and DOS interrupt then all hardware 
dif:l:ere~nC(~s are handIed trallSp;iU 

If your aOl)lic.atic.n 
eurectly addresses 
an incompatibility. 

Hardware Differences 



User Read/Write Memory 
difference can be a problem even 
written for the same computer, if the 

available memory is not the same from one to 
next. Thus, the deciding factor is to state what the 

mrnmlUIn memory requirement is for the application, --./ 
that amount on the computer in 

to understand the LU'-"LllVI 

in relationship to that 
The mM pejr can 

or 128K bytes (with memory '-''''I,..'U;''U>,J,U 

nw'p.vI"l" this user memory is not all available to the 
GJ.lIJll\..GUVU. The mM PCjr video architecture 111"111""'" 

miIlimum of 16K bytes (in graphic mode) 
alpha numeric mode ) for the screen 

graphics mode), the mM 
bytes or 112K bytes (with memory expansion) 

available for system software. This is not case with 
the mM Personal Computers, since the color OT~1nhj,~Cl 
adapter contains a separate 16K byte screen buffer. _____ ~ 

a 64K bytes Personal Computer color 
(extra 16K bytes) is an 80K byte ClvCllrpWl 

compared to a 64K byte mM PCjr. The also 
graphic enhancements which allow more than the 

to be utilized for video screen h"if1'""." 

I;;LUlau,"""u features are used an aplPb(~atllon 
is available for user memory. 

of available memory is amount 
away by operating systems and .. "u,j5 .... "'I">"" 

In the case of the mM 
PCjr and the mM Personal Computers 

same DOS. If your application ff'<>r111>ff"'" 

int'''",,1rp.tl·1'' then there may be a diflfenmce. 
Computer Cassette BASIC ~' 

system ROM; taking no user memory. However, 
BASIC or Advanced BASIC utilizes 
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approximately 10K bytes and 14K bytes reslpecltlvely 
from user memory. In the IBM PCjr, Advanced 
capabilities (cartridge BASIC) reside in ROM, taking 
no user memory. 

can see, many items 
memory requirements. The most 

assembler language or """ ... 1-'1.1"' ... aDl[)1i(~atilon 
a 16K-byte screen buffer .... n,,,, .. ,,,,h ... 

this case, an application ........ ,,', .......... 
user memory on ali IBM Personal COmlljutt:~r 
on IBM PCjr without its "'.11.1"0."""''''''''' JIlenloty 
byte capability). This is because of 
usage 16K bytes. Also, any application 
more than 112K bytes of user memory with DOS 2.1 
on the IBM Personal Computers cannot run on an 
PCjr. 

Diskette Capacity / Operation 
Since the IBM PCjr maximum """'ll ... ·· ........ , ... '" 
configuration is one diskette drive with a maximum 
capacity of 360K bytes diskette , an IBM PCjr 
application is either limited by this capacity or 
is impacted by the user having to diskettes more 
frequently. The IBM Personal Computers can have 
multiple diskette drives with a 360K bytes 
disl[{et1te storage each or even possess a 

l..> disk storage CallaC:lty 
difference mayor may not be a concern uel)en,WIlLg 
upon the specific application. 

terms of diskette interfacing, 
IBM Personal Computers,both 
floppy diskette controller, but with rlif'f' ..... " ... t h",y·rl ... ".,. .. ", 

addresses, and the IBM PCjr does not n .. ,,~ .... 1t.,. 

direct memory access (DMA). Since 
does not have DMA capability, application programs 
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cannot overlap diskette operations. When diskette 
II 0 takes place, the system is masked (operator 
keystrokes and asynchronous communications cannot 
take place). the application must insure 
asynchronous operations do not place while 
€lI.SJICet1t:e I/O is active. 

mM PCjr Cordless Keyboard 
Cordless is unique to 

though it not possess all 83 
Personal Computers' keyboards, it does the 
capability to generate all scan codes of the 
83-key keyboard. 

following 
on PCjr. 

Special. Functions 

Shift screen to the left 
Shift screen to the right 
Audio (System 

when a is pressed. 
Customer Diagnostics 

PCjr Special Functions 

additional unc~tICms available 

Alt + + cursor left 
Alt + Ctrl + cursor right 
Alt + Ctrl + Lock 

+ Ctrl + Ins 

For more 
Section 5. 

see "Keyboard J:mloorunlj;!; and 

Since all scan codes can be generated, 
application requirements can be met on 
Keyboard. 

special 
Cordless 

in 



The of compatibility to interface to 
keyboards is through BIOS 16 (read 
keystroke). Below that level is 
hardware differences between PCjr keyboard 
the IBM Personal Computers' keyboards. The PCjr 
system the non-maskable (NMl) Interrupt to 
deserialize scan codes and pass it to Interrupt 
48 for mapping to format. Interrupt 
level 9 a compatible for 83-key 
scan-code It is not recommended to retlla(;e 
Interrupt 9 even though a degree of 
compatibility is maintained. If necessary, analyze this 
architecture carefully. 

Color Graphics Capability 
The IBM color graphic is quite 
different that of the IBM Computers. 
The main difference (as previously discussed) is that 
the video buffer is taken from user memory 
than separate memory video (as in the IBM 
Personal Computers). Normally, this would be an 
mcomlpaltUJluty since address 
color buffer at hex B8000. However, the 
PCjr hardware to hex B8000 
addressing to any specific 16K-byte block of its user 
memory. IBM PCjr defaults video buffer to 
the high end 16K-byte block of user memory and 
applications can continue to the video buffer at 
hex B8000. In addition all Computers' 
color adapter modes are BIOS compatible and 
memory structure (bit map) These modes 
are: 
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Modes Requirements 

Alphanumeric: 
40x25 BW None 
40x25 Color None 
80x25 Color Note 
80x25 BW None 

Graphics: 
320x200 4 Color None 
320x200 BW None 
640x200 BW None 

Note: PCjr requires the 64KB Memory and Display Expansion. 

Modes Available on the IBM Personal Computers and PCjr 

In addition the ffiM PCjr provides some new enhanced 
graphic modes which are not available to the ffiM 
Personal Computers. 

Modes Requirements 

Graphics: 
320x200 16 Color Note 
640x200 4 Color Note 
160x200 16 Color None 

Note: PCjr requires the 64KB Memory and Display Expansion. 

Modes Available Only on PCjr 

The mM PCjr and mM Personal Computers utilize the 
6845 controller, but the hardware interface is not 
completely the same. Hardware addresses hex 3D8 and 
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3D9 are not supported by the mM PC}r video 
interlace. Requests using these two addresses are not 
honored. 

are differences in the actual 
BIOS maintains compatibility 

appropriate PC}r video vaI'am.eters Uld<1res:sed 
through Interrupt hex ID) and ma:inUilinS 

(through Interrupt hex 10). Application can 
specify video parameter overrides by modifying 
Interrupt hex ID to address their own DaJ:an:Jletf~rs: 
however. since there are hardware differences the 
recommended approach is as follows: 

1. Copy the original parameters from the 
system. 
Change only those parameters desired. 

3. Consider the specific video differences """"len"'''''" 
systems. 

Other differences to be aware of are: 

• The mM PC}r defaults the colorburst 
off, whereas the mM Personal "'-'VllA" ...... ". 

colorburst to on. Thus applications should not 
assume either default but set colorburst mode 
(through BIOS call) to the desired """,.AUjI<,. 

• The mM PC}r video supports a full gray 
capability which the mM Personal do 
not. 

• can be some color dItteremoos h .. j·nl~'''''' 

mM Personal Computers and the mM 
especially when color mixing lecnruqu~~s 



Black and White Monochrome Display 
does not support the mM t'er:sonru 

white monochrome OlSI)lay 
rl ...... "i-Ilu address mM Personal 

Computers monochrome display are not compatible. 
For example~ any direct addressing of the B&W video 
buffer at B8000 is not redirected by mM PCjr. 
Applications should support Per:sonal video 
capabilities through BIOS, and video buffer address 
is transparent to the application or the is 
provided indirectly in BIOS area. 

RS232 Serial Port and mM PCjr Internal 
Modem 

The mM PCjr serial address is 2F8 and is 
associated with hardware Interrupt level 3. This is 
compatible with a second Asynchronous 
ComnlUJ]licatiOlilS Adapter on mM Personal 
Computers. The Modem address is --r 

and is associated with Interrupt level This is 
compatible with the first Asynchronous 
Communications Adapter on the mM Per:sonal 
Computers. It is important to note that mM 

the Modem it is logically 
COMl and the serial port is logically COM2 in 
BIOS, DOS, and BASIC. Without the Internal MCIOeltn 
installed the RS232 serial port is logically addressed as 
COM1 in BIOS, DOS, and BASIC even though its 

using Interrupt level Other 
h"'1"ti'm'",t'P, tiifjfpt'~·n .... ; ... ", on the PCjr devices are: 

• frequency divisor is to generate 
baud rate. This is to applications using 
BIOS to initialize the devices (Interrupt Hex 14). 

• No ring capability on the RS232 port. 



.. communications input cannot be 
overlapped with ffiM PCjr I/O. Since 
diskette I/O operates in a non-DMA mode any 
asynchronous data received during diskette activity 
may overrun (and lost), applications must 

that no diskette is active while 
rpot'po1V1no asynchronous data. 

by pacing 
sending ). 

and XON are 1' .. "'.1'"11" .... 1-11" 

computers for this purpose. 

Summary 

In summary, the mM PCjr is a of the ffiM 
Personal Computer family by way of its strong 
architecture compatibility. degree of 
application compatibility can achieved by using a 
common high level language, and/ or accessing the 

through BIOS interrupts. 
reC:OUUUI:m(Jleu to go below level even tholu211 

are hardware When it is 
necessary to design for computer differences, 
the should at execution time 
which particular computer it is running on. This can 
done inspecting the ROM memory location at 
"'''''''' ...... ''', .. u address hex FOOO hex FFFE for 
following values 

= the ffiM t'er:sonal Computer 
the mM Computer XT 

=theffiM 

determined, dual paths would handle any 
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ROM BIOS 

input/output system (BIOS) ROM 
on the system board and provides control 
for the major I/O devices in the Additional 
ROM modules may be located on option adapters to 
...... " .. nr.'" device level control for that option adapter. 

routines enable the assembly-language 
programmer to perform block or 

l"FP'I"_Ii"UPI I/O-operations concern for 
address and operating System 

such as time-of-day and me:m()ry'-S&i~e 
ael:ennmlanon, are provided by 

goal is to provide an interface to the 
and relieve the programmer 

the characteristics of 
interface insulates the user hardware. 

allowing new devices to be added to the system, yet 
ret:ammg the BIOS-level interface to device. In this 
manner, user programs become transparent to hardware 
mo<lifications and enhancements. 

mM Personal Computer Macro Assembler manual 
Personal System 

manual provide useful information 
to section. 
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BIOS Usage 

Access to BIOS is through software ; ... t ........ 'r .... t" 

Each BIOS entry-point is available through its own 
interrupt, which can be found in Computer 

Interrupt Vectors", later in this section. 

The software interrupts, I 0 through hex 1 A, 
access a BIOS-routine. For example, to 
determine amount of memory available in the 

12 

invokes the 
and returns 

routine for determining memory 
to the caller. 

All parameters passed to and from routines go 
through the 8088 The prologue of each BIOS 
function indicates the used on the call and the 
return. For 
are passed. 
"'~"'J.U""'" in the 

no parameters 
byte increments, is 

If a BIOS function has several possible operations, the 
AH is used at input to indicate the desired 
operation. example, to set time-of-day, the 
following code is required: 
MOV AH,1 ;function is to set time-of-day. 
MOV CX,IDGH_COUNT ; establish current 
MOV DX,LOW_COUNT 
INT IAH ;set the 

read time-of -day: 
AH,O 

INT IAH 
;function is to 

the 
time of day. 



routines save registers except 
Other are modified on 

return, only if they are returning a value to the caller. 
The exact usage can be seen in the prologue of 
each BIOS function. 
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Address Interrupt 
(Hex) Number Name BIOS Entry 

0-3 0 Divide by Zero 

('. 4-7 1 Single Step 
8-B 2 Keyboard NMI 

~ 3 Breakpoint 
3 4 Overflow 

14-17 5 Print Screen 
18-1B 6 Reserved 
ID-IF 7 Reserved 

8 of Day 
9 Keyboard 

28-2B A Reserved 
B Communications 

30-33 C Communications 
34-37 D Vertical retrace 
38-3B E Diskette Error 

Handler 
F 

40"-43 10 Video 

C 44-47 11 Equipment Check 
48-4B 12 Memory 

13 
14 
15 
16 
17 

60-63 18 Resident BASIC 
64-67 19 Bootstrap 
68-6B lA Time of Day 
6C-6F IB Keyboard Break 
70-73 IC Tick 
74-77 ID Video 

IE 
Parameters 

IF Video Graphics 
Chars 

Personal BIOS Interrupt Vectors 
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Vectors with Special Meanings 

The following are vectors special Illt::i:lllJl.Il~!s. 

Interrupt Hex IB .. Keyboard Break Address 

This vector points to the to be executed when 
Break is on the keyboard. The vector is 
invoked while responding to the keyboard interrupt, 

control should returned an IRET 
The POWER-ON initialize 

vector to an IRET instruction, so.that nothing occurs 
when is pressed the application program 
sets a different value. 

Control may be by this rOllltm,e. 
problem. I Break I occurred 

during processing, so that one or more I End 
of Interrupt I commands must be issued case an 
operation was underway at time. 

Interrupt Hex Ie .. Timer Tick 

This vector to the code to be executed on every 
system-clock tick. This vector is invoked while 
responding to the I I interrupt, and control should 
be through an IRET The 

. POWER-ON routines this vector to point to 
an IRET instruction, so that nothing occurs unless the 
application the pointer. It is the responsibility 
of application to save and restore all registers that 
are modified. 
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. Interrupt Hex ID .. Video Parameters 

This vector points to a data region containing the 
pal'am.ete.rs required for the initialization of the 6845 

Note are four separate 
ret'rolc.tu(~d if all modes of 

POWER-ON 
to the parameters 

vidleo··rOllltlIles. It is 
rec:on1U14~mjled that if a wishes to use a 
different parameter table, that table contained in 
ROM copied to RAM and just modify the values 
needed for the application. 

Interrupt Hex IE .. Diskette Parameters 

vector points to a data containing the 
pat'amete.rs required for drive. The 
POWER-ON routines initialize the vector to point to 

. the parameters contained in ROM 
DISKETTE-routine. These default parameters 
represent the specified values any ffiM drives 
attached to the machine. this parameter 

may necessary to specifications of 
drives attached. It is recommended that if a 

prc'gnlUllneI wishes to use a parameter table, 
that the table contained in ROM be copied to RAM 
md just modify the values for the application. 
The motorstart-up-time parameter (parameter 10) is 
overridden by BIOS to forre a 500-ms delay (value 04) . 
if value is 04. 

Interrupt Hex IF and hex 44 .. Graphics 
Character Pointers 

nnl"r<=ltina in the gra:pWtCS mLodes. the 
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read/write-character interface forms character from 
the ASCII code-point. using a table of dot patterns 
where each point is comprised of 8 bytes of 
graphics information. The table of dot patterns for the 
first 128 code-points contained in ROM is pointed to 
by Interrupt 44 and the second table of 128 
code-points contained in ROM is to by_, 
Interrupt The user can "" ..... :u .. "i"" 
point to own of dot ... " .. f-..... ,,"" 
responsibility of user to restore vectors to 
point to the default code-point,..tables at the termination 
of the program. 

Interrupt 48 - Cordless Keyboard 
Translation 

This vector to the code responsible for 
translating keyboard scan-codes that are specific to 
Cordless Keyboard. The translated scan-codes are then 
passed to code pointed to by Interrupt Hex 9 which 
then handles 83-key Keyboard scan codes. -' 

Interrupt 49 - Non-Keyboard Scan-Code 
Translation-Table Address 

This interrupt contains the address of· a table used to 
translate scan-codes codes greater 
than 85 excluding 255.) H Interrupt 48 detects a 
scan code 85 (excluding 255) it translates 
it using pointed to Hex 49. The 
address Hex 49 to can be changed 
by users to point to their own table if different 
translations are required. 

BIOS USAGE 



Note: It is recommended that a programmer save 
default pointers restore them to their original 
values when the program has terminated. 

BIOS USAGE t 
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Other Read Write Memory Usage 

The BIOS routines bytes of melmolry 
starting at absolute hex 400 to 4FF. Locations 
400 to 407 contain base addresses any RS-232C 
attachments to the system. This includes the optional 

PCjr Internal Modem and the standard RS232 
serial-port. Locations hex 408 to 40F contain base 
addresses any parallel printer attachments. 

Memolrvlocations 300 to 3FF are as a stack 
area during the initialization, bootstrap, 

control is to it from power-on. If the user 
desires the stack in a different area, the area must 
set by the application. 



Address Interrupt 
(Hex) (Hex) Function 

80-83 20 DOS Program Terminate 
84-87 DOS Function Call 
88-8B DOS Terminate Address -..-Y 

DOS Ctrl Break Exit Address 
DOS Fatal Error Vector 
DOS Absolute Disk 
DOS Absolute Disk Write 
DOS 
Reserved 

40-43 Reserved for BIOS 
44 First 128 Graphics 
45-47 Reserves for BIOS 
48 Cordless-Keyboard 
49 Non-keyboard Scan-code 

Translation Table 
140-1 Reserved for BIOS 
100-1 Reserved for BIOS 
180-19F 60-67 Reserved for User Software 

Interrupts 
I 
I 

--J.' 

lAO-IFF Reserved 
200-217 Reserved for 
21 86-FO U sed by Basic while 

BASIC is running 
FI-FF Reserved 

BIOS, BASIC, and DOS Reserved Interrupts 

following is a list of reserved memory locations. 

I. -



Address 
(Hex) Mode 

ROM BIOS 

500 DOS 

504 
510-511 
5 

516-519 

DOS 
BASIC 
BASIC 

5 ID BASIC 

Function 

. Print 
Screen Operation, 
Single Drive Mode Status Byte 
BASIC's Address Store 
Clock Interrupt 
Offset 
Break key Interrupt Vector 
Segment: Offset Store 
Disk Error Interrupt Vector 

Store 

Reserved Memory locations 

following is a list of the BASIC workspace 
variables. 



Uyoudo DEF 
segment): 

(Default workspace . 

current 
Line number of last error 

Offset 
(Hex) Length 

Offset into of start of program text 30 

2 
2 
2 
2 Offset into of start of varia bles 

(end of 1-1) 
Key.boardbuffer contents 6A 

if O-no characters buffer 
if I-characters 

Character color 
Set to 1, 2, or 3 to 
1 to 3. 
Do not set to O. 
(Default = 

Example 
100 Print 
) L 
( 

100 

+ 256*Peek 
H 

BASIC Workspace variables 

The following shows the mapping 

1 

BIOS memory 



~t, .. tiino Address in Hex 

00000 BIOS 
Interrupt 
Vectors 

00400 BIOS 
Data 
Area 

00500 User 
Read/Write 
Memory 

AOOOO Reserved 
for Future 
Video 

B8000 Reserved 
for Video 

COOOO Reserved 
for Future 
I/O ROM 

00000 Reserved 
for 
Cartridges 

EOOOO Reserved 
for 
Cartridges 

FOOOO BIOS/ 
Diagnostics/ 
Cassette and 
BASIC 
Program 
Area 

BIOS System Map 



BIOS Programming. Guidelines 
is invoked thrl[)UIl:h ",r,f't.""", .. .,. ; ... t'~"""'lftt", The BIOS 

The OgJ'an:LDlt~r should not 
addresses into applications. The workings and 
absolute addresses within BIOS are subject to 4!hlmge 
without notice. ~ 

.. .,.nnrt.> .... by the code, you 
adapter and the operation. 

nUInb€~r of retries should required on 
I to insure the is. not due to 

motor start-up. 

When altering I/O-port bit-values. the programmer 
should only those bits are necessary to 

Upon the programmer 
original 'Failure to 

n"~"'1"lI'" may be incompatible with 
systems. 

Adapter Cards with System-Accessible 
ROM .. Modules 

The ROM provides a facility to integrate "''''''''1.I~,",1 

cards with on-board ROM-'code into the system. 
During the Power-On Self-Test (POST), interrupt 
vectors are established for the calls. After the 
default vectors are in place, a scan for additional ROM 
modules At a ROM on 
the adapter may gain routine 
establish or interrupt vectors to hook 
themselves the system. 

The absolute addresses hex COOOO through hex DOOOO 
are scanned blocks search of a valid 
adapter A is defined as 



~. 

L 

Byte 0: 

Byte 1: 

2: 

hex 

hexAA 

bytes) - length 
indicator rep1resenting the number 
512-byte Qlocks in the ROM 
(length/ 512). checksum is also to 
test the of the ROM module. 

byte defined ROM is summed 
modulo hex 100. sum must be 0 for 
the module to be valid. 

When the POST identifies a valid ROM, it does a I far 
call' to byte 3 the ROM (which should be 
executable code). The adapter may now n ..... t'nr1m 

n£nll1 ..... _nn initialization-tasks. The feature ROM 
should return control to the BIOS routines by exe:cutmg 
a I far return' . 
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Keyboard Encoding and Usage 

The following explains how the keyboard interacts with 
BIOS and how 83-key-keyboard functions are 
accomplished on the Cordless Keyboard. 

Cordless Keyboard Encoding 

The KEYBOARD routine provided by IBM in the 
ROM BIOS is responsible for converting the keyboard 
scan-codes into what is termed "Extended ASCII. II 

Extended ASCII encompasses one-byte 
character-codes with possible values of 0 to 255, an 
extended code for certain extended keyboard-functions, 
and functions handled within the KEYBOARD routine 
or through interrupts. 

The following is the physical layout of the IBM PCjr 
Cordless Keyboard. 
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The following are charts of the scan codes for the IDM 
PCjr Cordless Keyboard. 

Make Break 
r---, Key Keyboard Code Code L: Position Characters- (Hex) (Hex) 

1 ESC 1 81 
2 If! 2 82 
3 21a 3 83 
4 3/# 4 84 
5 4/$ 5 85 
6 5/% 6 86 
7 6/"'- 7 87 
8 7/& 8 88 
9 8/* 9 89 

10 9/( A 8A 
11 Of) B 8B 
12 -/- C 8C 
13 =/+ D 8D 
14 BS<- E 8E 

,.--" 15 FN 54 D4 f '., 

\ 
~ 16 TAB F 8F 

17 q/Q 10 90 
18 w/W 11 91 
19 e/E 12 92 
20 r/R 13 93 
21 tiT 14 94 
22 y/y 15 95 
23 u/U 16 96 
24 i/ I 17 97 
25 0/0 18 98 
26 pIP 19 99 
27 [I{ lA 9A 
28 ]j} IB 9B 
29 ENTER lC 9C 
30 CTRL ID 9D 

(' 31 a/A IE 9£ 

~ 
Cordless Keyboard Maxtrix Scan Codes (Part 1 of 2) 
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Make Break 
Keyboard Code 
Characters (Hex) (Hex) 

sis IF 
diD 20 AO 
f/F 21 Ai ~. 

giG 22 
h/H 23 
j/J 24 A4 
k/K 

39 IlL 26 A6 
40 -;. , . 27 

'/ " 
CUR.UP 48 
LF.SHIFT 2A AA 
z/Z 2C 

45 x/X AD 
46 c/C 2E AE 

v/V AF 
biB 30 BO 

49 nlN 31 Bl 
50 m/M 32 B2 
51 ,/< 33 B3 

./> 34 B4 
I/? 

54 RT.SHIFT B6 
CUR.LF. 4B 
CUR.RT. 4D CD 
ALT. 
SP.BAR 
CAPS LOCK BA 

60 INSERT 
DELETE 

. CUR. OWN. 50 

-Key Scan Code 

Cordless Keyboard Matrix Scan Codes 2 of 2) 

....../ 
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" C\ 

·n .. ,r1I""~C! Keyboard is u.LU,'i ...... 

though it does not possess 
Computer keyboard, it 

which you can cause all of the scan 
keyboard .. The following chart "nn,UI" 

functions between both keyboards: 

IBM Computers IBM PCjr 

a way in 
of the 83-key 
mapping of 

83-key Keyboard Function Cordless Keyboard Mapping 

Numeric 
Num (Number Alt + Function + N (1 
keypad I through 10 through 0 numeric-key 
becomes scan codes.) scan-codes) 
PgUp Function + cursor left 

(PgUp) 
PgDn Function + cursor right 

(PgDn) 
Home Function + cursor up 

(Home) 
End Function + cursor down 

(End) 
Function 

Numeric keypad + sign Function key + 
\ key AIt + I 
• key Alt + • 
! key Alt + [ 
- key Alt + ] 
* with Alt +. 
Numeric Shift + Del 
All codes: 

value 
from numeric keypad 

83-key-Keyboard function to Mapping 

5-15 



Character Codes 

The following character codes are through the 
BIOS KEYBOARD-routine to the system or 
application A -1 means combination is 
suppressed the KEYBOARD The codes are 
returned See Appendix C, "Characters, ' ---' 
Keystrokes,and Color'~ for the exact codes. 



Key Base Upper 
Number Case Case Ctrl AU Fn 

1 Esc Esc Esc -1 "'''' 
( 2 I -I 

3 2 a Nul (000) '" "''''* , 
4 3 # -I 
5 4 $ -1 '" *** , 
6 5 % -1 '" "'** , 
7 6 Q RSO (030) * **'" , 
8 7 & -I * **'" , 
9 8 * -1 '" *"'*** (F8) * *** , , 

10 9 ( -I '* ***** (F9) * *** , , 
11 0 ) -I * "'**** (FlO) , 
12 US (031) * *** 
13 + -I '" *** 
14 Backspace DEL (127) -1 -I 

(008) (008) 
15 Fn -I -1 -1 -I -1 
16 (009) 1<-* -1 -I -I 
17 q Q DCI (017) '" 
18 w W ETB (023) '" 
19 e E ENQ (005) '" 
20 r R DC2 (018) '" -1 
21 t T DC4 (020) * -1 

* - Refer to "Extended Codes" in this section. 

** - Refer to "Special Handling" in this section. 

**'" - Refer to "83-Key Keyboard functions to Cordless Keyboard 
Chart. " 

**** for cursor keys can be selected 
shift or the N umlock state + Fn + 

"''''*** - When Alt is and the keyboard is in the Numlock 
state, the upper row of digits is used to enter ASCII codes 
for any character from the extended ASCII 

C character set. 

Cordless-Keyboard Character Codes (Part 1 of 4) 



Key Base Upper 
Number Case Ctrl AU Fn 

y y EM (025) '" -1 
u U NAK (021) '" -1 

I HT (009) '" -I 
j 

I -...-J' 

0 0 SI (015) '" -1 
p p DLE (016) '" ** *** , 

(PrtScreen) 
[ { Esc (027) (I) "'** -I 
] 1 (029) (-) *** -1 
CR LF (010) -1 -1 
-1 -1 -1 -1 -I 
a A SOH (001) '" -I 
s S DC3 (019) '" "'''' "''''* , 

(Scroll Lock) 
d D EOT (004) '* -I 
f F (006) '* -1 
g G BELL (007) * -1 
h H BS (008) '* -1 
J J LF (010) * -I 
k K VT(OI1) '" -1 

39 1 L FF (012) '" -I 
40 -1 -1 -1 
41 " -1 -I 

'" - Refer to Codes" 
** - Refer to "Special Handling" in section. 
'*'*'* - Refer to "B3-Key Keyboard functions to Cordless 

Keyboard Mapping Chart." 
*"''*'" - Uppercase cursor keys can by 

left or right or entering the Numlock state (Alt + 
Fn + N). 

'***** - When All is and the is in the 
Numlock upper row is used to enter 
ASCII generating any character from the 

character set. 

Cordless-Keyboard Character Codes (Part 2 of 4) 

Keyboard EncodiDg 



( 

Key 
Number 

42 

43 Left 
Shift 
44 z 
45 x 
46 c 
47 v 
48 b 

49 n 
50 m 
51 
52 
53 I 
54 Right -1 
Shift 
55 

56 

'" 

Upper 
Case Ctr) 

8 *"'*'" -1 

-1 

z 
X 
C 
V 
B 

-1 

SUB (026) '" 
CAN (024) '" 
EXT (003) '" 
SYN (022) '" 
STX (002) '" 

N SO (014) 
M CR (013) 

Alt 

-I 

-I 

< -I 
-I 

? -1 

-I -1 
(*) '" -I 
\ -I 

-1 -I 

'" 4 "'''''''''' '" 
Reverse 
Word 

'" 6 "'''''''''' '" 
Advance 
Word 

to "Extended Codes" 

* 

* 

** to Handling" 
*"'''' - Refer to "83-Key Keyboard 

Keyboard Mapping Chart." 

Alt + 
Ctrl 

*'" 

"'''' 
** 

***'" - U for cursor keys can be by pressing 
or shift or entering the Numlock state (Alt + 

Fn + N). 
"'**"'* - When Alt is pressed and the keyboard is in the 

Numlock state, the upper row of digits is used to enter 

(/~ for generating any character from the 
character set. ~L-________________________________ ~ 

1'I.8"DQarO Character Codes (Part 3 of 



Key Base 
Number Case 

-1 
58 Space 
59 Caps -1 
Lock 
60 Ins. 
61 * 
62 

Upper 

-I 
Space 
-I 

0**** 
**** 

2 *u* 

Ctrl 

-1 
-1 
-I 

AU 

* 
* 
'* 

End 

AJt+ 
Ctrl 

** 
** 

* to "Extended Codes" 
** to "Special Handling" this section. 
u* - Refer to "83-Key Keyboard functions to 

Keyboard Mapping " 
**** - Uppercase for cursor can be by 

left or right shift or entering the Numlock state 
+ N). 

u*** _ When Alt is and the keyboard is the 
state, the upper row digits is used to enter 

ASCII codes for generating any character from the 
extended ASCII character set. 

Cordless-Keyboard Character Codes (Part 4 of 4) 

Extended Codes 

An extended code is certain functions 
cannot be represented in the standard ASCn code. A 
character code 000 (Nul) is returned in AL. This 
indicates that system or application program should 
examine a second code that indicates the 
function. code is returned This is same 

both the Cordless Keyboard and 83-key keyboard. 



Second Code 

3 
15 
16 through 
30 through 
44 through 50 
59 through 68 

71 
72 
73 
75 
77 
79 
80 
81 
82 
83 
84 through 

94 through 103 
104 through 113 
1I4 

115 
116 
Il7 
1I8 
119 
120 through 1 

132 

133 through 149 
150 through 190 

,.-., Cordless ....... '" .... IL>II 

( 
~ 

. Null Character 
,.....--

Function 

Alt Q, W, E, R, T, Y, 1,0, P 
AltS, D, F, G, H, J, L 

X, C, V,B, N, M 
Fn + 1, 2, 3, 4, 5,6, 7, 8, 9, 0 (Functions 1 
through 10) 
Home 
Up Arrow 

Up 
~ (Cursor Left) 
~ (Cursor 
End 

Arrow 
Down 

Ins (Insert) 
Del (Delete) 
FII through F20 (Upper FI 
through FlO) 
F21 through F30(Ctrl through FlO) 

1 through F40 (AltFl through FlO) 
FnjE or Ctrl/ Fn(P (Start/Stop Echo to 
Printer) 

......... (Reverse Word) 
Ctrl ............... 

End [Erase End of (EOL)] 
PgDn [Erase to of (EOS)] 
Home (Clear and Home) 

Alt/I, 2, 3, 4, 5, 6, 7, 8,9,0, -, = (Keys 2 
through 13) 
Ctrl/PgUp (Top 25 Lines of Text and 
Home Cur.) 
Reserved 
Reserved for Non-Keyboard Scan Codes 

Extended Functions 

Shift States 

KEYBOARD 



program. The current set of active shift states is . 
available 'calling' an pointin the ROM 
KEYBOARD-routine. following keys in 
altered shift-states: 

Shift 

This key shifts 2 thru 13. thru 28. 
31 41, thru 53 to case (base case if 
in Lock state). The Shift key temporarily reverses 
the ' Lock' or 'non-Num-Lock' state of keys 
55, 56,and 60 thru 62. 

Ctrl 

This temporarily shifts keys 3, 7, 12, 14, 16 thru 
28, 30thru 42, 44 thru 50, 55, and to the Ctrl 
state. The Ctri key is used with the AIt and Del keys to 
cause the I Reset I function, with the 

I Break I function, with the Nom . 
to cause I Pause I with the 

Left or RIght I screen ' , with 
AIt and to I activate diagnostics I • and with AItand . 
CapsLock. to I activate keyboard clicking ' .. 
functions are described in "Special Handling" on the 

Alt 

AIt key temporarily shifts keys 2 thru 13, 17 
31 thru 39, and 44 50 to I Alternate state I • 

The AIt key is used with the Cui and keys to cause 
the 'System Reset' function described in "Special 
Handling" on the following pages. The Alt key is also 
used with keys 28,41, 53 to produce the 
characters under key.· 



~. L; 

r-"" 
( 
~., 

The AIt key has another use. This key allows the user 
to enter any character code from 0 to 255 into the 
system from the keyboard .. The user must first put the 
keyboard in the 'NumLock ' state. (concurrently press, 
first Alt thenFn + n). Then while holding down the Alt 
key type the decimal value of the character desired' 
using keys 2 thru 11. The Alt key is then released. H· 
more than three digits are typed, a modulo-256 result is 
created. These three digits are interpreted as a 
character code and are transmitted through the 
KEYBOARD routine to the system or application 
program. AIt is handled internal to the KEYBOARD 
routine. 

Caps Lock 

This key shifts keys 17 thru 25, 31 thru 39, and 44 thru 
50 to 1 upper case I. A second press of the Caps Lock 
key ·reverses the action. Caps Lock is handled internal 
to the KEYBOARD routine. 

Shift-Key Priorities and Combinations 

The following keys are listed in descending priority for 
. translation in Interrupt Hex 48 and Interrupt hex 9 

respectively: 

1. Interrupt Hex 48 
a. Alt key 
b. Ctrl key 
c. Shift key 

2. Interrupt Hex 9 
a. Ctrl 
b. Alt 
c. Shift 



Of the listed, only Alt 
any other colmbinabtion 

Special Handling 

System KeSel 

key with priority is 

combination of the Alt, Ctr~ and Del keys causes 
KEYBOARD routine to initiate the equivalent of a 

'System ' 

Break 

The combination the Fn and B results in 
KEYBOARD signaling Interrupt Hex iA. 
extended characters (AL = hex 00, AH = hex 00) are 
returned. 

Pause 

combination the Fa and Q causes the 
KEYBOARD-interrupt routine to loop, waiting for any 

to be This provides a system or 
application-transparent method temporarily 
suspending an operation such as or print and 
resuming operation by any other 
key pressed to the I Pause I mode is unused 
otherwise. 

Print Screen 

The combination of the Fn P keys results an 
interrupt, invoking the PRINT SCREEN routine. This 



routine works in the alphanumeric or mode, 
with unrecognizable characters printing as blanks. 

ScroD Lock 

The combination of the Fn and S key is int,"'rn'r"'t~.t1 
application programs to nt1il",,~1r'" 

cursor-control keys should cause I windowing I over 
text than cursor movement. I 

I combination a time reverses 
KEYBOARD routine simply .. ., ... ....,um 

shift state of I Scroll Lock'. It is the reSl~OnlSlDlUlt} 
!\!v!I':1tem or application program to n", .. t'''''1''1m 

function. 

Functions 1 tbm 10 

The combination of the Fn key (15) and one of keys 2 
11 results in the corresponding I I with 

2 being 'Fl I up to key 11 being I 

Function Lock 

shift to their I Function I states 
same combination is pressed 

Screen Adjustment 

combination of the Alt 
or Right cursor movement key causes the screen to 
one character in the corresponding directiont up to 

a maximum of four. 



Enable/Disable Keyboard Click 

The combination of the Alt, and Lock 
causes keyboard audio feedback (click) to shift 
between ! on I and ! off I. The Power-On default is 

Run Diagnostics 

combination of Alt, Ctrl, Ins causes 
the system diagnostics stored in ROM to be initiated. 

Phantom-Key Scan-Code (Hex 55) 

Phantom-Key scam-cOOCle 
Ir,,,,:,,,,,,,,., .. rt when an invalid or more 
keys is pressed. The keys pressed that caused 
Phantom-Key scan-code are not put into the keyboard 
buffer, and are ignored by the keyboard 
microprocessor. Phantom-Key scan-code is 
transmitted to BIOS it is anl"l, .. ""rt 

Other Characteristics 

keyboard buffer is large enough to support a fast 
H a is when buffer is the 

chalrac:ter generated is I bell I is 
sounded. A buffer can be specified by modifying 
words at labels I Buffer-Start I (hex 480) and 
I Buffer-End I (hex 482) to point to another offset 
within segment hex 40. 

The KEYBOARD routine suppresses the typematic 
action of the following keys: Ctrl, Shift, AIt, Caps 
Loc~ Insert, and Function. 



Key 
Combinations Description 

System Reset Alt + Ctrl + Del Unconditional system 
reset 

Pause 

Print Screen 

Function Lock 

Screen 
Adjustment 

Keyboard Click 

Fn+ B 

Fn +Q 

Fn + P 

Fn and 
then Esc (Held) 
concurrently) 

Alt + + 
cursor right or 
cursor left 

Alt + Ctrl + 
CapsLock 

Run Diagnostics Alt + + Ins 

Keyboard 
Adventure 
Game 

Autoload 
Ctrl + Esc 

Cordless Keyboard Special Handling 

program 

Resumable pause in 
program 

the num ber as 
keys (FI-FIO) 

Q, E, S, the 
cursor to 
their function states 

AlloWS the user to 
the display's 
right 

Enables or disables the 
keyboard feedback 

allows a cassette program 
to be automatically 
loaded. 

Keyboard Encoding 



Keyboard Usage 

"Keyboard is a set of guidelines of key-usage 
when performing commonly-used functions. 

Function 

Home Cursor 

Return to 
outermost menu 

Move cursor up 

place cursor at end 
of line 

Move cursor down 

insert 
text at cursor, shift 
text right in buffer 

Keys 

Up Arrow 

Fn PgUp 

.0IIII....-

Fn 

Fn PgDn 

Ins 

Comment 

driven applications 

Full screen word 
processor 

Editors; word processors 

Text, command entry 

Editors; word processors 

command 

Keyboard - Commonly Used Functions (Part 1 of 
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Keys 

Delete at Del Text, entry 
cursor 

, , 
Destructive 4-- Key 14 entry 
backspace 

Tab forward ~ Text 

Tab reverse ,.-- Text entry 

Clear screen and Ctrl Fn 
home Home 

Scroll up Up Arrow 

Scroll down Down Arrow 

............. 
......... 
Ctrl Fn 
End 

Esc Editor, 1 of menu 
and so on 

Start/ Fn PrtSc 
screen to printer 

Ctrl Fn entry 
PgDn 

Ctrl ---lIIIo. 

Ctrl ..oIIIL.-

Ctrl ......... When text is too wide to 
fit the screen 

Keyboard Commonly Used Functions (Part 2 of 3) 

(r--
.,,---
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Function Keys 

Window Left Ctrl ~ 

Comment 

When text is too 
fit the screen 

to 

mode Ins Line ~ .. 
--------------~----------~------------------__4 

Ins Line 

line 

Suspend system 
(Pause) 

Break interrupt 

System reset 

Top of 
and home cursor 

Standard function 

Secondary 
function keys 

Extra 
keys 

keys 
function 

. Esc 

Ctrl Fn 
Pause 

Fn Break 

Alt Ctr! Del 

Ctrl Fn 
p 

Shift Fn/FI 
through 
Fn/FIO 

Shift Fl~FIO 
FI-FIO 

Alt FI-FlO 

Alt 
2 through 13 
(I through 
9,0) 

Alt A 
through Z 

Command entry, text 

list, stop program, 
and so on. 
Resumes on any 

Interrupt current 

Reboot 

Editors, word processors 

Primary function 

function keys if 10 
are not sufficient. 

Line 

Used when function starts 
with the same letter as one 
of the keys. 

Keyboard - Commonly Used Functions 3 of 3) 
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Function 

Carriage return 
Line 
Bell 

Cursor 
Advance one word 
Reverse one word 
Insert 

(break) 
current line 
to end of 

Position cursor to of line 

..J (Enter) 
..J (Enter) 

Ctrl G 
Fn Home 
Up Arrow 
Down Arrow 
.......... 
.............. 

..od..-

. Ctrl ----.. 
Ins 
Del 
Ctrl Fn Home 

. FnPause 
~ 

Fn Break 
Esc 
Ctrl Fn 
Fn End 

. BASIC. Screen Editor ~DI9CI;al Functions 



Function Key 

Suspend 
Echo to 
Stop echo to 

Fn Pause 
Fn Echo 
Fn 

Exit current function (break) 
Backspace 

Fn Break 
4-
Ctrl ....J Line feed 

Cancel line 
Copy character 
Copy until 
Copy remaining 
Skip: character 
Skip until match 
Enter 

insert mode 
Make new line 
String separator 
End of file in 

FnFlor
Fn 
Fn 
Del 

Ins 
Fn 
Fn 
Fn F6 

DOS Special Functions 

Non-Keyboard Scan-code Architecture 
themM 

.... ", ..... " .. scan codes above 
1I".,."rhn~1"l1 to accommodate any 

The keyboard generates scan hex 1 to 55 
and FF. scan codes above (56 tbm 7E for 

and D6 thru FE for I break I codes) are 
BIOS in the following manner: 

mcommg 'make' scan within the 
the translate table, address is 

to by BIOS Interrupt 49, it is translated 
corresponding scan code. Anyincoming 

, codes above hex are ignored. 

5-42 K.e board Enlcodlirul 



If new translated scan is less than 
it is processed by BIOS as a keyboard scan· code 
and same data is placed in the keyboard 
buffer. 
If the translated scan-code is greater than 55 or 
the incoming scan-code is the range the 
translate table. 40 is added. creating a new 
extended-scan· code. The new extended-scan-code 
is then placed in the keyboard buffer with the 
character of OO(null). 
hex 96 thru for scan 
respectively. 

The default translate-table maps scan codes hex 56 thru 
6A to existing keyboard-values. Scan codes hex 6B 
thru BE are (by hex 40) to extended 

of hex thru FE, are out 
of the default 

Users can modify Interrupt Hex 49 to address their own 
translate table if mapping differences are desired. 

format 

Description 

o Length - The number of non-keyboard 
scan-codes that are mapped within table 
(from 1 to n). 

1 to n Word with low-order byte representing the 
scan-code-mapped values relative to the input 
values in the range of hex 56 thru 



r1 Length = 1 to n 

I 
High Byte - 0 (NU 

I 
Low Byte - Scan Code 

Byte - 0 (NUL) 
2 

Low Byte - Scan Code 

High - 0 (NUL) 
3 

Low Byte- Code 

• • 
• 

• • 
• • 

• 
• • 

High - 0 (NUL) 
n 

Low Byte - Scan Code 

Translate Table Format 

With this architecture, all keyboard scan-codes can 
int«~rccmt~,d thru Interrupt 9 and all non-keyboard 
s~m-ICO(leS can intercepted Interrupt 48. 

The following is a chart showing the ael[aUlt 
the translate table in BIOS. 

Ie board Ene . 

of 



Length = 20 mapped values 

Input Mapped Keyboard 
Scan Code Value Character 

86 72 up) 
87 
88 77 

81 
80 

91 79 
92 75 left) 
93 71 
94 

28 Enter 
17 W 

97 18 E 
98 31 S 
99 X 

100 Z 
101 \ 
102 30 A 
103 16 Q 
104 15 
105 1 Esc 

Translate Table Default Values 

Scan Codes 
(Hex) 

I -

56 -7E 

81 -

Type of Scan Code 

Normal Scan Code (Make) 

Non-Keyboard Scan (Make) 

Keyboard Scan (Break) 

D6 - Non-Keyboard Scan Code 

FF Keyboard Buffer 

Scan-Code Map 

Kevboard Encodirul 5-45 
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BIOS Cassette Logic 

Software Algorithms .. Interrupt Hex IS 
The CASSETTE routine is called by the request type in 
AH. address of to be I read' from or 
I written I to the DS:BX 
- ... -~ ... "- of to be I read' or 'written' is spe~C1tleCl 
by The actual number of bytes I read' is returned 
in DX. The read block and write block automatically 
turn cassette motor on at the start off at the 
end. The request types in and the cassette status 
descriptions follow: 

Request 
Type 

AH=O 
AH 1 
AH =2 

AH =3 

Function 

Turn Cassette Motor On 
Turn Cassette Motor Off 
Read Block 
Read into memory at 
Address 
Return actual number of read in DX 
Return Cassette in AH 

Write Tape Block 
Write onto cassette starting at 
Address 

>""-a.;!,;)';;;LL<O Status in AH 

AH Request Types 



Cassette 
Status 

AH ==00 
AH ==01 

AH ==02 
AH ==04 
AH -80 

Description 

No Errors 
Redundancy 

Block 
Transitions 

Invalid Command 

(CRC) Error in 

Note: The carry will be set on any error. 

AH Cassette Status 

Cassette Write 
The WRITE-BLOCK routine ' , a tape block 
onto the cassette tape. The tape block is described 
"Data Architecture" later this section. 

The routine I turns on' the cassette 
drive motor and I writes' the leader (256 bytes of all 
l's) to I writes I a bit (0), and 
then ' I a synchronization. byte (ASCn character 
hex 16), the routine I number of data 
bytes by CX. After block of 256 
bytes, a cyclic redundancy (CRC) is 
'written I • data bytes are from the memory 
location 'pointed I at by DS:BX . 

.u-.UJ...''-''..;.n. routine I umWSI)t;ill.un:;1) 

is to • set I Timer 2 to 
bit. The timer is I set' to a period of 1.0 

m1llbsl~COinCl for a 1 bit and 0.5 for a 0 bit. 
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timer is .' set I to mode 3, which means the timer 
outputs a square wave with a period given by its count 
register .. The timer's period is changed on fly for 
each data byte I written I to cassette. H number 
of data bytes to be 'written I is not an integral.l.ll ... w.v .... 

then, last desired from 
memory has been I written' • the is extended 
to bytes of multiples of the last. data byte. 
The last block is closed two CRC as usual 
After the data-block,a 
bytes of all 1 bits is I written I • 

motor is I turned off I , if there are no errors reported by 
routine. All interrupts are .' disabled I during 

cassette-write operations. 

250J.'s -1 
Zero Bit 

Bit 

1....--------1000 

Cassette-Write Timing Chart 

Cassette . Read 
The READ-BLOCK on I cassette 
drive motor then delays approximately O.S 
second to allow the motor to come to speed. 

The READ-BLOCK routine then searches the 
leader and must detect 1 bits for approximately 1/4 

L"" ....... "'L.length before it can look for the (0) 
bit is the byte 



r>. ......... JLL l'nlllr!llt''Tpr hex 16) is I I. If 
COITec:t1y the data portion can 

byte is not found, the ........ 'h .... " 

IiIPll,rl'l,pliI for the leader 

byte is 'assembled'. it is 'written' 
location DS:BXand BX is incremented by 1. 

multiple of 256 data bytes is 'read' • the 
is 'read' and 'compared' to generated. 

If a error is detected, the with the 
carry I set' to indicate an error status of 

I set I to hex 01. DXcontains the number of bytes 

All .... fc"' ..... n ... 'h" are I disabled I during 
I operations. 

Data Record Architecture 
WRITE-BLOCK routine uses the following format 

rp.l',(\rri a tape block onto a cassette 

I 
Motor 
On 

TAPE BLOCK) 

Sync Sync 
Bit 

Data 
Block 

Cassette Write-Block Format 

'c 

Motor 
Off 

i 
i 

J 



r 
\ 
~ 

Component 

Leader 
Sync Bit 
Sync Byte 

Blocks 

Data Record Components 

Error Detection 

Description 

(of All! 's) 

Error detection is handled through software. 

Block 

used to detect errors. The polynomial used is == 
+ X12 + + 1, which is the polynomial used by 

the synchronous data control interface. 
Essentially, as bits are 'written' to or 'read I from the 
cassette they are through eRe register 

software. After a block of is 'written I , 

complemented of the calculated eRe is 
I written' on the tape. Upon reading the cassette data, 
the bytes are I and I compared I to the 
generated eRe value. the read eRe does not equal 
the generated eRe, the processor's carry flag is 'set' 

the status is I set' to 01, indicates 
a eRe error occurred routine is 
on a eRe error. 



Notes: 

I, __ .v 
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Appendix A. ROM BIOS LISTING .......... A-3 

Appendix B. LOGIC DIAGRAMS ........... B-1 

Appendix C. CHARACTERS, KEYSTROKES, and 
COLOR ................................ C-l 

Appendix D. UNIT SPECIFICATIONS ...•.... D-l 
System Unit ........................... D-l 

Size: .............................. D-l 
Weight: ........................... D-l 
Transformer: ....................... D-l 
Environment: ....................... D-l 

Cordless Keyboard ..................... D-2 
Size: .............................. D-2 
Weight: ........................... D-2 
Optional Cable: ..................... D-2 

Diskette Drive ....................... D-3 
Size: ............................ D-3 
Weight: ........................... D-3 
Power: ............................ D-3 
Mechanical and Electrical ............. D-4 

Color Display ......................... D-5 
Size: .............................. D-5 
Weight: ........................... D-5 
Heat Output: ....................... D-5 
Power Cables: ...................... D-5 

(' 
\ 

Graphics Printer ....................... D-6 
Size: .............................. D-6 

'-' Weight: ........................... D-6 
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Heat Output: ....................... D-6 
Power Cable: ....................... D-6 
Signal Cable: ....................... D-6 
Electrical: .................... . . . . . D-6 

Internal Modem ........................ D-7 
Power: ............................ D-7 
Interface .......................... D-7 

Compact Printer ..................... .. D-8 
Size .............................. D-8 
Weight ........................... D-8 
Heat Output ...................... D-8 
Power Cable ...................... D-8 
Signal Cable ......... ... . . . . . . .. .. D-8 
Electrical. ....................... .. D-8 
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SOFTWARE 
THE L.ISTINGS 
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ABSOlUTE A!>DRESSES 
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; ------------------------------------------_ ..... ""---- ..... _---------
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PORT_B 
I'OIIT_C 
eNO ... PORT 
"00£_B2e8 
iNTAOO 
(NTAO! 
EOl 

EOU 
E"" 
EQU 
Elill 
EOIl 
EOU. 
EOW 
EOU 
EOU 
EQU
EOU 
EIIU 
EIlU 
EOU 
EOU 
Uiu 
EOU 
EOU 
ElIV 
ElIV 
EOV· 

.IlH 
38M 
7 
UM 
82M 
63H 
!OOO 100 lEl 
20M 
2.lM 

0: ! SKETTE EQUA:rES 

WD:"'ENASLE 
WIIjTROBE 
CIU·YE_ENABLE 

NEC_STAT 
BUSY_Bf T 
D •• 
RQN 
NEC_DATA 

EQU OF211 
EflU BOH 

EOU 
EOU 
EOV 

UV 
EOU 
EOV 
EOV 
EOU 

20 ... 

."" 0111 

OF.H 
20M 
.OR 
IIOH 
OFIIK --_ ... _-------------------------------- .. -

BOBS INTERRUPT L.OCATIONS 

SEGNENT AT. 0 
ORG 2.4 

ORG 
INT3_PTR 

ORG 
lNTS_PTR 

ORG 
INT_PTR 

ORG 
VIDEO_INT

OR" 
INT1C_PTI~ 

ORG 
PARfoCPTR 

ORG 
BASIC PTR 

- ORG 
DISK_POINTER 

"RG 
EXTJTR L.ABEL. 

0"," 
eSET_PTR 

OR" 
KIEY62_PTR 

OR" 
EX"T 

OR" 
INT91 LABEL 

OR" 
lN1'B2 LABEL 

eRG 
tNTIl'll LABEL 

OR" 
DATA_AREA 
DATA_WORD. 

OR& 

:~~~_LOC~DS 

LADEt. 
3U 
LABEL .... 
LABEL 
11*0' 
LABEL 
10HJl4 
LABEL 
1CMtf4 

DWQRD 
044t+M4 
L.ASEL. 
049"-4 
LABEL. 
0'4' .... 4· 
LABEL 
OBIHt14 
WORD 
OS2HIIf" 
WORO 
OBB"" 4 
WORD 
400H' 
LABEL. 
.. AIIID-
7COOH 
L.ABEL. 

WORO 

WCRD 

"".D 
DWORf} 

WORD 

WORD 

DWRD 

DWIlI) 

nWORD 

WORI) 

9YTE 
WORI.) 

~AR 

POUlTER TO '1101:0. PARKS 

CASSETTE SA91C 

POINTER TO DOT PATTERNS' 

PO UtTER TO 62 KEV KEYBOARD CODE 

POINTER TO EXT. SCAN TAeL.£: 

; ABSOLu.n: LOtA-TION Or I)AYA SEGi'lEHT 

ROM BIOS A-3 



0100 
0100 

0000 
- 0000 

ooOB 

0010 
0012 
0013 
0015 

0017 11 

= 0040 
:; oOZO 
:: cooe 

0004 
= 0002 

0001 
001B 11 
= 0010 
= 0040 
= 0020 
= 0010 = OOOS 

0004 

;: 0002 

0019 71 

:; O0Ai5 
= 0048 
:; 0038 
:: DOlO 
;: 003A 
= 002A 
;; 0036 = 00112 = oon 

003£ 11 

OOlF 77 

0040 17 

00211 

0041 11 
= OOBO 
:: 00 .. 0 
= 0020 = 0010 
:; 0001 

= OOOB 
= 0004 
:; 0003 

= 0002 
:: GOOI 
0042 

= OOAF' 

= 0003 
:; -0019 = 0004 

A·4 

eo I 
1177 

04 I 
7171 

04 [ 
1717 

'??'7'? 

07 , 
77 

ROM BIOS 

: STACK -- US EO DURING lNlT!AL{ZATION ONLV 

STACK SEGMENT AT 30H 
DW 128 [H)P(?) 

ros WORD 
STACK . ----------------------------_ ... ---------

ROM BiOS DATA AREAS ----------------
SEGMENT AT 40H 

OW 4 DUP(7) ; IJ,OORESSES OF RS232 ADAPTERS 

PR I NTEIUIASE Ow .. Dl)P(?) ; ADDRESSES OF pRINTERS 

INSTALLED- HAROWARE EQU r p _nAG 
KBD_ERR 
HENORY _91 ze: 
TRUE_ME" 

OW 
08 
Ow 
Ow 

? 
? 
? 
? 

COUlty· OF KEYBOARQ TRAIISMlT ERRORS 
uSABLE MEMORV SIZE IN t( 8YTES 
REAL MENORY SIZE IN I< BYTES 

KEYBOARD DATA AREAS 

MOTOR_S'TAT\JS 

MOTOR_COUNT 

IIOTOR_WAIT 

INDJCATES 
69 
70 
86 
29 
sa 
42 
84 

Eau 52 
EQU 8] 

08 ? 

oe ? 

De ? 

Eel! 37 

DtSKETTE_~iTATUS DB ? 
TIME_OUT BaH 
BAO_SEEK 40H 
8AO_NEe 20" 
8AO_CRC 'ON 
DMA_BOONOARY O'.lH 

BAD_DNA 
IIECORO_NOTJNO 
Will: I TIE...,pROTECT 03H 

EGU 02" 
EGU 0,. 
os ., !)upe?) 

SEEK_E']~D 20H 
THRESHOLD 300, 

PARMO 

PARM! 
PARM9 
PARM10 

QAFH 

3 
25 
4 

DIU 'IE RECAl r 8111:AT I ON 
IUT 0 :::: DRIVE NEEDS 

NEXT SEEK -IF BIT 
"OTOA STATUS 
elT 0 DR1VE 0 IS CURRENTLy 

RUNNING 
TI..e: OO'T COUHTER FOR' DRIVE 
TURN OFF 
2 SEes OF <:_TS FOR- MOTOR 
TUM OFF 
RETURN COOE STATUS BYTE 
ATTACHMENT FAILIEO TO 'RESPOND 
SEEK OPERATION FAILED 
lEe COIHROL .. ER IIIIS fAILEO 
9AO CRe ON D I 51(ETTE READ 
ATTEMPT TO DNA ACROSS e4K 
BOUNDARV 
DMA ovERRUN ON OPERATION 
REQUESTED SECTOR HOT FOUND 
WRlT£: ATTEMPTE!) OM VRI TIE 
PROTECTED D I 5K 
ADDRESS HARte· NOT FO\.JHO 
BAD cOMMAND GIVEN TO DIStt:ETTE 110 

; STATUS eVTES FROM NEe 



0049 11 
00.u. 1711 
OO4C 1771 
004. 7117 
0080 09 , 

0060 7117 

"""" 71 
0013 1177 

001111 7? 

00116 ?1 

GOG? 1117 
ODS' 7771 
00611 11 

ODIC 1171 
006E 7717 
0070 17 

0071 ?1 
0072 1171 

~? 

?1 
17 
11 

0078 0., 

007C 04 , 

0085 11 
0086 71 

• OOOF 
0087 17 
0088 71 

0004 

• OOBO = 0040 
• 0020 = 0010 
= 0008 
= 000. 
00002 
= 0001 
008' 71 

0000 
0000 11 

0001 71 
0002 1771 

0004 17 

1171 

'n 

11 

; ----------------_ ... _--------------------
VIDEO DISPLAY DATA AREA 

DB 
DW 
ow 
OW 

B DUpe?)' ; OW 

.W 1 

.9 1 
OW ? 

CRT_MOllE_SET .B ? 

CRT_PALLETT£: D8 ? 
; _ ...... ------------------_ ... -...... --... "" ..... _-"" ... _-

CASSETTE DATA AREA 

ow 
OW 
08 

TlM£R DATA AREA 

ow 
ow 
DB 

SYSTEM DATA AREA 

? 
? 
7 

? 
? 

CAT MODE 
OF COLUMNS ON SCREEN 
OF REGEN I N BYTES 

ADDRESS 1 N REGEN 
FOR EACH OF UP TO 8 

OF' T J MER COUNT 
OF T 1 MER COUNT 
ROllEO OVER 51 NeE LABT 

os 
ow 

8R£AK KEY HAS sEEN HIT 
...... =.2"4 .. IF KEYBOARD RESET 

EXTRA DISKETTE DATA AREAS 

De ? 
DB ? 
DB ? 
DB 7 

PIU .. TEft AND RS232 Tl HE-OUT VAIU ABLES 

DB A .UP'?) 

4 oupn, 

ADDIT10NAl KEYBOARO DATA AREA 

Oil 7 
... ? 
Oil ? 

62 KEY KEYBOARD DATA AREA 

OB 
DB 

£QU 
D. 
DB 
EGU 

---------------... ----
1 
? 

OF" 
1 
? 
~ 

; ----... "" ... _---_ ... --------------------------
BIT ASfHGNNETS FOR KBJLAG_2 

ENDS 

EGU 
EGU 
EW
EQU 
EQU 
EGU 
EGU 
EQU 
DB 

DB 

BOH 
4DH 
20H 
10H 
DIIH 
0411 
02H 
0111 
? 

EXTRA DATA AREA 

AT 50H 
De 
AREA IS USED ONLY DURiNG DlAGNOSTICS 
RESIDENT) 

TVPANATIC 
DELAY IS 

DB '? DI~G. MENU 
DW COORD-I NATES 

DB 

ROM BIOS 



ooos 7117 

COOA" 1177 

OOOC 7177 

OOOE 
0010 

0011 77 

0012 rn? 

00.1.4 1177 

00'& 
0018 

0<>,. 

0022 
0011. 

oo.a 
COlle 

0000 
0:000 ?? 
0001 11 
0002 77 
0003 11 
0004 77 
oooe 11 
0008 17 
0001 '17 
0008 n 
0009 

.9 , 

01 , 

= 0200-
00.9 0.00 

0.0'0 
043. 
0434 
043:6 
0438 
04311 7171 
0431: ??11 
0"43£ 7777 
0440 1717" 
0.442 1??? 

17 

DO 
DO 
00 
00 

8. 
08 

A-6 ROM BIOS 

MF"G_TSr O. 7 
"t"'_TOT ow 7 

M£M~OOllES ow 

Ml!1I_OOM£O OW 7 

tMTtCO ow 7 

OW 7 
011- 7 

DON[128 08 ? 

keCCN' ow ? 

POST DATA AREA 

ow ? PDfHTR: TO OPTJONAI.. 1/0 ROM UUT 

Oil. 
00 

; RDUTlNE 
7' ; PDIIHTER 
? J FLAG TO 

; DURING 
08 9' DUfH?l ; HOOlE" RESPONSE 8VF'F'ER 

ow 
ow 

7 
7 

j _ ..... _-----------------_ ................ _----------

SERIAL PRINTER DATA 

OW ? 
00 7 

NEW_S11(;I< ... OA1A OW ? 
OW ? 
Ow ? 
OW ? 
OW ? 
OW ? 
ow ? 
OW 7 
OW_ ? 
OW 7 

; -------_ ... --_ .. --------------------------
DJSKErT£ OATA AREA. 

DKDII TA SEGMENT 
HI,)fIeDRIY£: 
DUAL 
OP£RATlON 
DRIVE 
TRACK 
HEAD 
SECTOR 
NVl4:...HCTOR 
SEC 

WRITEJlUF 

10 

AT SOH 
08 
ca 
08 
08 
CB 
OB 
OS 
0" 
De 

os-

De 

? 

7 
7 

? 
7 
? 

OUTPUT ROuTINE 

; SELECT I ON CHARACTER 



?? 
?7 
?? 
17 

0448 ?? 

0449 

4000 [ 
?? 

0000 

0000 31 35 30 34 30 33 
36 20 43 -tv 50 52 
2£ 20 49 42 40 20 
31 39 38 31 2C 31 
39 38 33 

£F 
F7 

8000 
E6 .00 
FE C8 
£6 10 
£4 AO 
FA 

004£ Be lOBF 

8.0 .,. 
O. 
EE 
60 C4 20 
E2 FB 
eo 11.0 

£61'2 
SA 030A 
EC 
8004 
EE 
80 (H 
EE 

; ERROR PARAMETERS 
DK_ER_OCCURED DB ? 
DK .... ER_L 1 DB ? 
IiK_ER_L2 DB ? 

ERROR HAS OCCURRIED 
CUSTOMER ERROR LEVEL 
SERYI CE UROR LEVE~ 

ER •• JHATUS_SVU: D9 ? STATUS BlfTIE RETURN FROM INT 13M 
; LANGUAGE T AS",£ 
LANGU3¥T£ DB ? 

DKDATA ENDS 

VIDEO DISPLAY SUFFER 

ROM RESIDENT CODE 

SEGMENT PAGE 

J PORT 80 TO DETER"!N£: WHICH 
• LANGAGE TO USE 

ASSUME CS:CODEtDS:ABSO.ES NOTHtNG.SSISTACK 

.B 

" .w 112 CJU_LED 
011 Ll4 
.W UB 
.w UB 
'w LOA 

,38 os ' KS' 
[1<_0 .W OFFSET E80 

OW OFFSET EDO 
OW OFFSET TOn,..TPO E., '11 OFFSET MOl 

;: -------------------------_ ..... -_ ....... _-----.. -
MESSAGE AREA FOR POST 

ERROR_ERR .B 'ERROR' 
HEM_ERR DB ,., 
KEV .... ERR .B 'B' 
tASS_ERR DB 'C' 
CONIJRR DB '0 ' 
COM2_ERR DB 'E' 
ROM_ERR .B '.' 
CART_ERR DB 'G' 
DISK_ERR DB 'H' 

~4 LASEL WORD ; PRINTER SOIJRCE T48LE 
.w 37BM 
.w 278H 

FOE LAS£).. WORD 
IMAS!(S LABEL BYTE 

DB CEFH 
DB CF7H 

; --------_ ..... _ ...... -... ---- ...... ------------------
SETUP 

RESET 
START: 

Ll: 

TEST I 

DISABLE Hftt~ MASKASLE INTS. 
SOUND CHIP. AND VIOEO, 
TURN DRIVE 10 MOTOR OFF 

ASSUME 
LABEL 
"0'1 
OUT 
DEC 
OUT ." eLl 

NOV 

"Oil 
NOV 
OR 
OUT 

••• LOOP 
NOV 

OUT 

MOV 
OUT 
MOV 
OUT 

ts: CODE, DS: AI.U.iO~ ES: NOTHING. SS: STACK 
FAR 
AL~O 
OACH, AL IOJ SABLES NM) 
AL SENO FF TO MF'_TeSTER 
lOH.AL 
AL.OAOH 

AX. lOBFH 

OF2H"AL 
DX,VGA_CTL 
AL.DX 
AL.4 
O)(I A4.. 
AL, i 
DX,AI.. 

SOBS PROCESSOR TEST 
DESCRt PTl ON 

VERIFY 8088 FLAGS, RE(tJ5TERS 
AND COHD I n OHAL ,JUMPS 

MFG. ERROR CODE 0001H 

ROM BIOS 

CHIP 
OFF 



OOSD 84 De "0'1 AH,005H SET SF, CF, 2F, AND Af F\.AGS ON 
006F 9E SAHF 
0070 73 4C JNC L4 
0072 75 4A JNZ L4 
0074 78 48 JNP L4 
0076 79 46 JNS L4 
0078 91' L_1ll' 
0079 8105 MOY CL,6 
0078 D2 EC SHR AH.CL 
007D 73 3F L4 
0071' BO 40 AL~40H 
OOBI 00 EO AL~ 1 
OOt:Jl 71 39 L4 
0085 3:2 E4 AH~AH 
0087 9£ 
008B 7fi11 34 L4 

008A 78 32 JS L4 
coae 7_ 30 JP L4 
OOBe: 91' LAHF 
008~ B1 05 MOY CL,5 
0091 D2 EC SHR AH,CL 
0093 72 29 ')C L. 
00S5 [)O £4 SHL AH,l 
0097 70 215 JO L4 

READ/NRI TE THE 6086 
W tTH ALL ONE' SAND 

0099 88 F'F'FF IIOV AX,OFFFFH 
coge F9 OTC 
0090 8E 08 L2, 11.'1 05, AX WRITE PATTERN TO ALL REGS 
009F ae De IIOV BX.OS 
OOAl 8E C3 IIOV ES,OX 
00.3 Be c. IIOV ex. ES 
00A5 8E 01 IIOV SS~ ex 
0007 8C 02 110'1 D)(~ S5 
00149 8B £2 NOv SP.DX 
OOA8 S8 EC 110'1 BP.S? 
00.0 88 I'll 110'1 SI,BP 
OOA" 88 FE 110'1 Ol~ S1 
ooa. 73 07 .INC L3 
OOB3 33 C7 .OR AX,DI REGS 
0085 7507 JHZ L4 
0087 1'8 tLe 
OOB8 £8 £3 JIIP L. 
OOS4 OS C1 LJ, OR AX,DI 
coae 74 ac JZ L5 
OOSE e. 0010 LA: NOV 0)(, DOlO,", 
OOCl 80 00 NOV AL,O 
00C3 EE our OX,AL ERROR 0001 
00C4 •• IIIC OX 
00e5 EE OuT [)X, AL 
00e6 FE co INC AL 
00e8 EE OUT OX, AL 
ooe'S F4 HLT i HALT 
OOeA L5, --------------------------------_ .. __ ..... _--

TEST 2 
82~5 IN!T1ALlZATlON AND TEST 

OESCIU pTlON 
FIRST INITIALIZE S2!!H5 
PERIPHERAL INTERFACE, A.e 
ARE LATCHED OUTPUT 
SUFFERS. C is INPUT, 

"FG ERR, CODE =0002H 

OOCA 80 FE 110'1 AL,OFEH SENO FE TO "FG 
ooee £6 10 OuT 10H. AL 
OOCE 9089 NOV AL, NODE_&215!J 
0000 E6 63 OUT CMD_POfH, AL 1/0 PORTS 
0002 28 CO sus AX,AX SEED 0000 
00D4 8A C4 LG, KOV AL,AH 
OODG ES 60 OUT PORT_A,AL 
OOOS E460 IN AL,PORT_A 
00014 E6 61 OUT PORT_B, AL 
OODe E4 6,1; IN AL, PORT_B 
OODE JA C4 CN. AL,AH 
OOEO 76 06 JNE L7 
OOE2 FE C4 INC AH 
00E4 715 EE JNZ LS 
OOES ES 015 Jof SHORT La 
OOES 83 02 L7, NOV SL,02H 
OOEA E9 OSBC R ""p E_"SG 
OOE[) 32 CO La, XOR AL,AL 
OOEF E6 60 OUT KBPORT. AL CLEAA 1<8 PORT 
OOFI E4 62 'M AL, PORT_C 
.OFJ 24 09 AL. 000010008 
00F5 BO IB AL.18H Svs 
OOF1 75 02 L9 
00F9 SO 3F AL,3FH PORT SETTtHG FOR 128K svs 
001'8 SA OJDF L9, DX, PAGREG 
COFE EE O\.lT DX,AL 
001'1' BO 01) HOV AL.OOOOHOIB IN t Ti At. iZE OUTPUT POR T5 
0101 E6 6J. OUT PORT_B. AL 

A-8 ROM BIOS 



0103 
0105 
0107 
01010 
0100 
0111 
0113 
0115 

C.
OllS 

'0117 
PUS 

.. ouc 
OUD 
OUE 

( 
0 

/-. 

L,' 

OUF 

0121 
0124 

0125 
012B 
01210 
012C 
012D 
012F 
0130 
0132 

0134 
0136 

013S 

01310 
013C 
013E 

'.0140 
'0143 

0146 

0149 

oua 
014E 
0151 
0154 
0157 
0159 
OlSC 
015F 

015F 
0161 
0163 
OHtS 
0168 
01610 
OlSD 
016F 
0171 
0173 

0176 
0178 
O17A 
017D 
017F 
OlSl 
01B3 
OIBS 

aD FD 
E6 10 

•• 0304 
aa FOA4 R 
a. 0010 SO 
3. .4 

•• C4 
EE 
42 
FE C4 
2E: BA 07 
E • 
.3 
•• E:2 F2 

BA 030A 
EC 

BS 0005 
3:2 E4 
SA C4 
EE 
3. CO 
E. 
FE C. 
E • • 6 

BO FC 
ES 10 

33 '6 
Be C8 
BE 00 
BE DB 

SS sooo 
iBC OOlB R 

ES FEEB R 

74 06 

BEl 0003 
E9 09BC R 
B9 BODO 
ES FEES R 
74 06 
BiB 0004 
ES 09BC R 

BO FB 
E6 10 
B9 0400 
33 CO 
8E CO 
E9 OB59 R 
75 I. 
BO FA 
£6 ,0 
B9 0400 

E. SO 
3C '8 
B. OFBO 
74 02 
8. IF 
SE CO 
ES OB159 R 
7. 23 

PART 3 
SET UP VIDEO GATE ARRAV AND 6S45 TO GET MEMORV WORKING 

MOV. AL,OFOH 
OUT 10H, AL ; 
MOV DX,03D4H SET ADDRESS OF 6845 
MOV ax, OFFSET VI DEOj~ARMS ; POI NT TO 6845 PARMS 
MOV CX, tw040 SET PAR" LEN 
XOR AH,AH AH JS REG .. 

LI0: MOV AL,AH GET 6845 REG • 
OUT DX,AL 
INC DX POINT TO DATA PORT 
INC .H NEXT REG VALUE 
MOV AL,CS: [8X] GET TABLE VALUE 
OUT DX,AL OUT TO CHIP 
INC ax NEXT IN TABLE 
DEC DX SACK TO POINTER REG 
LOOP LtO 

START VGA WITHOUT VIDEO ENABLED 
HOV DX, VGA_CTL SET ADDRESS OF VGA 
IN AL. OX BE SURE ADDR/DATA FLAG IS 

iN THE PROPER STATE 
MOV CX,5 .. OF REGISTERS 
XOR AH,AH AH I S REG COUNTER 

Lll: HOV AL, AH GET REG .. 
OUT DX,AL SELECT IT 
XOR AL,AL SET ZERO FOR DATA 
OUT DX,AL 
'NC AH NEXT REG 
LOOP Lll 

TEST 4 
PLANAR BOARD ROS CHECKSUN TEST 

DESCR I PT 1 ON 
A CHECKSUM TEST t S DONE F'OR EACH ROS 
MODULE ON THE PLANAR BOARD TO. 
NFG ERROR CODE ;0003H NODULE AT ADDRESS 

FOGO: 0000 ERROR 

MOV AL,OFCH 

0004H "ODULE AT ADDRESS 
F800: 0000 ERROR 

OUT 10H,AL i MFG OUT=FC 
; CHECK MODULE AT F'OOO:O (LENGTH 3:2K) 

L12: 

Lll: 

L14: 

LIS: 

XOR S I, S I INDEX OFF'SET W (TH I N SEGMENT OF 

MOV 
HOV 
HOV 

MOV 
HOV 

"H" 

"' 
HOV 
"M" 
MOV 
"M" 
JZ 
HOV 
"HP 

AX, CS 
SS,AX 
DB, AX 

CX,8000H 
SP.OFFSET Zl 

Lt3 

BX,0003H 
E_MSG 
ex, BOOOH 
ROS_CHECKSUM 
L15 
BX,0004H 
E_"SG 

F'I RST BVTE 
SET UP STACI< SEGMENT 

LOAD DS WITH SEGMENT OF ADDRESS 
SPACE OF' BIOS/BASIC 
NUMBER OF BYTES TO BE TESTED, 321< 
SET UP STACK POINTER SO THAT 
RETURM WILL CO"E HERE 
JUMP TO ROUTINE WHICK PERFORMS 
CRe CHECK 
"ODULE AT FOOO: 0 OK, GO CHECI< 
OTHER "ODULE AT FOOO: SOOO 
SET ERROR CODE 
I NO I CATE ERROR 
LOAD COUNT (81 POI NT! NG TO START 
OF NEXT MODULE AT TH I S POI NT' 
PROCEED IF HO ERROR 
I ND I CATE ERROR 

TEST 15 
BASE :2K READ/WRITE STORAGE TEST 

DESCRIPTION 
WRITE/READ/VERIFY DATA PATTERNS 
AA,55, AND 00 TO 1ST 2K OF STORAGE 
AND THE 2K JUST BELOW S4K C CRT SUFFER) 
VERIF'V STORAGE ADDRESSABILlTV. 
ON EX I T SET CRT PAGE TO 3. SET 
TEMPORARY STACK ALSO. 

MFG ERROR CODE 04XX FOR SVSTEM SOARD MEM. 

MOV 
OUT 
MOY 
XOR 
MOY 
JNP 

LIS: JNZ 
MOY 
OUT 
HOY 

IN 
CM" 
MOY 
J' 

05XX FOR 641< ATTRIS. CD. MEM 
OSXX FOR ERRORS I N BOTH 
«XX.::: ERROR SITS) 

AL.OFSH 
10H,AL SET "FG FLAG=FB 
CX,0400H SET FOR II< WORDS, :2K BYTES 
AX, AX 
ES, AX LOAD ES WI TH 0000 SEGMENT 
PODSTG 
L.O BAD STORAGE FOUND 
AL,OFAH MFG OUT=FA 
10H, AL 
CX,400H 1024 WORDS TO BE TESTED IN 

REGEN BUFFER 
AL, PORT_A WHERE I S THE REGEN SUFFER? 
AL,lSH TDP OF 64K? 
AX.OFBOH SET POI NTER TO THERE IF IT 
us 

THE 

IS 

MOV AH,lFH OR SET POI HTER TO TOP OF 1:28K 
LIB: MOV ES, AX 

J"" PODSTG 
L19: JZ L.3 

ROM BIOS A-9 



01. 11704 
01SA £4 U 
01llC 2408 
<1I8E 7408 
0190 ell. 09 
0192 OA DO 
0194 ES 12 
01" 90 Fe: 02 
0199 aA 011 
0199 74 011 
0190 FE C7 
019" 0;\ DD 

eo Fe 01 
74 02 
FE <:7 

0",," 1E9 ()9SC R 

OLAD DO 
OLAD E6 
OlAF "9 
01a. BB 

BE co 
ED 01159 II 
74 06 
89 0003 
E9 098C II 

01C2 "a 
01e5 DE 
01C7 ac R 
OleA 33 
01(e BE 

Ola C7 08 0482 II 0007 

0104 U 0040 
0107 E462 
0109 24 os 
0109 90 
0100 7. 
0101' 93 
OiE2 80 
OlEO •• R 
Ol£S .,2 

01£9 8S II 
01£E BE 01 
{UFO C6 08 oooe II .B 

£6 EGOS R 
C7 Oi 0022 fit OA61 R 
Be (9 
.43 002:4 R 

0203 B9 
0206 &E 

liB 
2a 
BE 
se 
AB 
BC CB 

•• E2 F7 
<:7 OS 0124 II 1090 II 

!IF 011<10 .. 
OIl: 
11' 
lIE II 
99 
A. 

O"A .7 
O •• S .7 
022C £2 FB 

BF 0200 
9E 4000 
99 0010 
AB 

A-tO ROM BIOS 

L21; 

HOV 
IN 
AND 
JZ 
MOV 
OR 

eM. 
JE 
INC 

SH t 0411 
AL,PORT_I: 
AL, 0000 10008 
Lli 
SL~CL 
BL,CH 
SHOaT U2 
IIIH,02 
BL,CL 
L" 
SH 
8L~CH 

BITS 
ATTitIB CARD 

OODfEYEN 

COKelNE ERROR BITS IF IT fft'T 

EVEN BYTE ERROR? ERR 04XX 

J"" EJlBe ; ROUTiNE 

L24: 

PAflT 

ASSUME 
MOil 
MOil 

""II 
CALL 
""V 
MOY 
MOY 

; ----- SET UP "". SUB 
MOY 

03, NOY 
5T05111 
HOY 
STQSW 
LOOl' 
HOY 

SET UP BIOS 
HOY 
PUSH 
POP 
MOY 
MOY 

04, MOYSW 

• SET 

0'5: 

21( USING B8000 ADDRESS 
AL,OF9H HFG 
lOW, AL 
eX,0400H lK WORDS 
AX,0B'880H POI NT TO T£STEl'I WITli 

DIRECT 

TO A 
LOADED. 

SYSTEM 

~ SET UP HFG CHECKPOINT FROM THII 
, POiNT 
; UPDATE MFG CHECKPOI NT 

KFG_OUT 

SET DOUBLEWQRD POI NTER TO MFG • 
ERROR OIJTPVT ROUT I HE so D 1 AGS. 
DON'T HAVE TO DUPLICATE COOE 

IS 0000 

GET AOOR OF [HTIl PRoe SEG 

03 Vf!CTBL(') 
EXST, OFFSET ; SET UP EKT, SCAN TABLE 

INTERRUPTS 
DI; OFFSET Yll)£0 ••• ,1N1 SET UP \110£0 un 
cs 
os IN DS 
51 ,OFFSET 
ex, 16 

'lECTOR TO LOW 

LOW 



41 
47 
E2 Fa 
eE n 
C7 08 
C7 oe 
C7 06 

OJ!~O III! lUll 

&:4 12 
24 OS 
75 03 
SO ca 
St .IE 

0280 E9 "EIBB II 

8283 eo 13 

20 
08 
21 
08 

,02&0 £S 21 

00 
OS 
21 
21 
CO 
lS 
FF 
21 
2J 
,01 

O2B3 71:1 OE 

04 DB 
74 05 
97 07 
E9 OBBC R 

eo EO 
Efi F2 
110 AO 
,Ea F2 

lB63 R 
1"2" R 
IBA5 R 

INC 
INC 
LOOP 
MOV 
MOV 
MOV 
NOV 

01 
01 
05 
DS 1 ·Ci< 
I'NTI!, OFF-SET 
I NT92, OFFSET 
INT89, OFFSET 

• POiNT TO 
; REPEAT FOR 
; SET OS TO 

L.OCATEI 
PRNT3 
JOVSTlCk 

SET UP DEFAULT EQUIPM-ENT OETERMJNATION WOAD 
elr 15,14 = NUMB£R OF PRINTERS ATTACHED 
81 T 13 :: 1 = SERIAL PRIMTER PRESENT 
81 T 12 :: GAME I to ATTACHE!) 
rn r 11, 10,9 :: NUMBER OF R6232 CAROl ATT.ACHED 
BIT B :: .D"" -(O=D.MA PRESENT, l=NO DKA ON SYSTEM 
en 7, B :: NUMBER OF DISKETTE DR1YES 

,0'0;1, 01=2, 10=3. 11=4 OftLV [F BIT 0 
BIT_ B,4 ::. JNITIAL VIDEO MCOE 

00 UNUSED 
01 -. 40)(25 BW ,us 1 NG COi..OR CAAD 
10 - 90)(25 ew USING COLOR CARD 
-11 - 80)(25 alii 'UStNG au CARO 

SlT 3,2 ::. PLANAR RAN SIZ£ (10::491<,11=6400 
91 T I NOT USEO 
eIr () = 1 (JPL D-ISKETT£ INSTALLED) 

ASSUME CS: CODE, DS: ASSO 
MOV SX,1118M ,UEFAUlT GA'MEJO~40)(25.NO DMA#4QK ON 

TEST 7 

IN 
ANO 
J"Z 
OR 
NOY 

PLANAR 
AL,PORT_C 
AL6 GSH .' 641< CARn PRESENT 
056 • HO~ .JUMP 
9L # -4 ; SET 84k OM PLANAR 
... TA_IIORO£EQVIP _FL .... -DATAl.IX 

i UUTlAl,.lZE AHD TEST THE 8259 INTERRUPT CONTROLLER CHIP 
; NFG ERR, CODE '07}(X {}(x=oo~ DATA' PATH OR IHERNAL 'FAIi,.UR£t 

)(}(zANV OTHER BITS ON::tJNEPEc:rEti INTBitRUPTS 

NFG_UP M-''' C.oDE=F7 
DS~ ,0\850* cs: coo£: 
AL,l3H 

INraoo.AL 
AL~ 8 leLia - SET lHT£RRUPT rvf'£ a (S-F) 
1 ltfUOl ... AL 
AL.S ICW4 - SET BVFFERED HOOE/SLAYE 

"NO ,11068 .. o.e: 
OUT INTA01.AL 

TEST ABILITY TO WRlTE/itEAb THE MASt( REG1STER 

IIOV 
MOIl 
OUT 
III 
OR 
.1HZ 

"". OUT 
I" .... 
.1HZ 

"'-.0 
BL.At. 
INTAO!. AL 
ALt INTAOI 
AL.AL 
GERROR 
Ai..,OFFH 
INTAOI. AL 
AL, I NTAOJ 
AL,l 

GERROR 

(KE(I< FOR HOT INTERRUPTS 

WR I TE ZEROES :TO l'MR 
PRESET ERROR INOICATOR 
DEli I a 1 NTERRUPTS ENABLED 
READ IMR 
IMA: e 01 
NO - l.:O TO ERROR ROUT J HE 
DISABLE DEVICE INT£RRYflT9 
WRITE ONES TO ("ft 
READ IMR 
ALL I MR al T9 ON? 
(ADD SHOULD PRODUCE I)) 
NO - GO T.a ERROR ROUT I NE 

INTERRUPTS ARE PlASKED OFF, NO INTERRUPTS SHOULD OCCUR, 
STl ; ENABLE EXTERNAi,. lNTEJUV,JPTS 
·NOV CM,50H 

HOT 1: LOOP HOT 1 ; WAIT FOR ANV ltHEARUPTS 
fIIOV BL,.oATA_PiREAtlNTR_FLAG-DATAl I 4>1D .ANV )NTERR:t.IPTS 

OCCUR? 

HO GO TO NEXT TEST 
OR 
.JZ 

'ERROR: MOV 

Be.Be 
END_TESTG 
BH.07H 

'E_MSG 
SET 07 SECTION 9F ERROR 1Ill~ 

"I"" EHD_TESTG, 
; Fl.RE THE DISKETTE WATCHDOG TJMER 

MOV Al, WD_ENABLE+WD_STft08E+FDC_RESET 
OUT OF2H. Ai.. 
MOV ALI WD_EHABLE+FDC_RESET 
OUT OF2H$AL 
ASSUME CS:,CODE. DS: ABSO 

S25J TrMEI! CHECKOUT 
DESCRIPTION 

VERIFY THAT THE TIMERS 40, I" AND 
T-HIS lNCUJDES CHECKING FOR STUCK 
THAT TtNt;;'R J. RE9POHOS TO TIMER 0 OUTPUTS. 
UIT£RRUPTS WHEN IT SHOULD .. ANt) THAf TIMlER 
AS J T SHOULD. 
THERE ARE 7 POSSIBLE ERRORS DURING THIS Cl-IECKOUT. 
aL VALUES FOR THE CALL TO E_MSG INCLUDE: 
0) STUCK SITS IN TIMER 0 
U TIMER J DOES NOT RESPOHO TO TIMER 0 OUTP.vT 
2' TJMER 0 INTERRUPT D-()£S . NOT ,OCCUR 
3) STU(;l( BITS IN TitS£R 1 
4} TIPlER 2 OUTPUT INITIAL VALUE IS NOT LOW 
!s) STUCK BITS IN TIMER 2 
G} TlMe:R:2 OUTPUT O'Oe:S NOT GO HIGH ON TERMINAL COUNT 

ROM BIOS A-II 



0200 EB E608 R 
0211.3 Ba 017S 
02146 98 FFFF 
02149 E9 FFEO It 
0211.<: BB 0038 

"lIAr Eft FFEO It 

0282 9020 
0284 E9.0 

0296 B400 
()299 E9 ()36C It 
()2S9 13 05 
02BO B300 
02BF E9 036a R 

02C2 
02(2 E441 
02C4 SA EO 
02(& E4 4,1 

3D FFFf 
7505 
83 01 
ES 0382 R 

0202 
0202 FB 
0203 E421 
0205 2. 1'£ 
0207 20 06 0484 R 
0208 £6 21 
02Dli as ffFF' 
02£0 
OttO FG os o.e. It Ol 
02£5 ,. 06 
02E7 E2 F7 
02£9 03 02 
ottB EB '" 
02£D 
02EO F. 

02££ SA 0201 
02Fl EC· 
02F2 24 FO 
02F4 3C 10 
02F6 7. 04 
02F9 Oil. CO 
02F. 18 11 
02FC C7 06 0020 It lesD !! 

0302 C10G 0070 R 1681> It 

0308 80 FE 
030. 1::6 21 
030C FO 

0300 80 00 
OlOF £6 11.0 

0311 54 01 
0313 £8 036e R 
()318 73 04 
0318 83 03 
031.1\ EB "S 

BS 02B6 
SS 
E8 It 

032! EA 61 
0327 ac 01 
()329 E6 61 

A-12 ROM BIOS 

INITIALIZE THIER 1 ANO TIMER O"FOR TESl' 

CALL MFG_UP Ml'G CKPOI NT.FS 
KOY AX,0176H BINARY 
KOV BX,OFFFf'H 
CALL INIT_TlMER 
K"V AX,0036H BINARY 

CAll INtT_TIMER 

HOV AL.001000008 
OUT OAOH.AL 

CHECK IF ALL elTS GO OH AND OFF IN TIMER 0 (CHECK FOR STVCK 
BITSI 

HOV 
~NP 

AH,O 
Bl TS_O"'-OFF 
T1MERI..NZ 
BL,O 
TIMER_ERROR 

5IM(;E T:1MER ° HAS 
TIMER 1 SHOULD BE 

AL. TlMER+l 
XOV AH, AL 
1M AL, HMER+ 1 
CMP AX.OFFFFH 
.IN£ TUIERO_iNTR 
MOV. Bl,i 
~.... TlllERJ;RROR 

CHECK FOR TUIER 0 INTERRUPT 

WAn INTR lOOP, 
- TEST OATA_AREACINTR_FLAG-!h\TAl/l ; TIMER () tHT OCCUR? 

RESET _1 NTRS ~ VES: CONT 1 NUE JflE 
lOOP 
IIOV 
~M. 

WAU_INTR_LOOP ; WAIT FOR UtTR FOR SPECIFIED TIME 
Bl,2 i TIMER ,0 INTR OID,*'T OCCUR 
SHORT T I MER_ERROR 

HOUSEt(EEPING FOR TIMER 0 INTERRUPTS 

un, TO POINT TO "FG. HEARTBEAT ROUTINE IF IN MFG MODE 
OX,2D1H 
AL, OX G~T MFG. ens 
AL. (}FOH 
AL, lOti SV5 TEST 1I00E1 
06 
AL, AL OR SURH-IM "ODE 
TlME_1 
IIIT..!'T!!, OFFSET 

MOV JNT lC_PTft, SET USER TIMER tNT 

MOV AL.OFEH 
OUT lNTAOI. AL 
Sf! 

RESET 05 OF PORT AO 
PULSED BV THE SYSTEM' 

KOY 
OUT -------------

AL,O 
OAOH, Al 

THE TiMER 1 CLOCK WI LL BE 

; MAKE AL 00 

CHECK FOR STUCK 8lTS IN TIMER 1 

KOV 
CALL 
~NS 
HOV 
~MP 

CALL 

III 
OR 
OUT 

AH,l 
BITS_OM_OFF 
TlIER2_INIT 
Bl,3 
SHORT 

AX,0286H 
eX$OFfFFH 
UHT_TfMER 

Al*PorU_B 
Al ~ 00'000'00 19 
PORTJi~Al 

TIMER 1 

TIMER 1 

MODE J 81 NARY 

O'THERS ALONE 



-- ' ( 

\. 

'-/ 

~, 
f 
I 
~ 

0328 l1li4 02 
032D E8 036C R 
0330 73 04 
0332 B3 05 
0334 Ee 2C 

0336 

0336 E4 6-.1. 
033B 24 FE 
033A E6 6-.1. 
033C Be 02BO 
033F BB OOOA 
0342 E8 FFEO R 

0345 E4 62 
0347 24 20 
0349 74 04 
034B B3 04 
0340 EB 13 

034F E4 61 
0351 OC 01 
0353 E6 61 

0355 BS ·OOOA 
035B E2 FE 
0315A E4 62 
035C 24 20 
035E 75 157 
0360 B3 06 

0362 
0362 B7 OB 
0364 EB 09BC R 
0367 EB 4E 

0389 
03S9 00 
036A 40 
036B 80 

03se 
Olse 33 DB 
e3SE 33 Fe 
0370 BA 0040 
0373 02 D4 
0375 BF 0369 R 
0378 32 CO 
037A sa C4 
037C 03 FB 

037E 
037E 99 00013 
03Bl 
03BI 5. 
03B2 e9 FFFF 
03815 
0385 2E~ e. 05 
0388 E6 43 
03&A 50 
0386 5. 
OlSC EO 
038D OB F6 
OleF 75 00 
0391 OC 01 
0393 OA D8 
0395 Ee 
0396 OA F8 
0396 •• Fa FFFF 
Olec EB 07 

CHECK FOR STUCK 91 TS IN TUllER 2 

MOV AH,2 T·IMER 2 
CALL B I 1S ON OFF 
JNB REINIT 12 ; NO STUCK ens 
NOV BL.5 - ; STUCK BITS IN TI"ER 2 
J"P SHORT III "ER_ERROR 

RE_INITIALIZE TIMER 2 WITH "ODE 0 ANIO A SHORT COUNT 
~~;~;;~;;~---------------------------------------------------------

; DROP GATE TO TUIER 2 
1M AL, PORT_9 CURRENT STATUS 
AHO AL, 11111110B RESET BI T 0 - LEAVE OTHERS ALONE 
OUT PORT_B,AL 
"OV AX,02BOH SET TI"ER 2 TO "OOE 0 BINARV 
"OV BX,OOOAH INITIAL COUNT OF 10 
CALL INIT_Tl"ER 

CHECK PC'S OF PORT_C OF B255 TO SEE IF THE OUTPUT OF TJ"ER 2 
IS LOW 

·AL. PORT _C ; CURRENT STATUS 
AL,00100000B ; "ASK OFF OTHER BITS 

IN 
AND 
JZ 
MOY 
J"" 

~~~40N ~ ~~~S O~O~ORT~C WAS HIGH WHEN IT 
SHORT TI MER_ERROR ; SHOULD HAIlE BEEN LOW 

8ACK ON 
AL, PORT_B ; CURRENT STATUS 

; TURN GATE 
CK2_0": IN 

OR 
OUT 

AL. 0000000 IB ; SET BJ T 0 - LEAVE OTHERS ALONE 
PORT_B, AL 

CHECK PC5 OF PORT C TO SEE J F THE OUTPUT OF T I MER 2 GOES 
HIGH -

MOV 
CK2 .... LO: LOOP 

IN 

CX,OOOAH 
C)(2 .... LO 
AL, PORT_C 

WAIT FOR OUTPUT GO HIGH, SHOULD 
BE LONGER THAN I NI Tl AL COUNT 
CURRENT STATUS .". JHZ 
"ASK OFF ALL OTHER Bl TS 
IT'S HIGH - WE'RE DONEI 

MOV 

AL. 00 100000B 
POD 13_END 
BL,6 TI"ER 2 OUTPUT DID HOT GO HIGH 

82153 TiMER ERROR OCCURRED. SET BH .WITH "AJOR ERROR 
INDICATOR AND CALL E_"SG TO INFOR" THE SVSTE" OF THE ERROR. 
tBL ALREADV CONTAINS THE "INOR ERROR INDICATOR TO TELL 
WHICH PART OF THE TEST FAILED. J 

T I MER_ERROR: 
MOV 
CALL 
J"p. 

BH.B ; TlftER ERROR INDICATOR 
E MSG 
SHORT POD 13_E"D 

ens OHIO", SUBROUTINE - USED FOR DETERMINING IF A 
PARTICULAR TIMER'S BITS GO ON AND OFF AS THEV SHOULD. 
THIS ROUTI"E ASSU"ES THAT THE TiMER IS USI"," eOTH THE Lse 
AND THE "SB. 

CALLI NG PARA"ETER: 
(AH) :: TIMER NUMBER to, 1, OR 2) 

RETURNS: 
(CF) :: 1 IF FAILED 
(CF. :: 0 IF PASSED· 
REGISTERS AX, BX, CX, DX, DJ, AND SI ARE ALTERED. 

------------------------------------------------------------------
LATCHES LABEL 

DB 
DB 
D8 

~I TS_ON_OFF 
XOR 
XOR 
NOV .D. 
NOV 
XOR 
)CCHG 
'OD 

; 1ST PASS -
; 2ND PASS -
OUTER LOOP: 

- "01/ 
I NHER_LOOP: 

PUSH 
NOV 

TST_BI TS: 
MOV 
OUT 
PUSH 
POP 

'N 
OR 
JNE 
OR 
OR 
IN 
OR 
CMP 
JMF 

BYTE 
OON 
40N 
SOH 

PROC HEAR 
BX,BX 

LATCH "ASK FOR Tl"ER 0 
LATCH "ASK FOR Ti"ER 1 
LATCH "ASk FOR TIMER 2 

INITIALIZE ex REGISTER 
1ST PASS - SI ;;; 0 SI,SI 

DX.TI"ER 
DL,AH 

BASE PORT ADDRESS FOR TIMERS 

o I, OFFSET 
AL, AL 
AL,AH 
DJ,AX 

LATCHES ; SELECT· LATCH "ASK 
; CLEAR AL 
i AH -) AL 

CHECXS FOR ALL 
CHEC)(S FOR ALL 

; TIMER LATCH MASK INDEX 
BiTS TO CO"E ON 
Bl TS TO '"0 OFF 

ex, S 

ex 
CX,OFFFFH 

AL,es,IO'l 
TlM_eTL, AL .x 
•• AL, DX 
51, SI 

.SECOND 
AL,01H 
BL,AL 
AL, OX 

OUTER LOOP COUNTER 

SAVE OUTER LOOP COUNTER 
I NNER LOOP COUNTER 

TIMER LATCH MASK 
LATCH TIMER 
PAUSE 

READ TI MER Lse 

SECOI1D PASS 

eH,AL 
ax,OFFFFH 
SHORT TST _Cl4P 

TUftN LS el T ON 
TURN 'OH' BI T5 ON 
READ TI MER "SB 
TURN 'ON' ens ON 
ARE ALL TIMER BITS ON? 
DON'T CHANGE FLAGS 

ROM BIOS A-13 



. = AOAC 

= C480 

01>CS 

ES ESDS R 
FA 

. eo 
£6 
89' 
.2 
SO 
£6 
28 CO 
CO 10 
Bit 0507 
co 10 
·1IA 030A 
2Il ell 

'0308 EC 
0301 Aa 08 

. 03~9 78 06 
03l>B £2 FS 
03DO 83 ~o 
OlOF Ell 4(: 

32 CO 
£6 41 
28 08 

03£7 33 e& 
03E'9 EC 
03EA AS 01' 
03£C 7~ 011 
IJ3EE [2 Fill 
03FO 9S 01 
93F. Ell 39 

01 
04 
08 
2. 
F5 
02 
28 

AS os 
7404 
BJ 03 
Ea 20 

28 C9 
EC 
AI 01 
74 06 
.2 fS 
sa 04 
EO 13 

041A 43 
0418 7404 
0410 AS OB 

<WIF 74 OJ 

A-14 ROM BIOS 

5E<:01ll) , 
AND BL.·AL 
IN AL,OX 
AKD BH~AL 
OR B)(~ BX 

TST_CMP: 
CHK_ENO 
rST_BITS 

POP ex 
LOOP IHN£R_lOOP 
SfC 
RET 

CHK_ENO, 
ex 
51 
til1,2 
OUT.ER_LOOP 

ENDP 

'CAOAeH 

0(;460M 

Cf'iiECK -'-OR 'ALL IUTS OFF 
:lII!AO "SJI 
TUR" OFF SITS 
ALL OF!""? 

LOOP COUNTER 

POP FORMER OUTCR LOOP COUNTER 

AND CHECK 

eOI'lMENETs I N CODE) 

i MAlCIMUM nM. fOR "IERT/VERT 
,; nCOMiHAL + lOX) 
; KI NtHIJM TiME FOR VERT IYERT 
; 'NOMINAl.. - lOb) 

TEST 

; "NOMINAL TIME S2SSH FOR 60 hz. 
£PF' ·EQU 

Ql: 

AX, 1'\ X 
10M 

NOV AX,0507H 
INT 10H 
MOV OX.030AH 
SUB CX#CX 

FOR VERT! CAL 
IN AL,I))( 

J2 

At... 000010008 
Q3 

•• 

NUMBER OF ENAl'ILEI PER FRAME 

"FG CHIECKPOUIT= FS 

SET TI MER 1 TO MODE 0 

WAlT FOR MODE SET TO '~TM(£" 

FiRST 8VTE TIMER 
MOOE 40)(25 -

SET TO" V I tr£o PAGE: 7 

5.T ADDRESSING TO VIDEO ARRAY 

GET STATUS 
YERTI CAL THERE VET? 
COIITINUE IF I T IS 
KEEP LOOKING TILL COUNT EXHAusTED 

NO VERnCA~ := ERROR 0900 

TO START 

EXHAUSTED 

STUCK ON = ERROR 0901 

; £NABLE STUCt< OfF -= ERROR OS02 
WtTH £H~BLE G01NG ON 

VERTtUL. OFF? 
GO ON IF IT IS 

\JEAn CAL STUCK ON = ERROR 0503 

I F MOT. LOOK !'OR ANOTHER ENABLE 
TOGGLE 



0421 BO 40 
042:3 £6 43 
04215 81 Fe 00<:8 

0429 7404 
0428 B3 Oll 
042D EB 74 
042F E4 41 
0431 SA EO 
0433 90 
0434 E4 41 
0436 88 EO 
0438 n 
0439 90 
043A 30 
043D 70 
043F 93 
0441 Ea 

3D C460 
7£ 04 
8307 
£8157 

044C 29 C9 
044E E4 21 
04'50 24 OF 
()452 EG 21 
04154 20 06 0484 R 
0468 FII 
04811 F6 06 0484 R 20 

75 o. 
E2 F7 
93 OS 
£831> 

0466 E4 21 
046& OC 20 
04S" E6 21 

046C Be 
046F ill 

0472 99 002. 
0475 co 10 
0477 33 CO 
0478 28 C9 
047. EE 

047C EC 
047D A. 10 
047F 7509 
0491 £2 F5 
0493 93 10 
04911 OA DC 
... 97 EO I. 

2& CJI 
EC 
AS 1() 
7401 
E2 Fe 

0 •• 2 93 20 
0494 OA DC 
00196 £9 0& 

FE C4 
80 F"C 04 
7409 
1'JA C4 
'8 06 
97 
ED R 

04A8 £8 
()4AB 91 
O .. E CO 

(' 0480 lie 
0483 co 
0485 91 1234 

~ 04&0 7. 
04eo Ee R 

i HAVE HAD 
011: MOV 

0115, 

OUT 
CHI' 

&12, IN 
HOY 
NOP 
IN 
XeHG 
lIT I ...,.. 
cKP 
4GE 
HOY 
,JIll' 

AK,MAYT 
013 
BL~ 06H 
SHORT Q22 

AX,MIVT 
0 •• 
81..,07H 
SHORT Q22 

TEST RESULTS 

GET Tl MER HIGH 

I NTERAUPTS BACt( ON 

VERTiCALS TOO FAR APART 
:: ERROR 0906 

VElu l CALS TOO CLOSE TOG£THER 
; = EMOR 0907 

O. X., NOW CHECK VERTICAL INTERRUPT <LEVEL !$) 
CX~C)( SET TIMEOUT REG 
ilL ... IHTII01 
AL. 110111118 • UNWASK INT. LEVEL 6 
UtTAOl.AL • 
DATA_AREA [ I NTR_FLAG-DAT,.,. AL 

; ENABLE UITS. 
DATA_AREArlNTR_FLAG-DATA1.OOlOOOOOI ; SEE IF INTII, 

'5 HAPPEWEO YET 
QIG 
GIS 
SL.05H 
SHORT 022 

Ble, I" 
OR 
OUT 

SEE IF RED, 
FiRST, SET A 
9UFFER 

HOV AK.0909H 
f'lOy aX,077FH 

HOV eX,40 
tNT 10H 
)(0$1 AX, AX 

1117, lII!B ex, ex 
OUT rut, AL 

1 F DOT COMES OM 
IN At-,OX 
TEST Al.,00010000B 
411% Qlt 
lOOP cue 
"0\1 SlL.10H 
OR Bl, AH 
.mil' SHORT 022 

GOES OFF' 
ex, ex: 
At., OK 
AI... 00010000S 
121 
920 

122 

GO ON IF IT DID 
KEEP LOOKING IF IT OIDN'T 

l .. ,cnRUI'TS FOR LEVEL 5 

111._5 I"TO VIDEO 

WIll! TE CHARS. BLOCKs 
PAGE 7. REYERSE ViDEO. 

HIGH INTENSJT¥ 
40 CHARACTERS 

START wi TM SLUE DOTS 

SET VIO£O AR"UV ADOR£SS FOR DOTS 

GET STATUS 

ALL 4 DOTS OON£? 
GO END 

- COLOR 

FOil II/IOTKER DOT 
OF' EHOR CODE 

HUT TO 4OX26 COLOR 

SET TO VIoEO PAGE 7 

ROM BIOS A-IS 



04BO ED OC21 R 
04CO 80 76 
04C2 ES 43 
04C4 eo 00 
04(;6 £6 41 
04C8 90 
04e9 90 
04CA £6 41 

£8 E608 R 
33 co 
8£ 08 
C7 06 0008 R OF'78 R 
C7 06 0120 Ii F068 R 

040F' OE 
04£0 59 
04£1 A3 0122 R 

04E4 EB 

0518 
051£ 
0520 
01923 

0531 
0835 
0538 
0539 
0153D 

0552 
0555 
0551 

6E 
89 R 
99 R 

89 " 03 
88 
E4 
BO 80 
£6 AO 

E8 £608 
B8 0040 
E4 62 
A8 08 
75 03 
93 CJ 40 
53 
83 EB 10 

R 

89 IE 0013 R 
58 
e. 
2B 
99 
BE 

00 

05 

91 C2 1000 
83 C3 40 
80 FE AO 
7~ U 
98 IE 00115 R 

08 
EB 
BA 

89 7BOO 
BE C2 
61 
53 
60 
EO R 
74 
E9 
SO 
58 
58 
so FD 78 

"" 05 003C 
90 
74 0'3 
05 0002 
n OS6e R 
38 
75 
E9 

16 ROM BIOS 

Q28: 

Q26; 

;27: 
; SIZE 

Q28, 

Q29~ 

<130, 

CALL 
NOV 
OUT 
HOV 
our 
NOI' 
NOP 
OUT 

ASSUME 
CALL 
MOV 
IN 
TEST 
"HE 
AOO 
PUSH 
SUB 
MOV 
POP 

M.V 
MOV 
MOV 
XOR 
JNZ 

PUSH 

ADD 
CALL 
CKP 
4NE 
"HP 

PUT_LOGO 
AL,01110110B 
TlPCCTL.AL 
AL. ~OH 
TlM£IHl,AL 

rU(~2000H 

0lz01 
eX,OAA55H 
ES,DX 

OX. 1000H 
ex, 64 
OH~ OAOH 
Q2& 
£TRUE_MEM). ex 
OETER" I HEt>. NOW 
AX~ 4 
Q35 
OX. OOSOH 

AX 
ex 
ex 
CH~ 7BH 

AM.60 

KFG CH£CKPOfNT=F4 

VECTOR 
Y!ECTOR FOR 

THAT KEv IS CODE 

to .JUST ABOVE 

(SOKS) 

TEST CR FILL MEM 

,JUMP I F EilfROR 

A SO K PASS 

BUMP GCOD STORAGE BV 60 Kill 

; ADO 2 FOR A 621< PASS 

ARE WE DONE YET? 



c 

0574 3D 0090 
0877 74 lE 
0879 BA OF9-0 
OS7e 89 0400 
0!!57F BE C2: 
0561 50 
0882 S3 
0583 152 
05114 Ell 
05B7 75 
058e SA 
088A 158 
01589 I5S 
0lI0C 05 
OS&F SA 
01192 B9 
OS96 ES aG 

itA 2000 
38 De 
15 03 
E9 0&40 It 

05Al a9 4000 
05M BE C2 
05 .. e SO 
05A1 53 
05AO 52 
05109 E9 
OeAC 75 
OISAE !SA 
05AF 158 
0590 58 
Oe81 05 
0684 ED A 
0597 DO 
05SA E8 

05BC 
05SC E8 
05St 91 
05C5 14 38 
05C7 53 

ooce " 
08C9 !S2 
08e>\ 50 
OlSC8 84 02 
OlSCD 8A 1421 
(51)0 87 07 
0502' CO 10 
015D4 58 
05D5 150 
05D6 8B OOOA 
05D9 95 
OBOC 33 
O!SOE F7 
osEo eo CA 30 
0!SE3 52 
05£4 £2 F6 
05£6 89 0003 
0e:E9 58 
O!!5EA E8 
OI5£D E2 
OBEF 
05F2 
05F6 
05F8 
05F9 
05FC 
05FE 
05FF SA 
0600 !!is 
0601 Be 
0602 C3 
0603 

0603 5A 

Bl FA 2000 
7C OE 

060A QA 09 
060C OA OD 
060E IH 04 

0610 02 EE 
08,2 97 10 
0614 OA FE 
0616 EB 20 
0618 Sl7 OA 
061A E4 62 
OGIC 24 AD 
061E 74 06 
0620 8A D9 
0622 OA Do 
06204 EO 12 

R 1234 

Gi3l: eM" 
J' 
MOV 
MOV 
14011 
PUSH 
PUSH 
PUSH 
CAll 
JHZ 
POP 
POP 
POP 
AD. 
"Oil 
11011 
JHP 

AX. 128 
932 
DX, OF80H 
eX,0400H 
ES. ox 
.x 
ex 
OX 
PODSTG 
939 

•• ex 
AX 

1ST 64 1<9 

co TEIIT/FILl 

64K 9LOCK 

"0" eM .. 

AX~2 
DX,I000H 
C)(~ 7COOH 
929 
OX,2000H 
BX,AX 
03_ 

ABOVE 1291< 
COMPARE GOOD HEM TO TOTAL ff£M 

G:34; 

JII. 

""I' 
HOV 
"llll 
PUSH 
PUSH 
PUSH 
CALL 
JIIZ 
POP 
POP 
POP 
A.O 
CALL 
ADD 
JMP 

943 
CX.4000H 
ES,OX 
'K 
S. 
OX 
POOSTG 
039 

•• e. 
.x 
AX,32 
Q3S 
DH,OSH 
933 

GO TEST/FILL 

SUBROVTUfE FOR PRINTIHG TESTED 
MEMORY OK MSG ON THE CRT 

CALL PARMS; AX = K OF GOOD MEMORY 
C IN HEX} 

--------,---""---------
PROC NEAR 
CALL DDS ; 
CMP RESET _FlAG# 1234H • 
,JE Q35E 
PUSH ex 
PUSH ex 
PUSH DX 
PUSH AX 
140\1 
MOV 1421H 
11011 
INT 
POP AX 
PUSH AX 
MOV BX.I0 
MOV CX,3 

Q3G: XOR DX. DX 
DIV 8X 
OR OL,30H 
PUSH DX 
LOOP fil36 
MOV eX,3 

037: POP AX RECOVER A NUMBER 
CAll PRT HEX 
LOOP Q37-
MaY CX,3 
MOY 51.0FFSET F3B • PIUMT II KBt> 

03B; MOY Al~CS:{srl 
nce 51 
CALL PRT HEX 
LOOP 9:30-
POP AX 
POP OX 
POP cx 
POP ax 
RET 
ENG? 

ENTRY TO MENORV ERROR: 
HAS ODD/EVEN INFO, 

POP ox 

eMp 
JL 
MOV 
OR 
MOV 

DX~2000H 
;40 
BL,CL 
aL~CJi 
CL.4 

DH.CL 
BH.I0H 
BH,DH 
SHORT Q42 
BH.OAH 
AL, PORT_C 
AL~ 0000 10008 
041 
8L, CL 

ERROR OA. 
GET eONFIG SITS 

OF 

CONYERT 

SHR 
MOil 
OR 
JM. 
HOV 
IN 
ANO 
JZ 
MOV 
OR 
J"F 

BL. CH COMBINE ERROR 81TS IF' iT ISN'T 
SKORT «142: 

ROM 7 



eo Fe 02 
SA 09 
74 OS 
FE C7 
014 DD 
eo FC 01 
7402 
FE C7 

9E 0035 R 
ES oue R 

FA 
F4 

ES 
ED 
BS 
SA 07 
OA CO 
74 0& 
87 :22 
eA DB 
ES 014 
9:0 3£ 0012 R 00 

R 

74 
BB 
BE 
U 
74 
U 
74 
EB 
£9 

0072 R 4321 

SA 0201 
Ie 
24 FO 
747F 
E4 112 
:24 SO 
7479 
E461 
24 Fe 
E6 61 
BO BB 
ES 43 
BO 40 
.6 140 
BO 20 

R 
R 

1234 

OOOS R FBUS R 

18 ROM BIOS 

Q41: 

HOII 
CALL 

el! 
HlT 

02 E\lEN SYTE ERROR?' ERR OA)(X 

8M 
BL.CH 
AH~ 1 
~4' 
BM 

BITS 

ROOTINE FIGURE OUT 
o. 

STRAY N"! [NTERRUPTS OR KEyBOARD: 
ERRORS 

eARO FAIUJRE 
~X=OI, KS DATA STUCK t<!Gt< 
}(X=02 .. KB DATA STUCK lOW 
)(>t=03, NO NMJ INTERRUPT 

22XX STUCK KEV (X}(=SCAN COOE) 

MOil 
o. 
JE 
MOV 
MOil 

oS. DATA 
STUCK KEVS 

"FG_UP ; HF'G CODE=F2 
DDS • ESTA81..U1H ADORESSI NG 
Bl<IOFFSET KB_BUF'FER 
AL,UIXl 
AL#AL 
F6 y 
IH:-22H 
IL.AL 
SHORT F6 
Kao _ERR. OOH 

F7 IF NONE 
BX.2000H ; 
51.0FFS£T KEY_ERR 
RESET _FLAG~ 4321H 
F6_2 ; 
RESET_FLAG:, 1234H 
F&J 
E_MSG 
F6_X . 

CARD ~ 1 F PRESENT 
DX~0201H 

AL,DX CHECK FOA BUlIH-!N "ODE 
At.. .. OFOH 
FG_X MODE 
AL#PORT_C 
AL,100000000 
FG_)C' 
AL,PQRT_B 
AL, 111111009 DROP SPEAKER DATA 
PORT_B.AL 
AL, ClRSH MODE SET TIMER 2 

OUT T I M_CTL~ AL 
MOV AL,040H DtSASLE NHl 
OUT OAOH, Al 
MOV AL,32 

D)(~ TI"ER+2 
DXIAL 
AX 3 AX 
eX,Al< 
Dl<IAL 
ALIPORT_B 
ALI 1 
PORT_DiAL 
At..zPORT_C 
AL, CHooooooe 
F7_1 
F7_0 
BL~ 02H 
SHORT F'6_1 
ES 
AX, AN 
ES,AX 
E:S: [""I_FTR], 
I MTR_FLAG. AL 
AL,PORT_S 
AL~ 001100009 
PORT_B, At. 
AlleeCH 
OAOH, At.. 
CX 1 0l00H 

VALVE) 

"S9 TO TIllE" 2 (START TI"ER) 

DATA ACTIVE 

EXIT lOOP iF DATA SHOWED UP 

lET "0 KEVBOARD DATA ERROR 

SEGMENT REG: 

TO 

ENA9LE: MMI 



(--, 

06 0000 

0701 

= OA9A 
= oe"" 
0703 EB Eso& It 
070& £4 61 
070B at 09 
Q70A EG' B1 

£4, 21 
at (H 
EG 21 
50' 56 
£643 
BS 0402 
ES 42 
91t C4 
ES' 42 

071F 2S C9 
0721 E2: FE 

E4 
24 
A2 ", 
ES R 
U R 
E3 
53 
EB F96F R 
58 
£3 37 
03 C3 
3D OASA 
73 

0740 3D 
0143 12 
0746 SA 
0748 EC 
0749 24 FO 
0749 :Ie 10 
0740 7404 
074F 3C 40 
07U 75 26 

0753 E4-
0765 SA 
0757 24 

£6 
33 
E2 
ED 
Ell 
SA 
E& 
E3 

.. 
R 

.. 
• 

R OF78 R 

F6_0: LOOP 

'" AND 
OIlT 

HOV 
POP 
JZ 
NOV 
OUT 
IN 
AND 
OUT 

"6_2, '" All. 
JZ 
LOOP 
ROV 

FS_1; HOV 
Jill' 

F6_)(; HOY AL,OOM 
OUT OAOH. AiL 

CASSETTE -INTERFACE TEST 
DESCR1PT-ION 

ORO. GATE TO TI "Eo. 2:, 

SEE IF KEVBOARD DATA ACTlY,£ 

EXIT L:.OOP IF OATA WEHT LOW 

KEYBOARD 
ERROR 

STUCK HIGH ERR 

; 0 I SABLE FEEDBACK CKT 

TURN' CASSETTE "0:r01l 'afF, WR ITE TO TilE 
CASSETTE DATA sus. VERIFY THAT DATA 
READ IS WITHIN A VAUD RANGE, 

MF'G. ERROR COOE=2300H - (DATA PATH -EN-ROFO 
23FF (RELAV FA ikEO TO PI CJO 

~;:;;;;;-.. -.. --;;~-----~;;;~---... -.. ------------------.. -
MI"_PERIOD EQU 08AI)H 

TURN THE CASSETTE "OrOR 
CALL MFG_UP MFG COD£=F'l 
IN ALtPORT_S' 
OR AL.0000'10018 SET 
OUT PORTJi. AI.. OUT 

WRITE A BIT 
IN AL#INTAOl 
OR AL 1 _01H Dl'SABLE TIMER INTERRUPTS 
OUT IHTA01, AL 
NOV AL.onH 3 
OOT T I MER.3. AL 
NOV AX, 1234 

'91: 

FB; 

ANI) 
OUT 
'OR 
LOOP 
CALL 
CALL 
NOV 
OUT 
../cx2 

HOV 
FBJ.: MOV 

CALL 
Til_ENe: IN 

AND 
OIlT 
IN 
HOV 
OUT 

TlI'ER+:2, AL 
AL~AH 
HKER+2". AL 
CX,CX .. 

IWBIT 
BITS 

TO SET uP CONOITlOIIB FOR CHECK 

91 T THE VALUE 

TlM£ 

SAVE PORT B CONTENTS 
SET CASSETTE MOTOR ON 

hlA'I T FOR RELAY TO SETTLE 

DROP R£LAV 

SHOULD TiME OUT IN 

CLEAR N"J 
ENABLE J~M I J "iT£'WPTO 

ROM BIOS 



£8 E608 R 
SA 02FS 
E8 E631 R 
7306 
IE 00'38 R 
£11 01l8e R 

E8 R 
E4 
24 02 
15 OE 
SA 03F9 
£8 E831 R 
73 06 
9E 0039 R 
£8 ONe R 

29 CO 
BE CO 
89 0008 
Of 
IF 
BE FEF3 R 
SF 0020 R 
AS 
47 
47 
£2 ItS 

07C1 8E ()~ 

07(3 C7 06 it FF5.o1 R 
07C9 C7 06 R 10C6 R 

C7 06 It 
C706 R 
OE 
89 
A3 0062 R 

80 01 
£6 13 
£8 [&De R 
SA COOO 

aE DA 
2B DB 
98 07 
53 
58 
30 
76 
Ea 

07FA Ell 
07FC 
07F( 91 C2 0010 
0800 
0100 81 FA FOOO 
0904 7C £4 

A-20 ROM BIOS 

TEST SERIAL PRINTER INSS250 VARl 

CARD 

TEST MODEM I NS62S0 VART' 

f;~"----~:;U:~--"--"''''--------------------------'''--''''''---------.. --.. ---

TM1: 

'" AIIO 
J~ nn 
NOV 
CALL 
JNC 
MaV 
CALL 

UTVP tlAROWARE- INT, VECTOR TAStE 

ASSUME 
SOlI 
MOV 
MOV 
PUSH 
POP 
MOV 
MOv 

F'7A: MOVSW 

CHECK 

tHC D I ; GK!P OVER SEGMENT 
INC DI 
LOOP F7A 

SET UP oTHER INTERRUPTS _ AS NECESSARY 
ASSUME DS, ASBO 
HOV 
MOV 
MOV 

MOV 
NOV 
PUSH 
POP 
HOV 

HOV 
OUT 
CALL 
MOV 

; CODE S£GM!NT FOR CASSETTE 

FROM MODULE 

ax aus S£TTLl NG 
AM,OAI\55H = TO 10 NORO? 
NE)(T~OH PROCEED TO NEXT ROM IF NOT 
1I0',-CHECl( ; '0 CHECK OUT "OOUlE 
SHORT ARE_WEJWNE ; CHECK F01t END OF ROM SPACE 

POUlT TO NEXT' 2K AODRESS 

AT 
00 ADD. iF MOT 



OB08 ES E608 R 
0808 £9 1388 II!: 
oeoc 80 FF 
OBOE 1\2 0074 R 
0811 A2 0{}75 R 
0814 A2 0076 R 
oe17 £4 62 
0818 24 04 
061B 14 03 
0810 £9 R 
0820 80 0010 R 01 

089F 
09Al 
08A3 
os •• 

0881) 
OB8E 
ORe! 

83 3E 0072 A 00 
75 OE 
SO O~-

ES 20 
£420 
24 40 
75 04 
83 OJ 
£8 33 
80 SO 
E6 F2 
84 "00 
SA 04 
CD 13 
Fe C4 FF 
83 01 
1522 

80 81 
£6 F2 
28 ce 
£2 FE 
£2 FE 
33 D2 
85 01 
8. R 
E8 
13 
72 
85 
-u 
73 
83 
87 
8E 
EI 
8082 
£6 F2 
E4 E2 
24 06 
3C 02 
78 1£ 
80 84 
E8 F2 
E4 £2 
24 0& 
3C 04 
75 12 
£4 E2 
2430 
74 oc 
:Ie 10 
84 40 
74 02 
84 80 
01 26 0010 !It 

80 
E8 
C6 lit 00 
.F 
IE 
07 
88 141<1 
AS 
AS 
88 0101 
All 
.0 
&:4 21 
24 FE 
£8 21 

IE 
98 ---- it 
BE 08 

RESET TO DISKETTE CONTROLLER CD. FAILE!) 
2&02 REC.LIBRATE TO DISKETTE DRIVE 'AILED 
2"603 WATCHDOG TUiER FAI LED 

BVTE PTR 

RE&ETJUG,O 
FlO 
AL,000010108 

OUT ItHAOa, AL 
IN AL,lNTAOO 

.... G ROUT! NE = ED 
POINT TO DATA ARE;\ 

INU"I)1$KETTE SCRATCHPAI)S 

DISKETTE PRESENT? 

ANO AL,010000008 OFF? 
.JNZ FlO 
MOY BL,03H 
..IMP SHORT F 13 

F 10~ MOY At... FCC_RESET 
OUT OF2H,AL D1SA8L£ WATCHDoe; TINER 
HOY AH# 0 RESET NEt: FDC 
IIOY DI.,AH SET FOR DRIVE 
HIT 13H vERIFV STATUS RESET 
TEST AH,OFFH STATUS OK? 
MOY SL. 01H SET UP POSS ISLE ERROR COOE 
JHZ F 13 NG FDC: FAILED 

_TURN DRIVE ° 
MOY 0 
OUT 
sua 

Fl1; LOOP 
F12; LOOP 

XOR SELECT 0 
MaY SELECT 1 
HOY 
CALL RECALISRATE DISKETTE 
MaY SL.0211 CODE 

F 13 ERR SUSROUTINE IF ERR 
CH. 34 TRACK 34 
SEEK TRACK 34 
F 14 I'IOTOR OFF 
BL.,02H 

F13: 8H,26H 
S r ~ oFFSET MSG 
E_MSG ;. I'ISCi; 

F'li4r I'IOY AL,FO;C_IU:SET+02H 
OUT OF2H.AL 
IN AL l OE2H 
AMO AL t OOOOOll0e 
eMP AL $ 000000108 
JIIE F14_1 
NOV AL, FI)C_RESET+04H 
GOT OF2H, AL 
IN AL, OE2H 
ANO AL.000001108 
ClIP AL,OOOOO'008 
JIIE F 14_1 
IN AL,OE2H 
AHO AL,001100008 
.J;Z F 14_1 
CI'IP AL. 000 100008 
I'IOY AM, 0 10000008 
.JE F14_2 
MOY AI1.100000001 

F 14_2: OR eYTE PTR E/aU 1 P _FLAG, AH. 
TUR" DRIVE ° MOTOR OFF 

11011 AL~FDC_RESET , TURN DRIVE 0 MOTQt=t OFF 
OUT OF2H. AL 

FIlS: MOV INTR_FLAG,OOH; SET STRAY INTERRUPT FLAG =: 00 
MOV DI"OFFSET PRINT_TUCOUT ; SET. DEFAULT PRT TIMEOUT 
PUSH 1)8 
POP ES 
MOV A)(~ 141411 ~ DEFAUL T=20 
STOBW 
STOSW 
NOY AK. (HO IH ~ RS232 OEF.4UL r=o 1 
STOBW 
STOSW 
IN .4L.INTAOI 

AL,OFEH ; EIIA8~E TIMER lilT. i~VL 0) 
IMTAOl,AL 
DS; XXDATA 
DS 
AX, XXI)ATA 
DS,AX 

ROM BIOS 



oan 80 3£ 0018 R 00 

osee IF 
08e8 74 10 
O&CIl 82 02 
Oecil' Ell lAOC; fit 
OBDO 
0800 •• 00 
0802 CD 16 
0804 80 FC lC 
0807 75 F"7 
(81)8 EO 05 
08DI •• 01 
OIlDD ES IAOC R 

OSEO B. 
09E3 33 
OSEe 
09U 2£, 9B S6 00 
O"U 80 AA 
08E8 E£ 
MEC ,. 
OB£D EC 
oe •• IF 
OBEF JC AA 
08Fl 7506 
08F3 89 94 0008 R 
oeF7 46 
08F8 46 
08F9 48 
ODFA 48 
OBFS 93 41 
OSFE 11} 
0900 33 
0902 SA 
0005 EC 
ooos A9 Fa 
OBOe 15 os 
090A (7 97 0000 lit 03F8 
0910 '3 
()!Ill 43 
0912 C7 87 0000 A 02F8 
"911 '3 
0910 4] 

09LA 88 ca 
091C BI OJ 
091E D2 ce 
0920 01. (3 
0922 .,B 06 0011 R 

0926 SD ce 
0928 BB 
0928 SA 
092E 2A 
0930 E. 
0931 EO 00 
0933 97 03 
0936 iC 
0336 £8 00 
0938 800:2 

97 03 
E. 
n 00 
87 03 
Ee 
AS os. 
74 23 

0946 AS 01 

0948 75 IF 
094A 2A CO 
094C 87 .] 
094£ EE 
094F E8 00 
09151 87 03 
0953 EC 
0954 2. 06 
OlHi" 74 11 

O,..,S 80 C9 :20 
OlHi8 F6 C1 co 
098. 75 O. 

0960 BO C9 40 
0863 C7 06 0008 R 02F9 

0969 OS OE 0011 R 
0geO "" .. oeu Fe Cl 40 
Oe72 74 IB 
0974 81 3E' 0000 R 02F8 
097. 7' 01 
097C •• 097D ao 
0980 co 

FO 
75 
SO 
CD ,. 

A-22 

POP 
JE 

Fuse; 
SETUP 

MOY 
XO. 

F 16: 
MOV 
MOY 
OUT 
PUSH 
IN 

POST _ERR~ OOH 
OS~ DATA 
DS 
rl!!lA_O 
OL,2 
ERR_8EEP 

AH,OO 
16H 
AH.ICH 
EP:A_WAI T 
SHORT Fl5C 
Dl,1 1 SHORT BEEP (NO ERROJUn 
ERR_BEEP 

PRfNTE~ AND R5232 
8P. OFFSET F4 
SI,51 

OX, CS: rBP] 
AL.OAAH 
OX, AL 
OS 
AL~ DX 
OS 
AL. OAAH DATA 
F 17 j NO -._~c,---__ c~,:, 
PRJ NTER_SASEfSJ 1. OX AOOR 
51 ., 

F 17: INC SF POUlT TO NEXT eASE ADDR 
INC SP 

SP ,OFFSET F4£ CHECKED'? 
Fill 

XOR ex~ex 
M(}'II DX,03FAH 

ALtOX 
AL~ OFBH 

JHZ FIe 
RS2J2JiAse:raXl,3F8H ; SETUP R5232 en al Aium 
8. 
ox 

F 18: NOY R5232_8ASEUU<J.2F8H a2 
INC 8)( 
INC 9X 

• ---- .... SET UP EQUIP FLAG TO I MOleATE NUMBER OF' PRIHTERS AND RS232 
CARDS 

MOY 
NOY 
ROR 
O. 
Of! 

SET 
ATTACHEO TO l() 

MOV 
MOY 
MOV 
sua 
OUT 
JMP 
"CNG 

I" 

CX, AX 
8X,2FEH 
OM,2FCH 
AL,AL 
OX,AL 
.'2 
OK.8K 
Al, ox .'. AL.02H 
!iX, ex 
DX,AL .'. I)X~8X 

AL;DX 
AL. 00001000a 
FIB_A 
AL,OOo()(}0018 

.JN2 F 19 A 
sue AL~iL 
xCHG DX,8X 
OUT DX~AL 
.JMP .... 2 
XCHG oX,ax 
IN AL, DX 
AND Al~ 0000100019 
.JZ F'19_A 

CLEAR IT 
DELAY 
POINT TO HODEM STATUS REG 
CLEAR IT 

CONTROL REG 

CARRIER DETECT IS' f"OLlOWING on,-,"""",, 
OR CL, 001000008 
TEST Cl, 110000008 
JHZ F19_A 

OR 
NOV 

0" 
MOR-
TEST 
JZ 
CN" 
JE 
INC 
HOY 
INT 
TEST 
JIIZ 
NOY 
I liT 

aYTE PTR 
DX • .oX 
CL.o--40H 
FI9_C 
RS232_8ASE l O2F8H 
FIB_B 
DX 
AX,87H 
14 .. 
AH~ lEH 
Fl9_C 
AX s OllSH 
14 .. 

i 

PRINTERS 
PRUITER 

TO 



091\0 

SA 020. 
EC 
24 
75 
E9 
3C 
74 
Bl 0072 R 4321 
14 
30 
7. 
C1 1234 

CD 19 

FA 
2B Co 
aE 08 
C7 06 0020 R FEAS R 
CD So 

BA 0201 
EC 
24 
75 
E9 
3C 
75 
E9 II 
9A 
eo 

as 16 
84 02 
CD 10 

IE 
50 
Ba II 
8E IHi 
98 3£ 0018 R 
5a 
1F 

F19_C: NOV DX.0201H 
IN AL,DK 
AN~ AL,OFOH 
4NZ F19_1 

Fi9_0: JM" START 
F 19 .... 1. eM" AL,001000oo9 

JE F19_0 ; 
eM" RESET_FLAGI 4:521H 
4£ ,.9_3 
eM" AL.00{)100oo8 
JE F19_3 
HOV RESET_FLAG. 1234H IN CASE 

INT '9H 
ASSUME DS:ABSO 

F!9_3; eLI 
SUS AX,AX 
NOV DS,AX TIMER INT. 
NOV I "TJTR. OFFSET 
INT SOH DCP THROUGH tHT. SOH 

THIS SUBROUTINE 15 THE GENERAL ERROR HANDLER FOR THE POST 

ENTRV REQUIREMENTS: 

£MO: 

E"l: 

S t = OFF'S£: T t AOflRESS 1 OF MESSAGE BUFFER 
ex::: ERROR CODE FOR MANVFACTVR'UHZ OR SERVICE 1'400£ 
REGI STERS ~E NOT PREsERVED 
LOCATION "POST_ERR" IS SET .. ON-ZERO IF AN ERROR OCCURS IN 
CUSTOMER MODE 
SERVICE'"ANUFACTuRING FLA46S AS FOLLOWS; (HIGH NIBBLE OF 
PORT 20!1 
0000 :: MANUF ACTuR I H ... 
0001 :: MANUF ACTUR I HG 
0010 = S~VJCE PItOOE 
0100 :. SERVICE MOllE 

PRoe 
IIOV 
IN 

NEAR 
DX,2:01H 
AL,DX 
AL" OFOH 
EM<> 

INTEREST ... M. 
JMZ 
JIIf' 
CMP 
JNE 
JM" 

"0" 
CN" 

III'G_OU1 
AL,000100009 

H"NUFAcTURIHG HOOE IBURN-INI 

'"' MFG_OUT 
.H .... L 
BH,OAH 

.JL BEEPS 
PUSH ex 
PUSH SI 
PUSH DX 
NOV AH,2 
MOV ox, 1821H 33 
NOV RH,7 
tNT 10H 
HOV SI. OFFSET ERROR_ERR 
MOV CX,45 ; PRI NT WORD "ERROR" 

£'",-0: MOV AL~CS: (Sfl 
INC SI 
CALL PRT HEX 
LOOP EHJ; 

LOOK FOR A SLANK SPACE TO pass I BL V PUT CUSTOMER LEVEL ER,u.ms (I N 
CASE OF HUt. TI ERROR) 

MOY OH.16H 
EM_1: HOY AM,2-

INT 10H (OR ABOVE, IF 

IIOV 
1NT 
INC 
CMP 
JIIE 
P.,I' 
POP 
1'''1' 
CMP 
JE 
c .... 
JE 
NOV 
CALL 
C .... 
JilL 
Jill' 
ASSUME 
PUSH 
PUSH 
NOV 
N"V 

.... " p"p 
POP 
ASSUME 
RET 

AIi.S 
1011 
DL 
AL • 
EM':"! 
.x 
51 
lIX 
OH" 00 100000B 
SERV_OUT 
DII.01000000a 
SERV_OUT 
ALles: (Sll 
PRT_HEX 
SH.2OH 
£M_2 
TOTLTPO 
DS: XXDATA 
OS 
AX 
AX,XXOATA 
D8,AX 
POST_ERR I 8H 
AX 
OS 
DS~NOTHINq 

THIS POSITION 

TO NEXT POST! 011 

GO CH£CK NEXT 
RECOVER ERROR 

SERVICE I100E" 

HALT SYSTEM IF SO. 

;. SET ERROR: FLA4 NON-ZERO 

i: RETURN TO CAU.Eft 

ROM BIOS 

11!' NOT 



OA29 SERY_OUT: 
OA2:9 SA C7 MOV AL~ BH PRINT "S8 
01428 5~ PUSH ax 
OA2C EEt IEtAS Ii! CALL XPC .... 8¥TE DISPLAv IT 
OA2F 5& POP ax 
01430 BA C3 MOV AL.ftL PRUiT Lse 
01432 ES lSA9 R CALL XPC BVTE 
01435 £9 01498 R TOTLTPO 
01438 FA BEEPS, 

BC ca 
SE DO ARE 

OA30 92 02 MOY DL~2 
OA3F BC 0028 A MOY rip. OFFSET EX_O 
01442 83 01 E9, HOV 8L f 1 
OA44 59 FF31 R JMP 8EEP 
OA47 E2 FE EBO, LOOP ESO 

OM' FE CA DEC DL 
OA4B 75 F5 JHZ EB 
01440 ao FF 0& CMP BH,OSH 
014150 75 89 JNE TOTLTPO 
OAB2 60 FE 20 eM" OH.00I00000B 
OA55 74 05 JE EBl 
01457 BO FE 40 CMP DH,010000008 
014514 75 5F JNE TOTl TPO 
OA5C 83 01 E81, MOV BL,1 POR 64K ERROR I F IN 

0>5E E9 Fr31 JIIP BEEP 
OoA61 
01461 FA 
0>62 £4 61 AL, PORT_9 
OA64 24 FC AL,OFCH 
OoA86 £681 POAT_8,AL 
01468 814 0011 OX,llH SEHO DATA TO ADDRESSES U.,12 
0146:9 DA C7 AL,8H 
OA61) EE I)X,Al SEND HIGH eYTE 
OA6f: 42 DX 
OA6F 814 C3 AL,BL 
01471 EE DX~AL 

i UUT. RS232: PORT FOR 
DS: XXDATA 

OA72 118 IIOV AX, XXDATA 
01475 8E 08 IIOV DS,Al< SEGMENT CONTAINING 

01477 8C C8 MOV 14X.CS 
OA79 BE DO MOV SS,AX SET STACK FOR "TN 
OA78 lie 002£ R HOY SP, OFFSET Exl 
OA7E SA 02FS HOY DX,02FBH 
OoAtH E9 FOalS R. JIIP SS2150 2 STOP 

OAB4 BB CA MOL. IIOY CX, DX 

OAS6 BA O:2:FC DX,02F'CH 
OAB9 214 CO Al.AL 

OABa EE our DX#AL 
OAse BA 0:2:F'£ MOY !lX,02F'EH MODEM STATUS REG 
OASF' EC M02; IN AL,DX 
OA90 24 10 ANO AL> 000100009 
OA92 74 FS .. 0. 
OA94 4A OX 
OADS 87 D1 DX,ex 
OA97 AO 0005 R AL."FG_TST 
OA9A EE t)X.AL 
OA98 E800 .,. 
OA90 87 01 f)X,CX 
OA9F EO ,,03, ALI OX 
01440 24 20 ALI 001000008 
014A2 E8 00 ••• DELAV 
OAA4 74 F9 1103 LOOP TtLL IT IS 
OMS 87 01 OX,CX 
OAAS SA C7 HOV AL.9H GET Msa OF EftROR WORD 
OMA E£ OUT !lX,AL 
OAAS EB 00 JIIP "2 DELAy 
OAAD 97 D. XCHG OX, CX 
OAAF' EC NO., IN AL, OX WAIT FOR ~MIT EMPTV 
OASO 24 20 AHD Al,00100000a 
OAll2 EB 00 JIIP •• 2 DELAV 
OAB4 74 F9 J1 11O. 
OABS BA C3 HOY AL,9L GET LSI! OF ERROR WORD 
o>gs 87 OJ XCHG DX,CX 
OASA EE our !lX.AL 
01498 TOTLTPO, 
OASB FA DtSAI:iL£ INTS, 
ollge 214 co AL.AL 
CAGE EG F2 OF'2.H~ AL MOTOR 
OACO e:s 140 OAOH?AL 
OAC2 F. HALT 
OAC3 C3 
CAe4 E_MSG ENDP 

A-24 ROM BIOS 



OAC4 
OAC4 EO 

OACS B3 
OAC7 U R 
OACA '4 
DACe 15 28 
CACE £9 FESA R 
OADI 24 Fe 
OAD3 75 21 
OAD5 •• OAOB IS FEBA R 
OADS 24 EO 
OAOS 75 
OAOD ES R 
OA£O •• OAE2 75 

BO 
.E 
Ee 00 
.2 
32 CO 
£E 
ED FEAO R 

93 EA 06 
Ee 

OAF4 FI 
OAFS C3 
OAFG "9 
OAF1 C3 
OAF'S 

TO THE MASTER R£SET 
THE PORTS' PERMANENT 

THE S250 TRANSMI T IRECEI \IE SUFFER 

ON ERROR-FREE RETURN; 
o ALi.. t NTERRUPTS D I SABLEO 
00000001.8 NO iNTERRUPTS PENDING 

PORTS 
XFO 
XFA -
)l;F8 - REG () ALL SITS LOW 

CTRL REG = () ALL ii f TS LOW 
STAT REG = 

XF'E - MODEM STAT REG ;:: 

REGI STERS OX, AL, AND BL 

82150 

OUT 
JII. 
INC 

NEAR 
AL, DX 

Bl,2 
RR2 
ALi 11110000ii 
A12'0 
RRI 
ALI 111110009 
AT20 
OX 
•• 1 
AL~ U 1000008 
AT20 

••• AL~ 1000000008 
4120 
ALI GOH 
OX.AL 

••• .x 

SUS OX, G 
IN AiL. OX 

CLe 
RET 

AT20: STC 
RET 

91260 ENOP 

IT 

OR 

OR 

NO OTHER 

IGNORE 

1/0 DE\.,AV 
MOO EM STAT REG 

ERROR RETuRN 

STATUS OR: 
ON WHICH 

I NT£RRUPT OCCURRED OR 

STATUS REGISTi!R 

FOR RECEIVED DATA 
REGISTER EMPTV 

ROM BIOS A-25 



OAFS 
OAFS EC 
OAFS ED 00 
OAFS OA C4 
OAFD EE 
OAFE 28 01 

51 
29 CO 
EC 

OBO.- AS 01 
080S 14 02 
0608 E2 Fe 
OSOA 59 
OIiOe 3'" C7 
0800 11S Os 
080F OA DB 
01111 74 07 
0913 03 01 
OB16 EC 
091S E9 O. 
OB18 80 FF 
091A C3 
09HI 

FS 
28 CO 
CO 10 
28 CO 
BE 08 

0824 E4 82 
0828 24 04 
0829 15 28 

OB2A C7 011 • EFe7 • 
0830 BC OE • 

89 0004 

'" 64 
CO 
7. 
BB 
28 

OB43 BE 
0945 BII • 
0848 Be 
0848 CI1 
084D 159 
064£ 7304 
0850 £2 £5 

0&112 CD 18 

0854 EA 7COO ---- R 
one 

A-26 ROM BIOS 

ICT 

AT21: 

AT22: 

PROC 
IN 
""p 
OR 

POP 
eN' 
"NE 

"" 

ANO 
"liZ 

; 

AT24 
AL.OFFH 

REGISTER 
REGISTER 

WAIT FOR 8250 TO OCCUR 
READ INTR [0 
I HTERRUPT PEND I NO? 
YES -RETURN WI lNTERRUPT 1 DIN AL 
NO - TRV AGAI N 
AL 1 IF NO UiTERRUPT OCCURRED 
IHTERllUPT WE"RE LOOKINQ FOR? 
NO 
DONE WJ TH TEST FOR THI S INTERRUPT 
RETURN VI CONTENTS OF (NTA: 10 HG 
READ STATUS REGt STER TO CLEAR THE 
1 HT[RRUPT C WHEN BL= 1 ) 
RETURN CONTENTS OF STATU5 REG 
SET ERROR IND1CATOR 

ON CRT 

ESTABLISH ADDRESSING 

CONFlQ BITS 
01 !iKETTE PRESENT'? 

THEN ATTE"PT To GO TO CAll:T. 
VECTOR i ----- RESET 

HOy 
lilly 
LOAD 
IIOY 

D 1I11<::POIII,oE •• 201',FSET OI5K.JIASE 

HI: PUSH 
HOV 
INT 
JC 
MOil 
sua 
""V 11011 

"0" lilT 
H2: POP 

BOOT_LOCH 
ORtVE 0, HEAO 0 
SECTOR J. TRACK 0 
DISKETTE .... IO 
RECOYER RETRV COUNT 

SYSTEM 

./NC 
LOOP 

CF SET BY tm5UCcEsSF'UL. READ 

; ----- UIIAaLE 
• 00 IT FOR RETRV Tl MEl 

THE I) I 81<£TT£ 
113, lilT , GO TO BASIC OR CARTRIOGE 
; ----- IPL WAS SU(:CESSI'UL 
H3A: .J"P 
BOOT_STRAP 

ON EXIT: 
ZERO FLAG OF'F I F STORAGE 
IF ZER'O FLAG OFF, THEN ex 
OF THE EXPECTED DATA PATTE ... 
READ. (1. E .• A BIT "ON" IN AL IS 
AH::.03 [F 80TH BYTES Of' WORD HAVE 
AH=02 rF LOW (EVEN) BVTE HAS ERROR 
AH=(U IF HI (001» evTE: HAS ERROR 

AX, BX, CX~ OX, 01, SI ARE ALL DESTRovED < 

A BLOCK OF 
FILL 



OB59 POD5TG NEAR 
OS, ABsa 

0859 FC 
{)II!!A 28 FF OF SEta 
OllSC 2e CD SUB 00-" 

MOV 

" MOV START? 

1512; WARM-START 
(--~ MOV 

MOV 
( MDV '-/ .. ET 

PI: ClIP 
JE 

P2. MOY 
'IIOV 

J"P ERROR ExIT IF -MJSCOMPARE 
'P¥: FORM 'NiW CATA PATTERN 

AL~AH 
P2 LOOP TILL ALL 218 DATA PATTERNS 

0_ 
OB90 MOV BP,CK ,sAvE WORD COUNT 
oa82 MOV AX,OkAAAH 1..0AO OATA- PA,rERN 

- 09&8 MOV 6X~AX 
01197 "OV I})(~ 0565&1 LOAO OTHER DATA 
OB9_ REP ST-QSW FILL WORDS FROR 

W[TH MAA 
OBee •• DEC 01 1'01 NT TO LAST WORD WIIITT1l:N 
0890 .F DEC 01 
OseE ' FO STC 
OB8f se F7 OIOv SI,D!: 
alIA! aeeo MOV CX~.SP 

08A3 P3: 
08>3 LaDSlI 

, OBA. C3 )(OR 11)(, 8 )( 
OB_a ". JOOZ PB 
08AB <:2 IIOY AX#DX 
oao .. nos" R£A, 
OS.AS .6 LOOP 
01!iW CO MOV 
OBM CLD 
oeBO INC 
OBS! .6 INC 
0882 !III F. NOV 
olle. Be DA NOv 
0186 ,BoA oaFF' 
oBBe AD fiX: 
1)9BA 33 C3 Ax,ex 
0811C 78 <. pe 
088E sa <:2 AX,DX 
OBcO '0 REAO 
,oeel £2 Fa 
OIIC3 88 CD NOV 
OBCtS FD ST. 
OBC6 .E DEC 
OBC7 •• DEC 
08C8 88 FE NOY 
oeCA 88 OA MOV 8X 
OBee f7 02 NOT 
oacE OA 02 
0800 74 £7 
01\1)2 FC INCREMENT 
OB03 ·93 C8 ()4 51,4 
.(IaDI F7 02 ox 
OBDS 8e FE 01 t SI 
oeOA IB CD ex,sP 
08DC Pl4: 
080e AD LODSW 
oeoo 33 C2 XOR AX~O)c 

oeDF 751111 JNZ pe 
OBE! AU sros,", 

E2 Fe .LOOP P • 
FO sro 
4£ DEC TO LAST WORD 

4' DEC 
CHECI( IF IN 

SA 02:01 HOV 
Ee 1M GET OPTION BITS 
24 FO AND 
3C FO CMP ~LL 9115 HI GH::oNORMAL MODE 
74 '0 JE 
ae CI HOV 

OSF' Be D3 flOIi 
OBFS 38 CB eMF 
081'7 74 <Ill JE SO 

oaF" 80 111 
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OIIFD 
OD,D 
ODFF 
OCOI 
OC03 
OCO. 
oe08 
oeoe 
oeOA 
eeoc 
oeOE 
OCI0 
OC12 
OCI. 
0[16 
ot18 
OCIA 
OCID 
OCIF 
oc'o 
OC21 

OC2D 

E2 FE 
FE CB 
75 F'A 
a. CD 
AD 
oa co 
715 04 
E2 F9 
EB 13 
BD CD 
32 E4 
OA £0 
74 02 
FE C4 
OA C9 
7. 03 
80 C4 02 
04 £4 
Fe 
C3 

IE 
e~ 
60 
53 
51 
52 
BD 
S4 
83 IF 

CO 
83 
82 
B8 
DO 
CD 
FE 
eo 

DC 

Fa 
28 FO 
02 07 01 09 03 04 
09 04 01 Fe 

QCSB 02 07 01 OA 02 05 
07 os 01 FS 

07 01 0& 01 06 
0& 01 Fe 
03 015 03 03 03 
OS 03 08 03 Fe 
03 05 03 03 03 
08 01 06 03 Fa 
03 05 08 04 00 
Fe 
03 05 07 05 00 
Fa 
0305080401> 
F9 
03 05 03 03 03 
00 03 Fa 
03 0503 03 03 
03 01 0& 01 03 
FE 
01 01 os 01 015 
03 02 05 01 Fa 
07 01 OA 02 05 
01 03 015 01 Fa 
01 01 09 03 05 
05 01 Fe 
Fa 
Fe 

77 02 77 02 77 
02 77 02 Fe 

A-28 ROM BIOS 

PIS; LOOl' 
DEC 
JNZ 

P6, 1I0v 
P7. LODSW. 

OR 
JHZ 
lOOP 
jill' 

pB: NOV 
xOR 
O. 
JZ 
INC 

P9, OR 
JZ 
ADD 
OR 
eLo 

POOSTG 

.5 
AL 
P!i 
CX,BP 

AX,AX 
PO 
.7 
SHORT P 11 
ex, AX 
AH, AH 
eH,CH 
P9 
AH 
CL,CL 
p,o 
IIIH,2 
AH .. AH 

AX 
Bx 
ex 
ox 
9P, OFFSET LOGO 
D)(~SOOOH 

RECOVER WoRD COUNT 
GET WORD 
; TO 0000 
ERROR IF Mor 
LOOP n LL DONE 
THEN EXIT 
SAVE BITS IN ERROR 

HIGH eYTE E •• 0.7 

SET HIGH 
LOW BVTE 

!'to'V SL~OOOl1111B 

INT 
NOV 
MOV 

AGAIN: MOV 
NOv 
INT 
INC 
CliP 

JL 
POP 
POP 
POP 
POP 
POP 
POP 
RET 

PUT LOGO ENDP 
LOGO OS 

DB 

DB 
De 
De 

DB 

os 

DB 

De 

DB 

DB 

DB 

08 

011 

OS 

OS 

OS 
DB 

COLOR D8 
08 

COLOR_E = 
.B 

S2H 
SL.000O'OOO08 
OLIO 
OH~ 94H 
ef". OFFSET COLOR 
SOH 
BL 
OL.32 

AGAiN 
OX 
ex 
ex 
AX 
BP 
os 

LOGO_E - LOGO 
I • 220 . ' 
40; -s 
40~-6 
2,7. 1,9,3, 4a 9, 4. 1,-5 

4,3,5. 3 t 3, 3 1 3~ 13<> 3,.-5 

8P 
OS 

4,3,8, 3, 3~ 3, 3, 3~ 1f 5, 1,3,3,-5 

2, 7,1, 10,2~!5.3, 1.3,5,1,-5 

2~ 7. 1~ 9, 3,!5~ 7.5, 1,-5 

40,-5 
40, -4-
COLOR_E - COLOR 
219 

• 2, 121-2,2, 121-2,2, 121-2,2/ 121-2,2,-4 

ASSUME 05: DATA 



(. 
I 

~. 

c 

--- tNT 10 -------------------------------------------------------
VIOEO_I0 

THESE ROUT! NES 
THE FOLLOWI NG 
tAH1=(} SET 

HODES, BUT 

(8H) = 
(AH}=1 SCROLL ACTIVE: 

tAL) :::: HUMBER OF 
Of' W1HDOW. 

(CH, Cl) = ROW# COLUMN 
SCROLL 

<DH, Dll ; ROil. COLUIIN OF LOWER RIGHT CORNER OF 
SCROLL 

(8H) = ATTRIBUTE TO 8£ USED ON SLANI( LINE 

CHARACTER HANDLING: ROUTINES 
<AHI = B RfAO ATTRIBUTE/CHA.ACTER AT CVRSOR POSITION 

(laH) = DISPLAV PAGE (VALID MOOIES ONLY) 
ON £XIT; 
(AL J = CHAR READ 
(AHJ = ATTRIBUTE OF' CHARACTER REAO (ALPHA HODES 

ONLY) 
(AH) = 9 WRITE ATTRIBUTE/CHARACTER AT CURRENT CURSOR 

POSITION 
telH} = DISPLAV NODES ONLY) 
(ex) :::: COUNT OF O" •••• ,OT ••• 
(AU TO 
(BL) OF 

t8H) 
(ex) 
(ALl 
(BU 

ON WRITE 

"ODES ONLY) 

1. 

ROM BIOS A-29 
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FOR READ/WRITE CHARACTER INTERFACE WHILE IN GRAPHICS MODE. 
THE CHARACTERS ARE FORMED FROM A CHARACTER 
t;ENERATOR IMAGE MAINTAINED IN -THE SYSTEM RON. 
INTERRUPT 44H (LOCATION 'OO,UGH) -15 USED TO 
FOINT TO THE lK BYTE TABLE CONTAiI1ING THE 
F' I RST 129 CHARS 10-127). 
INTERRUPT iFH ~lOCATlON 0007CH) 15 USED TO 
POINT TO THE lK BYTE TABLE CONTAINING THE 5ECONO 
129 CHARS .( 129-255). 

FOR WRITE CHARACTER INTERFACE IN GRAPHICS MODE, THE 
REPLICATlO"N FACTOR CONTAINED IN (00 ON ENTRY WILL 
'PRODUCE VAll D RESUL 15 ONLY FOR CHARACTERS 
CONTAINED ON THE SAME ROW. CONTINUATION TO 
SUCCEEOING LINES WILL NOT PRODUCE CORRECTLY. 

GRAPH I CS I "TERFACE 
C.oM) = 11 (OBH) SET COlOR PALETTE 

(8H) = PAl-ETTE COLOR ID BEING 5E.T (0-127) 
(Bl) = 'COLOR VALUE TO BE USED WITH THAT COLOR ID 

COLOR I D ::: 0 SELECTS THE "BACKGROUND 
COLOR CO-15) 

.COLOR I D =- 1 6€LECTS TH£ -PALETTE TO SE 
USEO, 
2 COLOR MODE' 

o = WHI TE FOR COLOR 1 
1 = BLACK FOR COLOR 1 

4 COLOR MODES; 
o = GREEN, "EO, ll"O<oIN FO" 

COLORS I, 2~ 3 
1 ::: CYAN, MAGENTA. "'Hl-TE FOR 

COLORS 1, 2~ 3 
16 COLOR MODES: 

AL"'AVS SETS UP ~ALETTE "AS: 
BLVE F-QR COLOR 1 
GREaI FOR COLOR 2 
CIMN FOR COLOR 3 
,RED· FOR' COLOR 4 
MAGENTA FOR COLOR 5 
BROWN F-QR COLOR 6 
U GHT GRAV FOR -COLOR 7 
DARK GRA-Y FOR COLOR e 
L J GHT BLUE FOR COLOR S 
U GHT .GREEN FOR COLOR 10 
LIGHT CYAN FOR COLOR 11 
LIGHT'RED FOR COLOR 12 
U GHT MAGENTA FOR COL-QR 13 
YELLOW FOR COLOR 14 
WHITE FOR COLOR 18 

IN 40X28 OR BO)(28 ALPHA MODES, THE VALUE SET 
FOR PALETTE COLOR ° I.NDlCATES THE BORDER 
COLOR TO BE USED. IN GRAPHIC MODES, 1T 
INDICATES THE BORDER COLOR ANO TIiE 
BACKGROUND COLOR. 

(AH) 12 (OCH) WRITE DOT 
HHO = ROW --NUMBER 
(CX) ::: .cOLUMN NUMBER 
«AL) = COLOR VALVE 

IF BIT 7 OF AL = 1, THEN TH£ COLOR VALUE IS 
EXCLUS I VE OR' D WI TH THE CURREMT CONTENTS OF' 
THE DOT 

(AH) 13 (ODH') READ DOT 
.• OX) :: ROW' NUMBER 
(CX) = C01..UMN NUMBER 

. (At) RETURNS THE DOT 'READ 

ASCI I TELETVPE ROVTHtE FOR OUT'PUT 
(AH) = 14 (oEH) WRITE T£LETYPE TO ACTIVE PAGE 

(AU::: CHAR TO WRITE 
(lSU ::: FOREGROUKD COLOR IN GRAPHICS MODE 
NOTE -- SCREEN WJ DTH I S CONTROLLED BV PREV I OUS 

MODE SET 
(AH) --= U5 (OFH) -CURRENT VIDEO STATE 

RETURNS THE CURRENT VIDEO STATE 
(AU = MODE CURRENTLY SET (SEE AH:::O FOR 

EXPLANATION) 
(Ali' :;; NUMBER -OF CHARACTE-R COLVMNS ON SCREEN 
CBH) ::: CURRENT ACTI-YE DISPLAY PAGE 

CAH) 16 tl0H) SET PALETTE REGJSTERS 

NOTE: 

CAU ::: 0 SET PAlETTE REGISTER 
(IBIL) ::: PALETTE REG I STER TO SET (OOH - OFH) 
(BH) ::: VALUE TO SET 

(AL) 1 .SET ·BORDER COLOR REGISTER 
(SH' ;;; VALUE TO SET 

«AL' 2 SET ALL PALETT£ REGI STERS ANO BORDER 
REGISTER 

ES:DX POINTS TO A 17 BYTE LIST 
-BYTES 0 THRU 15 ARE VALUES -FOR PALETTE 

REGJ STERS 0 THRU 15 
BYTE IS I S THE VALUE FOR THE BORDER 

REG1STER 

IN MODES USING A 32K RE.GEN (9 AND Al, ACCESS THR"OUt;H THE CPU 
REGIStER BY USE OF BBOOH SEGMENT VALUE ONLY R£ACHES THE 
FlR-ST 16K. el0S USES THE CONTENTS OF THE CPU PAGE REG 
CBITS 3,4, • 5 OF PAGDAT 1N BIOS DATA AREA) TO DERIVE THE 
PROPEJi SEGMENT VALUE. 

CS, S8, DS, ES, BX, CX, DX PRESERVED DURING CALL 
ALL OTHERS DESTROYED 



OCES 
GCES R 
OC£8 R 
aCED R 

C' 
OCe:F R 
OCF 1 • OCF3 • 
OCFS • OCF7 R 
OCF'9 • R 

• • • • • • • 
(1)08 
(1)08 Fe 
woe FC 
0000 06 
OOOE IE 
OOOF 112 
001(' 81 
(1)11 53 
OIl •• !e 
00.3 57 
001. 80 
00." BA (4 
0017 32 E4 
0019 .1 
0019 GO 
0010 31) 

OD20 72 
(1),. 58 
0023 E9 
002. ED 
0029 8e 

/' 
002e eo 
0031 72 , 0033 SA 

~. 80 
.0 
8E 
8a 
BA 26 
2£, FF 

VIDEO GATE ARRAY REGISTERS 

PORT 3DA OUTPUT 
REG 0 MODE CONTROL I 
OlH +Hl 
O.H 
(}4H 
()aH 
!OH 

04H 
0811 

+saw 
+VJ DEO ENABLE 
+ 16 COLOR GRAPH! CS 

PALETTE MASK 
FAlETTE MASK 
PALETTE MASI( 
PALET iE MASI( 
PALETTE "ASK 

aOROER COLOR REGISTER: 

0211 
.4H 
08H 

REG 3 
0111 
0211 
0411 
OBH 

REGS 
om 

BLUE 
GREEN 
RED 
INTENSITY 

MoDE CONTROL 2 
RESERVED MUST 
+ENM:)LE BL I NK 
RESERVED 
+2 COLOR 

02H GREEN 
04H RED 
OSH 1 NT ENS! TV 

ViDEO GATE ARRAY STATIJS 
PORT 3DA INPUT 

0111 
0211 
(}4H 

oeH 
10H 
ASSUME 

M0010 LASEL 

MODI0L 

oW 
ow 
ow 
ow 
Ow 
ow 
ow 
ow 
ow 
ow 
ow 
ow 
Ow 
ow 
ow 
ow 
ow 
E." 

CLO 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
MOV 
xo. 
SAL 
MOV 
CMP 
JB 
POP 
JMP 

el: CALL 
MOV 
eMP 
JC 
MOV 
AND 
SHR 

<:2: MOV 

VIDEO_IO 

POP 
MOV 
J"P 

OFFSET 
OFFSET 
OFFSET 
OFFSET 
oFFSET 
OFFSET 
OFFSET 
OFFSET 
OFFSET 
OFFSET 
OFFSET 
OFFSET 
OFFSET 
OFfSET 
OFFSET 
OFFSET 
OFFSET 
.-MOOI0 

PRoe HEAR: 

ES 
DS 
D. 
CX 
ax 
Sl 
01 
AX 
Al...AH 
AH~ AH 
AX, 1 
51,AX 
AX, H:0010L 
el 
AX 
YIDEO_RETURN 
DOS 
AX, aelOOM 
CRT_MODE,9 
C2 
AH, PAGDAT 
AH t CPUREG 
AH.l 
ES.AX 
AX 
AM, CRT_MODE 
WORD PTA: CS: 
END? 

2 COLOR ONLY) 

!lITHIN VIDEO 1/0 

SAVE SEGMENT R£GISTERS 
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28 28 50 50 28 28 
50 00 14 28 50 

0019 

01" 00 02 

onso OS 01' 00 02 

OD71 00 01" 00 02 

0075 09 0" 00 02 

0079 00\ 03 00 00 

(1)70 OE 03 00 00 

ODSl OE 01 00 OS 

0095 00 00 00 00 

008S: 1A OF 00 00 

0080 18 OF 00 00 

0081 09 03 00 00 

0095 
0085 00 OF 00 00 

000. 

00.9 0 .. 00 00 00 

0090 
ODSD 00 02 004 06 

ODAl 
00 03 05 OF 

50 
24 
ac 
7. 
3C 
12 
80 
3C 
74 
3C 
7. 
3C 
72 
81 
73 
80 
8A 
SA 
A2 
88 R 
88 
SA 
EC 
32 CO 
EE 
AD 
24 
EE 

ROM BIOS 

SET_MOOE 

INPUT 

THiS ROUTINE INITIALIZES THE ATTACHMENT TO 
THe: SELECTED MODE. THE SCREEN IS 9LAkKEI), 

(Al,) = HODE SELECTED (RANGE O-ED 
OUTPUT 

NOME --------------------------------_ ...... _--- ... ---
1'10050 LABEL WORD 

OW 2048 
OW 204B 
DW 4096 
OW 4096 
OW 16384 
Ow 16384 
OW 16384 
OW 0 
OW 16384 
OW 32768 
DW 32768 

i ------ COLUMNS 
M0060 LABEL BYTE 

1)8 40; 40, 80, 80; 40~ <ItO, 80, 0,20,40.80 

OF GATE ARRAV PARAMATERS FOR MODE SETTING 
BYTE 

FOR: 40X25 aw 1'100£ 0 
OCH¥ OF'H, G. 2 (lATE ARRAY PARMS 

M00701... EQU I-M0070 
UP FOR 40)(25 COLOR 

O$H1 OFH~ O. 2 ARRAy PARHS 
UP FOR BOX28 8\4 

DB ODH, OFH. 0, 2: ARRAV PARMS 
; <6-"'--- SET UP FOR 80)(25 COLOR 

DB (iSH, OFH, 0, 2: ; 
SET UP FOR 32:0X2:00 4 COLOR 
08 OAH,03H j O,0 GATE 

; --.... --~ SET UP fOR 320l<200 8"1 
DEI OEH. 03H, 0, 0 GATE 
SET UP fOR 640)<200 aw MODE 
Os OEH. OlH, O. B GATE ARRAV 
SET uP fOR INVAL10 MODE: 7 
OS OOH, OOH, 0, 0 ; GATE ARRAY 
SET UP fOR 160)<200 16 COLOR MOOE 
DB lAH, OFH. 0, 0 i GATE ARRAV 

; -----.. SET UP fOR 320l<200 16 COL.OR MODE 
DB IBH.OFH,O,O ; GATE ARRAY 
SET UP FOR 640X200 4 COLOR MOOE 
DS OSH, 03H, O. 0 • GATE ARRAV 

j -------------- TABLES OF PALETTE COL.ORS FOR 2 >4 COL.OR HODES 
; 2 COLOR, SET 0 
"0072 LABEL BYTE 

08 O,OfH,O,O 
"0072L. EGiU 1-110072 ; ENTRV L.ENGTIi 

2 COLOR, St:T 1 
DS OFH, 0, O~ 0 

"0074 ~A~~~OR. a~~~ 0 
08 0,2,4.6 

"0075 ~A~~tOR. 9~~~ 1 
08 0,3,5, OFH 

SET _"'ODE PROC WEAR 

ce, 

C6: 

PUSH AX 
AND AI.. .. 7FH 

AL~ 7 
C3 

CMP 

CHP 
JE 

JNC 
NOV 
MOV 
HOY 
NOY 
NOV 
MOV 
NOY 
IN 
XOR 
OUT 
HOY 
AHD 
OUT 

AI...OOH 
C4 
AL,O 
AL,2 1281< 

C' 
AL,3 
C5 
AL,OSH 
C& 
TRUE_ME"~ 126 
C6 
AI..,O 
O)(~ 03D4H 
AM,At. 
CRT_"ODE~AL 
ADDR_6S45,0l< 
Dr ~AX 
DX r YGA en" 
AL~D)( -
AL.AL. 
DX~AL 
AL~ CRT _MODE_SET 
AL~ OF7H 
DX.AL 



OEOE 89 0010 

8A C4 
EE 
EE 
FE (4 
E2 Fe 

8B (:7 
3~ D~ 
'C 04 
72 08 
B3 4i) 
3C OS 
72 
9. 
SA 
A() R 
24 
0" 
EE 
42 00911. R 

aa ce 
eo £4 F7 
32 CO 
EE 
9S £0 
EE 
SO 04 
EE 
32 CO 
EE 

SA 
40 R 
24 
93 

AS 80 
715 ac 
93 3F 

02 

91 3E 0015 R OOSO 
7302 
S3 IS 

C7: 
Cft: 

SET DEF AUL T PALETTES 
MOV AX,DI 
MOV lliH,10H 
1'10\1 SM, OFFSET .'40072 
eMf! AL, S 
JE C7 
HOV ex, OffSET 1'10075 
CMP AL,5 
JE C7 
CMP AL,04 
.JE C7 
CHP AL~ DAH 4 COLOR MODE 
JNE C9 
"OY ex, 4 TO SET 
HOY AL~ AM 
OUT OX, AI,., 
KOV AL, CS; [BXl 
OUT DX! AI.. 
I He AH NEXT REG 
INC ex NEXT TABLE VALUE 

ca 
SHORT ell 

SET PALETTES FOR: DEFAULT is COLOR 
nov ex, Ui OF PALETTES, AH IS REG 

C 10: HOV ALl AH HUMBER 
OUT DX, AL SELECT IT 
OUT DX, AL VALuE 
INC AH 
LOOP CIa 

; ---.-- SET UP NO a HI IN PAGREG 
ell: 1'10\1 AX.Dl 

XOR Sl, SL 
CMP AI..,o4 
')C C12 
!'IOV Bl , 40H 
eMP Al. DSH 
JC CI2 
HOV Bl, CleOH 

C 12: 110V DX, PAGREG 
1'10"11 Al, PA(SI,)AT 
AND AL,3FH 
OR Al, BL 
OUT OX, AL 
I'IOV PAGOAT ~ AL. 

; ----- ENABL.E VIDEO AND CORRECT 
HOV AX~OI 
XOR AH~ AH 
KOV CX ~ IIII0070L 
KUL. CX 
KOV ax, AX 
ADD ex, OFFSET "0070 
KOV AM. CS: LaX] 
MOV AL. CS; t8X '* 2J 
HOV SI.AX 
ell 
CALL MODE_ALI VE 
KOY Al.l0H 
OUT NKI_POliIT,AL. 
MOY OX, VGA_CTl 
HOY AL,4 
OUT OX, Al 
HOY AL.,2 
OUT OX, AL. 

; WHIL.E THE GATE ARRAV IS IN 
MOY AX, Sf 
AND AH,OF7M 
XOR AL, Al 
OUT OX~AL 

XCHG AM, Al 
OUT DX"Al 
MOV AL.4 
QUT DX, AL 
XOR AL, Al 
OUT IJX~ AL REHQYE RESET FROM I,JGA 

NOW OKAY TO ACCESS RAM AGAIN 
XOY AL. SOH ENABLE NHI AGAIN 
OUT tun _PORT, At.. 
CALL MOO E_All YE 
STI 
.!Mf' SIIORT CiA 

CI:!: HOY Al, AH 
OUT OX, Al 
HOY Al. C5: tBX] 
OUT OX/AL 

Cl<i1: INC 8)( 
tHC AH 
lOOP C13 ; 

; ---- SET UP CRT AND CPU PAGE REGS 
MOy OX# FAGREG 
HOY Al,PAGOAT 
AND AL,OCOH 
!tOy S"l,3SH 

TEST 
.!IIZ 
HOV 

CMf' 
.!1Ie 
HOV 

AL.i 8QH 
CIS 
Bl, JFH 

TRUE_MEM, 12B 
Cll! 
BL,19H 

ROM BIOS 

TABLE 

RAN 

SIZE 

12SK 

S4K 

A·33 



OF49 
OF4B 
OF4F 
OF!S4 
OF'56 

SA 03DA 
32 CO 
££ 
AO 0065 iii 
EE 

R 

A-34 ROM BIOS 

C15: OR COMBINE MODE IITS AND REG VAl.UES 
SET PORT OUT 

"OV 
"OV 
MOV 
MOl/ 
IN 
AND 
TEST 
JNZ 
OR 

SAVE COpy IN 
PUT MODE SET , I N RAM 

CIS: OUT 
; ------- SET UP 

PIISH 
XOR 

C2Q; 

b;~~--

IIOV 
ASSUME 
LOS 
ASSUME 
IIOV 
IIOV 
CMP 
JC 
ADO 
CII" 
JC 
AOO 

CliP 
JC 
AOO 

BX~CX 

AH~4 

C17 
9)(,C)( 

GET POINTEl'! TO IIIDEO PARIIS 

MODE (S 4~ !5~ 8 6 8, OR 9 
MOYE TO NEKT 4;RAPHI CS ROW OF 

; INIT_TABLE 
8X POINTS TO CORRECT 

PUSH AX 
ROw OF INITIALIZATION TABLE 

; SAVE MODE 1 N AH 

"0" "0\1 
PUSH 
CALL 
AS5U"E 
1101/ 
"Oil 
PUSII 
1101/ 
AND 
11011 
POP 
ASSUME 
POP 
XOR 

; GET HORZ. SYNC POSITION 
(9)(.10] ; GET CURSOR TVPE 

POSITION YARIA8LE 

SET DEFAULT OFFSET 

; AM WH.L SERVE AS REGISTER NUMBER 
• DURIN<i LOOP 

11011 OK,03D4H ; POINT TO 6845 
TABLE, OUTPUTTING REG ADDRESS, THEN VALUE FRON TABL£ 

AL. AH GET 6945 REGISTER NUMBER 
OX. AI.. 
OX 
All 

MOV uun 
OUT 
INC 
OEC 
LOOP etC) 
POP A)( 
POP DS 
ASSUME DS:OATA 
Fill REGEN AREA WITH 
)<oR 01,01 
HOV CRT _START. 0 I 
HOV ACTtVE_PAGE~O 
POP OX 
AND OL~ BOH 
JNZ C21 
HOV OX~ OeeOCH AREA 
MOV CX¥ lUB2 
eM? AL,O$H 
JC C19 

ex# 1 
DX~ IBOOH 
ES,DX 
AL,4 
AX.' '+15*25$ 
C2" 
AX, AX 
STOSW 

VIDEO 
OX. VGA_eTI.. GET PORT AODRESS OF VGA 

XOR AL,Al 
OUT OX,AL 
MOV AL, CRT.JIOOE_SET 
OUT DX,AL 

DETERMINE HVMBER OF DISPLAY 
NUMBER TO BE USED 

BH.9H 
BL, CRT_MODE 

MOV AL, CS: [aK + OFFS£l M0060] 
XOR; AM, AM 
HOV CRT_COLS, AX ; NUMBER OF COLUMNS IN nus SCREEN 



OF59 Dl E3 

OF5S 2E: BB BF' OD4a R 
oFGO 99 OE 004C R 
OF64 B9 0009 
OF6? BF 0050 R 
OF8. IE 
OF68 07 
OF'6C 33 CO 
0F'6E F3! A8 

0F'70 
OF70 5F 

5£ 
58 
59 
SA 

OF75 IF 
OF76 07 
OF77 CF 
OF7S 

OF7S 

OF7B FA 

OF7S 56 
67 
50 
53 
51 

OF7E 52 
OF7F IE 
OF80 06 

alE 0009 
32 DB 

c's6 32 E4 
OFBB B9- 00'05 
OFBB £4 6.2 
OF8D AS 40 

74 02 
FE C4 
£2 Fe 
90 Fe 03 
73 03 
ES 5D 90 

OFsD "0032 
OF..,O £4 62 
OFA2 AS 40 
OFA4 74 015 
OFAS E2 FS 
OFAS ED 4F 90 

OFAB DO 40 
OFAD E6 43 
OFAF SO 
OF80 90 
OF'BI E4 41 
OF'Bl SA EO 
0F'B5 £4 41 
OF'S 7 8& EO 
CF'B9 69 FS 

89 0004 
£4 62 
AS 40 
7535 

OFe4 E2 Fa 

0f"C6 SA 0220 

Ea' 1031 R 
SA 020E 

OFCF ao 
OFOO E9 101)31 R 
OF03 SA CB-
0'08 58 
OFD6 3A CB 
OFDS 74 2A 

SET CURSOR PO'S 1 nONS 
SHL BX .. 1 

CX*CS: (8)( ... 

CRT_LEN, CX 
C)(.9 

HOY 
HOV 
HOY 
HOY 
PUSH 
POP 
~O" 
REP 

D ( .. O'fFSET cv".,,"_rv,m 

i ----- NORMAL 
VIDEO_RETU.", 

'OF 
POP' 
FOP 

C22; POP 

POP 

DS 
ES 
AX,AX 
STOSW 

RETURN FROM AL L 

01 
51 
BX 
ex 
D~ 

os 
EO 

ENDP 

ZEROES 

K8DNMI - KEVBOItRD "ttl INTERRUPT ROUTINE 

THIS ROUTINE OBTAINS CONTROL
O'CCURS UPON A KEVSTItO'KE F'ROM 

AN NHI rNTERRIJPT. WHICH 
KEVBOARD. 

a I T STREAM I N ORDER TO 
1T THEN ISSUES INT 41 

K£Y PROCESSOR. UPON R:ETVRH 
SYSTEM i I RET L 

ASSUME CS; COOE~ 1)6: DATA 
KBDHMI FROe FAR 
; -----------0151\et.£ INTERRUPTS 

CLI 
; -----------54.\1£ • DISABLE NtH 

PUSH 
PlJSH 
PUSH ; SAVE REGS 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 

~ SET UP it OF DATA BITS 
; HUT. PARITV COUNTER 

TIMES TO YALIDATE START aIT 

I" 

XOR 
HOY 
1M 
TEST 
JZ 
INC 
lOOP 
e"" 
JNiI 

J"" 
HOY 
IN 
TEST 
JZ 

AH.AH 
CX,S 
Al, PORT_C 
AL-,40H 
12 
AH 
11 
AMra 
125 
III 

LOOfi' 13 
.JMP IB 

; -----------READ CLOCI< TO SET 
H5: HOY AL •. 40H 

OUT TI"-CTL~ At. 
NOP 
NOP 
IN Al,TlMER+1 
MOV AH. At. 
IN AL. TlMER+ 1 
xCHG AH. AL 
110V DI,AX 

; -----------VERI F't VAll D 
HOII ex," 

16' .11 AL.PORT_~ 
TEST At..40H 
.JNZ Ie 
lOOP 16 

;----------5£T UP DISTANCE 

PUSH 
CALL 
NOY 
POI' 
eI<P 
JE 

PUT 2ND HALF B J T 
RESTORE 1ST HALF 
ARE THEY OPPOSITES ? 
NO, PHASE ERRO'R 

ROM BIOS 



orOA DO EF 
GFDC OA Fe 
OFDE 4£ 
OFDF 15 £8 

E8 1031 R 
50 
£8 1031 R 

OFES 8A C8 
OFEA 58 
OFEa 3A CS 
OFED 74 liS 

OFEF SO E301 
OFF2 74 10 

OFF4 Fe 
01'1'5 a. e7 
OFF7 co .8 
OFFS 07 
OFFA lF 
OF"e 5A 
OFFC 59 
OFFD 59 
OFFE ·E. AO 
1000 59 
1001 51' 
1002 5£ 
1003 CF 

1004 Ee 1318 R 
1007 83 FE 08 
100A 141 EO 

100C Fe 06 0015 R 01 

IOU 15 "18 
1013 88 0090 
1018 99 0049 
Hue ES E035 R 
101C eo 28 0017 R FO 

1021 80 26 0018 R OF 

102:6 eo 2. 008S R 
10211 FE· 08 0-012 R 
102F ES C9 
1031 
1031 
1031 9040 
1033 E6 43 
1035 90 
1036 90 
1037 £4 -41 
1039 8A EO 
1038 £-4 41 

. 1030 96 EO 
1031' 88 CF 
10'41 29 (;8 
1043 3B CA 
1045 72 EA 
1041 28 CA 
10-48 88 1'8 
10-48 03 F5 

1040 B8 0005 

1050 32 E4 
1052 E4 62: 
1084 AS 40 
1015& 74 02 
1059 FE C4 
10'5A E2 F6 
108C 80 FC 03 
10'5F 72 08 
10&1 80 80 
1063 FE C3 
1065 C3 
1066 32 co 
10S8 C3 
lOeB 

IF 

A-36 ROM 

; -----------VAUD DATA BIT, 
SH, I 
BH,AL 
SI 

...INZ 17 
• ----.. ------WAIT FOR TIME TO 

CALL 130 
PUSH AX 
CALL 130 

CL,AL 
AX 
CL,AL 

...IE IS 

POP 
IN 
POP 
POP 
.OP 
IRET 

PARtTY BIT~ 
1 

AL,OAOH 
AX 
01 
51 

j -------- ... --PARI TY1 SVNCH OR 
19, OOS 

110, 

Sl,B 
18 

110 
9X,OSOH 
CX,04SH 
KB_NOfSE 
ke_FLAG, aFOH 

ANO KI1_FLAG_l~ OFH 

ANO 
INC 

""" ENO. 
PRoe 
HOV 
OuT 
NOP 
NOP 
IN 
HOY 

sus 

. K6_FLAGI_2 .. IFH 
KSD_ER~ 
SHORT I B 

NEAR 
AL,40ti 
TlM_CTL, AL 

AL, TIMER+! 
AH,AL 
AL, TlMER+l 
AH,AL 
CX. DI 
CX,AX 
ex, DX 
131 

·e)(,OX 
OIJAl< 
Cii.ex 

; --_ ......... -"" ........ STAaT SAMPLING DATA 
HOV ex,s 

SAVE 1ST HALF £lIT 

; ENABLE NHI 

; 

READ CLOCK . 
* 

* 

. -------------------------------------------_ .. __ .. _----------
SAMPLE LUtE 

XOR AH,AH 
132, IN Al, PORT_C 

TEST AL,40H 
JZ 133 
INC AH 

133, LOOP 132 
eM" AH.3 
JB 13. 
MOV AL , OI9OH 
INC IlL 
RET 

134; XOR AL..AL 
RET 

130 EIII>. 



= 0030 
:; 0010 
= 0019 

0012 
= OOIF 

0000 
= OOOB 

0001 

30 10 12 19 1F 31 
150 4B 41) OC 

1015 
10115 02 
10713 47 

04 46 415 
51 4A 4E 

4F' 80 51 4B 4C 4D 
41 413 49 152 

10 31 81 SO 
10 46 CS SD 

THIS ROUTtNE 
FROM 

THE KEY 
PASSED IN AL·. EACH SCAN CODE 
KORE CALLS TO t NTERRUPT 9 OR SETS 
STATUS. WHEN INTERRUPT 9 ]5 
CODES ARE PASSEl) TO I TIN AL THE 
TO KEEP INTERRUPT 9 J HYACT FROM ITS 
THI S ROUT J NE lSI N THE FRONT ENI) OF 
TRANSFORMS A 62 KEY KEveOARD 
KEV VERSION. 
IT :S ASSUMED THAT THIS ROUTINE IS CALLED FROM 
DESERI.LIZ.TION "NO THAT "LL REGISTERS 
IN THE CALLI NG AS A CONSEQUENCE ALL _C::::_:Ccc·-: 
DESTROYED_ 

THE 

LABEL BYTE 
D8 29; 86,183, 
DB 29.10, 1SB. 

48 
.6 
25 
18 
31 
49 
72 
SO 
18 
71 
12 
13 
11 

CODES 

P _KEY. SJ<EY, P~LKEV 
••• '"_.AM:'''''', LUT_,+JUiOW. RIGHT_ARImW~ MINUS 

;: CTRL +. 
; CTRL + .<J.UL.L-'CU';K 

ROM BIOS A-37 



28 34 1A 1S 

lOSS 
109B as a9 37 28 29 

14 
0048 0049 .0040 0051 
0050 004F 0048 0047 
0039 OOlC 

IOS2 00'11 0012 OOlF' 0020 
ooaC ()02B 001E 0010 
OOOF 0001 

10C6 
loca Fa" 
10C7 Fe 
loea ES II 
10CB SA 
lOCO ED 

73 0'1 
CF 

1003 ac fF 
lone 74 tiC 
10D7 24 7F 
1009 3C 56 
10D8 7C 5F 

10DO IIr 
l00E 33 F6 
100O 8E DE 

10e;2 C4 3£ 0-124 It 

26: BA 00 
IF 

2C 56 
FE C9 

10EE 3A C1 
10FO 7F 10 

ROM BIOS 

EKTA8 LABEL BYTE 
DB 20 
DW 72, 73, 77~Bl~ao, 

CliP 
JG 

FAR 

THE POINTER TO THE EXTENDED 

PTR ES; [~1J GET LENGTH BYTE 

MAPPED TO KEYSOARO OR TO NEW EXTENOED SCAN 

CONVERT TO SASE O'F HEW SET 
LENGTH 1 
1. CODE III 
JUMP IF SCAN. IS NOT IN TA8l,E 



C 

47 POINT Dl PAST LENGTH evrE 
sa De 
32 FF FOR ADD I NG TO 1& SIT 

10F7 
10F'9 
101'8 05 
lOF'E 
HOG 

H02 F6 C4 SO 
1105 14 01 

CF 
80 C4 40 
32 CO 
SD 1£ OOle R 
88 1'3 
Ee 
38 R 

111A 75 

sa OOBO 
B9 0049 

H22 EB E036 R 
HZ!! 130 26 0017 R FO 

HIM 90 26 0018 R Ol' 

80 26 ooee R IF 
CF 
8504 
89 1E OOle R 
CF 
80 £4 SO 
OA C4 
EtA EO 

1143 JC 4!! 
1145 78 14 
1141 FG 06 0017 R 04 

14 OA 
F6 0& 0017 R DB 
75 03 
E9 12£8 R 
E8 126C R 

3C 31 
715 11 
FS 06 0017 R O. 

14 F2 
F6 OS 0017 R 04 
75 EB 
£9 1301 R 

SA EO 
24 7F 
Fe: ()6 0017 R DB 
74 39 

OE 
07 

1170 SF 1093 R 
11&0 Be 0008 
1193 F21 AE 
1195 15 20 
11S7 89 1084 R: 
119A 29 Fa 
lISC 2£, 8A B5 1098 R 

SA 1£ 0017 R 
80 36 0017 lit 08 
F6 C4 eo 
7402 
DC 60 

11Al &3 FF 03 
11A4 7C 05 
HAG eo OE 0017 R 02 
11A9 ES 60 
11AD CD os 
IUF B. l'E 0017 R 
Ilea CF 

1184 3<: $4 
1186 75 2~ 
1199 F6 C4 90 
1185 75 '8 
11BO eo 26 Doe. R IF 

11C2 BO OE 00ge " AO 
HC7 CF 

F6 06 0099 R 20 
75 06 
90 26 00e8 R IF 
CF 
eo OE 0068 R .0 
CF 

~B3: 
8REAI< 

INITiALiZE SEGMENT FOR TADL.E L.OOK 

CHECK FOR FUNcn ON KEV 
JUMP IF NOT FUNCTION KEV 
IS THIS A FUNCTION BREAK 

; JUMP IF FUNcnON BREAK 
Cl.EAR_Fl.AGS ; CLEAR ALL PREV I OUS 

FUNCTIONS 
+ FH_PEND 1 Nfl 

RETURN FRO'M 1 NTERRUPT 

iF FUNCTION 
CLEAR ALL 

BREAK FLAG 
FRO'M iNTERRUPT 

ROM BIOS A-39 



110B 3C se 
1100 74 FB 
UDF F& 06 ooee R 90 

11£4 15 21 

FS 06 0017 R 20 
74 16 
3C OS 
77 12 
FE CD 

IfF3 74 OE 

11FI5 FE £:8 
llF7 SS 1081 R 
llfA 2E: D1 
11Ft 80 £4 SO 

UFF' OA C4 
1201 EB 59 
12()3 8. C4 
1205 E8 5~ 

1207 3C oe 
1'09 77 2D 
1208 FE C8 
1200 15 215 

1201' F6 C4 9" 
1212 75 30 
1214 Fe 06 0088 R 9" 
1219 74 29 
1216 FEi 06 OOSB R 4" 
1220 15 22 

1222 F6 06 0017 R ()3 
1227 74 18 
1229 80 36 0088 R 10 
1'2£ 80 26 008S R IF 
1233 CF-

1'3. 04 3. 
1'36 £8 3. 

1238 OE 
1239 07 
123A SF 1069 R 
123D 89 oooc 
1240 F21 AE 
1242 74 10 

1244 FEi 06 ooes R 40 
1249 74 OF 

IUS Fa <::4 SO 
124£ 75 001\ 

12150 90 26 R IF 
121111 C60& ROo 

12lIA SA C4 
1215<:: 
12fJC £6 60 
12!1E CD Og 
12110 
1260 CF 

12tU 3C 31 
1283 ,. 07 
1265 F. O. 0017 R o. 
126A 74 D. 
126C .9 106A It 
12G' •• .9 
1271 2E: SA 85 1075 R 

1276 F6 C4 80 
1279 74 35 

1218 3t: 45 
1270 74 04 
12i'F 3C -45 
1281 75 08 
12e3 OC 80 
1285 E& 60 
1291 CD 09 
1299 24 7F 
12811 F6 OS 0088 R 40 
12110 74 11 
1292 3A 06 0081 R 

12.6 75 CB 
1288 eo 26 008a R IF 
1290 
1290 C6 06 0087 R 00 
12412 CF 

A-40 ROM BIOS 

It. PHANTOM KEY? 
PHANTOM SEQUENCE 

'-A,,.," .,"0\,' i ARE WE I fit FUNeT I ON 

AL.AH 
SHORT CONT _I NT 

KB4_1: HOV AL, AH 
JH? SHORT CONT I NT 

i .... --CHECK FOR VALID FUNCTION KEY 
1<85: eMf' AL, NUM_O 

"B7 
AL 
KBS 

; ----ESCAPE KEY. LOCK KEYBOARD 
AH, BREAK_Bli 

4' 
T£ST 

4HZ 

IRET 

Kes ; 
KS_FLAG_2, FNJLAG 

i ----SCAN CODE 1 N RANGE 1 -) 0 
KeG: ADO AL~ 58 

JMP SHORT 1<812 ; 
----CHECK TABLE r-OR OTHER VAUO 

PUSH CS 
POP ES 
MO'l 0 I, OFFSET KBO 
HOY eK. KeOL EN 

seAse 
K810 

CHARACTER 

OUT KBPORT ~ Al. 

INTEGERS 

PROCESS AS 

eOCE 

I NT 9H 15SIJE KEVBOARD 1 HiERRU?T 
RET_tNT: 

tRET 
TRANSLATION CHfrCI( FOR 

CMF AL~ N_KEY 
JNE 1<810_1 ; 
TEST KS_FLAG« AL T .... SHI F'T 
JZ KS8 ; 

1<1310_1: MOV CX~ OFFSET KBG + 1 
sue 01, eK 

MOV 
• ----TRANSLATED 
1<812: TEST 

KB12...,.20: 

4% 

4Z 
c'" 
JHE 
ANo 

!lOV 
tRET 

~~DE c~~ K:~[~~ JAN' __ •• __ C _ .•. 0,,_ 

AH. BREAK_BI T 
1<813 .~ 

TOGGLE KEY 
AL. NIJ"J. (leI( 
1(812_1 
AL. SCROLL_LOCK 
KS12_2 
AL,80H 
KSPOAT~AL 

911 



12AE 

1290 

12115 

12£9 

1300 

3A 06 0061 R 
75 97 
80 26 OOBB R DF 

EB ED 

F6 09 oose R 40 

74 OD 

80 3E ooa1 1t 00 
74 06 
38 06 0067 It 
75 Be 

"2 R 
3C 7. 
74 34 
3C 03 
74 lA 

FE C8 
00 EO 
00 EO 
S8 
2E, eo 36 10S9 R 

FO OS 0018 R 08 

75 OE 
&0 OE 00111 R 09 
IE" AO 
F6 08 OOlS R OS 
715 PI 

CF 

FS 0'6 0'018 R 09 
74 0& 
SO 26 0016 • '7 
eF 
n C4 06 
07 

IF 
5A 
59 
58 
E4 00 
co 05 
58 
5F 
5E 
CF 

53 
36 06 0065 R 
74 31 

AS SO 
74 12 
24 1F 
JB 06 0085 • 

8A C4 
715 05 
C6 06 0095 lit 00 
F8 
56 
03 

KIU2_3: eMP 
JNE 
I\NO 

AL,CUR_FVNC i IS THIS BREAK OF' FIRST FVNCilON1 
RET_l NT ; IGNORE 
KBJLAG_2, AND _MASK-FH_PEND r Nto. • TURN OFF' PEND I Nt;; 

; FUNCTION 
KB12_20 ; CLEAR CURRENT FUNCTION AND RETURN 
KEY HAS BEEN PRESSED 
KB_FLAG_2. Ff'C8REAK IF FUNeT! ON KEV HAS BEEN 

JZ 
; ----FUNCTION 

eMP 
JZ 
CMP 
JNZ 

KB14_1 
BREAK HAS ALREAI)V 

CUR_FUNCtO 
KB14_1 
CUR_FUNe. AL 
KB8S 

FOR SCAN CODE GENERATiON 
MOY CUR_FUMe. AL 
(MP AL, PR T _SCRf!EN 
.JG CONT_tNT 

PRise 
AL,PAUSE 
K816_1 

; ----BREAK OR ECHO 
AL 
AL.l 
AL.l 

LEA 

ADO 
NOV 

GENERATE: 
LOOS 
OUT 
INT 
LOOP 
IRET 

51, SCAN 

51,AX 
CX.4 

SCAN 
KBPORT, AL 
9H 
GENERATE 

; ----Put KEVBOARD ] N HOLD STATE 

POINT AT BASE 

MULTlPLV BY 4: 

OF SIMULATED 

AT CORRECT SET 

GET SCAM CODE FROM TA8LE 

KiHS_I: TEST KB_FLAG_l,.HOLD_~HATE j CANNOT GO IN HOLI) tTATE IF 

HOLD: 

JHZ 
OR 
IN 
TEST 
JHZ 

ITS ACTIVE 
1<818_2 ; DONE WITH INTERRUPT 
KB_FlAG_l. HOLD_STATE. TURN ON HOLO FLA(i 
AL, NKI_PORT ; RESET KEVBOARD LATCH 
KBJLAG_l, HOLD_STATE; STILL IN HOLD sTATE? 
HOLD CONTI NUE lOOP! NG; UNTfL KEV IS 

; PRESSEl) 
KB16~; iRET ; RETUAN FROM INTERRUPT tlSH 
; ----PRiNT SCREEN rUMen DN 
PRrse: TEST iCB_FLAG_i, 

JZ 1<816_3 
AND KB ... FLAG_l, 
IRET 

KB 16_3 ~ AOD 
PDP 

SP,3"2 
ES 

POP D. 
POP OX 
POP ex 
POP ax 
IN AL, NM]_PORT 
INT 5H 
POP AX 
POP 01 
POP 61 
tRET 

KEY62_1 NT [HOP 

48H 

pop THE: REST 

~ ;;;~;~;~~----------------------------------------------------_ ... _-

INPUT 

Tf! ~ 

THIS RQUTINE 
AND DE TERM I NE 
AcTION WILL BE 

AL= SCAN CODE OF KEY WHICH TRJ GGEREO NON-MASKABLE iNTERRUPT 

CARRV BIT :: 1 IF NO ACTION is TO BE TAKEN. 
CARRY BIT:: 0 MEANS SCAN COOE IN AL SHOULO BE PROCESSED 

FURTHER, 
MODIFlCATIO..s TO THE VARIABLES -=--~C-:':-'_'-:= 
MADE. ALSO THE PUTCHAR BIT IN 
THE KEVBOARD 1 S t N HALF RA U: 

PROC HEM 
POSH ex 
eNP CUR_CHAR, AL 
JZ TP2 

CHECK FOR 
AL,3REAK_BIT 

JZ TPO 
AND AL,07F'H 

""P CUR_CHAR, AL 

NOV AL*AH 
JHZ TP 
NOV CUA_CHAR,OO 
CLC 
POP ax 
RET RETURN 

ROM 



1338 A2 0088 It 
133£ 80 26 0086 R FO 
1343 BO 26 0088 R FE 
1348 Fa 06 0068 fir 02 

1340 74 £9 
134F 80 Of: Gaea R OF 
1354 Ell £:2 

1356 F6 06 OOBB R 08 
13118 7828 
135. BA IE R 
1361 80 E3 
1364 OA DB 
1366 7400 
1368 FE ClI 

136A 80 26 OOBB R 1'0 
136" 08 1E ooes Ii 
1373 E6 13 

1316 F6 M OOSS iii 
131A 74 Be 
137C 9036 00B8 R 
1391 F.06 0088 R 
1386 75 BO 
13BB 
13B8 F. 
1389 58 
138A C3 
1399 

1368 
138S 50 
138e S8 0040 
138" 8E DB 
1391 59 
In:! C3 
1383 

1393 
1393 Fa 
1314 IE 
1395 EB 13se iii 
1398 SO Fe BO 
1388 74 2£ 
131D 010. E4 
13Sf 14 07 
1aA! FE CC 
13113 74 16 
13A5 FB 
13A6 IF 
1310.1 CF 
1310.9 FA 
13A9 10.0 0070 R 

04 

01 
01 

i3AC ca 06 0010 R 00 
1391 sa OE OOGE R 
138'5 sa 16 CODC R 
13S9 e:8 EA 
use FA 
UDC 89 16 006C iii 
13CO 89 OE 006£ R 

C6 06 0070 R 00: 
EB DA 

A-42 ROM BIOS 

; ....... -INITIALIZE A NEW CHARACTER 
T?<h MoV CUR_CHAR f AL 

AI«t VAR_DELAY. OFOH 
AND KB_FLAG_2.0F'EH 
TEST KB_FLAC,_2. 

J% 
OR 

AND 
OR 
JII" 

TP ; 
VAR_OELAV.OELAV_RATE 
SHORT TP 

WE ARE IN TVPAMATl C 
KB_FLAG_2. TYPE_OFF' 
TP4 
BL z VAR_DELAY 
8L~OFH 
at,at 
TP3 
BL 

VAR_DELAV.OF'OH 
\fAR_D ELAV • aL 
SHORT TP4 

l ----CHECK IF TO 
TP3: TEST 

TP4: 

rPM 

J% 
XOR 
TEST 
JNZ 

STC 
POl' 
RET 
ENDP 

•• 

ZERO 
r .. £ 

SETS OS TO POUlT TO THE eros DATA AREA 

~;;----------------------------------- ... -------------------------

RH 
ODS ENO? 

AX.40H 
OS,AX 
AX 

I NT 111. ------------------------..... --------------------------
TlINE_Of'_OAV/SOUNO SOURCE SELECT 

TH J S ROUTI HE ALLOWS THE CLOCK 
AM INTERFACE FOR SETTING THE 
AUDIO SOURCE [5 ALSO PROVIDED 

= 0 

(AM) ::.1 SET THE 
ex '::: HIGH 

LOW 
:: SOH SET UP 

At ::( SOURCE OF 
00 = 8253 
O! :; CASSETTE 
02 :.: "AUDIO IN" 
03 :: COMPLEX 

NOTE, COUNTS OCCIJR AT THE RATE OF 
(oft ASOUT lEL 2 PER SECOND --

cs: COOE~ DS; DATA 
PROC FAR 

os 
DOS 
AH,BOH 
T4,. 
AM,AM 
TO ... 
T3 

OS 

AL. T I MER_OFL 
WHILE READING 

POP 
tRET 
eLI 
MOV 

""v 
NOV 
""y 
JIIp 

TU4IER_OFL.O GET OVERFLOW. AND RESET THE F"LAG 
ex, TIMER_HIGH 
ox, TIMER_LOW 
Tl 

TIMER_LOW" OX 
TU~ER_HIGH. ex 
TI MER_OFL. () 
T1 

IN1CEROUP'TO WHILE URITlNCi 



Uoo 

51 
B105 
02 EO 
86 C4 
£:4 EH 
24 SF" 
OA C4 
£6 91 
59 
etI C8 

F9 
1E 
53 
ES 13ft R 
0. E4 
74 OA 
FE CC 
74 1E 
FE .cc 
74 2B 
ED 2£ 

FS 
90 
FA 
'B9 1£: 001A It 
3B 1E OOle A: 
74 Fl 
88 
ES R 
89 OOlA R 
E8 

FA 
sa .I.E OOlA R 
:IS IE OOIC R 
sa 07 
F. 
5B 
1F 
ell 000:2 

AO .0017 R 
EB 20 

T4A: ex 
el.. s 5 

SAl.. AI..1CL. BITS L.EFT 6 POSITIONS 
XCHf.i At..~AH 
IN AL."PORT_B 
AND AL.100111118 
OR AL,AM 
OuT PORT _8, AL 
POP ex 
JMP T 1 TOO_RETURN 

T t ME_OF _1>14Y ENDP 
'1 NT 16 ------------------------------- ....... --------------------

KEVBOARD J fO 
THESE lIOuTlNES 'I'ROVIOE KEYBOARD SUPPORT 

INPUT 
iAH)=O 

(AM)=4 

OUTPUT 

JZ 
DEC 
JZ 
IN" 
R£AO 

STI 
NOP 
eLi 
MOY 

C"" J% 
""y 
CALL 

HOY 
CMP 
IIOY 
on 

OS 
ax 
1)1)5 
AM,AM 
K1 
AH 
K2 
AH 
K3 
SHORT 

THE KEV TO 

FOP B)( 
POP DS 
RET 2 
SHIFT STATUS 
MOY AL. KS ..... FLAG 
JMP SHORT 

IN 

IF AN ASCI I CHARACTER 19 

our WHAT TO '00 
ASCII READ 

SEGMENT 

INTERRUPTS SACK ON DVRtN'G LOOP' 
AL.LOW AN I NTERRUPT TO OCCUR 
INTERRUPTS BACI( 
GET POI HTIER TO OF' BUFFER 
TEST ENO OF 
LOOP UHT I L SOMETHI HG 
GE T SCAN CODE AND 
troVIE PeBnER TO 
SToRE VALeE IN 

! NTERRl/PT9 OFF 
GET HEAG POINTER 
I' EQUAL t2=H 'tHEM NOTHIMG THEA£: 

INTeRRUPTS SACK ON 
RE'COYER REGI STER 
"RECOYER SEGMENT 
'THROW AWA\" FLAGS 

GET THE SHIFT STATUS -FLAGS 

A-ROM BIOS A-43· 



FE CC 
74 1A 

1423 FE CC 
1425 75 25 
1427 OA CO 
1429 75 07 
1428 eo 26 0018 R F8 
1430 EB lA 
1432 3(; 01 
1434 78 16 
1438 SO Of: 0018 R 04 
1438 £9 OF 

1430 3C 04 
143F 7F 09 
1441 80 26 00,98 R Fl 
14"'1" 00 £0 
1448 0,8 06 ooes it 
144C 
144C '8 
1440 IF 
144£ CF 
144F 

43 
43 
38 IE 0082 It 
1504 

14157 ge IE OOSO R 
1450 C3 
14f$C 

141SC 
,4ee .2 
1480 3A 45 4638 10 
1482 20 311 

ooos 

80 
40 20 10 OS 04 
02 01 

1411C 18 FF 00 FF FF FF" 
.E FF 

1474 FF FF FF IF FF 7F 
FF 11 

1e7C 17 015 12 14 19 U5 
09 OF 

14e. 10 19 1D 011: FF 01 
13 

1418 04 06 07 08 01. 08 
OC FF FF 

149. FF FF Ie lA 18 03 
18 02 

'4ge O' Of) FF FF' FF FF 
FF FF 

1"'" 20 FF 

14A6 
14A6 •• OF 60 61 6263 

e.:a 85 
14A£ S6 87 FF FF 77 FF 

84 ltv: 
14136 73 FF 74 fF 75 FF 

7& FF 
148' FF 

US 31 32 33 34 J5 
36 37 36 39 30 2D 
30 0,8 09 

14CE 71 77 65 72 74 79 
75 69 SF 70 SS- 80 
00 FF 61 73 S4 66 
67 19 SA 69 6C 38 
27 

14E7 60 FF' fie 7A 78 63 
76 62 6£ 8D 2(; 2E 
2F FF 2A FF 20 

14F8 FF 

19 21 40 23 24 215 
8E 28 2A 28 29 5F 
28 08 00 

115(}8 51 57 45 52 54 ae 
SS 4' 4F 50 78 70 
(1) F'F 41 53 44 46 
47 40. 4A 48 4C 3A 
2. 

11$21 7£ FF 7C 5A 58 43 
56 42 4£ 40 3C 3£ 
3F FF 00 Ff 20 Ff 

A-44 ROM BIOS 

k9 

bo 

KU 

DB 

•• 
08 

•• 
DB 

DB 

DB 

08 

-1, -1, -1, 31, -1, 127, -1,17 

23,5,18,20,215,2,\,9,15 

.I.6,27.29~10.-1.1~19 

-1, -1. 28 1 26, 24, 3,22; 2: 

14,13, -1, -I, -1, -I, -1,-1 

, '.-1 

54, 55~ 96, 9'1,98.I~L 100, 101 

102, 103.-1.-1~ 119,-l,lJ2.-1 

US,-I, US,-l, U7~-1.11B,-1 

-, 
a IBH •• 1234!!& 7890-:: ' , 08M I OSH 

I)e 'QWERTVUl OP() '. OOH .. -I, 'ASI)FGHJKI..; It. 

DB 07EH.-l# ':Z)(CV8NM:()7'.-I,O.-1# ~ ',-I 



1533 
1533 

153A 

153D 
1631) 
1542 

U547 
1547 

54 56 66 57 58 59' 
SA 
!!IS Be lSI) 

ss se SA 69 at 
60 Sit SF 70 71 

37 39 39 20 34 315 
36 29 :U 32 33" 30 
2E 

47 48 49 FF 48 F'F' 
4D 

115'5B F'F' 4F !SO 151 5:2 53 

1561 
11561 F8 
1562 50 
1563 53 
11564 51 
HiSS 52 
1'566 56 
11567 57 
15GB 1£ 
1569 06 
156A Fe 
11568 £8 1398· R 
1156E SA EO· 

1570 3C FF 
11572 71S 19 
11574 sa 0090 
1577 89 0048 
157A E8 E035 R 
1570 SO 26 0017 It FO 

1582 eo 26 0018 R OF 

ISS? SO 26 0089 It iF' 
lSSC E9 16410 R 

158F 
158F 24 7F 
1591 OE 
1592 07 
11593 SF 145C II' 
HS9S 89 0008 
1599 F2! AE 

15M 8A 
USSD 74 
159F £9 

l'5A2 if 1 EF 145D R 
15A6 2£: 8A AS 1464 R 
15A8 148 so 
leAD 75 '51 

HSAF 80 Fe 10 
1582 73 07 

1584 08 26 0017 R 
l588 E9 164A R 

115&9 
11588 F6 06 0017 R 04 
15CO 75 78 
115C2 lC 62 
lSC4 75 22 
15C6 F6 06 0017 R 08 
15C8 75 60 

·JeeD FEi 06 0011 R 20 
11502 75 00 
1504 F6 06 0017 R 03 
15D9 74 OD 
1508 
15DB SB 
150E E9 R: 
HiE! 

. 18E1 FS 06 0017 R 03 
HiES 74 F3 
15E8 
HiES 84 26 0019 R 
15£t 75 Be 
15E' Os 28 0018 A 

1~F2 30 26 0017 R 
115F6 ::Ie 152 
15F8 75 50 
15FA 8B 5200 
15FD £9 11£C R 

UC ,TABLE SCAN 
LABEL eYTE 

.B 

; ------ ALT 
1<13 LABEL 

DB 
• ------ NUM STATE TABLE 
K 14 LABEL BYTE 

DB 

BASe: CASE TABLE: 
LABEL BYTE 

DB 

84, 85186~ 87, S8, 89, 90 

91. 92 J 93 

• 789-456 '" 1230. 

D8 -1, 7S t 80 t 81, 92, 63 
KEYBOARD INTERRUPT ROUT! HE 
PRec' FAR 
ST I • ALLOW FURTHER UITERfWPTS 
PUSH AX 
PUSH ax 
PUSH ex 
PUSH DX 
PUSH 51 
PUSH Dl 
PUSH DS 
PUSH ES 
CLD ; FORWARD D 1 REeT I ON 
CALL DDS 
"0'1 AH, AL 
rES r FOR OVERRUN 
CMP AL~ OFFH 
,.JNZ K16 
HOV ex, SOH 
Mev ex, "'SH 
CALL KB_H01 BE 
AND KB_FLAG,OFOH I'll GHT 

ANIl OF INS,CAPS 

AND K8_FLAG_2, 1FH 
J"P K26 

f ------ TEST FeR SHS FT KEYS 
IUS: 

AND 
PUSH 
POP 
MOIl 
MOV 
REPNE 

AL,07FH 
CS 
E5 
DI. OFFSET KB 
eX,I<6L 
SCAse 

MOV AL .. AH 
K17 
K25 

, ... __ ... -- SHIFT KEY 

K1"1: SUB 

K2e: 

K21: 

K22: 

NOV 

SHIFT 
eM? 
JAE 

PLAUt SHIFT KEY, SET 
OR KB_F'LAG, AH 
JMP 1<26 
TOGGLED SHIFT KEV, 

TEST KB_FLACi, 
JHZ <2S 
CM? AL, INS_KEY 
Jill .2. 
TEST KD_FLAG, 
JHZ <25 

KB-YLAG. 
<21 
KB_FLAG. 
.22 

MOV AX, 82JOH 
Jill' <57 

TEST KB_FLAG • 
JZ <20 

AH. KB_FLAG_1 
.26 
KB_FLAG_l" AH 

XOR KBJLAG,jAH 
CliP AL, INS_KEY 
JIIE K26 
MOV AX. I NS~KE VI" 256 
JIIP <57 

BREAK BIT 

CODE MATCH 

SHIFT OR A80VE. TOGGLE 

IT 

ROM A-4S 



; ------ HEAl( SHfFT FOUND 
1600 1<23: 
ISOO 80 F'C 10 
1603 73 IA 
1606 F'S 04 

20 26 0\)17 Jot 
3C BS 
75 3S 

AO 0019 R 
32: £4 
198 26 0019 R 
OA co 

IUA 74 2£ 
.et<: £9 17FI5 Jot 
UHF K2~: 
181F 3C 8A KEY 
1821 71! OF 
1623 F'6 06 0018 Jot 02 
1628 74 OB 
162A 80 26 001S Jot F'O 

112F EB Ul90 

rEt D4 
26 26 0018 R 
EB 10 

"163A K215: 
ISlA 3C SO 
163C 130C 

F6 06 WIG It 0& T£ST 
74 OE JZ 
eo 26 00111 R F7 ..... 

K2G, INTERRUPT-RETURN 
07 POP E' 
IF n 
5F .1 
s. 51 

Ill.' 5/1 OX 
164F 59 ex 
1-61$0 l1li ex 
1651 ae AX 
1652 CF 

• -----~ NOT IN 
K21, 

Ff) 0017 R 01 
.75 
£9 

le-BD 
UiUD . F6 06 0017 It 04 
1882 74 89 
1664 3C 53 
1668 7509 

C7· 0072 fit 123~ 
ES R 

1671 3<: K29_1; 
1673 75 

C7 06 0072 R 4321 
.9 0043 R 
3C 3A K29_2; 
715 13 

1682 F6 06 00111 R 02 
1687 76 (;1 

16St) eo 36 0018 ft 04 XOR 

BO 01 
E. J"" 
3e 1(29_3: eMF 
75 JNE 
E8 R CALL 

1611'< 3C FC CMF 

169E 7C AA 
lOAO FE OE 0099 R 
16A4 FE 
ltlAS .1 
16A9 EB 
lSA8 3< K28_4: 
.leAD 75 
lSAF EI 186E R 

1682 3(: 04 CM? AL. RANGE 

7F 94 JC K26 
FE 06 008S 'R 
FE; co 

.eec 1::8 U17A R CAL.L PVT_POS 

A-46 ROM BIOS 



l&11F .ac. 
Ise. 
Isce 
IIca 
1SC' ,6e_ 

16EO 

ISU 

16FO 

IBFB 

1717 
1717 

Hie 
171F 
1721 
1723 
17215 

1733 
1735 

1749 
1149 
174E 

80 
IIA 
El!: 
AO OOaB R 
42 
EE 
£9 J.64A R 

3<: 39 
7& 29 
8020 
£9 17Ee R 

152 4F 50 61 4B 4C 

•• 
47 48 49 

to 11 I. 13 14 1~ 
16 17 
18 19 IE ,F 20 21 
22 23 
24 25 26 ac 20 2£ 
2F 30 
31 32 

C6 06 0019 R 00 

R 

3C 02 
72 oc 
3C OE 
73 08 
80 C4 76 

32 
E9 R 

3C 38 
73 03 

ES 16411 R 

3(; 017 
73 .. , 
BS 1\530 R 
E9 1963 R 

F6 06 0017 R 0'4 
74 34 

3C '6 
75 19 
SS lE COlA tit 
C6 OS 0011 tit 80 
CO 19 
29 CO 
89 07 
E8 • 
e. R 
ES 

3t 
75 
16 
Ell 

KU_5, MOV 
IIOV 
0111" 
MOY 
INC 
OUT 
JKP 

AL,2 
OX I 3D4H 
D>C, AL 
AL., HORZJ'OS 
D~ 
OXtAL 
K26 

IN ALTERNATE SHIFT) RESET 

eo, 61.75,76,7' 

TO CRT CONTROLLER 

POSITION 
AT DATA REGISTER 

POSITION 

KEV 

; 10 NUK6ERS ON KEVPAO 

19.20,21,22,23 ; A-t TVPEWRITER CHARS 

I)B 24,25,30.31,32,33.34,35 

DB 49.50 
; - .. ---- LOOK FOR KEy PAD EHTRV 
k32, 

le33, 
"OY 

HOY 
REPNE 
JNE 
KOR 
JIOI' 

; ------ LOo!( 
K34; 

K3'1l: 

l<36: 
~MP 

1<37: 
CMF 
JOE 
MOy 
J"P 

; ------ HOT 
~3B, 

1<41: 
TEST 
CMP 
JNE 
HOY 
~HP 

IN 

ALT_INPUTrO 

Al*2 
<31S 
AL,14 
<36 
AH~ U9 

K28 

KEY 55; 

ENTRV 

SHIFT? 

ST,'RT/s;rop PRINTING 5wnCH 

ROM BIOS 

OTHER 

A-47 



BS 146, It' 
3C 38 

177C 72 SA 

9:9 14A6 R 
£9 1e63 R 

1794 
1784 3C 47 
1786 73 IF 
1789 F6 06 0017 R 03 
1780 74 4£ 

ac OF 
75 05 
SS OFGO 
£9 84 

JC 3B 
72 06 
ae 1533 R 
E9 1993 • 

17142 9S it 
17A!5 EB 

17147 
17147 F6 06 0017 R 20 
17AC 75 21 
I71l£: F6 06 0017 R 03 

1793 715 21 

179S 
1795 ac 
1767 74 
17e9 3C 
1798 74 
1780 2C 

Be R 
E9 R 
•• EB 
S9 4£28 
EB 10 

F9 06 0017 R 03 
75 o~ 

HOS 2C 46 
110'8 S8 1547 R 
1708 £8 oe 

3C 3S 
72 04 
32 CO 
EB 07 

9:9 14SF R 

11EC 

eS 
07 

17£C 3C FF 
17EE 74 IF 
uro .0 Fe FF 
I7F3 74 lA 

Fa 06 0017 R 40 
74 20 

17FC Fe 06 0017 R 03 

1901 74 OF 

1903 3(: 41 
1805 72 1'5 
1807 3(; tfjA 

77 11 
04 20 
EB 00 

£:9 164A It' 

1812 
1912 3C 61 
1814 72 06 
Hue 3<:: 714 
1818 77 02 
l$lA 2C 20 

A-48 ROM BIOS 

t ------ SET UP TO 
1(42; 

1<47: 

1<53; 

MOil 
eMP 
JB 

TEST 
JHZ 
TEST 

eMP 
JB 
'OR 
J"P 

CASE KEyPAD 

AL.74 
KBO 

IF SHIFTED, REALLY NU" STATE 

FOR A COUPLE OF KEYS 

TRANSLATE-CHAR 
CONVERT OIUG1N 

I NTO BUFFER CONVERT THE SCAN COOE TO AlSen 

1<57: 
eMP 
JE 
CMP 
JE 

; - ... ---- HANDLE 
K5S, 

STATE? 

JZ K60 IF NOT GMt FT. CONVERT LOWER: TO 
• tiPPER 

UPPER CASE TO LOWER CASE 

..IMP ;(26 
; ------ CONvERT ANV LOWER CASE 
KG\'); 

AL ~i!' 

KGi 

:~i'Z ' 
SUB AL, ~a'-'AL 

F'I NO OUT IF ALPHABETI C 
NOT _CAPG_ST ATE 



1856 

1890 

OS 001e It 
BB 
E8 R 
3a 1£ GOlA·R 
75 lD 
53 
Be 0080 
BS 
EB 
BO R FO 

00 28 0018 R OF 

ao 26 0088 R IF 
B9 
E9 
F6 R O. 
74 os 
83 
SB 0001 
S9 0010 
E9 E035 R 

58 
89 O. 
89 IE OOIC R 
£9 l84A R 

3B 

D7 
EO 
CO 
.l7EC R 

51 
.0 
24 
BI 
02 FB 
55 
C3 

51 
81 
02 
e. 
BO 
OA 
02 
!'It 
C3 

50 
29 CO 

EG !3 
E4 6L 

BA EO 
60 E4 

F6 00 
24 02 

OA C4 

OC 10 
E6 61 
BO 20 
E6 20 
58 
OF 

" 

90 

1<61: 

K64; 

; INPUT 

May 
HOY 
CALL 
eMF 
~NE 

PUSH 
MOY 
MOY 
CALI... 
AND 

AH' 

AND 
PO" 
JHP 
TEST 
JZ 
PUSH 
"OV 
"OV 
CALL 

ex, BUFFER_TAIL 
S),ex 
K4 
aX,8UFFER_HEAD 
1(61_J 
BX 
eX,oaOH 
Cl<z48H 
K9_NOISE 
K8_FLAt:,OFOH 

NOT-CAPS-STATE 
GET THE END POINTER TO THE BUFFER 
SAvE THE VALUE 
ADVANCE THE TAIL 
HAS THE BUFFER WRAPPED AROUND? 
BUFFERJULL_BEEP 
SAVE SUFFER_TAIL 
DURATIOM OF ERROR SEEP 
FREQUENCY OF ERROR BEEP HALF TONE 
OUTPUT 1'401 SE 
cLEAR ALT,CLRL,LEFT AND RIGHT 
SHIFTS 
CLEAR POTENTIAL BREAK OF INS, CAPS 
.NUM AND SCROLL SHIfT 

KB_FLAG_2,lFH CLEAR FUNCTION STATES 
9l< RETRIEVE BUFFER TAIL 
K2S i RETURN FROM INTERRUPT 
KB_FLAG_l,CLlCK_ON ; IS AUDIO FEEDBACK EHABLED~ 
K6J_2 NO, JUST PUT IN SUFFER 
ax SAVE BUFFER TAIL VALUE 
el<,lH DURATION OF-CLICK 
CX. 10H FREQUENCY OF CI...I CK 
KB_NOISE OUTPUT AUDIO FEEDBACK OF KEV 

STROKE 
POP ax AETR1EVE BUFFER_TAIL VALUE 

STORE THE VALUE MOV (51),AX 
MOV BUFFER_TAIL,BX MOVE THE POINTER UP 
JMP K26 , INTERRUPT_RETURN 
TRANSLATE SCAN FOR PSEUDO SCAN CODES 

SUB 

XI...AT 
"OY 
"OR 
~"F 
END? 

AL,59 

CS;K9 
AH.AL 
AL,AL 
<57 

TRANSLATE-SCAN 
CONVERT ORIGIN TO FUNCTION KEVS 
TRANSLATE -SCAN-ORGD 
CTL TABLE SCAN 
PUT VALUE t NTO AH 
ZERO AGC 11 CODE 
PUT I T I NTO THE BUFFER 

THIS ROUTiNE WILL SHIFT THE VALVE STORED 
OF THE VARIABLE VAR_DELAV TO THE L<iM 

THE HIGH NUlaLE 

; OUTPUT NONE 
IT IS ASSUMED THAT OS POINTS AT THE BIOS DATA AREA 

AL CONTAINS THE SHIFTED VALUE" 

NEAR 

C" ; SAVE SHIFT REGISTER 
PROC 
PUSH 
MOil 
AND 
MOY 
SAR 
FOP 
"ET 

AI.... eYTE PTR 
AI....OFOH 
CI....4 

VAR_DELAY ; GET STORAGE LOCATION 
MASK OFF LOW NiBBLE 
SHfFT OF FOUR at T POSItiONS 

AL.CL SHIFT THE EXTENDED 
ex RESTORE THE 

GET _POS ENDF 

FWUTINE WILL TAKE THE VALUE iN LOW 
Al AND STORE I TIN THE HI GM ORDER OF' 

; INPUT 
~ OUTPUT AL CONTAlNS THE VALUE FOR STORAGE 

NONE. 

PRoe 
PUSH 
MOil 
SHL 
MOY 
AN. 
OR 
MOil 
POP 
RET 

PUT_POS ENDP 

NEAR 
ex 
CL.4 
Al,Cl 
Cl.8YTE 
CL.Of'H 
AL~CL 
BYTE PTR 
ex 

NiB8LE iN 

MANUFACTURiNG Acnvnv SiGNAL RounNE - INVOKED THE TIMER 
; TiCK ROUTINE DURiNG MANUFACTRUiNG ACTIViTIES THROUGH 
; INT lCH} 

PROC FAR 
PUSH AX 
SUB AX,AX SEND Ii 00 TO PORT 13 AS A 

ACTIVITV SIGNAL 
OUT 13H.AL 
IN AL, PORT_S DATA TO OPPOSITE 

.. ov AH+AL SAVE ORtG SETTING 
AN~ AM,10011.1.01e HAKE SURE RIGHT AND 

ISOLATE 
NOT AL FLIP ALI... BITS 
AN. AL. 000000 LOB ISOLATE SPEAKER DATA BIT (NOW IH 

OPPOSITE sENSE) 
OR AL, AM COMsrNE wI TH DRtC. DATA FROM 

PORT B 
OR AL .. 000100006 ••• DISABLE I NTERNAt SPEAKER 
OUT PORT_9;Al 

"0" Al~ 20H EOI TO INTR. CHiP 
OUT 20H. Al 
pop AX 
IRET 

MFG_TICK ENDP 
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1till 
18A9 
111M 
18Ae 
18A£ 
11181 
IB82 

1884 
lee. 
lS8e 

lee7 

lses 
leSA 
ISBA 
ISBH 
18SD 
l00F 
lSe! 

laC3 
l1e3 

18C8 
18CO 
18CF 
1801 
11103 
18D5 

IBOF 
tDEO 
18£2 
leE' 
18EG 
18&:9 
18E9 

18EO 

18F7 
laFS 
1eFC 

!B05 
1906 
.1909 

190A 
!lloe 
190£ 

50 
81 
02 
E8 
58 
24 OF 

O. 90 
27 

14 40 

27 

83 
B4 OE 
87 00 
CO 10 
58 
C3 

28 02 
Fe (;5 04 
74 01 
42 

OA E4 
7. 41 
FE CC 
74 .1.0 
FE CC 
75 16 

50 
8403 
CD 
£8 

58 
OA F6 
74 07 
8A EG 
SO £4 FE 
Ee 02 
9490 

£1 FOOD R 

Be F2 
140 0018 R 
04 0.4 
99 94 007C R 
o. 
8087 

2A E4 
CO 1. 
Ea 1925 R 

58 
SA £6 
OA £4 

14 £1 
S4 _s 
ES DO 

CONYERT AN{) PRINT ASCii CODE 

Al MUST CONT A I N NUMBER TO BE CONYERTEO. 
AX AND ax DESTROVED, 

PROC NEAR 
AX 
CL,4 
AL,CL 
XLAT_PR 
AX 

AND ALIOFH 

)(1....41 _PR PROC 

PRTJiEX 

ADD 
D •• 

NEAR 
ex 
AH.14 
BH,O 
10H 
SK 

ox, ox 
CH. 00000 10'08 

JE BH'_l 
tNC OJ< 

;DETERMINE WHICH FUNCTION is 
BIO .... 1: OR AH~AH 

JZ 612 
DEC AH 
JZ 811 
D£C AH 
JHZ SHORT e 1o_3 

;<5ET PDRT 

POP •• OR 
JZ 
HOV 
,N/) 

JHP 
BU'_2: HOV 

810_3: 
.IHIT 
,KOVE 
811: 

suo 
INT 
CALL 

•• AH.DH 
AH.AH 

JE 
MOV 
JMP 

DISPLAY CHARACTI£R 1M AI... 

CALL VIDEO_IO 

; MOVE FAKED ERROR CONOlTtON TO AH 

FOR 'CORRECT' 
RETURN 

FOR! 

;AH=O " 15 COMMO INn 
; DO 1111 T 
; FAKE WH .. L MAP ERROR B1TS 
; RS232 TO CORRESPOND;; NG 
;F'OR THE PRINTER 
;RESTORE AI-
,IF DH 15 RETURNEO ZERD, MEANING 
; NO ERRORS RETURN iT FOR THAT'5 THE 
• 'CORRECT' RETURN FROM AN ERROR 

FREE INIT 

; THEN RETURN 

ROM BIOS 



1910 50 
8401 
CD 14 
E6 1925 A 

1918 lie 
1'19 OA F6 
1918 74 04 

192A 

1937 

SA E6 
EIB CC 
S4 10 
EB CB 

32 F6 
F6 C4 

7. 03 

B6 08 
C3 
F'6 C4 
74 02 
9G 09 
C3 

3C 01 
14 10 
3C· 10 
74 06 

IE 

BO 

E& E016 R 

co 09 
eF 

80 OE 0017 R 04 
CF 

Fa as 0011 R 04 
1950 71f 29 

U,.52 C6 06 0017 R 00 
IE 
07 
IE 
OE 
IF 
BE R 
BF • 
89 90 
At .... 
E2 FC 
IF 

Ul6B C7 06 001A R: 001E R 
1"1 C7 06 OOIC • 003e • 

1991 

E8 EOl8 R 
CF 

4e 4F 41 44 20 22 
43 41 53 31 3.0. 22 
~c 52 
00 

;PRINT CHAR TO SERIAL PORT 
; I)X := RS232 CARl) TO BE USED: 
812; PUSH M: 

AL HAS CHAit TO BE PRINTED 
; SAVE AL 

MOV AH,O! illS SEND CHAR DOWf4 COMI'IO LINE 
INT 014H ; SEND THE 
CALL. FAKE ; FAKE "ILL ERROR arTS FROl1 

; R6232 TO CORRESPOND lMG ONES 
; FOR THE PRI"NTER 
; RESTORE AL 
j SEE IF NO ERRORS WERE RETURNED 

POP 
OR 
JZ 
MOV 
JIIP 

AX 
OH,Ott 
812_1 
AH,OH 
SHORT BI0_3 
AH~ 0 10H 
SHORT 810_3 

; IF THERE WERE ERRORS, RETURN THEM 
; AND RETURN 

812_1: MOV 
JIIP 

AEPR 1 NT END P 

;PUT 'CORRECT~ RETURN STATUS IN AH 
jAND RETURN 

; nu 5 PRoe MAPS THE ERRORS RETURNEO FROM A III OS I NT 14 eALL. 
iTO THOSE 'LlKE THAl" OF AN INT17 CALL 
.. BREAK, FRANI NG. PAR1T'f'. OYERRUN ERRORS ARE lOGGED AS 1/0 
; ERRORS AND A TIME OUT IS MOVED TO THE APPROP{ATE- BIT 
FAKE PRoe NEAR 

XOR DH, DH 
TEST AH,011110B 

JZ 813 I -

; CLEAR FAKED STATUS FLAGS 
; CHECK FOR BREAK, FRA!'IING" PARITY 
; OVERRUN 
; ERRORS, IF NOT THEN. CHECK FOR 
; TIME 

MOV I)H,010009 
RET 

;SET en TO INDICATE ~[l0 ERROR' 
; AND RETURN 

913_ L TEST 
J2 

AH,OIlOH 
1313_2 

; TEST FOR T I!'IE OUT ERROR RETURPEIJ, 
.IF' NOT TIME OUT, RETURN 

MOV DH.OSH ; IF TUtE OUT 
1113 .... 2: RET 
FAKE ENDP -------------------------------------... _------------------ ... _-------
; NEW_JNT' 

THIS ROUTiNE IS THE INTERRUPT 9' HANDLER. WHEN THE !'lACHINE (S 
FIRST POWERED ON ANO CASSETTE BAS1C IS 'IVEN CONTROL. IT 
HANDLES THE F'!RST KEVSThOKE5 £NTt::REG tAo" TH£: K£:VIIOAAD AND 
PERFORMS "SPECIAL" ACTIONS AS FOLLOWS: 

I F ESC 1 S THE F'I RST KE'f' ENETERED KUU "'WEL.CO!'lE IS 
EXECUTED 

IF CTRL-ESC IS THE FIRST SEQUENCE "L.O'AD CAS1'jR" IS 
EXECUTED GIVING THE IJSER THE AiHUTV TO BOOT 
FROJII CASSETTE 

AFTER THESE KEVSTROKES OR AFTER ANY OTHER THE 
J NTERRUPT 9 VECTOR [5 CHANGED TO POINT At 
INTERRUPT 9 ROUTINE. 

PROC FAR 

JE 
CliP 
JE 
CALL 

!NT 
IRET 

AL,I 15 THIS AN ESCAPE KEV? 
ESC_KEV JUMP IF' AL:ESCAPE KEV 
AL,2" ELSE, IS THIS A CONTROL KEV? 
CTRL_KEV ; JUMP IF AL=CONTROL KEV 
REAL_VECTOR_SETUP ; OTHERWISE, INHIAb.JZE REAL 

9,. 
INT 9 VECTOR 
PleSS THE SCAN CODE iN' AL 
RETURN TO INTERRUPT 48H 

CTRL_KEY: 

ESC_I<EV~ 

OR 
tRET. 

l(BjLAG.04H 

TEST KG_FLAG. 04H 
JE ESC_01<1L V 

TURN ON CTRL SH 1" t N KB_FL.AG 
RETURN TO 1 NTERftUPT 

HAS CONTROL SKt-FT OCCURS:t)'? 
• NO. ESCAPE ONLY 

; CONTROL ESCAPE HAS OCCUfiED I 
; LOAD 

PUT MESSAGE I N BUFFER FOR CASSETTE 

MO\l 
PUSH 

KS_FL.AGJO 
.5 
£5 
OS 
CS 
OS· 

ZERO OUT CONTROL STATE 

ES FOR &105 DATA 
OLD DS 

POINT OS AT coo£: SEGMENT 
POP 
J«)V 

J«)V 
MOV 

51 # OFFSET CAS_LOAD ; GET MESSAGE 

T_LOOP: LOOse 
STOSW 

Dl,OFFSET KB_BUf'FER- AT 
CX. CAS_LENGTH 

LOOP T_LOOP 
POP 1)5 ; RETRIEV£ BIOS DATA S£GI4ENT 

; ------ INI TIAU2E QUEUE SO MESSAGE WILL 8E REMOVED FROM BUFFER 
140V auFfl'ERjI€AD J OFFSET KB_SUFFER 
"OV BUFFER_TAIL, OFFSET KB_8UFFER+(CAS_LENGTHfl2) 

; .... _NOTElltltit 
IT 15 A$SUMEO THAT THE LENGTH OF THE CASSETTE 
LESS THAN OR EQUAL TO THE LENGTH OF THE 
NOT THE CASE THE BUFFER WILL EVENTtJALLl' CONSUME 

CALL REAL_VECTOR_SETUP 
iRET 

ESC_ONLY: 
CALL REAL_ V£CTOR_S£:TUP 
MOV CX,MlNI 

IS 

JI1P ex ; ENTER THE WORLe OF KEVSOARD CAPER 
; ------ KESSAGE FOR OVTPUT "HEN CONTROL-ESCAP£: IS ENTER£O AS FIRST 
; KEY SEQUENCE 
CAS_LOAD LABEL BYTE 

DB ;LOAD "CAS1:",R' 

08 13 
CMCI.,.ENGTH EQU • - CAS_LOAD 
NEW-_I NT _9 ENOP 
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1992 
19112 l!O 
1993 eo 
1"4- 8A 3£ 0062 II 
1998 53 
1999 SA DF 
19911 32 FF 
1991) 01 £3 
IDSI' &11 97 0050 II 

lie 
"8 
3C 09 
7~ 50 
3C OD 
74 54 
3(: OA 
74 15 
3C 07 
14 60 

19&5 84 
1987 89 
19sA CD 10 

FE C2 
314 16 O()4A II 
75 31 
32 D2 

80 FE Ie 
78211 

8402 
CD 10 

AO 
3t 
72 
32 FF 
Ell 06 
U 011 
CD 10 
$A Fe 
Be (tSO! 
28 C9 

IDE5 &6 18 
190;7 SA IS, 0041\ R 
19E8 FE CA 
1""0 CO 10 
lBEf s8 
, .... 0 £9 II 
lBF3 FE 
ISF!! 84 
ISF7 EB F4 

11401" 32 02 
lA03 EB FO 

lAOS 83 
lAO? Ell It 
lAOA E8 
IAoe 

:' CURRENT cftr MODE 
:: CHARACTER TO BE WRITTEN: 

TO THE 
nU: CURRENT 

POSITION. 
THE COLUMN 
IF' THE ROW 

THE LAST 
UP ONE 

FILLING 
ON THE 

NOTE THAT BACK SPACE t CAR RET~ BELL AND LINE FEED 
HANDLED AS CO"MAMDS RATHER THAN AS DISPLAVABLE 

!IIL) I'OR£GROIINO COLOR FOR CHAII IIRITE IF CURRENTLY IN A 
GRAPHICS HOOE 

EXIT 
All REGISTERS SAVEl) 

eXF I)H.24 
JNZ U6 ; SET_CIIRSOR_I Ne 

SCROLL REGUl REO 
HOV AHI:2 
INT 10H 

;; ----- DETERMINE VALUE TO FILL. 
NOV AL, CRT_HaDE MODE 
C'tiI:P AL.~ 
JC U. 
XOR BH. Bli 
.,mp SHORT U3 

U2, MO\l AH,8 
I NT lOti AT CURRENT CURSOft 
MOV eH, AH 

V3" NOV 4X, 60 lH 
SUB. ex. ex 

014.24 
OL, BVTE PTR COLUMN 
~L 

U4: 10H 
U5; AX 

ESTABLiSH tHE NEW CU«lt$OR 

ALREADY AT END OF' LIME 
SET_CURSOR 
NO -- JUST MOVE [T SACK 
SET_CURSOR 
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9c 
53 
FA 

S3 
ES 
E2 
FE 
75 
£2 
E2 
58 
90 
C3 

R 

:U 31S 30 34 30 33 
37 20 43 41' 50 52 
2E 20 .tI9 42 40 20 
31 39 39 31 2C 31 
39 3S 33 

50 
53 
06 
33 CO 

43 
4. 
OS 

Fe 
50 
53 
91 

89 07 

E4 61 
50 

24 FC 

£6 6t 
51 
E2 F"E 
at 02 
EG 81 
59 
51 
£2 FE 
48 
59 
75 ED 
58 
£6 61 
59 
511 
58 
C3 

£9 0043 R 

1561 Iii! 

TH I S PROCED URE 
THAT 1: OCCUR __ •• c_.c .c .. c SHORT TONES TO TNOICATE FAILURES 

CRT IS STARTED* 2: TO CALI.. THE 
AT THE END' OF POST, OR 

SU(:CESS"UI.. COMPlEY! ON OF POST 
OPERATORS 
3, TO SIGNAL 

ENTRV PARAMETERS: 

G3, 

G4t 

INPUT 

OUTPUT 

HINTS 

LOOPO!> 

DL = NUN6£R OF APPROX, 112 SEC TONES TO SOUND 

PRoe 
PUSHI' 
PUSH 
ell 

NOV 
CALL 
L.OOP 
DEC 
JMZ 
LOOP 
LOOP 
POP 
pOPF 
RET 

NEAR 

8X 

BL,l 
BEEP 
<04 
OL 
03 
05 
G6 
OX 

ENOl' 

DlSAElt..E SYSTEM INTERRUPTS 
SHORT _BEEP: 
COUNTER FOR A SHORf SEEp 
00 THE SOUND 
DELAY BETWEEN BEEPS 
CONE WITH SHOATS 
DO SOME MORE 

; lONG DEL.AY ~FOR£ RETURN 

RESTORE ORIG CONTENTS 
FLAGS TO ORr", 

TO CALLER 

THIS ROUTINE WILL INITIALIZE THE INTERRUPT 9 VECTOR TO 
POtNT AT THE REAL JNTE:RRUPT ROUTlNE. 

PUSH 
PUSH 
MOR 

"OV 
"0\1 
Mall 

IMC 
INC 
PUSH 

B" ." CS 

•• 

PROC NEAR 
SAVE THE SCAN CODE 

TO POINT AT VECTOR 

, POINT AT INTERRUP'T 9 
ES:tEUU,OFFSET"KB_UtT; MOVE IN OFFSET OF 

ROUTINE 
ADO :2 TO ax 

GET CODE SEGMENT OF tH OS (SEGMENT 
RELOCATEASLE) 

POP 
MOil 
POP 
FOP 
POP 

WORO PTR ES; (tHO, AX ; MOVE I N SEGMENT OF Roun ME 
ES 
SX 
.X 

8l<!:lENGH OF 
CX=COMTAJM9 

IS CALlEO WHEN GENERAL SEEPS ARE REQU1REO FROM 

ALL REGISTERS ARE MAINTAINED, 

AS ex GETS LARGER THE TONE PRODUCED GETS LOWER. tN PITCH, 

OUT 
PUSH 

AX 
e. e. 

INFO 

TURN"OFF TIMER GATE ANI) SPEAKER 
DATA 
OUTPUT _ TO CONTROL 
HALF CYCLE H ME FOR TONE: 

LOOP02: LOOP 

061H,Al 
CX 
LOO$'02 
AL,2 
OS!H, AL 

SPEAKER OFF 
OR 
OUT 
POP 
PUSH 

lOOP03: LOOP 
DEC 
POP 
JHZ 
POP 
OUT 
POP 
POP 
POP 

JMP 

e. 
C" 

LOOP03 
ax 
c. 

LOOPOl 

•• OfHH~AL 
C. 

•• .x 
PTR RESET 

TuAN ON SPEAKER SIT 
OuTpuT TO C<»ITRQl 

RETR I EYE FREQUENCY 
ANOTHER HALF CYCLE 
TOTAL TIME COUNT 
RETA I ~\IE FREQ 
DO ANOTHER CYCLE 
RECOVER CONTROL 
OUTPUT THE CONTROL 
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--_ .. ----------------------------------------... -... _ ... _--------_ .. _"' .. __ .. 
AND 640)(200 

E05E 
EOSE 79 CC CO CC 7B 18 0'_80 

OC 79 
£066 00 CC 00 CC CC CC 08 OOOH, OCCH. OOOH, OCCH, OCCH, OCCH, 01EH, OOOH D_fU 

7£ 00 
EOG!! 1C 00 7B CC FC co D8 01CH. OOOH', 07BH. OCCH. OFCH, OC(lH, 019H, OOOH D_BJ! 

19 00 
E078 1E C3 3C 06 3£ SS oe 01EH. OC3H, 03CH. 006H, OlEH, OGGH. 03FH, OOOH 0_93 

3F' 00 
E07E CC 00 18 OC 7C CC oil oeCH. (lOOH, 07BH 1 ooeH~ 07CH. OCCH. 07EH, OOOH £1_84 

7. 00 
E086 EO 00 18 OC 7C CC 08 OEOH, OOOH .. 07SH 1 O'OCH. 01CH, OCCH, O'7Ett, OOOH 0_85 

7E 00 
£08£ 30 30 78 OC 1C CC De 030H. 030tt. O'78H. OOCH, 01CH. OCCH, 07EH. OOOH l>_a6 

1E 00 
E098 00 00 78 CO CO 79 os O'OOH, OO'OH, 079H, OCOH# OCO'H, 018H, OOCH, 038H DjJ7 

oc. 38 
E08E 7E C3 3C 66 7£ GO D8 07EH, OClH, 03CH. 066H, 07EH, OGOH, OlCH, OOOt' 0_89 

3t 00 
EOA6 CC 00 78 CC FC co os OCCH, OOOH t 078H, OCCH. orCH, OCOH, 079H* OOOH D_9S 

18 00 
EOAE Eo 00 78 CC Fe co DB OEOH. coot', 07BH. oeCH, OFCH, OCOH., (l1DHI OOOH 0_814 

78 00 
E08& CC 00 70 30 30 ]0 .9 OCCH, O'O'OH. 070H, 03011, OlOH, 030H, 078H, OO'O'H D_8a 

78 00 
EOBE 7C CG 38 18 IS ,. .9 07CH, OC6H, 039H, 018H. OHJH, 0 IBH, 03CH, OOOt' 1)_8e 

3C 00 
EOcS EO 00 70 30 30 30 .9 OEOH. OOOH, 010H, 030H, 030H, 030H, 078H. OOOH D_GD 

7900 
EOCE C6 38 6C eEl FE CS DB OCElH. 039H, ODCH, OC6H, OFEH# oceH. OC6H, OOOH D_BE 

C6 00 
£006 30 30 00' 78 cC FC os 030H, 030H, OOOH, 07SH, OCCH. 0F'CH1 OCCH. OOOH O_!IF 

CC 00' 

EODE le 00 FC 60 78 60 .9 01CH, OOOH. arCH, 060H, 078H. 060H, OFCH, OOOH 1>_9:0 
FC (to 

EOEG 00 00 7f' OC 7F ec .s 000*4, OOOH, 07FH, OOCH. 07FH. OCCH. 07FH, OOOH 0 -"' 7f' 00 
EOEE 3E 6c CC FE CC CC os 03EH. 06CH, OCCH, O'F£H, OCCH. OCCH. oCEH, OOOH D_B2 

CE 00 
EOF8 78 CC 00 19 CC CC 'B 019M. OCCH, OOOH, 018H, OCCH, OCCH, 079M, OOOH D_93 

7B 00 
EOFE OQ CC 00 78 ec ce DS OOOH, OCCH 1 OOOH J 079M, OCCH. OCCHI 079H J OOOH D_94 

79 00 
EI06 00 EO 00 18 CC CC OS OOOH, OEOH, O(lOH~ 078H. OCCH, OCCH. 07BH. OOOH D_95 

78 00 
El0E 19 CC 00 CC cC CC .B 079H. OCCH, OOOH. OCCH, OCCH, OCCH, 07EH. OOOH D_96 

1£ 00 
EIU:i 00 EO 00 CC CC cc De (lOOH, OEOH, O(lOH, OCCH, OCCH. OCCH. 07EH. OOOH D_91 

7E 00 
EIIE 00 CC 00 CC CC 7C DB OOOH, OCCH, OOOH, OCCH, OCCH. 07CH, OOCH, Of'BH 1>_ge 

OC F9 
.129 C3 IS 3C G6 G6 JC .8 OC3H, OleH, 03CH, 066H~ 066H. 03CH, 018H, OOOH "_99 

18 00 
E12E CC 00 CC CC CC CC 08 OCCH, OOOH t OCCH, OCCH, eCCH, OCCH, 079H. OOOM D_91\ 

7800 
E136 18 1e 1£ co CO 7£ oe o 18H, 019H, 07EH-. OCOH, OCOH, 01EH, 019H .. 018H 1>_98 

18 18 
E13E 38 6C 64 FO 60 £6 os (l3SH, 06CH, 06.QH, OFOH. 060H. OE6H, OFCH, o.OOH D_9C 

FC 00 
E146 CC CC 76 Fe 30 FC .B OtCH. OCCH. 078H, OFCH. 030H. Of'CH, OlOH, 030H D_90 

30 30 
E14E Fe CC CC FA C6 CF o. onm. OCCH, OCCH, OF'AH, OC6H, OCF'H J 0C:6H, OC7H D_9£ 

C6 C7 
E156 Oil: 19 18 3t 18 IS DS o.OEH. OUlH. o HCH, OlCH, OlSH. 018H, OD8H, 070H D_SF 

1>6 70 

ElSE lC 00 18 OC 1C CC 08 01CH. OOOH, 018H, OOCH, 07CH~ OCCH. 07EH, OOOM D_AO 
7E 00 

E166 39 00 70 30 30 30 os 036H, OOOH. 070H, 030H, 030H. 030H, 078H, OOOH o_"'1 
78 00 

ElSE DO lC 00 18 CC CC DB OOOH" 01CH, OOOH, 078H, OCCH, OCt'"'; 078H, OOOH D_A2 
76 00 

£176 00 Ie 00 CC CC ce OB OOOH. 01CH, OOOH, OCCH, OCCH, OCCH. 07EH. OOOH D_A3 
1E 00 

£17£ 00 Fe 00 Fa cC CC O. OOOH g OF8H, OOOH~ OFSH. OCCH" OCCH, eCCH, O(lOH D_A4 
CC 00 

EIS6 FC 00 CC EC Fe DC DB OFCH, OOOH, OCCH, OECH, OFCH. ODCH, OCCH. COOH o_45 
CC 00 

EUE lC ac 6C 3E 00 1£ .B 03CH, 06CH, 06CH. 03EH. OOOH, 07EH, OOOH. OOOM D_A6 
OD 00 

ElSe 38 6C GC 38 00 7C .8 03eH. OaCH. 06CH, 03BH 1 OOOH, 07CH, OOOH, OOOH D_A7 
0000 

E.t8E 30 00 30 60 CO CC oe 030H, OOOH, 030H, 060H. oeOM. OCCH, 078H, OOOH D_A9 
18 00 

E1A6 00' 00 00 Fe co co .e OOOH, OOOH, OOOH, OFCH, OCOH, oeOH, OOOH, OOOH D_AS 
00 00 

EIAE 00 00 00 FC OC OC OB OOOH, OOOH, OOOH, OFCHz OOCH, OOCH. OOOH, OOOH • ...AA 
00 00 

E1BS C3 C6 CC DE 33 66 08 aClH. OC6H~ oeeH. ODEH, 033H. 06SH, OCCH. OOFH • ...A. 
ec OF 

ELSE C3 C6 CC Da 37. SF DS OC3H~ GeSH. OCCH. OI)lJH, 037H. 06FH, OCF'H, 003H O_AC 
CF 03 

EIC6 .8 18 00 •• .e H! .B a 1I1H, OiSH. OOOH, 018H, 0' lBH~ 0 19H, OjBH, (lOOH I> ... AO 
lB 00 

E1CE 00 33 G6 CC 66 33 D8 OOOH. 033H, 066H, oeCH. 066ti. 033H. OOOH, OOOH O_AE 
00 00 

E1D6 00 CC 66 3l 66 CC D8 OOo.H, OCCH. 066H, 033H, 066H. OtCH. OOOH, eOOH D_AF 
0000 

A-54 ROM BIOS 



C: 

EIDE 22 88 22 88 22 8B 
22 B8 

EIE6 !S5 AA COS AA 55 AA 
55 AA 

EIEE DB 77 DB EE D8 77 
08 EE 

EIF6 18 18 i8 18 18 18 
18 16 

EIFE 18 16 18 18 F8 18 
18 18 

E206 18 18 F8 18 F8 18 
18 18 

E20E 36 36 36 36 F6 36 
36 36 

E216 00 00 00 00 FE 36 
36 36 

E21E 00 00 F8 18 F8 18 
Hi1 IB 

E22S 36 36 F6 06 F6 36 
36 3S 

E22E 36 36 36 36 36 36 
36 36 

E236 00 00 FE 06 F6 36 
36 36 

E23E 36 36 F6 06 FE 00 
00 00 

E246 36 36 36 36 FE 00 
00 00 

E24E 18 18 F8 18 F8 00 
00 00 

E256 00 00 00 00 F8 18 
18 18 

E25E IB 18 IB 18 IF 00 
00 00 

E266 18 IB IB IB FF 00 
..00 00 

E2SE 00 00 00 00 FF IB 
18 18 

E276 18 18 IB IB IF IB 
18 IB 

E27E 00 00 00 00 FF 00 
00 00 

E2B6 18 lS 18 18 FF 18 
.8 18 

E28E 1.8 18 IF IB IF 18 
18 lS 

E296 

E2,E 

,ZAG 

E2AE 

E2S6 

E2BE 

E2C6 

E2CE 

E206 

36 36 36 36 37 36 
36 36 
36 36 37 30 3F 00 
00 00 
00 00 3F 30 37 36 
36 36 
36 36 F7 00 FF 00 
00 00 
00 00 FF 00 F7 36 
36 36 
36 36 37 30 37 36 
36 36 
00 00 FF 00 FF 00 
00 00 
36 3& F7 00 F7 36 
36 36 
IB IB FF 00 FF 00 
00 00 

E20E 36 36 36 36 FF 00 
00 00 

E2E6 00 00 FF 00 FF 18 
IB IB 

E2EE 00 00 00 00 FF 36 
36 36 

E2F6 36 36 36 36 3F 00 
00 00 

E2FE IS lS IF lS IF 00 
00 00 

E306 00 00 IF 18 IF 18 
IS 19 

E30E 00 00 00 00 3F 36 
36 36 

E316 36 36 36 36 FF 36 
36 36 

E31E 18 IB FF IS FF IB 
lS IS 

E326 IS lS 18 IS FS 00 
00 00 

E32E 00 00 00 00 IF lS 
18 lS 

E336 FF FF FF FF FF FF 
FF FF 

E33E 00 00 00 00 FF FF 
FF FF 

E346 FO FO FO FO FO FO 
FO FO 

E34E OF OF OF OF OF OF 
0, 0, 

E356 FF FF FF FF 00 00 
00 00 

.B 

.B 
DB 

08 

DB 

DB 

DB 

DB 

DB 

D6 

.6 
D6 

.B 

.6 
DB 

DB 

DB 

.B 
DB 

.B 
DB 

DB 

DB 

DB 

DB 

08 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

08 

oa 

DB 

DB 

DB 

.B 
DB 

DB 

DB 

08 

DB 

08 

OB 

022H, OBBH, 022H, OBBH, 022H, OBSH, 022H, OBBH 

O!5!5H, OAAH, 0513H, OAAH, 055H, OAAH, 05'15H, OAAH 

OOBH, 077H, ODBH, OEEH, OD8H, 077H, OOBH, OEEH 

01BH, 0 ISH, 0 IBH, 0 18H, 0 18H, 0 18H, 018H, 01BH 

01BH, 01BH, 018H, 0 18H, OFBH, 0 18H, 0 18H, 018H 

o IBH, 01BH, OF8H, 01BH, OFBH, 018H, 0 18H, 018H 

036H, 036H, 036H, 036H, OF6H, 036H, 036H, 036H 

OOOH, OOOH, OOOH, OOOH, OFEH, 036H, 036H, 036H 

OOOH, OOOH, OF8H, 0 um, OF8H, 018H, 0 IBH, 01BH 

036H, 036H, OF6H, 006H, OF6H, 036H, 036H, 036H 

036H, 036H, 036H, 036H, 036H, 036H, 036H, 036H 

OOOH, OOOH
j 

OFEH, 006H, OF6H. 036H, 036H, 036H 

036H, 036H, OF6H, 006H, OFEH, OOOH, OOOH, OOOH 

036H, 036H, 036H, 036H, OFEH, OOOH, OOOH, OOOH 

018H, 018H, OF8H, 018H. OF8H, OOOH, OOOH, OOOH 

OOOH, OOOH, OOOH, OOOH, OF8H, 0 18H, 018H, 018H 

01BH, 018H, 018H, 0 18H, 01FH, OOOH, OOOH, OOOH 

019H, 01SH, OlSH, OlBH, OFFH, OOOH, OOOH, OOOH 

OOOH, OOOH, OOOH, OOOH, OFFH, 019H, 0 18H, 019H 

o ISH, 0 ISH, 0 IBH, 01SH, OlFH, OlBH, 0 IBH, OlBH 

OOOH, OOOH, OOOH, OOOH, OFFH, OOOH, OOOH, OOOH 

o 18H, 0 lSH, 0 IBH, 018H, OFFH, 0 IBH, 01SH, OlBH 

o 18H, 0 ISH, 01FH, 0 ISH, 0 IFH, 0 ISH, 01BH, 018H 

036H, 036H, 036H, 036H, 037H, 036H, 036H, 036H 

036H, 036H, 037H, 030H, 03FH, OOOH, OOOH, OOOH 

OOOH, OOOH, 03FH, 030H, 037H, 036H, 036H, 036H 

036H, 036H, OF7H, OOOH, OFFH, OOOH, OOOH, OOOH 

OO<>H, OOOH, OFFH, OOOH, OF7H, 036H, 036H, 036H 

036H, 036H, 037H, 030H, 037H. 036H, 036H, 036H 

OOOH, OOOH, OFFH, OOOH, OFFH, OOOH, OOOH, OOOH 

036H, 036H, OF7H, OOOH, OF7H, 036H, 038H, 036H 

01BH, OlBH, OFFH, OOOH, OFFH, OOOH, OOOH, OOOH 

03SH, 03SH, 036H, 036H, OFFH, OOOH, OOOH, OOOH 

OOOH, OOOH, OFFH, OOOH, OFFH, 018H, 0 IBH, 018H 

OOOH, OOOH, OOOH, OOOH, OFFH, 036H, 036H, 036H 

036H, 036H, 036H, 036H, 03FH, OOOH, OOOH, OOOH 

o IBH, 0 lSH, 0 IFH, 0 18H, 0 IFH, OOOH, OOOH, OOOH 

OOOH, OOOH, OlFH, 0 18H, 0 IFH, 0 18H, 0 ISH, 0 ISH 

OOOH, OOOH, OOOH, OOOH, 03FH, 036H, 036H, 036H 

036H, 036H, 036H, 036H, OFFH, 036H, 036H, 036H 

o lSH, 0 18H, OFFH, 0 IBH, OFFH, OlSH, 0 lBH, 01BH 

o 18H, 0 IBH, 0 IBH, a lSH, OF8H, OOOH, OOOH, OOOH 

OOOH, OOOH, OOOH, OOOH, 0 IFH, 0 lSH, a 18H, a IBH 

OFFH, OFFH, OFFH, OFFH, OFFH, OFFH, OFFH, OFFH 

OOOH, OOOH, OOOH, OOOH, OFFH, OFFH, OFFH, OFFH 

OFOH, OFOH, OFOH, OFOH, OFOH, OFOH, OFOH, OFOH 

OOFH, OOFH, OOFH, OOFH, OOFH, OOFH, OOFH, OOFH 

OFFH, OFFH, OFFH, OFFH, OOOH, OOOH, OOOH, OOOH 

ROM BIOS 

0-"0 

A-55 



E3'fJE 00 00 76 DC ce DC 
71 00 

!E3SS 00 78 Cc F8 ec Fa 
CO Co 

ElSE 00 FC ce co co co 
CO 00 

£376 00 ,E ee 6C Be Ie 
ac 00 

£37' Fe CC 60 30 60 ec 
Fe 00 

E38a 00 00 7E 08 De DB 
70 00 

E38E 00 66 66 66 66 70 
60 Co 

E386 00 76 DC 19 IB IS 
18 00 

E38E Fe 30 79 CC CC 78 
30 Fe 

E3A6 38 Ie C6 FE e6 ac 
39 OJ) 

E3AE 38 6C C6 C6 6C 6C 
EE 00 

E3B6 iC 30 18 7C CC CC 
78 00 

USE 00 00 7£ DB OB 7£ 
00 00 

E3C6 06 OC 7E 09 OS 7£ 
60 CO 

EaCE 3B SO co FB CO 60 
38 00 

E306 79 CC ec ec ce cc 
CO 00 

E:.tDE 00 FC 00 FC 00 FC 
00 00 

[3E6 30 30 FC 30 30 00 
FC 00 

E3ES SO 30 18 30 60 00 
Fe 00 

E3F"6 18 30 60 30 19 00 
FC 00 

ElF! DE 19 ,. ,. 19 19 
18 18 

[40& 19 18 19 19 19 .6 
D8 70 

E40E 30 3() OCt FC 00 30 
30 00 

[416 00 76 OC 00 7& DC 
00 00 

E41E 38 6C BC 39 00 00 
0000 

£426 o. o. o. 18 19 00 
00 00 

E42E 00 00 00 oa 18 00 
0'0 00 

[436 OF ac OC ot: EC 6C 
lC lC 

E43E 78 BC BC 6e 6e 00 
0000 

E446 70 10 30 60 78 00 
0000 

£44£ 00 00 3C 3C JC 3C 
co 00 

E456 00 00 00 00 00 00 
00 00 

[48E 
E45E aD 
E461 72 
E<463 60 
£466 84 
[4Sa 81) R 
E46C EB 
E46F [9" OF70 R 

9a 16 0063 fit 
SA C4 
EE 
42 
SA ell 
EE 
4A 
BA 04 
FE CO 
EE 
42 
SA Cl 
EE 
C3 

A-56 ROM BIOS 

.B OOOH, OOOH, 076H. ODCH, OC8H t ODCH, 076H$ 0(0)4 

OB OOOH. 078H, OCCH, OFSH, oceH, OFBH, OCOii. OCOH 

OB OOOH, OFCH, OCCH, oeOH, OCOH, oeOH, OCOH, OOOH 

08 OOQH, OFEH, 06CH, 06eH, 06CH. (.I6CH, OatH, OOOH 

DB OFCH~ OCCH, 060H, OJOH. 060H~ oceH. OFCH, OOOM 

'" OOOH, OOOH, 07£H, 006H, 0f)8H~ ODBH. 070H, OOOH 

DB OOOH, OS6H, oaSH, OS6H, 066H, 07CH. 060H, OCOH 

.0 OOOH, 076H, ODCH, 0 18H, 018H, OUJH, 018H, OOOH 

08 OFCH, 030H, 078H, OCCH, OCCH. 078H, 030H. OFCH 

DB 038H, 06CH, oe6H, OFEH, OCuli, 06CH, 038Hf OOOH 

08 038H, OSCH, OC6H, OC61{, 06CH, 06CH. OEEH, OOOH 

08 01CH, 030H~ oum. 07CH~ OCCH, OCCH, 076H, OOOH 

08 OOOH. OOOH, 07EH, ODBH, ODBH. 07EH. OOOH, OOOH 

De CtOSH, OOCH, 07£H, ODElH, OD8H. 01!:H, 060H, aCOH 

DB 03sH. 060H, oeOH, OFBH, OCOH', 060H, 038H, OOOH 

DB 079H, aCCH. oeCH, oceu, aCCH. OCCH, OCCH, OCtOH 

09 OOOHI OFCH, OOOH, OFeH, OOOH, OFCH, OOOH, OOOH 

0" 030H, 030H, OFeH. 030H, 03CtH. OOOH, OFCH-, 000>4 

09 060H, 030H, OUIM. 030H, 060H. OOO'H, OFtH, OOOH 

'B OlSH, 030H. 060H, 03OK, 01BH, OOOH, OFCH, OOOH 

.8 OOEH, 0ISH, 01BH, 0 l1H, 019H, 01eH. 01eH, 01SH 

OS o llH, OISH. 019H, 0 18H, 01SH, ODeM, OIiSH, 070H 

'9 G30H, 03CH, OOOH, OFCH, OOOH, (JaOH, 030H, OOOH 

.B OOOH, 076H. ODCH. OOOH, 076H, ODCH, OOOH~ OOOH 

'B 03BH, 06CH. oatH, 038H, OOOH. COOH, COOH, OOOH 

DB OOOH, OOOH, OoOH, 0 18H, 0 18H, OOOH, OOOH j OOOH 

.B OOOH" OOOH, OOOH, OOOH, 018H. OOOH. OOOH, OOOH 

DB OarH. OOCH, OOCH. OOCH, OECH. OSCH, 03CH, OlCH 

DB 079H 1 06CH. aBCH, 06CH, OatH, OOOH, OOOH~ OOOH 

08 070H. OU3H, 030H, 060H" 071H, OOOH. OOOH, OOOH 

DB (lOOH, OOOH. 03CH, OlCH, OleH, OJCH, OOOH, OOOH 

09 OOOH, OOOH I OOOH, nOOH, OOOM. OOOH. OOOH. COOH 

ASSUME cs: CODE,D5: DATA --------------...... _---------_ ... -----------------------
SET_CT¥PE 

rNPlJr 

OUTPUT 

1HJ S ROUTI HE SETS THE CURSOR VALUE 

(C>O HAS cuRSOR VALUE eH-START LINE. CL-sTOP LINE 

HONE 

PRoe NEAR 
AH,4 

.JC C23X 
OR CH,20H 

IN MAPHles MODE? 
NO I JUMP 
YES, QUAe!..E 

._EO 

• ...EJ 

O_!E2 

D_E3 

D_E4 

D_E5 

D_ES-

D_£7 

O_EB 

D_E9 

D .... EA 

0_£9 

O_EC 

I)_ED 

D_EE 

D...E' 

O_FO 

DJ1 

D_F2 

OJ3 

O_F4 

.J5 

D_F6 

OJ? 

D_Fe 

DJ9 

O_F'A 

Ii_F8 

D_Fe 

D_FO 

D_FE 

D_FF 

(23)(' IitOY AM,10 684Q REGISTER SET 
MeV CURSOR ..... MODE j ex 
CALL <:23 
..IMP VUEOYETURN 

ROUT) HE OUTPUTS THE ex 
HOV OX, ADDR_S645 
MOV AL.AH 
OIJT IiX, AI.. 
lHe ox 
MaY AI... CH 
OUT DX.AI.. 
DEC ox 
MOY AI-,AH 
iNC AI-
OUf OX, Al 
INC DX 
MOV AI.., CL 

OX, AL 

ENOl' 

SAVE 1t4 OATA AREA 
OUTPUT ex REG 

POINT TO OTHER 
S£l FOR SECOND 

REGS NAMED IN AH 

SECOND DATA VALUE 

ALL DONE 



SA C, 
32 ED 
01 £1 
BS PI 
a9 94 0050 R 
38 3£ 0052 R 
715 03 
9B (;2 
EO E •• 2 R 
£9 OF10 R 

1;8 £6C2 R 

SB CD 
03 OE 004E R 

01 ,9 
94 OE 
£9 £472 R 
C3 

AS SO 
75 24 
A2 0082 R 
88 OE 004C R 
98 
50 
F7 'El 
A3 004£ R 
OB CB 
01 "9 
94 0<: 
E8 £472 R 
e6 
D1 £3 
ge 87 0050 R 

ES £4A2 R 
E9 OF'70 R 

SA EO 
SA 030A 
EC 
24 De 
74 Fe 
8A 03DF 
40 0094 R 
80 FC 80 
74 27 
80 FC 84 
73 22 
Fa C-4 01 
74 00 
DO £3 
00 £3 
00 E3 
24 C1 
SO £3 38 
0'\ C3 

CURRENT CURSOR POSITION To THE 

INPUT 
:~ : , .... ,--_ ..... . 

OUTPUT 
CURSOR is SET AT 6645 IF DISPLAY PAGE 15 CURRENT DISPLAy 

HOV 
XOR 
SAL 
"OV 
HOY 
C"P 
JNZ 

NEAR 

HOV AX, OX AX 
CALL C215 

C2:4: JMP 
SET_CPOS 

C25 

SET CURSOR POSITION, AM: HAS ROW/COLUMN FOR CURSOR 
PIIOC 
CALL LOCATION iN REGEN 

1<0\1 
•• 0 

SAil 
NO\l 
CAll 
IIET 
ENOP 

CX~ 1 
AH,14 
C23 

ADO IN THE START ADDRESS FOR nns 
PAGE 
OlvlOE BY 2 FOR CHAR 
AEGJSTER NUMBER FOR 
OuTPUT THE VALUE TO 

ACT _I> 1 SP _PAGE 

lNPUT 

INPUT 

THI S ROUlI HE 
THE FULL USE 

HAS THE NEW ACTlVE DiSPLAY PAGE 

CALL 
JHP 

tAU 

CAL) 

(AL) 

(ALl 

JNC 
TEST 
.JZ 
SHL 
SHL 
SHL 
AND .... 
OR 

AX 
CX 
CRT_START tAX 
CX,AX 
CX,l 
AH,la 
C23 
ex 
eX,l 

AL 

AK. [BX .. OFFSET 

CRT lettu PAGE REG FUNCT I ON 
GO HANDLE IT 
ACT) \IE PAGE yALVE 

GET SAYED LENGTH o~ REGEN BUrFER 
CONVERT AL TO WORD 
SAVE PAGE VALVE 
DISttLAY PAGE TUIES 
SAVE START ADDRESS 
START AOORESS TO ex 
D I VI DE BV 2 FOR 69415 HANDU NG 
6845 REGI STEfl: FOR START ADDRESS 

FOR THIS 

RQUnNE READS OR wRITES THE CRT/CPU PAGE REGISTERS 

::: 83H 
(BH) 

CEIL> 
.::: 82H 

(BH) 

.:::: 81H 
HU.) 

: SOH 

AND CPU PAGE 
IN CRT PAGE 
IN CPU PAGE 
REG 
I N CRT PAGE REG 
REG 
IN CPU 
VALUE OF PAGE REGS 

SAYE REQUEST 1 N AH 
SET ADDRESS OF' GATE ARRAY 
GET STATUS 
VERT! CAL RETRACE? 
NO, WAlT FOR IT 
SEt to ADDRESS OF 
GET DATA LAST 
READ F'UNCTI ON R.''''~'TI''' 
YES. DO.,FT SET 
VAll 0 REQUEST? 
HO~ PRETEND I T WAS A READ REQUEST 
SET CPV REG? 
NO# GO SEE 
SHIFT VALVE .P091 nON 

ARE: ZERO 

ROM A-57 



1£507 FG C4 02 
.50. 74 07 
EeoC 24 Fa 
E50E BO £7 07 
E511 OA C7 
1£513 EE 
1£1:1:14 .2 II 
1£517 8A 
E519 eo 
E51C DO 
1£511£ DO 
1£5;2"0 DO .B 
E522 BA F. 
E524 BO E7 07 
1£527 5F 
£52. 5E 
E529 sa 
E52A 1£9 OF13 R 
E520 

£520 
E520 SA DF 
E52F 32 FF 
£531 lH £3 
E533 88 97 0050 R 
E1531 9a OE OOSO R 
1£538 SF 
E53C 5£ 
E53P 5S 
£53£ sa 
E!53F 158 
EB40 IF 
.~41 07 
1£542 CF 
1£543 

.543 
E1543 81. 03DA 
£1546 EC 
1£547 AS 06 
£:549 74 FB 
£1548 OA FF 
£540 15 19 

A-58 ROM 

C21, 

AND 
OR 

C21h OUT 
NOV 

C29: NOV 
AND 
SAR 
SAR 
SAR 
MOV 
AND 
POP 
POP 
POP 

4"" 
ACT _0. 1 SP _PAGE 

INPUT 

AL, NOT CRTREG 
BH, CRT REG 
AL$BH 
I)X.AL 
PA~OAT. AL 
8L?AL 
BL, CPUREG 
BL.l 
BL.l 
BL.l 
BH.AL 
BH, CRTREG 
O. 
51 
AX DISCARD SAV£o. SX 
c22 RETURN 
ENDP 

ROUT I NE READS THE CURRENT 
FORMATS IT. ANO SENDS IT 

BH ... PAGE OF CURSOR 
OUTPUT 

OX ROW, COLUMN OF THE CURRENT CURSOR POSITION 
ex - CURRENT CURSOR MoDE 

POP 
POP 
POP 
POP 
POP 

SET COLOR 

--------------
PROC NEAR 
BL,SH 
SH,SH 
SX, 
D •• r9"+OFF"~T ~V"'_'~~"U"ft' 
CX~ CURSOR_MODE 
01 
51 
S. 
AX ; 0 I SCARD gAVED CX AND DX 

A' OS 
£5 

EKDP 

ARE ZERO 

nn S ROUT! HE WI LL ESTASL '" S~:H:E~.~~,":::C~~~:~~NI~E~COLOR. THE 
OVERSCAN COLOR~ AND THE FI FOR GRAPHICS 

INPUT 
t9H) HAS COLOR 

IF 

" 

eel) HAS THE COLOR 
OUTPUT 

THE COLOR SELECTION IS UPDATED 

~~~:~~~~;-------;;~~----~;;;-----.-.---- .. ------
MOv DX, YGA._eTl 

C30; IN AL,DX 
TEST AL, B 
JZ C30 
OR BH.8H 
JNZ C31 



E581 

eo 3£ 0049 R 04 
72 06 
SO 10 
EE 
SA C3 
E£ 
90 02 

•• sA C3 
EE 
A2 0066 R 
E9 OF10 R 

AO 0049 R: 
S9 0098 R 
3C OS 
74 OF 
ac O. 
740B 
3c 05 
74 04 
3C OA 
7520 
89 ODDD R 
00 CB 
73 03 
83 C1 04-
sO D9 
43 
89 0003 
94 11 
SA C4-
.E 

SA 07 

.E 

.9 ono R 

SA 26 004A R 
AO 004S R 
SA 3E 0062 It 
5F 5. 
5& 
E9 OF73 R 

53 
98 DB 
SA C4 
F6 26 004A R 
32 F'F 
03 C3 
ttl £0 
SB 
C3 

; ------ HANtiLE COLOR 0 BY TtfE 9ACKGROUNO COLOR 

CJ5: 

C39: 

ANI) SOROER 
CMF CRT _MOOE~ '" 
4C C301l 
MOV AL,lOH 
OUT OX, ofIL 
MOV AL. Bl 
OUT OX, Al 
MOV AL,2: 
OUT DX, Al 
MOV Al, BL 
OUT OX, AL 
Mev CRT _PALLETTE # AL 
J"p VIOEO_RETUR" 
HANDLE COLOR ,1 BY CHANGING PALETTE REGISTERS 
HOV AL, CRT_MODE GET CURRENT MODE 
MOV CX, OFFSET M0072 POINT TO :2 COLOR TABLE ENTRY 
CHI' AL l S 2 COLOR MODE? 
JE C33 YES J. .JUMP 
eMF' AL,4 .. COLOR MODE? 
.JE C32 VESt JUMP 
CMF AL,5 4: COLOR MODE? 
oJE (;32 ; YES" .JUMP 
CMP 4 COLOR MODE? 
JNE NO, GO TO 18 COLOR SET 
MOV CX,OFFSET M0074 POINT TO 4 COLOR TABLE 
ROR BL. 1 SELECT ALTERNATE SET? 
JNe '34 NO, JUMP 
ADD CX,M0072l PO(NT TO NEXT ENTRY 
140'01 ax, ex TABLE AGGRESS IN fiX 
I Ne BX SK I po OvER BACKGROUND COLOR 
MOV ex, M0072L-l SET NIJi'I9ER OF REGS TO FILL 
NOV AH. HH IS AEGIST£R COUNT£R 
HOV Al, AH NUMBER 
OUT DX, AL IT 
HOV AL. CS: rex] 
ouT DX,AL 
INC AH 
INC 
LOOP 
JMP 
NOV 
NOV 
NOV 
OUT 
OUT 
INC 
LOOP 
_OR 

AH, 
CX~ 15 
AL.AM 
DX"Al 
D)(I AL 
AN 
Cl7 
AL"AL 

DX,AL 

cae 

VI DEO_RETURN 
ENDP 

AN 

LOW REG TO EHAaLE VIDEO 

VIDEO STATE 
RETURNS THE CURRENT VIDEO 
AH ::; NUMBER or: COLUI'INS ON 
Al ::::: CURRENT VIDEO MODE 
flH :: CURRENT ACTl VE PAGE 

PROC 
,_.,_~ __ • _Gc~ET NUJ48ER of COLUMNS 

HODE 
HOV 
POP 
POP 
POP 
JHP 

CURRENT ACTIVE PAGE 
REGISTERS 

SAVED SX 
TO CALLER 

VIDEO_STATE 

CX 
C22 
ENDP 

POSITION 
THIS SERVICE REGEN BUFFER ADDRESS 
OF A CHARACTER IN 

INPUT 
AX = ROW, COLUMN POSlTION 

OUTPuT 
AX = OFFSET OF CHAR POS] TI ON IN REGEN BUFFER -----------

PROC NEAR 
SAVE REGl STER 

ROWS To AI.. 
,; DETERMINE BYTES TO ROW 

J I'll COLUMN VALUE 
FOR ATTRIBUTE BVTES 

POSITJON ENOP 

sCROLL UP 

J'HPUT 

THI S ROUTiNE MOVES A BLOCK OF' CHARACTERS UP 
ON THE SCREEN 

CAH) ::; CURRENT CRT MODE 
(AI..) = NUMBER OF ROWS TO SCROLL 
(CX) :: ROW/COLUMN OF UPPER LEFT CORNER 
(DX) :: ROW/COLUMN OF LOWER RIGHT CORNER 
(SH) :: ATTRIBUTE TO BE USED ON BLANKED LINE 
CDS) ::. DATA SEGMENT 

= REGEN BUFFER SEGMENT 

NONE -- THE REGEN BUFFER IS NODIFIED 

ROM BIOS 



SA 
BO 04 
12 
E9 

33 
99 Cl 
£9 E609 R 
74 20 
03 FO 
SA £:6 
2A 
E9 
03 
03 
FE 
15 F5 
58 
SO 
Ea R 
03 
FE CD ,. 
E9 
9. 
EB 

E9 ESC. R 
03 ., 004E R 
BS Fe 
BB Fa 
26 01 
FE <:6 
FE (;2 
32 £0 
SB 2£ 004A R 
03 ED 
SA c3 

£62<4 F$ 26 004A R 

03 CO 
0& 

IF 
O. 09 
C3 

Fo 
SA D8 
SO FC 04 
72 03 
E9 F305 R 
53 
.s 
ES R 
7. 
as 
•• 
2" 

ROM BIOS 

GRAPHI CS_UP 
C3S, 

PUSH BX Ut 6H 
AX,ex 
SCROlL_POB I T I ON C,. 
51, AX 
AH, DH 
AH, aL 

C<40; C45 
51, SP 
OJ, SF 
All 

C41: IN AH 
AL •• 

C42: C,. 
Dt~BP 
BL SCROLL 

JMZ c •• 
ViDEO_RETURN 
st,DH 
C41 
EHDP 

COMMON SCROLL SET UP HERE 
PRoe NEAR 
POSITION 
AX/CRT_START 
01, AX 
51, AX 
OX, ex 
.11 
Ol 
CH~CH 
ap,CRT_COLS .D. BP,BP 

HOV AL.BL 
MUl BVTE PTR 

••• AX/AX 
PUSH E. 

GET • OF' COLS TO HOVE 

START AOORESS 
THAT LINE ON SCREEN 

RECOVER ADDR£SSES 

GET I: COLUMNS TO CLEAR: 

STORE THE FI LL CHARACTER 

j -------------"*---------------------

INPUT 

CUPUT 

C47: 

CII'I.ACTI!RS W.ITH:IN A DEFINED 
THE TOP LI HIES 

"Hl CURRENT CR T MOD£ 
(AU = HUMBER OF' 
(<:)0 :; i1PPER 
uno ::; LOWER 
U'HH ::; FILL 
lOS) :; DATA 
ti::S) = RE GEN SE GI1ENT 

MONE -- SCREEN I S SCROLLED 

JIIP 
PUSH 
MOV 
CALL 
JZ 
SUB 
MOV 
SUB 

PROC "EAR 

9L~ AL 
AH.4 
C47 
GRAPH I CS_OOWN 
9X 
AX,DX 
SCROLL_POS I T I ON 
COl 
SI.AX 
AH,DH 
AH,BL 

FOR SCROLL DOWN 
TO BL 

GRAPHICS 



ES58 .B E62F R 
E658 29 '3 
ES5D 29 FD 
ES6F FE CC 
E661 75 F. 
E663 58 
£664 eo 
EBes E9 R 
[5119 29 
£668 FE 
ESSD 75 .7 
ES6F ED 91 
E871 8A DE 
E613 ES EE 
E675 

E675 
£875 50 
E676 56 
£677 51 
E618 33 
1£6104 B9 
E67D .C 
E67E 4' 
E67. E2 FC 
Esal 59 
E682 6E 
ES83 e. 
E684 C3 
ESSS 

E685 
E6-85 5<l 
E686 U 

C\ E686 36· •• oc 
ESec SE 
EGeE 99 
ES90 SA 
£693 EC 
1£694 24 08 
E696 75 FB 
E896 EC 
E699 24 08 
E699 74 F9 
ES90 69 
ES9E 00'11 CO 
E6AO 74 Oc 
E6A2 3C 02 
£SA4 74 17 
ES,.,S at 01 
E6A6 75 28 
E6AA SO 02 
ESAC IES OS 
ESAIE 8A C3 
ESBO 24 OF 
£6192 ClC 10 
IESB4 EE 
E695 8A C7 
ESS7 EO 
ESSS 32 CO 
ES8A EE 
ES88 IEli 18 
EsaD 10 
E6aF C4 
ESCI 
ESC2 8A 04 
IEses EE 
IEGC6 46 
1E6C7 FE C4 
E6C9 90 Fe 20 
EliCC 72 Fl 
ESCE 02 

C 
ESDO 
E6D1 SA 04 
E6DO 

C48: CAll C45 ; MovE ONE ROW 
SUB 51, eP 
sua DI, BP 
DEC AH 
JHZ cos 

C49; POP AX RECOVER: ATTRi8UTE iN AM 
MOV AL, 

CSO, CAll C4S 0>1. 
Gue 01, SP GO NEXT 
DEC BL 
JHZ e50 
IN. e.3 SCROLL_END 

CSL MOV Bl.OH 
COg 
ENDP 

ROUTINE READS 2156 LOCAn ONS Hi MEMORY AS EVERY ()THER 

MODE_AlJVE 
PUSH 
PUSH 
PUSH 
XOR 
MOV 

C52, Loose 
INC 
lOOP 
POP 
POP 
POP 
RET 

MODE_ALIVE 

SET _PALlETTE 

IN 512 lOCATIONS. THE DATA 
OF MEMORV OUR i NG 

PROC NEAR 

•• ; SAvE USED REGS 
51 
CX 
51.-51 
eX,25S 

51 
C52 
ex 
51 
Ax 

ENDP 

THIS ROUTINE WAITES THE" PALETTE REGISTERS 
INPUT 

PUSH 
MOY SI,SP 
MOY AX, 5S: [S1+12J GET 9EG FROM STACK 
HOY ES.AX 
HOY SI,OX 
HOY ox, VGA_CTl 

C53· IN Al.()X 
AND AL.08H 
JNZ C53 GO AWAV 

C64; IN Al, ox 
AND Al,09M 
JZ C5' 
POP AX 
OR AL, AL 
J. C55 
CII. Al.2 
JE C57 
CliP Al,l 
JI<£ C59 
HOY Al.2 
JHP sHORT CSS 

C65, MOY Al,Ol 
AND AL,OfH 
OR Al~ 10H NUMBER 

esS, OUT :~~ "OY 
OUT DX,Al 
XO. Al.Al 
OUT DX.AL 
Jill' SHORT C59 
IIOV AH~ 10H 
HOV AL.AH 
our DX.AL 
HOY Al~ SVTE PTR Ea; 
OUT OX,AL 
INC 51 
INC AM 

t"P AN,20M 
.Ja C59 
HOV AL, '2 
OUT DX,AL 
"OV AL.9VT£ PTR ES: 
OUT O)(,AL 

A-61 



EE 
£5 OF70 R 

50 
IE 

BB R 
BE DB 
AO 0005 R 
£6 10 
FE C9 
A2 0005 fit 

IF 
58 
C3 

E6F2 
EGF'2 E9 OrBS R 

fU5t=i5 
E6f'U 50 
ESFG Fe 

2£: eA 
20 26 

E4 21 
22 C4 
ES 21 

58 
~3 

£706 
E706 51 
£707 
£709 o. 
E70e 

£:70£ 84 06 0l)B4 R 
7503 
£:2 F8 
F5 
59 
C3 

E719 
£719 15.1 
E71A 29 (;9 
£71<= lEe 
E7ID 3C 01 
E71F 74 05 
E721 E2 F9 
E723 F9 
£124 E9 01 

FB 
S9 
ca 

OUT 
C159.; -IMP 
SET _PALlETTE 
"Fii_UP PROC 

SUI 

SUl 

C!50!59 

A125: 

IIIT27: 

C5059 

A128: 

A129: 
A130; 

PUSH 
PUSH 
ASSUME 
KOV 
KOV 
HOV 
OUT 
OEC 
HOV 

PROe 

HOV 

'''D 
OUT 

POP 
RET 
EHDP 

"ROC 
PUSH 
SUB 
NOV 
'OR 

ENOl'> 

A·62 ROM BIOS. 

OS 
DS')(XDATA 
AX. XXDATA 
OSI A)( 
AL,MFG_TST 
l.OH.AL 

CODE,I)S:DATA 

REG 

CHECKPOiNT 
iT TO TESTER 

IT Bv 1 FOR THE NEXT TEST 

PTA' BOOT_STRAP 

NEAR 
AX 

AH,CS: Uill 
I HTrCFLAG , AM FLAG 

Al,INTAOl 
Al,AM 
INTAC1, AL 

AX 

IS GEHERAT£t) BV THE 

lS DEFINED, 

eXt C)( 
AL, C5: [OIl 
AL,OFFH tNTR 

t NTrCFlAG,? At 
AT27 
A125 

CX 

ex 

ALL ENABLED 8250 1 NTERRUPTS TO CLEAR: (SO 
EACH I NT£RRUPT COULD TAKE UP TO 

THE INTERRUPT IDENTIFICATION 
UNTI L THE I .. TER'UJPT (S) IS CLEARED 

READ J NTR I DREG 
INTERRUPTS STtl.L PEMIHHG1 
NO - GOOD FINISH 
KEEP TRVING 
TIME'S UP - ERROR 



FS 
IE 
52 
56 
57 
51 
53 
SS 
ee 
O! 
ED 
89 
OS 
74 
01\ 
74 IS 
FE CC 
74 47 
FE Cc 
74 Be 
FE 
78 
£9 

----- I NT 14--------------------------------------------
RS232_IO 

THIS ROUTINE PROVIOES BYTE STREAM 1/0 TO THE CO?4MUNICATlONS 
PORT ACCORDING TO THE PARAMETERS: 
{AH)=O INITIALIZE THE COoH"UHICATJONS PORT 

(ALl HAS PAR"§: FOR INITlAU2ATION 

GOO -
001 -
010 -
011 ... 
100 -
HH -
110 4800 
111 - 4900 

(DX' 

BIT 6 
BIT 5 
BIT 4 
BIT 3 

: ----PARI ry----; 

xo -
01 -
11 -

BIT 2: = PARITV ERROR 
BIT 1 = OVERRUN [RIlOR 
BIT 0 = DATA. READY 

0-
1 -

Al CONTAINS THE MODEM STATUS 
BIT 1 = REel EYED DETECT 
8IT S = RING 
BIT 5 = DATA. SET READV 
BIT 4 CLEAR TO 
BIT 3 
BIT 2 
8IT 1 

DATA AREA "~"."_"'""'_ 
CARD. 

DATA AREA 

10 7 
11 - a 

; OUTPUT VALUE 

Al 

AX 
ALL 

cs: CODE, os: DATA 
OE729H 
WORD 

TO PARKS OF CAL.l 

ASSUME 
ORG 
LABEL 
DW 1017 110 BAUD ; TASlE OF INIT VALUE 
DW 
ow 
ow 
ow 
ow 
ow 

746 1150 
373 300 
lBe 600 
93 1200 
47 2400 
23 4BOO 
23 ; 4600 
PROC FAR 

VECTOR TO APPROPRIATE 
STI 
PUSH 
PUSH 
PUSH 
POSH 
POSH 
PUSH 
MOV 
MOV 
SHL 
CALL 
MOV 
OR 
JZ 
OR 
JZ 
DEC 
JZ 
DEC 
JZ 
DEC 
JIIZ 
J"" 

os 
OX 
51 ., 
ex 
ax 

... 

COMMUNICATION STATUS 

A-ROM BIOS 



511 
• 9 
5F 
!IE 
SA 
IF 
CF 

E7GB 8A EO 
E780 93 (;2 03 
£110 80 eo 
E772 EE 

EiAO 
E7AO 
£7;\1 
E1A4 
E7A8 

94 0000 R 

BA 45 01 

SA 05 

C2 03 
SA C4 
24 1F 
EE 

•• •• II<> 00 
.E 
£853 

50 
03 C2 04 
90 03 
EE 

.2 
4. 
97 
E9 R 
14 09 
59 
9A C 1 
eo CC BO 
Ell AC 

4. 
87 
E8 R 
75 
B3 0:5 
59 
BA C1 

EE 
is 98 

93 C2 04 
BO 01 
EE 
42 
4. 
87 
E8 R 
75 ... 
EC 
A801 
71 09 
F6: 06 0071 R eo 
14 F4 
ES CC 
24 IE 

8. EO 
sa 94 0000 R 
EC 
£9 E164 R 

BS 94 0000 R 
83 ca 05 
£c 
SA EO 
42 
EC 
E9 [764 R 

A-64 ROM BIOS 

147: 

AD, 

AS: 

A12, 

JUS: 

1411: 

PUSH 
.OD 
"OV 
.I.IT 

OR 

""P 
DEC 
"OV 
CALL 
4NZ 
SI.I9 
POP 
MOV 

OI.lT 

HOV 

•• t" 
DI 
51 
.x 
OS 

; RETURN FROM R5232 

; RETURN TO CALLER, No ACTHiN 
THE COMMUNI CATIONS PORT 

; SAYE un T PARMS IN AH 
; POINT TO 6250 CONTROL REGISTER 

; SET DLAB'=l 
DIVISOR 

AL,O 
OX.AL 
SHORT All' 

CHARACTER IN fAL) 

•• 
OX" 41 
AL I 3 
I)X,AL 

D' 
O. 

A. 
CX 
AL, CL 
AH. BOH 
.3 

OX,AL 
A3 
CHARACTER FROM 
0)(1 4 
AL.l 
OX,AL 
OX 
ox 
BH.20H 
WAIT FOR STATUS 
AS - -

ox 
AL" 0)( 
AL~ 1 
A17 

80H 

AL, 000 11 110B 

GET PARKS TO oL 

GET LOW ORDER OF OIViSOR 
SET LOU OF DIVISOR 

GET BACK 
STRIP THE iiAUD BITS 
LINE CONTROL TO Q BITS 

MODEM STATUS REGISTER 

TO 

1& CLEAR TO SEND 

MODEM STATUS REGiSTER 

SUFFER FULL 
FOR RE.C, surF'. FULL 

BREAK KEY 
NO BREAK KEY 

OUT ERROR 
ERROR CONDITIONS ON REtV 

MOV ; DATA "ORT 
I H GET CHARACTER FROM L I HE 

j ______ ~~MO STATUS ROUTtHk RETURN 

AlB: PlOY ox, RS232_BASE£51l 
ADD OX," 
IN AL~OX 
MOY AH~ At.. 
IIlC OX 
IN Al,O)( 

-------~~~-----~~--------------:------"'--



£802 
£802 84 10 007C R 
E806 28 el 
E808 EC 

SA EO 
22 C7 
3A C7 
74 08 
t2 Fe 
FE CD 
75 EF 
OA FF 

C3 

SO 40 
E6 43 
50 
eo 
E4 41 
SA EO 
ISO 
1S8 
E4 41 
SIS C4 
C3 

nMEIU .. 

AL 

AX 
AL, 
.H, 
AX 

LOOP COUNT 

j GET STATUS 
; MOVE TO 4H 
; ISOLATE alTs TO TEST 
; E:lCACTL V = TO MASI< 
i RETURN WI TH ZERO FLAG ON 
; TR¥ AGAIN 

• SET ZERO FLAG OFF' 

THE VALUE READ 15 RETURNED IN AX. 

LATCH TlMERl 

WAlT FOR 82e3 TO INIT ITSELF 

LSI 
IT 
FOR ITSELF 

IN PROPER ORDER 

(ONLV VALID IF TEST FAILED, 
TEST FAILURE 

FAlLURE 
IN ! NTERRUPT 

ROM BIOS A-65 



0084 

[an 

IE 
£421 
50 
Ot 01 

£6 21 
'C 
.2 
EO 138e R 

EB OACA R 
73 
£6 .. 

SF' 0041 R 
33 F6 
90 F£ o. 
78 02 

•• 4' 
ES E6FIS R 
FE C3 •• 
80 01 

EE 
53 
83 C2 04 
94 01 
99 0400 
99 0003 
ED OAFS R 

•• 3C: FF 
74 36 
ED E706 R 
72 33 

•• •• EC 
.2 
42 
£8 R 
73 
£9 R 

A-66 ROM 

UART 

Ie-iF TO CLEAR 
10H EXPECTED. BUT NO 

WAS GENERATEfi 
11H THE THE TRANSMITTER 

HOLDING REGISTER WHEN JT SHOULD 
HAVE BEEN. 

12H DURING THE TRANSMISSION TEST. THE RECEIVED DATA 
AVAILABLE INTERRUPT I)[I)N'T OCCUR, 

13H TRANSMISSION ERROR THE CHARACTER RECEIVED 
DURING LOOP MODE WAS NOT THE SAME AS THE ONE 
TRANSMt TTED 

14H DURING TRANSMISSION TEST, THE 4 DATA SET CONTROL 
OUTPUTS WERE NOT THE SAME AS THE 4 DATA SET 
CONTROl INPUTS. 

lSH THE t DLE AFTER THE TRANS-
MJSSION 

CS: CODE, os; DATA 
NEAR 

0. 
AL.INTAOl 
AX 
AL,OOOOOOOIB 

OUT INTA01. AL 

CALL 
JNC 
J"P 

18250 
AT) 
AT 14 

! N98250 INTERRUPT SYSTEM 
ONL V THE I NTERRUPT BUNG 

SET D[ AND Sf FOR CAllS TO 
KOV 0 I • OFFSET I "ASKS 
XOR 51,51 

DH. :2: 
AT2 ., 

INC DJ 
RECEl V£I) OAT A AVAJ LABlE 

SUI 
QL 
ox 

MOV AL.l 

AD. 
MOV 
HOY 
"OV 
CALL 
POP 

CALL 

DEC 
1N 
INC 

OX~AL 
ax 
DX.4 
AH, I 
OX.0400H 
CX, J: 
ICT 
e. 
AL,OFFH 
A.4 
(5059 
AT5 
ox 
ox 
AL~DX 
OX 
O. 
WB250(; 
AT. 
AT13 

REGISTER 
BEEN 

THAT MAV SE USED 
THE SAME DURING 
(STANDARD BEING 
POSSIBLE B250 
IF AN 8259 I NTERAUPT 
UHERRUPT AND THAT 

INTERRUPTS 

THIS 

(SAVE INTFt 

ADAPTER CARD 
SEGMENT 

ZERO 91 TS !,JERE NOT ZERO! 

WILL. BE ENABL.ED. 

[NTERRUPT MASKS 

BV READ I NG RECR SUFR 
ABOUT THE: CONTENTS! 

IF THE TRANSMITTER HOLDING REGISTER EMPTv INTERRUPT lS 
Ge;NERATEI) WHEN THAT INTERRUPT IS ENABLEI), IT IS NOT 

AN ERROR. IF THE 'NTERRUPT IS GENERATED, 
GENERATE AN INTERRUPT ANt) CLEAR PROPERLY TO 

THIS TEST" 



E881 E8 ESfI'lS iii 
E984 FE C3 
[US •• 
EB87 ao 02 

EBS9 EE 
E88A 1;:800 
ESliC 42 
EBBO 211 C5 
ESSF EC 
ESDO 3(; 02 
E982: 74 04 
Eaa. £2 F9 
EBas £9 11 

£89B 
1£898 EB E70S R 
E89B 72 OA 
E8&' EB E71B R 

ESAO 73 07 
EBA2 E9 EB4B R 
ESA5 n 1E 
EeA7 1£8 7A 

£BAB 4A 

E8AA BO 04 
EBAC EE 
EGAD G3 C2' 04 
ESSO 99 0003 
E893 BO OO()4 
EBBS 84 02' 
EBBS E8 E8F5 R 
E8SB FE C3 
E8BD 63 
EBBE Be oeOl 
EBC1 EB OAFS R 
EBC' 58 
£BC5 . -, . 
ESC7 3A C4 
Esce 75 
ESCS £8 
ESCE 72 ~3 
EBDO B3 EA 03 
ESD3 £S E719 R 
EB06 72 70 
E8D8 4D 
E8D9 74 07 
EeDS 00.4 
EBOO 83 (:2 03 
EB£O E8 06 

E9E2 93 C2 04 
ESEIS EC 

EBEG E9 DD 
ESED S3 EA 015 
EBEB ao OB 
EBED EE 
EBEE SJ <2 05 
EaF! 89 0004 
ESF4 BO 0004 
E8F7 B4 01 
E8F9 EB ESFS R 
E8FC FE (:3 
E8F'E 53 
EBFF 8S 
£902 EB R 
E905 sa 
E906 24 OF 
[50B 31\ <4 
E50A n; HI 
E90C EO E70S R 
E90F 12 12 
E911 83 EA 04 

ATlL: 

AT32: 

AT4; 
ATS; 

CAll 
INC 
DEC 

MO", 

OUT 

J"P 
INe 
SUII 
IN 

CALL 
JC 
CAll 

JNe 
J"P 
J"P 
JNP 

SUI 
BL 
DX 

AL.2 

DX, AL 
0+2 

SHOitT ATo 

e5059 
.15 
WB250C 

ATS 
ATll 
SHORT AT 11 
SHORT AT 10' 

UITERRUPTS 
REPORTER 

INTERRUPT EHABLE 

XM I TTER HOLD 1 HG REG EMPTV 

REG 

HOLDING REG [MPTV INTR? 

RECE I VER U HE 5T ATIJS l NTERRUPT TEST 
THERE ARE" PlTS WHICH COULD GENERAT£ THIS INTERRUPT, 
EACH ONE IS TESTED INOIYIO'VALLV. 

AT7: 

WHEN; AH TEST! NG 

.EC 

NOV 
OUT 
AD. 
"0'1 
NOV 
NOV 
CALL 
I lie 
PUSH 
NOV 
CAll 
PDP 
AN. 
CH. 
JNE 
CAll 
JC 
SUB 
CALL 
JC 
DEC 
JE 
SHL 
ADO 

J"" 

2 

• a 
10H 

ox 

Al.4 
I)X1Al 
DX.4 
CX,3 
BP.4 
AH t 2 
SUI 
aL 

•• BX.OGOIH 
[CT 
ex 
Al,00011110B 
Al, AH 
ATH 
<5059 
ATIO 
OX, J 
WS2150C 
ATl:] 

1 NTERRUPT ENASLE 

RECEIVER LINE STATUS !tUR 

REGISTER 

MATTER 

--------------------... --,.. ... _---------------------------------------
NODEM STATUS 

THERE 
THEV 
WHEN< 

AD. 
IN 

JIIP 
sua 
MOV 
OUT 
ADD 
MOV 
MOV 
MOV 

AT9; CALL 
INC 
PUSH 
!lOV 
CALL 
POP 
AND 
eNP JI<, 
CAll 
JC 
sua 

GENERA TE TH 1ST NTERRUPT. 

SEND 
READ V 

RING INDICATOR 
LINE srGNAL DETECT 

-------------- --<---<---<---<---
DX,41 
Al,OX 

'·i OX, IS 
AL,S 
OX,Al 
OX,S 
C)(.4 
BP,4 
AM f 1 
SUI 
8L 
ex 
8X,0001tt 
ICT 
a. 
Al~QOOOll11e 
AL~AH 
ATH 
C5059 
ATlQ 
OX/41 

MODEM STATUS FfEGlSTER 
CLEAR DELTA BitS THAT MAV BE ON 
BECAUSE OF D I F'FERENCES AMONG 
9250 'S, 
110 DELAV 
l NTERRUPT ENA9LE REG ISlER 
ENABLE MODEN STATUS INTERRUPT 

liD 

SITS THAT DON/T MATTER 
0111 

82159 J NTERRUPT'?' 

lNTR .10 REG 

ROM BIOS A-67 



E914 E8 R 
E917 72 
E919 40 
E91A 7408 
E91C 00 E4 
E91E 83 C2 04 
E921 E8 06 

E923 B3 10 
£925 EB 24 

E82i 4. 
£928 E8 ~0.6 R 

£928 83 C2 04 
E92E EC 
E92F £800 
E831 OC 10 
E833 EE 
E"". E9 00 
£936 42 
£937 42 
E938 EC 

E939 Ea 00 
E938 83 EA 06 
EsaE EC 

E93~ 42 
E940 aD 00 
£942 CI) 84 
E844 B1 GOo 
E846 73 005 
E948 SO C3 10 

E94B 81 01 

E94D SA 
E94E 113 
E94F' £8 OAe4 R 
£952 
E!I!!3 
E9156 R 
ESI5A 
E!!IID £4 21 
ESSF OA c.c 
.961 £1 21 
£983 90 

£964 OA ell 
E966 74 DC 
E9SB 8724 
£96A 80 FE 02 
ESBO 75 02 
E96F 87 23 
E971 F9 
£972 EB 01 
E974 Fe 
E9715 •• E.7. ES 21 
E978 iF 
E979 C3 
E97A 
£9117 
E987 E9 1561 lit 

A-68 ROM BIOS 

Al13: 

WB250C 
ATl3 
91' 
AT 12 

1 

POSS I BLE S2S9 lIHERRUPT CONTROLLER PROBLEM 

BL.IOH 
SHORT ATl4 

SET HOO sAUD RATE AND 
IHTS/WORD. 2' STOP SITS, 

• SET ERROR REPORTER 

AS HAViNG & 

8£T DATA SET CONTROL WORO TO BE IN LOOP MOI>£ 

OX,4 
AL,I)X CURRENT STATE 

ADO 
IN 
JHI' 
OR 
OUT 
JHP 
INC 
INC 
IN 

,+2 
AL.000I00G09 
OX,AL 

OF' DATA SET COfliTROL REG 

.+. 1/0 OELAV 
ox 
ox 
AL.OM 

PERFORM THE LOOP BACK TEST 

INC OX 
MOY AL;O 
INT WRAP TEST 
HOV CL~G 
JNC AT 15 
ADO BL,IGH 

AN ERROR VAS ENCOUNTERED SOMEWHERE DURING THE TEST 
------------------------------------_ ..... __ ... _-----------------------

Al14: MOY CL~1 ; SETFAJL'lNDJCATGR 

HOUSEKEEPING: RE-INITIALIZE THE 8250 PORTS (THE LOOP SIT 
WILL BE RESET), DISABLE THIS O£VICE INTERRUPT. SET UP 
REGI STER BH I F AN ERROR OCCURMO,j AHO SET OR RESET THE 
CARRv FLAG. --------------------....... _ .......... ------,..--------.. -----------------------

AT1!!!L POl' OX 
PUSH ax 

162150 
on 
AH,es: Ull ...., 1 NTR_FLAG~ AH 

."" AH,OF'FH 
III AL,INTA01 
011 AL~AH 

OUT UITAOI. ttL 
POPF 

"" CL.CL 
JE AT17 
MOV SH,24H 
CIII' DH,2 
JNE AT 16 
NOY ElH,23H 

A116, OTe 
JIIP SHORT ATl8 

Al17: CLC 
AT IB~ pOp .. x 

OUT 1 "TA01, AL 
POP o. 
RET 

OART [NOP 
ORG OE987H 
JIIP MEAR PTR 1(8_1"T 

NEC_OUTPUT 

INPUT 

THI G ROUT I NE S£HOS' A BVTE TO 
AFTER TEST I NG F'~ CORRECT 
TH1S ROUTINE WILL TINE 
WITH I II A IIEASO"Ail~E AHOUIIT 
STATUS 0fiI COMPLETION 

BYTE TO BE OUTPUT 

PORTS 

ERROR 

ONE 

EVERV 



112 
151 
9A 
33 
EC 
All 40 
74 0<: 
E2 F9 

SO OE 0041 R 90 
119 
I5A 
118 
FII 
C3 
33 C9 
EC 
A9 eo 
7804 
£:2 Fa 
EB~ EB' 

1111 CA 
42 

EE 
159 
I5A 
e3 

.E 
56 
2B CO 
32 FF 
BE De 

, E9ge C5 36 0079 R 
EIJCO OJ. EB 

ge 
SA 20 

E9C5 83 FB OJ. 

7!l 05 
eo ce 01 
Ell oe 
93 FII 0. 
711 07 
90 Fe 0<4 
70 02 
B4 04 
DO 
5£ 
IF 

72 AI. 
<3 

NEe_OUTPUT 
PUSH 
PUSH 
"OV 
XOR 

..)23: 1M 

,J24: 

..,125: 

.J2fh 

.;27: 

TEST 
~z 
LOOP 

OR 
POP 
POP 
POP 
ITC 
RET 
XOR 
IN 
TEST 
4NZ 
LOOp 
... MP 

"oy 
'NC 

OUT 
POP 
POP 

FRoe NEAR 
OX 
ex 
OX t NEe_STAT 
c:x,ex 
AL.DX 
AL~ DIO 
~25 

423 

eX,ex 
AL.I 0)( 
AL~RQ" 
..127 
426 
42A 

AL..AH 
ox 
DX,AL 
ex 
ox 

SAVE REGISTERS 

RESET THE COUNT 
(lET THE STATOS 
IS IT READV? 
VES. (,;;0 QUTPVT 

OUT 

lilT 

COVNT DOWN AND TRV AGAIN 
ERROR CONDITION 
OUTPUT 

THA .. 

REGS 

RET tV = 0 FROK TEST iNSTRuCnOw 
NEe_OUTPUT ENDP 

GET PARM 
THIS ROUTINE fETCHES THE INDEXED POINTER FROM 
THE DISK_BASE SLOCK POINTED AT BY THE DATA 
VARIABL.E D 15K_POEHlER 

A BYTE FROM THAT TABLE 15 THEN MOVED INTO AH f 

THE [NDEX OF THAT BYTE BEING THE PAR" IN ax 
ENTRY --

BL = INDEX OF BYTE TO BE FETCHED *' 
IF THE Lowen OF BI... 19 ON" eYTE IS IMMEDIATEI...Y 
OUTPUT TO THE NEC CONTROL.L.ER 

ExtT --
AH = THAT 8YTE FROM BL.OCK 
BX = DESTROYED 

~~;=;~;;--------;;~~----~;;;-----------------

PUSH DS SAVE 
PUSH 51 SAVE 
SUB AX. AX ZERO TO AX 
XOR 8M,8H ZERO HH 
MOV DS, AX 
ASSUM£ D5: AB50 
L.DS SI,DIS"CPOINTER 
SHR eX,l 

POINT 
OIVIDE 
EXIT 

AND SET FI.AG FOA 

PUSHF 
MOY 
e"p 

JIIZ 
OR 

"". ~27_1: eMf 
4NE 
ellP 
JGE 
MOY 

.J27_2: POPF 

GET_PARM 

POP 
POP 
ASSUME 
4C 
RET 

BOUNO_SETUP 

AH, [SUBX] 
eX,l 

~27_1 

AM, I 
SHORT ~27_2 
I:U(,10 
~21_2 
AM,_ 
,)27_2 
AM,A 

51 
09 
DS, DATA 
NEe_OUTPUT 

ENDP 

SAVE OUTPOT an 
GET THE BYTE 
IS THI S THE PARM' WI 1H 
INDICATOR 

TURN ON NO DMA SIT 

MOTOR STARTUP DELAY,? 

DNA 

GREATER THAN OR EQUAL TO 112 SEC? 

CON"..OL.LER 

THIS ROUTiNE SETS up BUFFER ADDRESSING FOR READ/WRITE/VE:R1Fy 
OPERATIONS. 

INPUT 

OUTPUT 

ES HAS ORIGINAL 
BP Founs AT ON STA(K 

ROM BIOS A-69 



nn 
£SEI III 
E9E2 a8 5E oc 
E9ES 83 
£9E6 81 04 
ESEe 03 Ee 

E9EA ae Cl 

03 C9 
BE Cl 
58 
81 £3 OOOF 
98 F'3 
as F"S 
69 
C3 

EaFS 
58 
53 
51 
BE 
BO 
e. 
91 
03 
02 

.AOO 58 
[AOE 88 EA'G R 
EAU 53 

94 06 003E R 
75 18 
08 06 003£ IR 
eo 3C 00 
74 l2 
134 07 
ED ES6A R 
BA £2 
£8 EseA R 

EA2B lEG 
EA2E 72 
£A30 C8 00 

SA 04 
2A Ce, 
74 2C 
84 OF 
E8 E98A R 
8A £2 
EB EBOA R 
8A £5 
ED £98A R 
E8 EA6F R 

90 
51 
83 
.B 

89 0226 
OA E4 
74 05 
E2 FE 
FE CC 
£8 Fa 
5& 
9D 

EA&1 72 06 
£A63 Be 2C 
..... 5 58 
EAse 

5B 
5. 
C3 
CS 04 FlF' 

58 
E8 F1 

A-70 ROM BIOS 

lH:PUT 

OUTPUT 

ADD 
HOV 
POP 
AND 
MoY 

(01..> 
(CH) 

CY ;: 
elf ::::: 
(10)0 

PROt NEAR 
ex 
ax, tBP+121 
ax 
Cl,4 
ax, CL 

ex, ES 

ENDP 

0" 
TO 

REGISTERS 
OFFSET OF' BUFFER FROM STACK 

OFfSET TE"U~ORARILV 
COUNT 
OFFSET FOR NEW SEGMENT 

FOR 

-- I) 1 SKETTE_STATUS SET ACCORD INGI...V 

BE 

~~~K------------~E~R-----------------------------------

51 
ax 
CX 
51 r OFFSET TRACKO 

MOV AL~ 1 
MOV CL~ 01.. 
AND eX,OF'FH 
ADD SIlex 
ROL AL. CL 
Sf CONTAINS OFFSET FOR DRlVE. At.. CONTAINS B1T MASI< 
IN POSITION 0,1 OR 2 

CK 

IN DL 

R£CALUlRATE 

TRACt( NUM6ER 

GET END I NG I NTERRUPT AND SENSE 
STATUS 



EASF 

~~A6F 53 
i A70 56 

\~ ,£11.71 33 De 

EII13 DE EAIIH R 

EA76 56 
EA77 84 OB 
EA79 E8 E98A R 
EII1C ES EMO R 
EA7F 72 10 

£ .... 1 AO 0042 R 
EAB4 .... 20 
EAS6 75 00 

EABB 48 
EAB9 7S £c 
EABS 80 OE 0041 R so 
EA90 F8 

£A9! 5£ 
£11.92 5E 
i:A93 58 
EA94 C3 

EA9!5 24 eo 
EA97 74 F8 
.A88 80 o£ 0041 R 40 
EASE £8 FO 
EAAO 

EAAO 
EAAO FC 
EMI SF 0042 R 
£AA4 51 
EAAS 52 
EAAS 53 
EAA7 11307 

EAAa 
[AAS 33 C9 
EAAB itA OOF4 
EAAE 
[A!IE EC 
EAAF A8 BO 
EABl ,. DC 
EAB3 £2 F9 
EA8!5 90 OE 0041 R BO 
EA8A 
['ABA F9 

EABS 58 
EABC s_ 
EABD 59 
EABE <3 

EASF EC 
EACO A9 40 
EAC2 715 07 
EAC4 
EAC4 80 OE 0041 R 20 
EACS Ea EF 

EAce 
EAca 42 
fAce EC 
EACD 8805 
EACF 47 
EAf)O 99 OOOA 
EAD3 £2 FE 
EAD5 4" 
EAD6 EC 
EAD7 AB 10 
'AD9 74 EO 
EADB FE C9 
EADD 715 CA 
EADF £8 £3 

SENsaJ, 

INPUT 

CIf :::: 0 SUCCESS 
CIf :: 1 FAILURE -- ERROR IS IN OlSKETT£_STATU5 
(AX) DESTROYED 

PUSH 
'OR 

NOV 

PUSH 
MeV 
CALL 
CALL 
JC 

HOV 
TEST 
JIIZ 

DEC 
"N2 
OR 

")34: STC 

435: POP 
PO. 
POP 

PROC NEAR 
a. 
51 
B)(.B)( 

51, OFFSET J33_3 i 

51 
AH,OSH 
NEC_OUTPUT 
RESUL TS 
J3S 

AL, NEe_STATUS 
ALI SEE8<_ENO 
J35_1 

S, 
,,)33_2 
D1S1(ETT~STATUS. 

51 
51 

B" 

I NTERRUPYS TO 

RETURN FROII 

STATUS 
INTERUPT STATUS 

OPERATION POWE? 
OF SEEk OR 

ROUTINE W!LL READ ANVTHING: THAT THE NEC CONTROLLER 
HAS TO SAY FOLLOWING AN INTERRUPT, 
IT IS ASSUMED THAT THE NEe DATA PORT HEe STATUS PORT + 1. 

INPUT 
NONE 

OUTPuT 
tY = 0 SUCCESSFUL 
tV = 1 FAH"URE"'" 
N£C_STATU5 AREA HAS 
CAM) DESTROYED 

RESUL T5 PRoe NEAR 
ceo 
fCOY D I • OFFSET 
PUSH CM 
PUSH DX 
PUSH ax 
MOV BL,7 

; ------ WAtT FOR REQUEST FOR 
"38, 

J39'; 

.)40: 

X". 
NOV 

IN AL,OX 
TES T AL. o801-t 
..1HZ ..}40A 
LOOP .J39 
OR DISKETTE_STATUS. 

------ :~;UL T O.EII>II ON rs DONE 
:.144: POP ax 

POP 
PO. 
RET 

j40A: 
TEIiT 
IN 
TEST 
JN2 

J-41: 
o. 
J"P 

J42; 
READ 

INC 
IN 
NOV 
INC 
"OV 

.}4l: LOOP 
DEC 
IN 
TEST 
J2 
DEC 
JNZ 
J"P 

ox 
ex 

THE DIRECTION BIT 
AL,O)( 
AL,0-40H 
J42 

•• AL,I»)( 
U)l]~Al 

0' 
ex, 10 
J43 
DX 
Al.OX 
Al,OlOH 
J44 
Be 
J3,. 
J41 

FOR STATUS 
INTO IT 

TO DATA AREA 

NEC 

COUNTER 

ROM BIOS A-71 



EAE1 
EAE 1 AO 0045 R 
EAE4 3A 46 08 
EA-E7 AO OOd' R 
EAEA 7d 07 
EAEC P3 OS 
EAEE E8 E!Jed R 

SA Cd 
FE CO 

EAF'5 2.11. 416 OA 
EAFB BS 46 OE 
ElltFB (;3 
ElltFC 
EAH 

tAFC 
EAFC 50 

£4 III 
Be 46 10 

£902 90 BF 

EI!I04 E6 21 
E806 E8 E8E1 R 
EI!I09 5. 
EI!IOA C3 
EBOS 

52 

8076 
E6 43 
50 

Eell 68 

80 FF' 
E641 
50 
88 

EBIS £6 41 

EBlA BE 46 10 

ES1D E4 G2 
EfUF 24 01 
ElI21 50 

E4 AO 
80 sO 

EI:l26 E6 AO 

E628 SS 46 10 
EB2B ES 21 
E820 .B 
.82£ SA 
£El2F FB 
EII.O C. 
E83J. 

A-72 ROM BIOS 

NUK_'n:UtNS 

INPIJT 

OUTPUT 

THIS ROUTlNE CALCULATES THE 
WERE ACTUALl V TRANSFERRED 

:. CVU NOER OF OPERA Tl ON 
= START SECTOR OF" OPERATION 

(AL.) ::::: NUMBER ACTUAL!.. V TRANSFERRED 
HO OTHER REGISTERS MODiFIED 

NUM TRANS PROC NEAR 
- KOY Al,NEC_STATUS+3 

AL., [BPi-ill eM? 
"OY 
JZ 
MOV 
CALL 
"OV 

Al. NEC_ST ATU5+5 
J45 
HL, B 
GET_PARM 
IItI".AH 

.J45; INC AL 
SUB 
"OV 
RET 

AL, (SP1+10 
C9P+l4J;AL 

ENDP 

DISABLE 

INPUT 

THIS ROUTINE WILl. [USA8LE ALL 
INTERRUPT 6 SO WATCH DOG TIME OUT 
CONDITlONS. 

1401'£ 
OUTPUT 

REMAIN INTACT 

& I SABLE PRoe NEAR: 
PUSH AX 
DISABLE ALL INTERRUPTS AT 
IN AL.INTAOl 
NOV [SP+ 161 ~ AX 

PlOy AL.OBFH 

OuT 
CALL 
POP 
RET 

INTAOl,AL 
BOUND_SETUP 
AX 

OJ SABLE ENDP 

ENABLE 

INPUT 

THIS PROC ENABLES ALL INTERRUPTS. 
THE MODE REQUIRED FOR 
BEFORE THE LATCH FOR 
IJ2!$S I S READ TO DETERM I HE 
WHI LE THE SYSTEM WAS MASKED 

HONE 
ou"NtuT 

THAT 

EXCEPT FOR 
OCCUR 1 N ERROR 

AL:::::! MEANS A KEY WAS STRUCK ,oUR1NG DISKETTE 1/0. tOR NOISE 
ON THE LINE) 

AL=O MEANS THAT NO 
AX IS DESTROYED. REMAIN JHTACT. 

ENABLE NEAR 
PUSH 

; ......... --- RETURN 
HOV 
OUT 
PUSH AX 
POI' AX 

Kav AL.OFFH 
O\fT THiER+!. AL 
PUSH AX 
POI' AX 
OUT TIMER+!,AL 

.; ------ CHECK I F ANY KEYSTROKES 
KOY ES; U3P+161 

!N AL~ 62H 
4NO AL~ 01H 
PUSH AX 
ENABLE NMI INTERRUPTS 
IN AL. Ni'll_PORT 
MOV AL, BOH 
OUT Hi'll_PORT, AL 
ENABLE ALL I HTE1lRUpTS 
MOY A)(~ t6P+ 16) 
OUT INTAOl. AI.. 
POI' AX 
POP OX 
ST! 
RET 

ENABLE ENDP 

KEV80ARO I {O 

1l!2S3 TO lHtTlAI..JU 

VAI..VE FOR B2t53 

TRANSFER 
FROM THE 

; PASS BACK KEY STROKE FLAG 



EB48 

E041) 

E851 

32 CO 
E6 43 
50 
5S 

E4 40 
86 C4 
E4 40 
ae C4 
3D 012(; 
72 ED 
C3 

51 
BA 41£ 00 
Bo 01 

02 EO 

24 07 

159 
C3 

£8151 213 F$ 

2A CO 
SA 67 02 
D1 EO 
15. 
81 FA DOOO 
BC 
Bl 04 
03 EB 
03 00 
90 

EB67 59 
E8SS 52 
ESSe 7C 07 

FE71 R 
74 29 
EB 05 
£6 FEES R 
74 24 
SA 1626 
84 
81 
Co 
Be 

•• Ee 
B' 
81 
so 00 
BE 0038 .. 
70 03 
Sf! 003A R 

" 
06 00 14 R 0003 
,I! 0016 R 
IE 0014 R 

CLOCK_WAIT 

I"PUT 

THI $ PROCEDuRE IS 
is eElNG UPDATED. 
READY TO WRAP UNTIL 
TlMERl, 

"ONE. 

NONE, AX ! S DESTROYED 

THE TIME OF' 
TlHERO IS 
To REA. AN 

-----------------------... ---------------- ... ------
ClOCK_WAt T pROC HEAR 

XOR Al# Al READ MOOE 8253 
OUT TIM_CTL. AL OUTPUT TO 
PUSH AX: 
POP AX INITIALIZE 

~ INPUT 

IN 
XCHG 
IN 
XCHGi 

BYTE PTIHBPl MUST POINT TO DUVE FOR SELECTION, 

COHTAINS _THE eIT _MASK. ALL OTHER REGISTERS ARE INTACT ---_._-_._-------------

SHL 

AND AL.,07H 

POP ex 

PD. 
PUSH 
4L 

CALL 
4Z 
4"" 

ROtCI, CALL 
JZ 

ROIC2> HOV 
MOV 
MOV 
'NT 
HOV 
MOV 
CALL 
MOV 
NOV 
CMP 
IIDv 
"' .. 
KOv 

RON_CHECK_O : 
CALL 
JM' 

ROM_CHEe·ell 
NOV 
NOV 
NOV 
MOV 
CAll 

OPT! OHAI.. ROM MODULES t CHECKSUM 

DRIVe: 
0-2:} 

SUPPORTEO. 

eRC CHECK FOR CARTA: IDGES 

TO 5E(itNNING 

MOOUL£ 
POINTER: RANGE 

ROM BIOS A-73 



EBBl 
EBBI 5A 

C3 

FB 
OS 
50 

EC5C BO 

50 
53 
51 
IE 

ECSl 58 

EC52 51 
ECn 55 
EC64 52 
EC6S 88 
EC61 E" 
EceA EO 

EtG' .3 
EceF ES 
EC72 a8 
£C16 BA 
EC7A s. 
EC7. SA 
EC7£ 5. 
EC7' BF 
ECSO 5E 
ECal IF 
EC82 39 
Eca3 58 
EC84 5. 

04 

ECa5 83 C4 
fi;:C88 07 
ECS9 90 Fe 
Eeoc F5 

O. 
01 

R 
R 

R 
R 

EC'90 CA 0002 

ROM BIOS 

INPUT 

ox 
RET 

ENDP 

I/O 
tNTERFACE PROVIDES ACCESS TO THE 5 1/4" UtSKETTE UfUVES 

(AH )=0 RESET 0151<ETT£ SYSTEM 
HARD RESET TO NEC, PREPARE COMMAND, RECAL REQI) ON 
ALL DRI VES 

tAH)=.l READ THE STATUS OF THE SYSTEM HHO (AU 
DISKETTE_STATUS FROM LAST OP'N 15 USED 

REGISTERS FOR READ/WRI TE/VERltV/FORMAT 
(OU - ORIIIE NUMBER (0-3 ALLOWED, VALUE CHECKED) 
(OH) - HEAD NUMBER (0-1 ALLO"'!D, NOT VALUE CHECKEI)) 
(CH) - TRACK NUMBER (0-39 1 NOT VALUE CHECKEf» 
ICU SECTOR NUMBER (1-8, NOT VALUE CHECKEt>, NOT USED FOR 

FORMAT) 
tAU - NUMSER OF NOT 

US EO FOR 
4£S; 8)0 - ADDRESS 

(AH)=2 
(AH>:3 
LitH >:4 
(AH):.:6 

TO FIND 
ACCESS 

DATA VARIABLE -- DISK POINTER 
DOUBLE "'ORD pOHnER TO THE CURRENT SET OF' DISKETTE PARAMETERS 

OUTPUT 
AH ::: STATUS OF OPERATION 

STATUS BiTS ARE IlEF'lNED IN EQUATES FOR 
DISKETTE_STATUS VARIABLE IN DATA SEGMENT OF' 
THIS MOOULE 

CV ::: 0 SUCCESSFlJl OPERATI ON 
CV = 1 FAt LED OPERATION (AH 
FOR READ/WI'll TE/VERIFV 

NOTE; 

ASSUME 
ORG 

DISKETTE_IO 
5T1 
PUSH 
PUSH 

PUSH 

PUSH 

PUSH 
PUSH 

PUSH 
PUSH 
PUSH 
HOV 

MCV 
CAll 
HOV 
HOV 
"OV 
PoP 
POP 
PoP 

'0' 
POP 
PoP 
POP 
POP 
ADO 
POP 

C"P 
eNC 
RET 

CS: CODE, DS: DATA, ES: DATA 
OECS9H 
PROC FAR 

AX 

AX 
ax 
CX 
os 
51 

01 
BP 
D. 
BP, SP 
DOS 
Jl 

Sl,04 
GET PARM 
MOTOR_COUNT. AH ,SET 
AH, DISKETTE_STATUS 
U!?+UJl,AH D. 
BP 
DI 
51 
OS 
eM 
el( ; RECOVER OFFSET 
AX 
SP~ 4 
ES 
AH,l 

TO HEAD PARM 

TO ENSURE .5 

INDICATE 



8A FO 
eo 26 C03T R 7F 
0 .. 
74 
FE 
74 
CG ROO 
80 
77 
FE 
74 
FE 
75 
.9 
FE CC 
74 62 
FE CC 
74 62 

C6 06 0041 R 01 

EtC! C3 
ECC2 

8A OOF'2 
FA 
40 
24 
EE 
C6 06 R 00 
Cs OS R 00 
DC 90 
EE 
F8 
BE ECFA III 
56 

ECOE 89 0010 

ECEI 84 OS 

EeE:) ED EseA Ii 

ECEG EO EAAO R 

EeE!) AO O()42 R 

3C CO 
74 12 
£2 EF 
90 of: 0041 " 20 
5E 
EB 
BE 

ECFO 56 

£2 £1 
EB PO 

BE 

•• Ea 
93 
£9 " a3 
Ea 

C3 

AO 
aa 

C3 

EDIA 

EDIA 84 46 

E826 

80 OE 003F R SO 
84 41) 
E9 10 

J2, 

..13: 

J1 

MOV 
AND 
OR 
J, 
DEC 
JZ 
MOV 
CM? 
JA 
DEC 
JZ 
DEC 
JN2 
J"P 

DEC 
JZ 
DEC 
JZ 

DH, AL ; SAvE. 
MOTOR_STATUS.07FH 
AH. AH AH=O 
DISK_RESET 
AH ; AH=l 
DISK_STATUS 
IHSKETTE_STATUS j 0 
DL,2 
J3 
AH 
DISK_READ 
AH 
J2 
01 SK_'''UUT£ 

AH 
OISK_VERF' 
AH AH=5 
DISICF'ORMAT 

OH 
A READ OPER:AT! ON 

MOY 
; BAO_COMMAND 

DISKETTE_STATUS,SAD_CMD ; ERROR COOE, NO SECTORS 
TRANSFERRED 

THE DISKETTE svsTEM 
PROC NEAR 

HOV OK. NEC_CTL 
eLI 
MOV AL. HOTOR_STATUS 
AND AL.07H 
OUT DX,AL 

SEEK_STATUS,O ; 
o JSKETTE_STATUS, 0 

OR AL, FDC_RESET 
OUT DX,AL 
ST! 

MOV C)(~ iOH 

MOV 

CALL 

AH,OSH 

NEe_OUTPUT 

CALL RESUL TS 

MOV Al, NEC_STATUS 

CMP 
JZ 
lOOP 

UNOEF'INED OPERATION 

J4_1: OR 
POP 
J"F 

..14_2: MOV 

PUSH 51 

lOOP , . .14_0 
JMP SHORT J4_1 

SPEC! F'Y COMMAND TO 
J7: SI 

MOV AH,03H 
CALL NEe OUTPUT 
KOV BL,l 
CALL GET_PARM 
MOV aL,3 
CALL GET_PARM 

,)8: 

RET 
j) I S;CRESET ENDP 

DISKETTE STATUS ROUHNE 
PROC NEAR 

NEC .• J)UTPUT FAilED, RETRV THE 
SENSE INTERRUPT 
OFFSET OF' 'BAD RETURN 1ft 
NEC_OUTPUT 
RETRV 

NEC 
GET RlD OF' DUMMV ARGUMENT 
SPECI F'V COMMAND 
ouTPUT THE COMMANO 
STEP RATE TIME AND HEAD UNLOAD 
OUTPUT TO THE NEe CONTROLLER 
PARM1 HEAD LOAD AND NO DII4A 

TO THE NEe CONTROLLER 
RESET _RET 
RETURN TO CALLER 

HOV At,DISKETTE_STATUS 
MO\' BVTE PTR£BP+141.AL ; PUT STATUS OM STACK, IT WILL 

; POP tN AL 
RET 

I.HSI< .... STATUS ENDP 
OISKETTE VERIFV 

LABEL NEAR 
READ 

PROt: NEAR 

MOV AH.046W 

.JMP SHORT RW OP" 
o T SK_READ ENDP-
; ------ DISKETTE FORMAT 
01 SK_FORMAT PROt NEAR 

OR MOTOR_STATUS. SOH 
MOV AH,04UH 
..J.MP SHORT RW_OPN 

ROM BIOS 



[D30 

ED30 

83 07 
E8 E984 R 
8309 
E8 E994 R 
93: OF 
E9 R 
BS 
53 
E9 EI)CI) R 

£030 80 OE 003F R BO 
£042 B4 415 
ED44 

50 

(1)415 5. 
E046 FA 

£D47 C6 II FF 
ED4C EB 

84 06 003F R 
75 IF 
eo 26 003F FO 
OS 06 003F 
Fa 
oc 10 
[6 F2 

&3 
EI R 
OA 

74 08 
28 C9 
E2 FE 
FE CC 
EB F6 

FB 

E07. 59 

£1)76 E8 ESFB R 
E079 58 
E07A 9A Fe 
ED1C 96 00 

[07£ 73 03 

E9 EED7 R 
BE EED7 R 

EOB9 5e 

E087 ES 
E08A IA 
E080 00 
E08F 00 
EOS1 10 
EOS4 OA 
Eoes E8 E98A R 

90 FF 40 
75 02 
Ell 
S" 
EB 
8A 
E9 
e. 
ES 
83 
£8 E9:84 lit 
83 08 
EB 0584 R 
02 4E OE 

FE C9 
8A E1 

EDCl £1 R 
EDC4 a3 
[OCB EB R 
[OCl/ BB 
EOCC 53 

A·76 ROM BIOS 

';10: 
HOY 
CALL 
MOY 
CALL 

ex, 
.x 
JI6 
ENDP 

WRITE ROUT1NE 
PROC NEAR 
MOTOR_STATUS; aOH WRITE OPERATiON 
AH,045H TO WRITE TO OJSKETTE 
EN!)P 

~ ----- ALLOW WRiTE ROUTINE TO FALL uno RW_OPN 

I'''._OPN 

J12: 

J13; 

THIS ROVTIHE PERFORMS THE REAOJWRITE/VERIFV OPERATI ON 

LOOP 
OEC 
J"F 

STl 

FOP 

NEAR 
AX 

ON THE HOTOR ANO 
ex 

CX 
SEEK OPERAT I ON 

SEEK 
AX 
6H,AH 
DH,O 

JNC ,)14_1 

TIME 
TIME 

MorOR 

IN CASE OF 

SET .JUMP TO MOTOR WAIT 
J17 DUMHY RETURN ON STACK FOR 

PUSH 51 
NEe OUiPUT 

50-THAT I TWilL RETVFtH TO MOTOR 
; OFF LOCATI O'N 

OUT .. !'!E ~p'~I~~~'ETERS TO O~~~U~O~~~O'~~~:AT I ON 

ADO 

DEC 
NOY 

CALL 

FOR 

GET THE CURRENT HEAD 
MOVE n TO SIT 2 

THAT B17 
OR I liE NUMBER 

IS THIS A F'aRMAT OPERATiON? 
NO. CONTlNVE loll TM R/WJV 
IF SO, HANDLE SPECIAL 
CYL 1 MDER NVMBER 

HEAD NUMBER FROM STACK 

SEC 'I OR MlJMSER 

GAP. LE.NGTH PARM FROM elOCK 
TO THE NEe 

DTL PARK F~aM 
SAVE INDEX TO PARAHET£R ON 
STACK 



ECCD 

EOCE 

EOF4 

EEOC 

£E14 

EEl7 

Fe 

DO 70 

£6 43 
50 
sa 

90 FF 
£:6 41 
50 
.8 
£6 41 

8A 
AS 
14 
Bit 
E9 0(; 
3C 02 
15 
99 
ED 
911 

DO 
Ell 
ED 

£8 
eA 
ac 
EE 

24 
EE 

s. 
80 

., 

1:8.0 

EO 
all 

OF 

R 

R 

R 

ED EAFC R 

158 
E8 E984 R 
ee 
06 
IF 
FF £1 

Ee 
AS 20 

74 Fe 

AS 80 
79 0.7 
Ec 
A8 20. 
75 F7 
Ei 35 
42 
EC 
4. 
EC 
AD 20 
75 EO 

E£38 ES 28 

OUT TlI1 eTL, AL 
PUSH AX -
POP AX 

NOli 
OUT 
PUSH 
POP 

JZ 
NOY 
J"P 

.JIB .... I: eMf 
JHZ 

"0" 
J"P 

416_2: MOY 
; -- ----FI N I SH 
..116_3: 

FORWARD 
YALUE OF' 
SELECT 
BINARY 
INITIALI ZE 

; IS THIS 
IF 

IN1C£":.U"TS ARE ABOUT TO BE DISABLED. 

THE COUNTER 

THAT THIS TIME PERHlD WILL ___ -- .. -_-•• ---•• 
DAV INTERRUPTS. FOR THIS 
KEEP TRACK OF THE 
WILL BE MISSED. nus IS 
OPERATION TO UPOATE THE TiME OF OAY. 

AL~ lOH 
• NO INTERRUPT 

MOY 
OUT 
CAll 

NJIII r _PORT, AL 
CLOCK_WAIT ; WAIT JF TJMERO IS ASOUT TO 

; JHTERRUPT 
; ------ ENABLE WATCHDOG; TIM-Eft --------------------------_ ..... _----------------""-_ .. _----"'--""-----
~ .MMNOTEMIUt 

G!VEN THE CURRENT SYSTEM Co.NFIGURATION A 
TO. PULL THE NEC OUT OF "FATAL ERROR1' 
eN THE ADAPTER CARD IS 
FUNCTION, THE WATCHDo.G 
AND STROBED BEFORE THE 
TH[S IS BECAUSE o.F A Gll TCH eN THE 
TR I GGER AN INTERRUPT, 

CALL 
May 
O. 
OUT 

AND 
OUT 

MOY 
MOY 

OUT NMI_POtU,AL 
;------ READ TIMER! New AND SAVE 

CALL READ_TIME 
NOV CBP+ 18l, AX 

PUSH 
POP 
JMP 

ES 
os 
CX 

;-----VERIFY OPERATION 
VERIFY LOOP, 

- IN 
TEST 

JZ 

TEST 
JNZ 
IN 
TEST 
JNZ 
JMp 

.,.122_4: INC: 
IN 
DEC 
IN 
TEST 
JNZ 
J .... 

VERIFY~LaOp 

AL#RQ" 
.,.122_4 
AL,DX 
AL~BUSV_BIT 

.J22_2 
SHORT Of_END 
OX 
.",OK 
Ox 
ALIDX 
AL,8USV _I':H T 
..12:2:_2 
SHORT aJ> _END WE ARE DeNE 

ROM 

LOOP 



EC 
Ai 20 

EE30 74 FB JZ 
EE3F EC J22_S, IN 
££40 49 20 TEST 

14 21 JZ JUMP t F ExECUT I ON PHASe: IS OIJER 
AI! 80 TEST JS DATA READV? 
74 F1 JZ READ THE DATA 
42 INC POINT AT NEe_DATA 
EC AL~OX READ OATA 

"A TRANSFER: I>AT A 

4" POINT AT NEe_STATUS 
Ell F1 CONTINUE WITH READ OPERATlO'N 

OPERATION 
EE4£ 
EE4E EC 
EE4F AS 20 

14 Fe JZ 
89 2080 MOV 

J22_7 ~ 
EC 
B4 C5 

740Al 
64 Cl 

74 F7 
42 
AC 
EE 
4. 
EB F'l 

IS OVER 
EE65 Be 

EB • OC 
8A 00F2 
£E 0' I SABLE WATCHi)OI& 

£9 USB 
£8 E831 

££75 EB • ££76 88 12 
EEiS 28 

f'7 DB AX 
50 AX 

EESO 01 06 oose R AOO TI MER_LOId, AX 

EE8. 73 04 JHC J16_4 

FF 06 
83 3£ 18 JUt_4: FOR COUNT TOTALING 24 HOURS 

EEBF' 75 19 IF IIOT 24 HOVO. 
EESI S 1 JE Gose lit OOSO VAt.UE = 24 HOUR: VALUE? 
EE91 7<; 11 JL 24 HOUR VALUE? 

TIMER 
C7 06 OOSIE R 0000 MOV 
91 "2E (!IOSC R 0080 SUB 

C6 • 01 
Ee J16_5: 
5. 

EEA!: £3 26 .JC)(Z J16_7 

EEBO IE PUSH OS TO 

EESI SO PUSH AX 

EE92 52 PVSH DX 
EEBJ .J16_6: 
EE&3 CD Ie 'NT ICH TO V5£R 

E2 Fe 
SA 
58 
IF t RESTORE 

ANO !JSER nnERRUPTS 
OCCURE::t) 

OA co AL WAS SET 
74 18 NO KEv WAS 

WAS MASKED 
EEBE BB 0080 "OY SX,090H DURATIoN OF 
EECL BS 0048 "oy eX,048H FREGUWCV OF 
EEC4 £8 £035 R: CALL KB_NOISE NOTlFV USER KEV80RAD 

INPUT 

A-78 ROM BIOS 



IEEe1 eo 26 0017 R FO 

EEce 

EEO! 
EEOS 
EEOJ 
EED1 
EEDB 
EEOC 

80 26 0018 R OF 

80 26 00B8 R iF 
90 

12 40 
EO EAAO R 
72 3E1 

/-- . ~~g~ Fe 
BE 0042 R 
At " ) EEE2 

~EEE3 
EEE8 
EEE7 
EIEES 

24 CO 
74 38 
ac 40 
75 215 

c 

EiEES AC 
EEEe at 80 
EEEE 74 211, 
EEFO DO EO 
EEF2 DO EO 
EEF4 DO EO 
EEFG Bil 10 
EEFS 72 18 
EEFA DO EO 
EEFe 94 08 
EEFE 72 12 
EFOO 00 EO 
EF02 DO EO 
EF04 B4 04 
EFOG 72 004 
EFoe DO EO 
EFOA DO EO 
EFOC 84 02 
EFOE 72 02 

EFlO 
EF 10 84 20 
EF12 
EF12 08 26 0041 R 
EFtS E8 EAEl R 
EFIS 
EF 19 C3 

EF 104 
EF 104 804 5E OE 

EFlD £8 EAEI R 

EF20 3A 08 

EF22 74 ac 

EF24 
EF29 
EF2E 
EF2f 
[F30 
EF32 
[F34 
EF3S 
EF3S 
[FlO 
[F3f 
EF42 
EFiG4 
EF415 

80 OE 0041 R 04 
ce oe 0043 R 80 
F9 
C3 
33 CO 
33 FG 
88 84 0042 R 

•• 
88 84 0042 R 
E8 03 
Ee EAEI R 
32 E4 
C3 

; -------CLEAR SHIFT STATES DONT LEAYE POSSJBllTV OF DANGLING STATES 
OF MISSED BREAKS 
AND Ka_FLAG,OrOH CLEAR Al T. CLRL, LEFT AND RI GHT 

SHE FTS 
AND 

AND 
POPF 

Je 
CALL 
JC 
CHECK 
eLD 
HOY 
LODS 
AND 
JZ 

e"" JNZ 

J.O 

CLEAR POTENTIAL BREAK OF INS, CAPS 
NUM ANO SCROLL SHI FT 
CLEAR FUNcn ON STATES 
GET THE FLAGS 

RESULTS GET THE NEC STATUS 
J20 ; LOOK FOR ERROR 

THE RESULTS RETURNED BY THE CONTROLLER 
; SET THE CORRECT DIRECT I ON 

SI,OFFSET NEC_STATUS i POlNT TO STATUS FIELD 
NEC_ST ATUS GET STO 
AL,OCOH ; TEST FOR NORMAL TERMINATION 
J22 ; OPN_OK 
AL,040H ; TEST FOR ABNOR'ML TERMINATION 
JHl ; NOT ABNORMAL, BAD NEC 

!If!lf!lfNOTE!lf*!lf 

~18: 

J19: 

J20: 

J22: 
J21_3: 

RW_OPM 

THE CURRENT SYSTEM CONFIGURATION HAS NO 01'114. IN OROER TO 
STOP THE NEC AN EOT MUST BE PASSEO TO FORCE THE NEC TO HALT 
THEREFORE, THE STATUS RETURNED BY THE NEC WILL ALWAYS SHOW 
AN EOT ERROR. IF THIS IS THE ONLY ERROR RETURNEO AND THE 
NUMBER OF SECTORS TRANSFERRED EQUALS THE NUMBER SECTORS 
REQUESTEO IN THIS INTERRUPT CALL THEN THE OPERATlON HAS 
COMPLETED SUCCESSFULLY. IF AN EOT ERROR IS RETURNED AND THE 
REQUESTED NUMBER OF SECTORS 15 NOT THE NUMBER OF SECTORS 
TRANSFERRED THEN THE ERROR IS LEGITIMATE. WHEN THE EOT 
ERROR IS INYALID THE STATUS BYTES RETURNED ARE UPDATED TO 
REFLECT THE STATUS OF THE OPERATION IF OI1A HAD BEEN PRESENT 

LODS 

e"" JE 
SAL 
SAL 
SAL 
HOY 
Je 

NEC_STATUS 
AL, BOH 
.121_1 
AL,1 
AL,I 
AL,l 
AH, BAD_CRC 
JIg 

SAL AL, 1 
MOV AH, BAO_DMA 
.lC .US 
SAL AL, 1 

GET ST 1 
15TH I 5 THE ONL V ERROR? 
NORMAL TERMINATION, NO ERROR 
NOT EOT ERROR, BVPASS ERROR BITS 

TEST FOR CRC ERROR 

RIoCFAIL 
TEST FOR DMA OVERRUN 

SAL AL, 1 ; TEST FOR RECORO NOT FOUND 
MOV AH, RECORD_NOT_FND 
.lC .119 
SAL AL. 1 
SAL AL,I ; TEST MISSING ADDRESS MARK 
1'101,1 AH, BAD_ADDR_MARK 
JC JIB 
NEC MUST HAVE FAILED 

RW-NEC-FAIL 

; RW-FAIL 
OR DISKETTE_STATUS, AH 
CALL NUM TRANS HOW MANV WERE REALLY TRANSFERRED 

- RW_ERR 
RET RETURN TO CALLER 
OPERATION WAS SUCCESSFUL 

1'101,1 Bl, [BP+14] GET NUMBER OF SECTORS PASSED 
FROM STACK 

CALL NUM_ TRAMS HOW NANY GOT 1101lED. AL CONTAI NS 
NUM OF SECTORS 

CI1P BL,AL NUMBER REQUESTED =NUMBER ACTUALLY 
TRANSFERRED'? 

.IE J21_2 • TRANSFER SUCCESSFUL 
OPERATION ATTEMPTED TO ACCESS DATA PAST REAL EOT. THIS IS 
A REAL 
OR 
HOY 
STe 
RET 
XOR 
XOR 
HOY 
INC 
HOY 
J"P 
CALL 
XOR 
RET 
ENDP 

ERROR 
DISKETTE_STATUS. RECORD_NOT_FND 
NEC_STATUS+l, BOH ; ST 1 GETS CORRECT VALUE 

AX, AX CLEAR AX FOR NEC_STATUS UPDATE 
SI.SI ; INDEX TO NEC_STATUS ARRAV 
NEC_STATUS[SI],AL ; ZERO OUT BYTE, STO 
SI ; POINT INDEX AT SECOND BVTE 
NEC_STATUSrSIJ,AL ; ZERO OUT RUVE, ST1 
SHORT J21 3: OPN OK 
NUM TRANS- -
AH, AH • NO ERRORS 

DISK_INT 

INPUT 

OUTPUT 

THI S ROUT I NE HANDLES THE DISKETTE INTERRUPT. AN INTERRUPT 
WILL OCCUR ONLY WHEN THE ONE-SHOT TIMER IS FIRED THIS 
OCCURS IN AN ERROR SITUATION. THIS ROUTINE SETS ERRORS IN 
THE DISKETTE STATUS BYTE AND DISABLES THE ONE-SHOT TINER, 
THEN THE RETURN ADDRESS ON THE STACK IS CHANGED TO RETURN 
TO THE OP _END LABEL. 

NONE. 

NONE. OS POINTS AT 9IOS DATA AREA. CARRY FLAG IS SET SO 
THAT ERROR WILL BE CAUGHT IN THE ENVIROtU,EMT RETURNED TO. 

ROM BIOS A-79 



IE 
50 
52 
65 
£8 1389 R 

98 EC 
OE 
58 
38 46 014 
15 48 
BS 46 06 
3D ££20 ~ 

EFSO 1C 40 

EF8E 

EFCB 

EFtS 

30 ££66 R 
70 39 

C7 46 08 ££65 
81 "'IE OC 0001 

BA COFt'! 
EC 
24 Fe 
3C DO 
75 14 
EO £Alto R 
BE 0042 R 

814 44 OJ 
14802 
74 07 
eo OE 0041 R 
£B 13 

90 OE 00'41 R 
t6 06 003E R 

8A OOF2 
50 

ED £845 R 
55 
E. 
8020 
£6 20 

•• SA 
5B 
1F 
CI' 

CF 

03 

2. 
02 
08 
2A 
FF 
50 
1'6 
19 
04 

03 

80 
00 

A-SO ROM 

OEF!S7H 
PROC FAR 
OS 
AX 

PUSH OX 
PUSH SF' 
CALL ODS 
CHECK IF INTERRUPT 
SPUR I CUS I NT£RRUPT 

BP~SP 

CO 

BIOS DATA 
IT IS A 

01< 

; .. _---------------------------------_ ... _------------ ... --------------
MOV 
IN 
ANO 
CliP 
~NE 

CALL. 
Mev 

MOV 
TEST 

OUT ERROR 
DISKETTE_STATUS, 
SEEK_STATUS~ 0 , 

THE NEe AND D I SAGLe: 
MOV DX, NEe_CTl 
POP SP 

CALL 
PUSH 
OUT 
HOV 
OUT 
POP 
POP 
POP 
POP 

GET_DRIVE 
B. 
OX, AL 
AL, EOI 
IHTAOO, AI.. 
BP 
OX 
AX 
Os 

DONE 

sv 

WD 

GI v. EOI TO 8259 

; RETIJRN FROH I NTERRIJPT 
ENG? 

ORG OEF'C7H 
LABEL BYTE 
110011119 

08 

09 HOTOR_WAI T 
DB 2 
DB B 
DB O:2AH 
DB OFFH 
DB 050H 
D8 OF6H 
OS 25 
os 4 

THE 
PARAMETERS. 
IT 

- 1ST SPECIF'Y 

DHA - 2ND 

HOTOR OFF' 

ON TRACK) 



FB 
IE 
52 
~6 
51 
n 
e:e 1369 R 

6S OE OOIO R 
Fe C5 20 
74 01} 
69: IE R 
81 Fa 
7'503 
ED lBCl R 

aa F2 
SA 9C 0078 R 
01 E6 
ae 94 oooa R 

EFFJ) 09 02 

74 OC 
OA E4 
740E 
FE ce 
74 40 
FE CC 
74 29 

a9 
59 
5E 
SA 
11' 
CF 

50 
EE 

FOle' 42 

26 
EC 
9A 

C' 

EO 
Aa 80 
75 OE 
E2 .7 
FE C8 
71.5 F'l 
eo CC Ot 
BO £4 F9 
EO 14 

BO 00 

•• EE 
90 OC 
EE: 

•• 

--- tNT 17 ----------------------------------------------------
PRl'4TER_IO 

THIS ROUTiNE PROVIDES COMMt)NICATiON WITH THE PRINTER 
(AH)=O PRINT THE CHARACTER IN (ALl 

ON RETURN, AM=1 IF CHARACTER COVLO NOT 
(TUtE oun. OTHER BfTS SET AS ON NORMAL 

tAH)=1 INITIALIZE THE PRINTER PORT 
RETURNS WITH (AH) SET WITH PRINTER STATUS 

'AHI=2 REAO THE PRINTER STATUS INTO ,.HI 
7 6 5 4 3 2·1 0 

... 1 = OUT 
_ 1 = ACKNOWLEDGE 

NOT BUSY 

TI"E OUT 

(OX) PRINTER TO BE USED CO, 1,2) CORRESpON:IHNG TO ACTUAL 
VALUES IN PRINTER BASE AREA 

DATA AREA PRINTER_BASE CONTAIH:S-THE BASE ADDRESS OF Ti1E PRJN:TER 
CARO(!D AVAILABLE CLOCATED AT BEGINNiNG OF OATA SEGMENT, 40BH 
ABSOLUTE1 3 WORDS), UNLESS THERE IS ONLY A SERIAL PIUNTER 
ATTACHED, IN WHICH CASE THE WORD AT 40:111 WILJ.. CONTAIN A 02FBH. 
REGISTERS AH IS MODIFIED 

ALL OTHERS UNCHANGED 

ASSUME CS;CODErDS:DATA 
ORG OEF02H 

PRINTER_iO PROC FAR 
STI I NTERRUPTS SACK ON 
PVSH OS SAVE SEGMENT 
PUSH DX 
PUSH 51 
PUSH ex 
PIJSH ex 
CALL DOS 

;REDtRECT TO SERIAL ONLY If:; 
1> SERIAL PRINTER IS ATTACHEO,AfrID." 
2> WORO AT PRINTER SASE = 02FSH. 
POWER ONS WI LL ONLY PUT A 02FBH I N THE PR 1 NTER BASE J F THERE'S 
NO PARALLEL PRINTER ATTACHED, 

HOV ex. EGU 1 P _FLAG 
TEST CH,001000008 
,JZ BO 
"OY aX,PRINTER_BASE 
CMP SX,02FSH 
,JNE SO 

SOO: ,JMP a I_A 

lS PASSEl} TO THIS IF 
NO SERIAL PRINTER ATTACHED. 

Sl~DX ; GET PRINTER 
BL z PRiNT_TlH_OUH511 ,; 
SI l l ; WORD 
DX~PRINTER_SASE(SIl ; GET 

CARD 
PRINTER 

OR DX,DX TEST DX FOR ZERO I INDICAnNG NO 
PRiNTER 

,JZ 
OR 
,JZ 
DEC 
.JZ 
DEC 
,JZ 

POP 
POP 
pOP 
POP 
POP 
IRET 

SI 
AH,AH 
B2 
AH 
SB 
AH 

•• 
e. 
CX 
SI 
DX 
D9 

IF NO RETURN 
TEST FOR 
PRiNT_AL-
TEST FOR (AH)=1 
1 NIT_PRT 
TEST FOR tAHi=2 
PRINTER STATUS 
RETURN 

RECOVER 
RECOVER 

; --_ ..... - PR1NT THE CHARACTER :f N (ALI 
82: PUSH AX SAVE VALUE TO PRINT 

OUT DX,AL i OUTPUT CHAR TO PORT 
lNC DX ; POINT TO STATUS PORT 

: ------WAlT BUSY 

83, sue Cl<.CX r litHER LOOP (64K) 
83_1: IN AL.OW GET STATUS 

MOV AH.AL STATUS TO AH 
TEST AL,80H IS THE 
.JNZ •• OUT_STROBE 
LOOP 83_1 LOOP IF NOT 
DEC BL OROP OUTER LOOP COUNT 
,JNZ 83 HAKE ANOTHER PASS I F NOT 
OR AH,1 SET ERROR FLAG 
AND AH,OF9H TURN OF'F THE UNUSED B1 T5 

ZERO 

,JMP SHORT 87 RETURN WI Ttf ERROR: FLAG SET 
a4: OUT_STROBe: 

MOV AL,ODH SET THE STROBE HHiH 
tNC D. 
OUT DX, AL 
MOV AL,oeH SET THE STROIIE LOW 
OUT !)X,AL 
POP A' RECOYER THE OUTPUT CHAfiIi 

ROM BIOS A-81 



FOlli 110 
F038 88 94 0008 R 
F03A 42 
FOlB EC 
FOle SA EO 
FOlf:! SO £4 F8 
F041 
F041 eA 
F042 SA C2 
F044 SO F4 48 
F047 EB C4 

F049 50 
.O<IA .2 
F048 .2 
FOote 80 Of! 
F04£ •• Fo., se 03£0 
FOlS2 
FOe2 48 
F0l53 75 FD 
FOilS BO Ot 

F057 EE 
FOSD E8 DC 
F05A 
F085 
Foe.15 £9 OOOB R 

F068 E8 II 
FKB BE R 
FHE B8 
F010 BS 
F'072 eo £4 EO 

F()75 74 0{) 
F017 32 CO 
F079 ES AC 
F078 88 2000 
F07E BE 0036 R 
FOB! Ea 098e R 
FOB4 eF 
FOBS 

F085 
F085 eo so 
FO&7 EE 
FOSS EB 00 
FOBA 83 £A 03 
.000 eo OC 
FOBF EE 
FOgO EB 00 
F092 42 
FOl3 80 00 
FOSS EE 
FCS6 EI:J 00 
F098 42 
FOBS •• FOSA BO OF 

Fose EE 
1"090 E8 00 
1"09. a3 EAi 03 
FOA2 EC 

F",,3 Cl 
F01\4 

F"". 
FCA4 

FOA4 38 213 2C 06 IF 06 
19 

FOAB Ie 02 07 OS 01 
FOBO CO 00 00 00 

A-82 ROM BIOS 

------ PRINTER 
PUSH 
HOV 
INC 

STATUS 
•• ; SAVE AL. REG 
OK. PHI HTERU3ASE[S! 1 
OX 
AL. OX GET PRINTER STATUS 

B7: 
AND 

AH.AL 
AH,orSH 

POP ox 
MOV AL~OL 
}COR AH p 48H 
.JMP B1 

;------ IHIHAUZE THE PRINTER 
BB, PUSH AX 

INC Ox 
INC OX 
M-OV AL. B 
OUT OX, AL 
MOV AK,1000 

AX 

SET INIT LtNE LOW 

TD TAKE DEC 
JNZ 
IIOV 

8a 
AL,OCH NON AUTO LF. INJT 

OUT 
J"P 

PRINTER_IO 
ORG 
JMP 

JZ 
XoR 
OUT 
HOV 
HOV 
CALL 
IRET 

OX. AL 
.6 
£NOP 
OF065H 
HEAR PTR 

51 ~ OFFSET 
[SIl,AL 
A)(~SP 

AH~ 11100000B 

1<$1_1 
ALIAL 
OAOH, AL 
9X,2000H 
S1,OFFSET 
E_HSG 

EMOP 

HIGH 

PRT _STATUS __ ! 

SUBROuTt HE TO SET 
DEFINE IT'S DATA 
000 PARITV. 

TO BE PASSEl;}: 
LI ME CONTROL REG I STER 

UPON 
= HIANSMIT/RECElVE BUFFER ADDRESS 

ALSO, ALTERS REGISTER Al. ALL OTHERS R£MAIM INTACT. 

S8250 PROC 
NOV 
OUT 
.IlIP 
SUS 
!lOV 
OUT 
JNP 
'NC 
IIOV 
ouT 
JMP 
'NC 
tNC 
HOV 

OUT 
JM. 
sua 
IN 

NEAR 
Al~ SOH SET DLAS 
OX,.L 
0+2 
O)(¥J 
AL,12 
OX~AL 
0+2 
OX 
AL,O 
OX, AL 

••• 
OX 
OX 
AL. 000011118 

OX, AL 

• •• 
DX,3 
AL.DX 

FOR USE IN SETTlNQ OF CRT MODE 
OFOMH 
LABEL BVTE 

iNIT TABLE 

ANO 
ANO 

000 

LeR 
HIGHt 

OS - 38H, 28H 6 2CH~ 06H, 1FH/ 6, 11H ; SETUP FOR 40)(25 

08 1Cti.2,1z S.1 
O'S G.O.O,O 



= 0010 

FOB4 71 50 5A OC IF 06 
IB 

tOBIBi IC O' 07 Ot; 07 
FOCO 00 00 00 00 

tOC4 3. 2. 28 06 7F 06 ... 
FOCIBi 70 02 01 26 07 
FODO 00 00 00 00 

FOD4 71 ISO 1S6 OC 3F 0. 
/~ .. 3. 

FODIBi 3S 02 03 26 07 

l "0£0 00 00 00 00 

"---' 

FOE4 
FOE4 ao FC 04 
FOE7 72 03 
FO£' E9 FS31 R 
FOEC 
FOEC •• FOF7 R 
FO£F 8. F3 
FOI'l OG 
FOF2 IF 
FOF3 AD 
FOF4 E9 OF70 R 
FOF7 
FOF'7 
FOF7 B. CF 
FOF'9 3. ED 
FOFIBi B8 FI 
FOFD ., EG 
FOFF Be •• 0050 R 

FI03 33 08 
FI05 E3 06 

C 
F 107 
FI07 03 lE 004C R 
,FlOB E2 FA 
F 100 
FI0D EB E5C2 R 
FUO 03 DB 
FH2 C3 
FH3 

F 113 
F" 113 80 FC 04 
F116 7. 03 
FHa E. F3F1 R 
FllB 
F HS •• E3 
F" HO 50 
r: HE 51 
F 11F E. FOF7 R 
F" 122 88 F8 
F 124 59 
F125 5B 
F126 
F"126 A8 

(' 
F"127 •• FD 
F129 E. OF70 R 
F12C 

\. -------, 

M0040 EOU 3-VIDEO_PARMS 

.B 71H, 50H, t5AH, OCH, IFH, 6, 19H ; SETUP FOR 1:10X2S 

.B 1CH, 2, 7.6,7 

.B 0,0,0,0 

DB 3BH, 2SH, 21BiH, 06H, 7FH, 6, 64H ; SET UP FOR GRAPH I CS 

.B 70H, 2, 1, 29H, 7 

.B 0,0,0,0 

.B 71H, 50H, 56H, OCH, 3FH, 6, 32H SET UP FOR GRAPHI CS 

.B· 3BH, 2, 3, 26H, 7 .USING 32K OF MEMORY 
OB 0.0,0,0 (MODES '9 81 AJ 

READ_AC_CURRENT 
THIS ROUTINE R.EADS THE ATTRIBUTE AND CHARACTER AT THE 
CURRENT CURSOR POS IT! ON AND RETURNS THEM TO THE CALLER 

INPUT 

OUTPUT 

CAH) 
CBH) 
CDS) 
(ES) 

CAU 
(AH) 

ASSUME 
READ _AC_CURRENT 

CMe 
JC 

J"" 
C60: 

CALL 
MOY 
PUSH 

CURRENT CRT MODE 
DISPLAY PAGE ~ ALPHA MODES ONLY) 
DATA SEGMENT 
REGEN SEGMENT 

CHAR READ 
ATTRIBUTE READ 

CS: CODE, DS: DATA, ES: DATA 
PROC NEAR 
AH,4 IS THIS GRAPHICS? 
C60 
GRAPHI CS_REAO 

READ_AC_CONT I NUE 
FIND_POSITION 
SI.IBiX ESTABlJ SH ADDRESSl NG 
ES 

IN SI 

POP OS GET SEGMENT FOR QUICK ACCESS 
LODSW GET THE CHAR/ATTR 
JMP VIDEO_RETURN 

READyC_CURRENT ENDP 
F'INDJOSITJON PROC NEAR. 

HOY CL,8H o I SPLAY PAGE TO CX 
KOR CH, CH 
MOY SI, CX MOVE TO S I FOR 1 NDEK 
SAL Sl,l ; It 2 FOR WORD OFFSET 
NOV AK, [SI+ OFFSET CURSOR_POSN] ; GET ROW/COLUMN OF 

THAT PAGE 
XOR BK,BX SET START ADDRESS TO ZERO 
JCXZ c •• NO_PAGE 

C61: PAGE_LOOP 
AD. SK, CRT_LEN LENGTH OF IBiUFFER 
LOOP CG' 

C92: NO_PAGE 
CALL POSI TI ON DETERMINE LOCATIOM IN REGEN 
ADD eK,AK ADD TO START OF REGEN 
RET 

FIND_POSITION ENDP 

WRITE_AC_CURRENT 
THIS ROUTINE WRITES THE ATTRJ8UTE AND CHARACTER AT 
THE CURRENT CURSOR POS I T I ON 

INPUT 
CAH> 
UtH) 
(CK) 
(AU 
(BU 
COS) 
(ES) 

OUTPUT 
NONE 

CURRENT CRT NODE 
DISPLAY PAGE 
COUNT OF CHARACTERS TO WR lYE 
CHAR TO WR ITE 
ATTRI SUTE OF CHAR TO· WRt TE 
DATA SEGMENT 
REGEN SEGKENT 

--------------------------------------------
WR I TE_AC_CURRENT PROC NEAR 

eMP AH,4 .s THIS GRAPHICS? 
JC C.3 
JMP GRAPH I CS_WR I TE 

C63: WR I TE_AC_CONTI HUE 
MOV AH,BL GET ATTRIBUTE TO AH 
PUSH A. SAVE ON STACK 
PUSH cx SAVE WRI TE COUNT 
CALL FIND _POSITION 
MOV 01, BX ADDRESS TO 0 I REGISTER 
POP ex WRITE COUNT 
POP .x CHARACTER IN AX REG 

C64· WRITE_LOOP 
STMW PUT THE CHAR/ATTA: 
LOOP CG. AS MANY TI MES AS REQUESTED 
JMP VIDEO _RETURN 

WRI TE_AC_CURRENT ENOP 

ROM BIOS A-83 



F146 
F146 
F146 
F140 
F1S0 
FlIS3 

BO 
72 
£9 
50 
51 
£8 
Be 
59 
S8 

BA C3 
AA 
47 
£2 

o. 

£9 R 

eo 0049 R 004 
74 
E8 R 
26, 8A 04 
22 C4 

02 EO 
SA CE 
D2 
£9 R 

A-84 ROM BIOS 

ROUTINE WRtl'ES THE CHARACTER AT 
THE CURRENT CURSOR POSIHON j ATTIUSUT£: UNCHANGED 

INPUT 
(AH) 
iSH) 
(C)O 
CA!,.) 
tDS) 
(£5) 

OUTPUT 
NONE 

CIJRRENT CRT HOOE 
OiSPlAY PAGE 
COUNT OF CHARACTERS TO WI'U TE 
CHAR TO WHInt 
OATA SEGMENT 
REGEN SEGMENT 

PRoe NEAR 
AH,4 IS THIS GRAPHICS? 

"Me 
PUSH 
PUSH 
CALL 
"OY 
POP 
POP 

C85 
(iRA-PAleS_WRI TE 
AX 
ex 
FI ND _POSI Tl ON 
lil,8X 
ex 
9X 

AL,BL 

01 
CS8 
VIDEO_RETURN 
ENDP 

t REAl) oor -- WRITE DOT 
THESE ROUTINES WILL WRtTE A DOT t OR: READ THE 

DOT AT THE INDiCATED LOCATION 
ENTRY --

DX ROW to-ISS} 
ex ;; COLUMN ( 0-639) 
AL 

08 
ES 

EXIT 
AL :: DOT YALUE READ, R!GHT ,JUSTIFIED. READ ONLy 

READ_DOl 
oUiSUM£: 

CMF' "' 
JE 
CALL 
NO" 
AND 

SilL 
MOV 
"OL 
JMP 

IN 640)(200 4 

cs: CODE, 05: DATA. ES: DATA 
PRoe NEAR 
CRT_MODE,OAH 
READ_ODD 
C72 
AL,ES: CSI] 
AL.AH 

THAN OTHER "ODES, 
OI>D SYTE - 80TH. AT THE SAME 91 T 

; BYTES. 
READ_ODD, 

CALL 
PUSH 
'US!! 
PUSH 
""y 
AN. 
SilL 
HOY 
INC 
ROL 
NOY 
POP 
POP 
POP 
N(l" 
AND 
SHL 
NOV 
""'
OR 
JKP 

cn 
•• ex 
A. 
Al, ES: tSI+ll 
Al.AH 
AlrCL 
CL,DH 
CL 
Al~CL 
ex, AX 

"X 
C. 

•• AL,ES: (511 
AL.AH 
AL,CL 
CL,DH 
AL,CL 
AL,8L 
YIDEO_RETURN 

post ft ON OF DOT 



51 
52 
50 
50 
ES FlDS II 

FiBE 02 Ell 

C4 
a. cc 

C3 80 
36 
D4 

FIBS 02 £8 

53 
50 

9028 
52 
80 £2 
eo 3£ 
72 03 
SO E2 FC 
F6 £2 

6. 
F6 C2 O! 
74 03 
015 2000 

80 
12 
,6 
74 
05 
BS 
88 
Ba DI 

R 09 

READ_DOT ENDP 
WRITE_DOT PROt NEAR 

PUSH C" 
PUSH OX 
PUSH 4X 
PUSH 4X 
CALL C7' 

SH" AL, Cl 

AND AL, AM 
MOV CL, ES: [SIT 
POP BX 
TEST BL, SOH 
JNZ C70 
NOT AH .... el,AM 
OR AL~ CL 

C87: 

"'lV ES: (91l, AL 
POP AX 
POP ox 
POP CX 
CMP CRT _"OOE1 OAH 
""E cao 
PUSH A' 
PUSH AX 

AI..,l 
cn 

SHR AL .. CL 

AND ALzAH 
MOV CL.ES: [51+1] 
POP BX 
TEST eL~ eOH 
JNZ C11 
NOT "" 
ANO CL. AM 
OR Al.. CL 

eGa, 
MOV ES: [SHll,AI.. 
POP AX 
J"P VI DEG_RETURN 

XOR AL.Cl 
J"P CG7 

(:11: 
"OR AL~Cl 

J". C68 
"'RI TE_OOT ENDP 

THIS SUSROUTlNE DETERMINES 
INDICATED ROW COLUMN VALUE 
ENTRV --

OX ;: ROW VALUE (0-199) 
eM :::: COLUJoliN VALUE 10-639> 

ExtT --
51 :' OFFSET I NTO REGEN
AM ;;: KASK TO' 9Tft!P OFF 
CL ::: BITS TO SHIFT TO 
oW :; I: BITS iN RESULT 

AND 
eMP 
JC 
AN. 

C73: MUL 

POP D' 
TEST DL,l 
JZ C74 
AD. AX,200OH 

C74; 
CMP ··CRT_MODE. (iSH 
JC C75 
TEST DL.2 
J2 C15 
.DD "''''X,4000H 

en!:: MOV 91,A)( 
POP AX 
HOV DX,CX 

OF" THOSE 81 TS 

VALUE OF' THOSE S] 15 

; 

OF THE 

ROilS 

BIOS A-85 



BS 02(0 
99 0302 
SO 3E 0049 R· 04 

7' 
80 00451 R 05 
7 • .... 
e,. OHll 
SO 0049 It OA 
7. 
80 
75 
II! 
B. 

F238 22 E:A 

F28A 

'28G 

F28E 

D3 EA 
03 F2 
eo 3E 004, R OA 
75 0:2 
03 F2 
SA ,7 

2A ce 
DO CS 

02 CD 
FE CF 
75 Fa 

9A E3 
D2 EC 

SA 08 
aa Cl 

.EB F72C R! 
ae Fe 

29 01 
UC2 0101 
DO E6 

DO EG 

90 3£ 0049 R os. 
74 ID 

DO £2 
D1 E7 
ttt) 3E 004, R O. 
74 12 
80 3E 0048 R os 
7408 
80 0049 R O. 
7. 
DO E2 

Dl £7 

C7S, 

C72 

A-86 ROM BIOS 

DETERM I NE GRAPH I CS HODE CURRENTL V I N EFFECT 
THE REGISTERS p!CCOROING TO THE "ODE 

FOR LOW OF COLt)MN ADDRESS ( 7/3/1 FOR H1GH/MED/LOW RES) 
ADDRESS BITS IN COLUMN VALUE ( '31211 FOR H/H/U 

BITS ~'OM POINTEO IIVTE (SOH/COH/FOH 'OR H/N/Ll 
VALID BITS IN POINTED B'lTE ( .lI2/4 FOR ·H/H/Ll 
eX,2COH 
ex, 302H SET PAMS FOR HED RES 
CRT_HODE,04 
C77 HANDLE 1 F HED RES 
CRT_HODE,5 
C77 HAHDLE J F' HEO RES 
aX,04F'OH 
CM,10tH ; SET PARMI FOR LOW RES 
CRT_MODE.OAH 
C76 HANDLIE MOOE.A AS HIGH RES 
CRT_MODE,6 
C77 HANDLE I f LOW RES 
ax, lBOH 
eX.703H 

DETERMINE· Bt T OFFSET IN 
AND CH, DL, TO CM 
DETERM'NE 9lfTE OFFSET FOR 
SHR OX, CL 
ADD 81, DX 
(;MP CRT _HODE. OAH 
.iNE e7* 
ADD SL DX 
1I0V PH, BM TO 0" 
MULTIPlV BH (VALlD BrTS 
SU8 CL*CL 
ROR AL,l 

MOV S,," 

CL.CH 

" .. C79 

AH.SL 
AH.CL 

.>< 

SIZE OF WINDOW~ 
f)X.CX 
DX,101H 
DH.1 

SAL CH,l 
DETENMIHE CNT MODE 

CRT_MODE. i 
ceo 

SAL 

RES UP 
DL,l 
01,1 
CRT_KeDE,4 
eDO 
CRT_MODE,5 
ceo 
Cflt:T_MOD-£:.OAH 
COO 

RES UP 
DL, I 

01.1 

TO 

UP 

INTO AX REG 

*V 4 SINCE· 8 VERT 

TEST FOR MEO I VM RE 

TEST FOR liED lU" RES 

SINCE 4 



F2"8 

IF 
2A ED 
DO E3 
DO [3 
74 67 
SA C3 
•• 15() 
FS £4 
88 F1 
03 FO 
SA ES 
2A £3 

FilAR E8 F3t7 R 
f2AB U: 
F2AC E8 
FilAF 80 R 09 

IF 
12 15 
91 cs 2000 
81 C7 2000 
ED F3C7 R 
et E£ 3F80 
81 EF 3FBO 
FE CC 
81 Eli: 1F80 
81 lEt: lr80 

F2D4 FE CC 
F2D8 75 DO 

8A 
ES 
IE 
E8 138e R 
BO 3£ 0049 It 09 
IF 
72 00 
BI 
ES 
81 
FE 
et 
FE 
15 
E9 

IIA DE 

E8 03 

FO 
SA De 

;------ DETERMINE THE SOURCE 
C80: 

PUSH 

POP 
SUB 
SAL 
SAL 
JZ 
HOY 
NOV 
Nut. 
NOV 
ADD 

cel, 
CALL 
PUSH 

CEl2: 

DEC 
JH% 

; ------ FILL 
ce3, 

CU, 

(815: 

HOY 

DEC 
BUB 
DEC 
JHZ 
J .... 

MOY 

SCROLL DOWN 

ES 

Al,8L 
AH,BO 
AH 
51. DI 
51,AX 
AH,OH 
AH,BL 

THROUGH, "OYING 

'N 

C •• 
Sl~2000H 
DI k 2000H 
C95 
51.4000H-IO 
D I • 4000H-80 
All 

2000H-80 
2000H-80 

YACATIED 

••• CRT_NOIiIE,9 
OS 
CS5 
1>1,2000H 
e.e 
1>1,4000H-80 
BL 
o I • 2000H-80 
BL 
ce_ 
VIDEO_RETURN 

BlTDH 

e63 
[MDP 

l 0". 

MOVE 
SAC!< 

AD JUST COUNT 
HOVE TO NEXT ROW 

THIS ROUTINE SCJtOLLS DOWN THE INFORMATION ON THE CRT 
ENTRY --

TO 

FIELD 

000 

88 C2 1 NTO AX R£G 

F::iOA £8 R 
F30D as 

2901 
81 C2 0.1,01 
DO E& 

F317 00 EG 

eo 3£ 00.49 R 06 
7. 22 

ADJUST VALVES 
Hut TlPLV tROWS BV 4 51 NeE e VEftT 
DOTS/CHAR 

AND EVEN/ODD ROWS 

ROM BIOS A-87 



F3:20 

F3:22 
F324 
F325 
F32A 
F3:2C 
F331 
F333 
F33B 
F33A 
F33B 

F33D 

F33F 

F342 
F342 
F344 

F347 
F34C 
F34E 

F3151 
F363 
F355 
F357 
F3159 
Fll5B 
F36D 
F35F 
F361 
Fl63 
F365 
F367 
F3Ge 

F3G9 
F36B 
F36C 
F36D 
Fl70 
F376 
F376 
F378 
F37C 
F380 
F383 
F3B7 
F3ao 
F30D 
F391 
F395 
F397 

F399 
F399 
F39B 
F399 
F39E 
F39F 
F3A2 
F3A7 
F3AO 
F3AA 
F3AE 
F381 
F3915 
F3B7 
F30B 
F3BD 
F30F 
F3CO 
F3C3 
F3Cl 

F3C15 
F3C7 

F3C7 
F3C7 
F3C9 
F3eA 
F3CB 
F3CD 
F3CE 
F3CF 
F303 
F3D7 
F3DO 
F3D9 
F3DB 
F3DD 
F3DE 
F3DF 
F3EO 

DO E:2 

D 1 E7 
47 
BO 3E 0049 R 04 
74 16 
00 3E 0049 R 05 
74 OF 
80 3E 0049 R OA 
74 00 
4F 
DO E2 

01 E7 

03 C7 03 

2A ED 
08 OOFO 

00 3E 0049 R 
7:2 03 
BB OOAO 

03 FB 
DO E3 
DO E3 
74 6A 
BA C3 
04 50 
F6 E4 
ao F7 
:28 FO 
BA E6 
2A E3 
os 
IF 

EB F3C7 R 
IE 
EO 138B R 
00 3E 0049 R 
IF 
7. 15 
81 C6 2000 
81 C7 2000 
EO FlC7 R 
81 EE 4050 
Bl EF 4050 
FE CC 
01 EE 2050 
~91 EF 2050 

FE CC 
7!!5 DO 

8A C7 

E9 I'3EO R 
IE 
EB 130B R 

09 

09 

00 3E 0049 R 09 
IF 
72 OD 
01 C7 :2000 
EB F3EO R 
01 EF 4050 
FE CB 
81 EF 20150 
FE CO 
75 DC 
FC 
E9 OF70 R 

8A DE 

EO D2 

OA CA 
58 
57 
F3/ A4 
5F 
5. 
91 C6 2000 
81 C7 2000 
56 
57 
BA CA 
F3/ A4 
SF 
5E 
C3 

A-88 ROM BIOS 

C87: 

CBfL 

C90; 

MEO J UM RES OOWN 
SAL Ol,l 

SAL 
INC 
CM" 
JZ 
CM" 
"Z 
CM" 
JZ 
DEC 
SAL 

SAL 

01,1 
01 
CRT_MODE,4 
C07 
CRT_MODE,5 
C87 
CRT_MODE,OAH 
C87 
DI 
DL,l 

01.1 

ADO DI,3 

• COLUMNS" 2, SINCE 2 BYTES/CHAR 
(OFFSET OK) 
OFFSET M2 SINCE 2 BYTES/CHAR 
PO I NT TO LAST BYTE 
TEST FOR MED r UM RES 
F I ND_SOURCE_D OWN 
TEST FOR MED I UM RES 
F I NO SOURCE DOWN 
TEST-FOR MEDIUM RES 
FIND _SOURCE_DOWN 

• COLUMNS .. 2 AGAIN, SINCE 4 
OVTE9/CHAR (OFFSET OK) 
OFFSET 1112 AGAIN, SINCE 4 
OVTES/CHAR 

; PO I NT TO LAST BYTE 
DETERMINE THE SOURCE ADDRESS IN THE OUFFER 

FIND _SOURCE_D OWN 
sua 
"OV 

CM" 
"C 
MOV 

CH, CH 
AX,240 

AX, 160 

ADO OI,AX 
SAL 8L, 1 
SAL BL, 1 
.JZ C94 
HOV AL,9L 
MOV AH, BO 
HUL AH 
MOV Sl,Df 
SUB 5I,AX 
MOV AH, DH 
SUB AH, BL 
PUSH ES 
POP OS 

ZERO TO HIGH OF COUNT REG 
OFFSET TO LAST ROW OF PI XElS ) F 
16K REGEN 
US I NG 32K REGEN? 
NO • .JUMP 
OFFSET TO LAST ROW OF PIXELS lF 
32K REGEN 
POINT TO LAST ROW OF PIXELS 
MULTIPLY NUf'lBER OF LINES BY 4 

IF ZERO, THEN BLANK ENTIRE FIELD 
GET NUMBER OF LUtES I H AL 
80 BYTES/ROW 
DETER" I NE OFFSET TO SOURCE 
SET UP SOURCE 

SUBTRACT THE OFFSET 
NUMBER OF ROWS IN FIELD 
DETERI'II NE NUMBER TO MOVE 
BOTH SEGMENTS TO REGEN 

LOOP THROUGH, 
FIELDS 

MOV) NG ONE ROW AT A TI ME. BOTH EVEN AND ODD 

ROW_LOOP _DOWN 
CALL 
PUSH 
CALL 

C"" 
POP 

"C 
ADO 
ADD 
CALL 
SUB 
SUB 
DEC 
sue 
SUB 
DEC 
JHZ 

C95 
DS 
DDS 
CRT_MODE,9 
OS 
C90 
SI,2000H 
D I, 2000H 
C95 
S I. 4000H+BO 
01 .4000H+80 
AH 
S I, 2000H+80 
D I • 2000H+80 
AH 
ca. 

MOVE ONE ROW 
SAVE DATA SEG 
POINT TO 810S DATA AREA 
MODE USES 32K REGEN? 
RESTORE DATA SEG 
NO, JUMP 
AD.JUST POINTERS 

MOVE 2 HORE ROWS 
BACK UP POI NTERS 

ADJUST COUNT 
MOVE TO NEXT ROW 

NUM8ER OF ROWS TO MOVE 
; CONTI NUE TI LL ALL MOVED 

;------ FILL J N THE VACATED LINE! S) 
C91: 

MOV 
C92: 

CALL 
PUSH 
CALL 

C"" POP 

"C 
ADD 
CALL 
sue 
DEC 

CS3: SUB 
DEC 
"NZ 
CLD 

"M" C94, 
MOV 

""" GRAPHICS DOWN 

C95 

ROUTINE 
PROC 
"OV 
PUSH 
PUSH 
"EP 
POP 
POP 
AOD 
ADO 
PUSH 
PUSH 
MOV 

"EP 
POP 
PO" 
RET 
ENDP 

AL, BH 

C9S 
DS 
DDS 
OH_MODE,9 
OS 
C93 
DI,2000H 
C •• 
o t • 4000H+BO 
BL 
Dr.2000H+OO ..... 
C92 

BL, DH 

C.l 
ENDP 
TO MOVE ONE 
NEAR 
CL, DL 
51 
01 
Movse 
01 
51 
SI.2000H 
DI,2000H 
61 
01 
CL, DL 
MDYSO 
D I 
51 

CLEAR_ENTRY_DDWN 
ATTRIBUTE TO FILL WITH 
CLEAR_LOOP _DOWN 
CLEAR A ROW 
SAVE DATA BEG 
POINT TO BIOS DATA AREA 
MODE USES 32K REGEN'?' 
RESTORE DATA SEG 
NO, .JUMP 

CLEAR 2 MORE ROWS 
BACK UP POINTERS 
ADJUST COUNT 
POINT TO NEXT LINE 
NUM8ER OF LINES TO F J LL 
CLEAR_LOOP _DOWN 
RESET THE 0' RECT I ON FLAG 
EYERVTHI NG DONE 
BLANK_FIELD_DOWN 
SET BLANK COUNT TO EVERVTHI NG IN 
FIELD 
CLEAR THE FIELD 

ROW OF' I NFORMATI ON 

NUMBER OF BYTES I N THE ROW 

SAVE POINTERS 
MOVE THE EYEN FIELD 

POINT TO THE ODD FIELD 

SAVE THE POINTERS 
COUNT BACK 
MOVE THE ODD F I ELO 

POi HTEAS BACK 
RETURN TO CALLER 



( 
\ 

/ 

~ 

F3F'9 
F3F'A 
F3FD 
F3F'F 
F401 
F404 

F40a 
F40D 

F40F 
F410 

F444 
F445 
F44A 
F44D 
F"44F 
f451 
F452 
F4~3 
F454 

CA 

AA 

C1 2000 

SA CA 
F31 AA 
5F 
C3 

32 £4 
80 

ES 
SS 

59 
8E OUO R 
3C 90 
72 05 
BE 007C fit 
2c 810 

IE 
33 02 
BE DA 

(5 34 
BC I)A 

IF 
52 

01 EO 
01 EO 
01 
03 
60 
14 
80 
7. 
SO 
18 
£9 
80 
15 

IF 
61 
56 
S6 04 
AC 
F6 C3 80 
15 16 
AA 
AC 

5F 
47 
£2 £3 

04 

05 

R 06 

IFFF 

C56 

REP 
PDP 
ADD 
PUSH 

A SINGLE ROW 
NEAR 
CL,OL 
01 
STOSB 
OJ 
ol,2000H 
01 
CL.DL 
STOSB 
01 

IN FIELD 

STOIilE THE NEW VALUE 
PO f NfER 8ACK 
POINT TO ODD FIELD 

FILL THE OOD FtLELD 

RETURN TO CALLER 

ASCI r CHARACTER TO THE CIJRREMT 

NOTHING 15 RETURNED 

ENTRY --
NONE (0 I S ASSUMED AS THE BACKGROUND COLOR) 

ExIT 
AL CHARACTER READ AT THAT POSITION (0 RETURNED IF NONE FOUN(» 

EST Aat I SH VECTOR AODRESS I NG May 
ASSUME 
LOS 
MDY 
AS51JJ4E 
POP 
PUSH 

PTR [51] 

R3: 

DETest"'lN£: GRAPHICS MODE 
SAl.. , 
SAL 1 
SAL 
AOO 
eMP 
JE 
eN" 
JE 
CMP 
"HE "M. 
eM? 
"HE 

; .. _-_ .. - HIGH RESOLUTION MOOE 

RS; 

POP OS 
PUSH DI 
PUSH 51 
HOV DH~ 4 
LOOsa 
TEST 
"HZ 
STOSS 
LODse 
MOY 
ADD 
DEe 
"HZ 
PO. 

Dl 
Dr 
05 

RECOVER DATA SEGMENT 
.i SAVE TAStE SEGMENT ON STACK 
IN OPERATION 

KULTIPLY CODE POINT 
VALUE BY 8 

SI HAS OFFSET OF DES I liED CODES 

TEST FOR MEDIUM RESOLUTJON HODE 

TEST FOR MEtHUK RESOLUTION MODE 

TEST FOR KED J UH RESOLUTION HODE 

RECOVER 
POINT TO 
MORE CHARS 

BIOS A-89 



IF 
0,.. 
Dl 
EB 

57 
56 
8S 
ES 
81 
Ee 
81 
FE 
75 
5£ 
5F 
47 
47 
£2 E4 
ED CD 

,F 
IA 
D1 
01 
ES 

57 
66 
Be 
ED 
II 
EB 
IE 
E8 

R 

eo R OIl 
IF 
75 
81 
E9 
81 
Ea 
Bl 
FE 
81 
FE 
75 
5E 
5F 
113 <:7 04 
£2 <:3 
ES 82 

IF 
eA 03 
01 £1 

33 CO 
F'6 CJ 01 
74 02 
84 FF 
Fa C3 02 
74 02 
eo FF 
ae De 

51 
56 
a6 
Ea 
81 
ES 
al 
Ell 
S1 
ES 
al 
FE 
75 
5E 
5F 
47 
47 
£2 05 
ES OF7{) R 

ROM BIOS 

RIC; 

Rl15: 

VIDEO_RETURN 
AL8£5; CDI) 

RESOLUTl ON WAt TE 

OS 
Ol,SL 
DI, , 
040 

01 
51 
DH,4 
R35 
OJ ,2000H 
.35 
D I. 200QH-eO 
01< 
Rli 
51 
01 
01 
01 
Rl() 
R705 

RESOLUTI ON WR I TE 

.s 
OL,8L 
DI, I 
Dl,l 
•• 2 

01 
51 
DH.4 
RJ" 
Ol.2000H 
Al9 
.5 
CDS 
CRT_MODE,09H 
os 
RI5 
1)1.20000 .. " 
DU.2000H 
R3S 
OI,4000H-BO 
ON 
D I • 2OO0H-8o. 
ON 
R,4 
51 
01 
01s4 
Ria 
R705 

4 COLOR GRAPHiCS 
os 
OL,8L 
tU, 1 

2 COLOR 91 rs IN SL 

OR WITH CURRENT DATA 
CODE POINT 

FOR (01) F 1 ELI) 

00 HlEKT :2 8YTE5 

MORE TO WRiTE 

OF COLOR 

ADJUST REGEN P01NTE~ TO NEXT ROW 

fiGHTER 
POINTER 
CHAR POSITlON 

POINTER 

INTO 9)( (COCOcOcOc:OcOcOcOclclclclclclClcU 

RI7: 

R:20: 

KOR A)(,A)( 
fEST eL.l 
JZ Ri? 
MOV AH,OFFH 
TEST SL.:2: 
J2 AlB 
.totOV AI-,OFFH 
MOV B)(~A)( 

01 
SI 
DHk2 
R2I 
01.200OH 
.21 
OJ.2000H 
021 
0'1 J 2000-H 
.21 
D I t 6000H- 160. 
OH 
.20 
91 
01 
01 
01 .,. 
vI DEO_RETURN 

NORE TD lliRl TE 

POI NT POI NTER 
POINTER 
CHARACTER 



(-' 

~ 
·EO F729 R 

F!534 8a FO 
FSa.; 93 EC 08 

F!539 S8 EC 

06 
86 '04 
80 3E 0049 It 06 
74 17 
eo 3E 00<19 R 04 
74 iH 
eo 3£ 0049 R 05 
74 SA 
00 '3£ 0049·R OtA 
74 53 
[8 19 

lF 
SA 04 
89 46 -00 
45 
SA 84 2000 
·sa 49 00 
45 
83 C6 50 
FE CE 
75 £9 

·F572 EB 6E 

1F .. , 
01 
E8 ft 

81 C6 2000 
EB FaF'e R 

IE 
E9 
SO R· 09 
1F 
1lS .. 

FISSF 61 
F'593 ES 

FeDS 8' 
F.SA Ell 

S1 EE 3r90 
FE CE 
IU EE 1'90 
FE CE 
75- CE 
E8 35 

'''''0 r!!AD iF 
F'5AE DI 
'f'5S0 Es " 

81 
E6 
1E 
n 138S R 
90 '3t! 0049 R 04 
IF 
15 
U 2000 

. EO R 

F5CD 81 
F5Dl E9 

B1 EE 3F80 
FE CE 

r:II EE Iff:lO 
FE CE 
7'5 CE 

"21 PRoe NEAR 
loose 
NGV 
AH. 
TEST 

DATA 

Rn, • STORE IN REGEN BUFFER 
NOV 
RET 

R2! ENDP 
-GRAPHICS_WRITE EN!) I" 

NEAR 

110V Sf, SF' • 
DETERMINE GRAPHICS MODES 
PUSH ES 

INC 
AD • 
• EC 
JHZ 
J"P 

; ------ LOW 
R.25: POP 

SAL 
SAL 

RZ6: CALL 

R21: 

PUSH 
CALL 
eNF 
POP 
JNE 
AD' 
CALL 

J ... 
JMF 

51 j 200011-80 
DH 

• ------ HED tUM c .. ,~''' .. '". READ 
-A28: 

POP 
SAL 

R29: CALL 

R30; 

ADO 
CALL 

51.-:Z00GH 
R50 

51.40aCH-SO 
DH 

S I, 2000H .. ao 
DH 
R29 

CONVERTED TO OFFSET 1 N REGEN 

NUMBER OF PASSES 

Hi GH "RESOLUnOM 

MED!UM RESOLUTJ'ON 

MEDIUM RESOLUTION 

POINT 

AREA? 

INTO 

REGEN 114TO 

ADJUST PO INTER SACt( TO UPPER 

COOE P-OINTS 

AREA? 

uno 

ADJUST POINTER BACK uno UPPER 

KEEP GOlfttG UNnL ALL 8 DONE 
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F5E2 
F5E2 33 CO 
F5E4 BE DB 

F!!EG Colli 3E 0110 R 
F!5EA 83 ED OB 

FISED Ba FIS 
F5EF Fe 
F5FO 32 CO 
FISF2 ,. 
FISF3 ,. 
F!W. BA 0080 
F5F7 5& 
F5FB 57 
F15F9 99 OOOB 
F15FC F31 A6 
FSFE SF 
F15FF 5E 
FGOO 74 lE 

FG02 FE CO 
F604 83 C7 OB 
FG07 -. FGOB 715 ED 

F60A OA CO 
Faoc 7_ 12 
FGDE 2. CO 
FGI0 BE .8 

FGl2 C_ 3. 007C R 
FG16 BC co 
F61S OB C7 
F61A 74 04 
FGlC BO BO 
F61E [8 02 

F620 B3 C4 OB 

F92. E9 OF70 R 
FB2G 

FG26 
F626 Ae 
F627 EB FG7E R 
FG2A 23 C3 

F62C FG C2 80 
F62F 74 07 
F631 2. 32 25 
F634 2. 32 415 01 
F639 26 99 25 
F63B 2& B9 45 01 
F63F C3 
F640 

F640 
F940 EB FGAO R 
F843 EB E5 
F9415 

F645 
F645 AC 
F64G 50 
F647 "' F84B Bl 04 
F64A 02 ES 
F64C 59 
F64D EB F640 R 
F6150 58 
F651 .7 
F6152 .7 
F6153 Ee F640 R 
F615G .F 
FS157 4F 
FG158 C3 
F6159 
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; -------- SAllE AREA HAS CHARACTER I NIT, MATCH IT 
R3,L FINO_CHAR 

R32: 

R33: 

XO. 
MOY 
ASSUME 
LES 
SUB 

MOY 
ClD 
XOR 
PUSH 
POP 

"eY 
PUSH 
PUSH 
MeY 
REPE 
POP 
POP 
J2 

AX,AX 
DS, AX 
DS: ABSO 
or, CSET _PTR 
BP,9 

51, Bf 

AL,AL 
55 
DS 
OX, 128 
51 ., 
CX,9 
CMPSB 
01 
51 

0'. 
INC AL 
AOD DI,9 
DEC DX 
JNZ R33 

ESTABLI SH ADDRESS I NG TO IIECTOR 

GET POINTER TO FIRST HALF 
ADJUST POINTER TO BEGINNING OF 
SAllE AREA 

ENSURE DIRECTION 
CURRENT CODE POINT 9EING MATCHED 
ESTABLISH ADDRESSING TO STACK 
FOR THE STR I NG COMPARE 
NUM8ER TO TEST AGAINST 
SAllE AREA POI NTER 
SAllE CODE POI NTER 
NUMBER OF BVTES TO MATCH 
COMPARE THE a BVTES 
RECOVER THE POI NTERS 

I F ZERO FLAG SET. TKEN MATCH 
OCCURRED 
NO MATCH, MOYE ON TO NEXT 
NEXT CODE P-O I NT 
LOOP CONTROL 

; DO ALL OF THEM 
CHAR NOT MATCHED, MIGHT BE IN SECOND HALF 
OR Al, AL 
JE R34 
sua AX, AX 
MOil OS, AX 
ASSUME os: ABSO 
L.ES D I, EXT _PTR 
MOil AX, ES 
OR AX,D1 
JZ R34 
MOil Al, l2B 
JMP R32 
ASSUME os: DATA 

AL(> 0 IF ONLY lBT HALF SCANNED 
IF = 0, THEN ALL HAS BEEN SCANNED 

ESTABLISH ADDRESSING TO IIECTOR 

GET POINTER 
SEE IF THE POINTER REALLV EXISTS 
IF ALL 0, THEN DOESN'T EX(ST 
NO SENSE LOOK I NG 
ORIGIN FOR SECOND HALF 
GO BACK AND TRY FOR IT 

; ------ CHARACTER .IS FOUND ( AL=O I F NOT FOUND ~ 

R34: ADD SP,8 

Jill' IIIDEO_RETURN 
GRAPH I CS_READ ENDP 

R35 PROC NEAR 
LODSB 
CALL •• 3 

R3G: 'ND AX,9X 

TEST Dl,80H 
JZ .37 
XO. AH, ES [0 IJ 
XOR AL,ES [D1+ll 

R37: "eY ES: [0 1, AH 
MOV ES: [0 +ll, AL 
OET 

.35 ENDP 
; 
.38 PROC NEAR 

CALL ._5 
J"P .36 .3. ENDP 

-----------

READJUST THE STACK, THROW AWAV 
; WORK AREA 
; ALL DONE 

GET CODE PorNT 
DOUBLE UP ALL THE BI TS 
CONVERT THEM TO FOREGROUND COLOR 
( 0 BACK) 
IS THIS XOR FUNCTION"? 
NO, STORE IT IN AS IT IS 
DO FUNCTION WITH HALF 

AND WITH OTHER HALF 
STORE FiRST eYTE 
STORE SECOND BVTE 

; QUAD UP THE LOW NI BBLE 

; EXPAND 1 DOT ROW OF A CHAR INTO 4 BVTES I N THE REGEN eUFFER 

~;;-----;~~~--

Loose 
PUSH 
PUSH 
MOY 
SH. 
POP 
CALL 
POP 
INC 
INC 
CALL 
DEC 
DEC 
RET 

R39 EN£)P 

NEAR 

AX 
ex 
Cl.4 
AL, CL 
CX 

'3. 
AX 
01 
01 
u. 
D I 
D I 

EXPAND_MED_COLOR 

GET CODE PO t NT 
SAYE 

MOV HIGH NIB8LE TO· LOW 

EXPAND TO 2 aYTES I: PUT 1 N REGEN 
RECOVER CODE POINT 
ADJUST REGEN POINTER 

EXPAND LOW HIBBLE I: PUT IN. REGEN 
RESTORE REGEN PO INTER 

THIS ROUTINE EXPANDS THE LOW :2 BITS IN BL TO 
FILL THE ENTIRE BX REGISTER 

ENTRY --
BL :: COLOR TO 9E USED ( LOW 2 B1 TS ) 

EXIT --
BX ::: COLOR TO 9E USED ( B REPLICATIONS OF THE 2 COLOR BITS ) 



F659 

PSi£: 

BO 1£3 03 
IBA C3 
51 
B9 0003 
DO EO 
DO EO 
OA DB 
E2 Fe 
SA Fe 
59 
C3 

F66E t51 
F66F eo £3 Of' 
F67~ BA FS 
F674 iU 04 
F676 02 £1 
F67B OA FB 

F67E 
F67£ 
F67F 

FI'S 

BA DF 
59 
C3 

52 
51 
53 
29 02 
89 0001 
sa D8 
23 D9 
0& D3 
01 EO 
D 1 E1 
8S D8 
23 D9 
0& D3 
01 E1 

73 lIe 

lIB c. 
.9 
59 
5. 
el 

5. 
33 02 
AS OS 
74 03 
80 CE FO 
AS 04 
7' ()3 
60 CE OF 
A8 0:2 
7' 03 
80 tA FO 
A9 01 
7. 03 
80 CA OF 
a8 C2 
.A 
C3 

1(41: 

R40 

PROC 
AND 
HOV 
PUSH 
MOV 
SAL 
SAL 
oR 
LOOP 

MOV 
POP 
RET 
ENDP 

PUSH 
PUSH 
SUB 
MOV 

R44; MOil 

Ro4&: 

•• s 

AND 
OR 
SHL 

MOV 
POP 
POP 
POP 
RET 
EHDP 

MOV 
POP 
RET 
[HOP 

ex, 3: 
AL,1 
AL,1 
BLi Al 
R01 
SH.Sl 
ex 

NUMBER- OF Ti MiS TO DO THI S 

INTO Bl 

4 ens IN BL TO 

TO SE USED ( lOW 4$ BITS ) 

TO Se: USED ( 4 REPLICATiONS -OF THE 4 COLOR BITS) 

NEAR 
CX 
BL,OFH 
BH,I9L 
CL,4 
BH.Cl 
&H,BL 

HEAR 
OX 

OL.OFOH 
AL.1 
R49 
DL.OFH 
AXIOX 
DX 

ISOLATE THE COLOR BITS' 
COP'¥' TO eH 
MOVE TO HI GH Nl BBLE 

HAKE BVTE FROM HI GH AND LOW 
NIBBLES 

ALL DONE 

DOUSLES ALL 
16 SITS. 

SAVE REGISTERS 

RECOV£R REGISTERS 

ALL DONE 

HI BBLE I N At AHD OUADS ALL 
BITS INTO .is BITS. 
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FBel 
~e3 GA 24 
Fee!!! 9A .04-4 01 
Fees IE 
Faes EB .13"88 R 
FSce 80 3E 004g 
F,80 1 IF 
FBD2 75 11 

FSD4 63 
F&D!!! SIB 0.008 
rOOB DO Fe 
F60" .01 DB 
FaDe DO FB 
FBDE D 1 DB 
FSEO E2 Fe 
F8E2 ea C3 
F6£O 68 
FeES 99 (;000 
FGES 32,D2 
reEA 815 Cl 
FSEC 74 01 
F6EE Fa 
FElEF 0.0 02 
reF! 01 E9 
FeF3 D 1 1E9 

FGF5 73 F3 

rSF? 88 158 00 
FiFA 06 
FeFS C3 
FeFe 

FSFe 
F6Fe 6A 24 
F6FE 8A 44 01 
F701 32 02 
F703 £9 F714 R 
F'706 '8A 64 02 
nos &A •• 03 
F70C E8 F714 R 
F70F 88 56 00 
F712 48 
F713 C3 
F714 
F714 
F714 89 FOOO 
F717 85 Cl 
F719 7401 
FllB Fe 
F71C DO -D2 
F7iIE Dl [9 
F720 01 E9 
F722 01 1E9 
F'724 01 £9 
F72G 73 EF 
F726 C3 
F729 

·R OA 

KED_READ_BYTE 
THJS ROUTINE WILL TAKE '2 BVTES FRO" THE REGEN BUFFER, 

COMPARE AGAINST THE CURRENT F.OREGROUND COLOR, AND PLACE 
THE CORRESP-OND J HG ON/OFF Bt T -PATTERN I NTO THE CURRENT 
POSlTtON IN THE SAVE AREA 

ENTRY --
S 1.0 S := POI HTER TO REGEN AREA OF J NTEREST 
ex :: EXPAND.ED FOREGROUND COL.OR 
BP :: POI NTER TO SAYE AREA 

EXIT --
UP IS I NCREMENT AFTER SAYE 

RBO PROt NEAR 
-MOY AH,[SI] GETFJRSTIBVTE 
MOY AL. [SI+ 1J GET SECOND U¥TE 
PUSH DS SAYE OS 
CALL DDS POINT TO alos DATA AREA 
CMP CRT_MODE,OAH IN 640X200 -4 COLOR MODE? 
Pop.oS 'RESTORE REGEN S£G 
JNE R52 ; HO, JUNP 

IN 640K200 4 COLOR MODE, ALL THE cO BIT'S ARE IN ONE BVTE. AND ALL 
THE .(:1 BITS ARE IN THE NEKT B\,TE .. HERE WE ,.cHANGE THE" BACK TO 

"NORNAL ciaO ADJACENT PAIRS. 

R'51: 

R52: 

Rt13: 

R'lS4: 

-RBO 

PUSH ax 
KOY CK,B 
SAR AH,I 
RCR ax,l 
SAR AL.l 
RCR aK.l 
LOOP R5! 
KOY AX,BX 
P.QP ax 
NOY CX. OCOOOH 
XUR 01...01.. 
TEST AX, CX 
JZ R'54 
STC 

"n 
SH" 
SHR 

JMe 

"OV 
"rNC 
RET 
ENDP 

DI...1 
CX,I 
CX,I 

"63 

tBPJ,OL 
BP 

LOW_READ_aVTE 

SAVE REG 
SET LOOP COUNTER 
cO "1811 T INTO CARR V 

AND INTO BX 
c1" BIT INTO CARR V 

AND INTO BX 
REPEAT 
RESULT INTO AX 
RESTORE -ax 
2 UIT 1'IASK TO"TEST THE ENTRIES 
RESULT REGIIHER 
IS THIS SECTION BACKGROUND? 
I f ZERO, IT! S 'BACKGROUND 
WASH 'f. SO SET CARRV 

"MOYE THAT BIT INTO THE" RESULT 

MOYE THE "ASK "TO THE RIGHf BV 2 
BITS 
DO IT AGAiN IF MA9K DIDN'T FALL 
"OUT 
STORE RESULT of N SAVE AREA 
ADJUST" POI NTER 
ALL DONE 

THIS ROUTINE WILL TAKE 4 BVTES FRO" THE REGEN BUFFER. 
COMPARE FOR BACKGROUND· COLOR, AND PLAC-£ 
THE CORRESP.ONOHIG OIll/OFF BIT" P"ATTERN INTO THE CURRENT 
POSITION IN THE SAYE AREA 

ENTRV --
SI,DS :: POiNTER TO REGEN AREA OF INTEREST 
BP :: PO 1 NTER TO SAYE AREA 

EXIT --
BP IS INCREMENT ,AFTER SAYE 

~~~-----;;~---~~;;--------------------------------

RIIS 
•• e 
R57: 

RSB: 

•• s 

MOY ·.!\H,tSI] jGET FIRST 2·BVTES 
MOY AL, tS1+1J 
XOR DL,DL 
CALL R'56 
MOY AH, (SI+2] 
MOY AL, [SI+3J 
CALL R5S 
KOY tBP],DL 
INC BP 
RET 
EHOP 
PROC 
NOY 
TEST 
JZ 
eTC 
RCL 
S1<R 
SKO 
SH. 
SHR 
JNe 
RET 
ENOP 

NEAR 
CX.OFOOOH 
AX,CX 
os. 

OL,1 
eX,1 
CK,1 
CK, ! 
CX,1 
.57 

,BUILD HIGH NIBBLE 
; GET SECOND 2 BYTES 

;BUILO LOW NIBBLE 
"; STORE RESULT IN SAYE AREA 
; ADJUST POiNTER 

4 BIT MASK TO- TEST THE ENTRIES 
IS THl S SECT I ON BACKGROUND? 
I F ZERO. J TIS eACX"ROUI'tD 

• WASN'T, SO SE.T CARRY 
;MOVE THAT ell INTO RESULT 
;MOYE "ASK RIGH 4 BITS 

; DO IT ~GAIN IF MASK DID'T FALL OUT 
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F729 
F729 ., 00150 R 

C 
F72C 
F72C 53 

.: F72D .e DB 
F72F aA 04 
F731 FS 2B 004A R 
F7315 BO 3E 0049 R 09 
F73A 73 02 
F73C DI EO 
F73E 0' EO 
F740 2A FF 
F742 03 C3 
F744 5. 
F7415 C3 
F74B 

F74B 
F74B 03 03 015 o. 03 03 

03 00 02 03 O. 
F7151 

F7151 32 E4 
F753 BA 03DA 

/~ 
F7!56 EC 
• 757 .B O • 

L F7159 7. 03 
F7!5B E. F803 R 

F79E Aa 02 
F760 75 03 
F762 E. F80D R 

F7615 •• 10 

F767 ee 16 0063 R 
F76B 8A C4 
F76D EE 
F76E '2 
F76F EC 
F770 8A E8 
F772 •• F773 FE C4 
F7715 BA C4 
F777 EE 
F776 '2 
F779 EC 
F77A •• E" 

F77C a. IE 0049 R 
F780 2. FF 
F782 2E: •• OF F746 R 
F787 2. 03 
F789 30 OFAO 
F78C 72 O. 
F78E 33 CO 
F790 a. " 004E R 
F784 DI EB 
F7S6 2B C3 
nae 79 02 
F79A 2B CO 

C 
F79C 
F79C ., 03 
F79E 80 3E 0049 R 04 
F7A3 7. •• 
F7A5 B2 28 
F7A7 80 3E 0049 R 09 
F7AC 72 02 
F7AE B2 50 
F7BO F6 F2 

V4_POS I TJ ON 
THIS ROUTINE TAKES THE CURSOR POSITION CONTAINED IN 
THE NEMORY LOCATION, AND CONVERTS IT INTO AN OFFSET 
INTO THE REGEN BUFFER, ASSUMING ONE 8VTEICHAR. 
FOR MEDIUM RESOLUTION GRAPHICS, THE NUMBER MUST 
SE DOUBLED. 

ENTRY -- NO REGISTERS, MEMORV LOCATION CURSOR_POSN IS USED 
Ex!T--

AX CONTAINS OFFSET INTO REGEN BUFFER 

R59 PROC NEAR 
MOY 

GRAPH POSN 
AX, CURSOR_POSN 
LABEL NEAR 

GET CURRENT CURSOR 

- PUSH 
MOY 
MOY 
MUl 

C"" 
JNC 
SHL 

SX SAVE REG I STER 
BX, AX SAVE A COPY OF CURRENT CURSOR 
AL. AH GET ROWS TO AL 
BVTE PTR CRT_COLS ; MULTlPLV BY BVTESICOLUMN 
CRT_MODE,S MooE USING 32K REGEN'? 
RBO VES, JUMP 
AX,l MULTlPLV It 4 SINCE 4 ROWSIBVTE 

R60: SHL AX, I 
9ua 
ADD 
POP 
RET 

BHIBH 
AX,BX 
ax 

I SOL ATE COLUMN VALUE 
DETERMINE OFFSET 
RECOVER POINTER 
ALL DONE 

R5S ENDP 

LIGHT PEN 
THI9 ROUTINE TESTS THE LIGHT PEN SWITCH AND THE LIGHT 
PEN TRIGGER. IF BOTH ARE SET, THE LOCATION OF THE LIGHT 
PEN IS DETERMINED. OTHERWISE. A RETURN WUH NO (NFORMATJON 
IS .ADE. 

ON EXIT: 
(AH) = 0 IF NO LIGHT PEN INFORMATION IS AVAILABLE 

BX. CX, DX ARE DESTROYED 
(AH) 1 IF LIGHT PEN IS AVAILABLE 

(DH.DU :: ROW.COLUMN OF CURRENT LIGHT PEN POSITION 
(CH) ::: RAS1'.ER POSlnON 
(BX' ::: BEST GUESS AT PIXEL HORIZONTAL POSITION 

ASSUKE CS: CODE, DS: DATA 
SUBTRACT_TABLE 

LABEL BYTE 
DB 3,3,5,15,3,3,3,0,2,3,4 

READ_LPEN PROC NEAR 
WAIT FOR L1GHT PEN TO BE DEPRES9ED 

XOR AH, AM 
MOV DX. VGA_CTL 
IN AL,OX 
TEST AL,4 
JZ V7B 
JMP V6 

i----- NOW TEST FOR LIGHT PEN 
V7B: TEST AL,2 

JNZ V7A 
.JMP V7 

TR I GGER HAS BEEN SET. 
MOV AH,16 

I NPUT REGS PO I HTED TO 
MOV DX, AODR_6945 
NOV AL, AH 
OUT DX, AL 
INC DX 
IN AL, OX 
MOY CH, Al 
DEC DX 
INC AH 
MOV AL, AH 
OUT DX, AL 
INC DX 
IN AL, DX 
MOV AM, CH 

AX HAS THE VALUE READ 
MOV BLI CRT_MODE 
SUB BH, BH 
MOV BL,CS:Vl[SX] 
SUB AX, BX 
CMP AX. 4000 
J8 Vll5 
XOR AX. AX 

V15: 140'11 ax, CRT_START 
SHR BX,l 
SUS AX, SX 
JNS Y2 
sua AX, AX 

; SET NO LI GHT PEN RETURN CODE 
; GET ADDRESS OF VGA CONTROL REG 
; GET STATUS REGIS1'ER 
; TEST LIGHT PEN SWITCH 

; NOT SET. RETURN 
TRIGGER 

TEST LIGHT PEN TRIGGER 
RETURN WITHOUT RESETTING TRIGGER 

READ THE VALUE IN 
; LI GMT PEN REG ISTERS ON 6B415 

BV AH, AND CONVERT TO ROW COLUMN 
ADDRESS REG! STER FOR 68415 
REGI STER TO READ 
6ET IT UP 
DATA REGISTER 
GET THE VALUE 
SAVE IN CX 
ADDRESS REGI STER 

SECOND DATA REGISTER 

POINT TO DATA REGISTER 
GET SECOND DATA VALUE 

; AX HAS I NPUT VALUE 
I N FROM THE 6845 

MODE VALUE TO 8X 
DETER"I NE AMOUNT TO SUBTRACT 
TAKE IT AWAV 
I N TOP OR BOTTOM BORDER'? 
NO, OKAY 
YES, SET TO ZERO 

IN OX 

CONVERT TO CORRECT PAGE ORIGIN 
IF POSITIYE. DETERMINE MODE 

; (0 PLAYS AS 0 

~2: 
DE TERM I HE MODE OF OPERATION 

MOV ct.,3 
CMP CRT_MODE,4 
JB '114 

; ----- GRAPH I CS MODE 
MOV DL,40 
CMP CRT_MODE,9 
J8 V20 
MOV DL,80 

V20: DIV DL 

DETERM I NE_MODE 
SET _B SHI FT COUNT 
OETERMIME IF GRAPHICS OR ALPHA 
ALPHAJEN 

DIVISOR FOR GRAPHICS 
US I NG 32K REGEN? 
NO, JUMP 
YES, SET RIGHT DIVSOR 
DETERMINE ROWCAU AND COlUMN(AH) 

AL RANGE 0-99, AH RANGE 0-39 
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8A ES 
02 EO 
80 3£ 0049 R 09 
72 OS 
00 EC 
00 EO 
02 EO 
SA DC 
2A FF' 
80 3£ 0049 R 08 
72 15 
77 06 
Bl 0.4 
DO E4 
n 00 
ao 3E 0049 R 09 
77 FJ 
74 04 
81 02 
00 EC 

03 E3 

P7E!5 SA 04 
F'7E7 8A FO 

00 EE 
00 EE 
ES 12 

Fe 36 004A lit 
8A FO 
SA 1)4 
02 EO 
8A E8 
aA DC 
32 FF' 
03 EJ 

84 01 

82 
ee 1. R 
83 C2 
EE 
5A 

8F 
5E 
IF' 
IF 
IF 
IF 
07 
OF 

FfH5 

IE 
eo 
£8 R 
80 
E6 
90 
E4 20 
SA Eo 
OA C4 
71$ 04 
84 FF' 
£9 OA 
E4 21 
OA C4 
E6 21 
BO 20 
E6 20 

BS 26 OOS4 R 

". F'B3A IF 
Fe 

OF 
FB3D 
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DETERMINE GRAP){IC ROW 
HOV CH.AL 
ADO CH,CH 
CliP CRT_MOO IE, 9 
JS v21 
SHR AH,1 
SHL AL,1 
ADO eH,CH 

\/21: 1I0v SL,AH 
SUB SH, BH 
CMP CRT_~40DE, 6 
JB V3 
JA V23 

1.,.122· NOV CL.4 
SAL AH.1 
JMP SHORT 1.,.13 

;;23· CHP CRT_NODE.S MODE 
JA v22 1\ 
JE .3 MODE 9 
IIOV CL.2 MODE B SHIFT VALUE 
SH. AH,l 

VJ: 
SHL 9X.CL 

; ----- DETERMiNE ALPHA CHAR 
HOV OL,AH 
HOV CH,At. 
BHR OH,l 

DH.l 
SHORT V5 

t4: HOOE ON LI <iHT PEN 

OIV BVTE PTR 
HOV OH,AL 
MOV OL,AH 
SAL AL~CL 
HOV CH.AL 
HOV BLIAH 
KOR SH.BH TO ax 
SAL 8X~CL 

V5: 
IIOV AH.1 

\16: 
PUSH OK 
ItOv ox. ADOR_6845 
ADO OX,7 
oor OX,AL 
POP OK 

v1: 
POP 
POP 
POP DlSCARD SAVED 8X,CX I OX 
POP 
POP 
POP 

TEMPORARV 1 NTERROPT 
1. THIS ROUTINE IS 
POWER ON DIAGNOSTICS TO 
INTERRUPT VECtDRS. LOCATION 
CONTAIN EJ THER: 1. LEVEL OF 
CAUSED CODE TO SE EXEC. 
2. ~FF'~ FOR NON-HARDWARE INTERRUPTS THAT WERE 
ExECUTED ACCIDENTLV. 

ALkOBH 
JNTAOO~ AL 

AL z INTAOO 
AH.AL 

SAVE REG AX CONTENTS 

SEINe, 

MOV 
OR 
JN2 
MOV 
JMP 

AL,AH 007 (NO HARDWARE ISR ACTIVE) 

HW_1NT' IN 
OR 
our 
HOY 
OOT 

SET INTR FLAG: 
- HOV 

POP 
POP 
ST! 

DUMMY_RET URN; 
t RET 

D 11 EHDP 

t-ncun 
AH,OFF'H 
SHORT SET_INTR_FLAG 1 SEt F'LAG TO F'F' 'F' NON-HtlWARf; 
AL~ IHTAOI GET 
AL. AH SERViCED 
I NTAOt" AL 
AL,EOI 
INTAOO, At 

I NTR_F'LAG. AH 
AX 
OS 



(' 
~. 

r--. 
I 

~" 

FB41 
Fe4I 
F841 
F942 
Fe4:! 
F846 
F848 

:FB4B 
F84C 
F84D 

FB4D 
FB4D 
FB40 
FB4E 
FS4F 
F852 
FSS4 
FaS? 
FS5B 
FBSS 

FB59 
FB'S9 
FB159 
F'815A 
FS5S 
FelSE 
FaSl 
FSSG 
FeS7 
FBSA 
FaSA 

F8 

" sa 
BE 
A1 
1F 
OF 

F1l 
IE 
BS 
8E 
Ai 
IF 
CF 

Fa 
IE 
E8 
so 
n 
1F 

08 
0013 R 

---- R 
D8 
0010 R 

CA 0002 

R 7. 

1NT 12 ---------------------------------
MEMORV_51 ZE_DETERMIHE 
!NPuT 

NO REGI STER5 
THE MEMORY SiZE VARIABLE IS SET DURING POwER ON DIAGNOSTICS 

OuTPUT -
(AX) ;;; NUMBER OF CONT 1 GUOUS It< Bt.OCt<S OF MEMORV 

ASSUME CS: CODE. OS; DATA 
ORG OFS41H 

MEMORY SIZE OETERMtHE PRoe 
- 5Tl-

PUSH 
MOV 
MOV 
MOV 
POP 
IRET 

OS 
AX, DATA 
DS,AK 
AX,MEMORV_SIZE 
OS 

MEMORY_51 ZE_DETERM1NE EHOP 
; --- f NT 11 -----------... --... -------------... --~----

EQ:uIPMENT DETERMIMATION 
THIs ROUTINE ATTEMPTS 
DEI/teES ARE ATTACHED 

INPuT 
NO REGJ STERS 
THE EQUIP_FLAG VARIABLE 

DIAGNOSTICS USING 
PORT 62 (0->3) ::: LOW 
PORT 3FA :: 1 HTERRUPT 

BITS 7-3 ARE 
PORT 378 = OUTPUT 

CAN BE READ 
OUTPUT 

fAlO 
Bn 
BIT 1 ::.; 

WHAT OPT! ONAl 

etT 12 .:::: GAME 
BIT 11. lQ~ '9 ::.; 
en a () = DMA OMA ON SVS TEM 
StT '~6 ::.; NuMaER OF 

00=1$ 
etr 5,.4 = tNJT1AL 

00 
01 -
10 
11 

BIT 3,2 = PLANAR RAM 
BI T ,1 NOT USED 
BIT 0 =- 1 nPL 
MO OTHER REGISTERS 

ASSUME CS:COOE,DS:DATA 
ORG Of84DH 

EQUIPKENT PROC FA. 
sTI 
PUSH OS 
MOV AX, DATA 
HOV OS,AX 
"OV AX, EQUIP_fLAG 

DS 
SETTINGS 

FROM CASSETTE 

ON EXIT 
f£S, a)o = POI NTER TO 
{O)O = COUNT OF BYTES 
(CY) ::.; 0 IF NO 

= 1 IF 
(AH) = ERROR 

;: 01 
: 02 
::.; 04 IF 

(AH) J WRITE TO CASSETTE 

ON C:XIT 

(ES, aXl 
(eX) ::.; 

{EX,BX. ::: POINTER TO LAST eVTE WRITTEN + I 
ICX) ::.; 0 
CAH) ::.; ANY OTHER THAN ABOVE VALUES CAUSES (CY'::.; 1 

AND (AH): 9{) TO BE RETURNED (INVALID COMMAND), 

PUSH 
CALL 
AND 

os; DATA, £5: NOTHING 1 55; NOTMI MG, CS; CODE 
OF8"9H 
PRoe FAR 

7FH IS OFF 

os 
I NT ERRUPT RETURN 

NEAR 

ROM BIOS A-97 



,BOO 

Faoz 

OA 
74 
,E 
74 
,E 
74 
,E 
75 
£9 

94 eo 
F6 
C3 

E4 61 
24 F7 
EG 61 
2A E4 
1:3 

[4 81 
oe 09 
EO Fe 

93 
~1 
ge 
9E 
EO 

E4 
24 
A2 
SA 

F6 06 
75 03 

44 
75 03 
EI 
E8 
E3 
9A 
al 

FA 

Fe oe 
75 6e 
91 
EB 
011 
59 
74 CD 
39 03 
E3 04 

73 C7 

£2 Ea 

72 EG 

0071 R 90 

R 
R 

0071 R eo 

R 

ROM BIOS 

PURPOSE: 
TO CALL APPROPRIATE ROUTINE DEPENOING ON REG AH 
AH ROUTINE 

MOV 
STC 
RET 

MOTOR ON 
MOTOR OFF 
READ CASSETTE BLDCK 
WRrTE CASSETTE BLOCK 

A", AH 
MOTOR_ON 
AN 
MOTOR OFF 
AM -
READ~LOCK 
AN 
W2 
WR I fE_BLOCK 

AH,OBOH 

tURN ON MOTOR? 
YES, DO n 
TURN OrF MOTOR? 
YES j DO IT 
READ CASSETTE BLOCK? 
YES, DO IT 
WR J TE CASSETTE BLOCI<1 

HOT GEFIN[O 
YES. -GO IT 
COMM.ND MOT DEF!NED 
ERROR; UNDEFINED OPERATION 
ERROR FLAC 

WI E"DP 
MOTOR_ON PRoe HEAR 

~ PURPOSE: 
TO TURN ON CASSETTE MOTOR 

i ---------------------------------------

W3: 
'" .". OUT 
sue 
RET 

'" 

AL.PORT_B 
AL. NOT 08H 
PORT_B.AL 
AH.AH 

ENOP 
PROt HEAR 

TURN CASSETTE MOTOR OFF 

AL~PORT_B 

AL~08H 

\13 
ENOP 
PRoe N£AR 

RETVRN 

PURPOSE: 

ON 

TO READ 1 OR MORE 256 BYTE BLOCKS FROM CASSl::TTE 

IS SEGMENT FOR MEMORY BUFFER (FOR COMPACT COOE) 
POI NTS TO START OF MEMORV eUFFI:!R 
CONTAINS NUMBER OF BYTES TO REAO 

ON EXIT: 
IX POI NTS 1 BYTE PAST LAST BYTE PUT IN MEM 
C"X CONTAINS OECRENEHTEO BVTE COUNT 
DX CONTAINS NUMBER OF SYTES ACTUALLY REAl) 

CARR V FLAG IS CLEAR IF NO ERROR DETECTEO 
; CARRV FLAG I S SET IF CRC ERROR DETECTED . --------------------------------------------- .. __ .. _ ..... _---_ ... __ .. _-

PUSH 
Pll5H 
PUSH 
MOV 
CA~l 

W4: 
IN 
'''0 MOV 
MOY 

W5· 
TEST 
JHZ 

'EC 
JHZ 
JMP 
CALL 
JCXZ 
MOV 
NOV 

eLl 
W8; 

TEST 

JCXZ 

JNe 

LOOP 

W9: 
JC 

8X 
ex 
51 
51, 7 
BEGIN_OP 

Al~PORT_C 
AL.OIOH 
LAST_VAL, AL 
DX, 16250 

BIOS_BREAK, eOH 
WSA 

.x 
"7 
W17 
READ _HALF _Bl T 
W5 
IH'*0378H 
C)(~ 200H 

EHOS ..... 8REAK, BOH 
"17 
C. 
READ_HALF _BIT 
CX r CK 
ex 
"4 
0')(;8)( 

W9 

W8 

WB 

SAVE BX 
SAvE ex 
SAVE SI 
SET UP RETRV COUNT FOR LEADER 
BEGIN BV STARTlN'(; MOTOR 
SEARCH FOR LEADER 
GET INITIAL VALUE 
MASk OFF EXTRANEOUS 81 T5 
SAVE IN LOC LAST_VAL 
I: or: TR:ANSrTIONS To LOOI( FOR: 
WAI T_FDR_EDCE 
CHECK ,OR BR.OK KEV 
JUMP J F NO BRItAI( KItV 
JUMP I r: BREAK KEv HiT 

JUMP IF BEG) NNtNC of' LEADER 
JUMP IF NO LEADER FOUND 
J GNORE FrRST EDGE 
JUKP IF NO 
CHECK FoR 
MUST HAVE AT MANlY ONE 
SIZE PULSES BEFORE CHCKNG FOR 
SYNC SIT un 
D: t SABLt! 1 NTERRuPTS 
SEARCH-LOR 
CHECK FUR BREAk kEY 
JUMP IF BREAI( KEy HIT 
SAVE REG ex 
GET FULSE WIOTH 
CHECk f'UR TRANSl T1<)N 
RESTORE ONE en tOUNTER: 
JUMP IF NO TItANSITION 
CHECI( PULSE WIDTH 
IF CX;O THEN WE CAN LOOK 
FOR SYNC SI T tCH 

ZERO BIT ! NOT GOOD 

AND READ ANOTHER HALF ONE 

JUMP IF ONE SIT tSTlLL LEADER) 



FBDC 
FSDE 

£S F9BF R 
E8 F941 R 
3e 16 
75 49 

liE 
S9 
58 

51 

C7 06 0069 R FrF" 
SA 0:100 

FS 08 007 1 ~ BO 
75 2~ 
£9 n'! R 
72 IE 

F8FS E3 05 

26: B8 07 
43 
49 

4 .. 
7F lEA 
ED F9411 R 
itS F941 R 
211 £4 
81 3E 0069 R mOF 
75· 06 

F913 it:l 06 

ES CO 

F917 04 01 

F'31B 

11" 
29 01 

50 
11'6 C4I 90 
75 1:1 
E8 F941 ~ 
£80E 

.E 
74 03 
£9" F09!) ~ 

5E 
58 
.8 
29 D2 
84 04 
50 

Fa 
E9 FaBA R 
5B 
80 Fe fH 
F5 
C3 

A SVHCH aIT 
CAt..t.. <0' 
CAt..L. 

e"" JNE 
GOOD 

POP 
POP 
POP 

BLOCKS FROM CASSETTE 

fS 
e~ 
C~ 

ON EXIT: 
9X POINTS 1 
C~ CONT AI NS DE':R£.HEiNTltO 
OM COMTAlHS 

PUSH ex 
Wl{),· 

MOV 
MOV 

11111; 
TEST D lOS_BREAK. BOH 
JNZ "13 
CAt.L READ_9¥TE: 
JC "13 

JC~Z WI. 

HOV ES: [OXJ,Al 
INC •• DEC ex 

wl2, ; LOOP UNTIL 
OX 

"15 

Jill' WIO 
W.I.3: 

MOV AH) 01H 

W14: 
INC AH 

W15, 
POP D~ 
sua 1»(, C)( 

PUSH 
TEST 

W16, 
DEC '" JZ W17" 
JMP W4 

W17: 
MO DATA FROM CASSETTE 

POP 51 
POP ex 
POP s" 
SUB OX, DK 
HOY AH,04H 
PUSH AX 

wlS: 

i40TOtl_OFF 
POP AX 

AH,OlH 

ENf)P 

COMPACT COCE) 

FROM CASSETTE 

CLEAR AH 
1 S THE eRe COfUtECT? 
1F NOT EQUAL CRe IS SAD 
iF eVTE COUNT IS ZERO 
THEN wE HAYE READ ENOuGH 

; 50 wE I/ILL EXI.T 
STILL MoORE, sa READ ANOTHER aL.OCK 
MtSSING-DATA 
NO DATA TRANS I nONS_ so 
SET AH=02: TO INDICATE 
DATA H!<EOUT 
BAO-CRe 
EKIT EARLY ON ERROR 
SET AH=Ol TO UfDICATE cite ERROR 
RD-eLK-EX 
CALCULATE COUNT OF 
DATA BYTES ACTUAL.LV READ. 
RETURN COUNT I N REG ox 
SAVE AX (RET CODE:) 
CHECK "FOR ERRORS 
JUMP IF ERROR OETli:CTEO 
READ fRAt LER 
SKi P TO TURN OFF MOTOR 
BAO-LEADER 
CHECK RETIH ES 

I F TO'O MANY RETRI ES 
IF NOT TOO MAny RETRIES 

YALID FOUND 

NUMBER OF .... 8VTE:S READ 
OOT"" ERROR· C NO L.EADER) 

HOT-OFF' 
FutENAsL E 1 NTERRUPTS 
TURN OFF MOTOR 
RESTORE RETURN CODE 
SET CARRV IF ERROR (AH)O' 

ROM BIOS 



F'i48 

,S68 

53 
51 
a108 

51 

E9 R 
E3 

53 

EIJ F'i6F lit 
5e 
E3 18 

03 09 
81 F8 06FO 
F9 
IF 
59 

DO DB 

BE 
EB R 
FE 

75 EO 
SA <5 
FB 

59 
58 
C3 

58 
.0 
ED Fa 

81 
SA R 

E4 62 
24 10 
3;1> 
£1 
.2 R 
90 
£6 
9a 
£4 
SA 
£441 
96 C<4 
29 
A3 R 
C3 

PuRPOSE: 
TO READ A BYTE FROM CASSETTE 

; ON EXIT 
REG AL CONTAINS READ DATA eYTE 

~~;;=;;~~-------;;~~----~~;;------------

PUSH BX SAVE REGS ex. ex 
PUSH ex 
MOV CL,8H 

WItt: 
SET BIT COUNTER FOR a BITS 
BYTE-ASH 

PUSH ex SAVE CX 

; READ DATA BfT FROM CASSETTE 

CALL READ_HALF _BIT 
JCXZ W21 

PUSH B~ 

CALL READ_HALF _SIT 
POP 
.Jcxz 

ADD aX,AX 
ax, 06FOH 

LAHF 
pOP cx 

AFTER ALL 
READ, THE 
BVTE WILL 
REG CII 

RCL tH,l ROTATE REG 

SAHF 
CALL CRC_GEN 
.EC Cl 

JHZ ",. 
MOY AL, CH 
Cle 

W20; RD-BYT-EX 
POP ex RESTORE REGS cx# ex 
POP BX 
RET FINISHED 

W2L NO-OATA 
POP Cl( RESTORE Cl( 
src INDICATE ERROR 
JHP .20 RD_BVT_EX 

REAO_BVTE ENn. 

PURPOSE; 
TO COMPVTE TIME TILL NEXT DATA 
TRANSITION (EDGE) 

ON ENTRV; 
EDGE_CNT CONTAINS LAST EDGE COUNT 

011 ExIT, 
AX CONTAINS OLD LAST EDGE COVNT 
ax cONTAINS PULSE "lDTH (HALF 91 n 

REAO HALF sn . PR()C NEAR 

ROVUNE 

OF DATA 

- MOY 
MOY 

ex, 100 
AH, LAST _VAL 

SET TIME TO WAIT FOR alT 
GET PRESENT I HPUT YALUE 
RD-H-BIT 

IN 
ANO 
CH. 
lOOPE 
NOV 
NOli 
OUT 

11011 
IN 
XCHG 
SUB 

AL~PORT_C 
AL$ OlOH 
AL.AH 
W22 
LAST_VAl.AL 
AL~ 40H 
TULCTL. At 
e)(~ EDGE_CNT 
Al .. TINER+l 
AH.Al 
AL, TIMER"! 
AL.AH 
BX .. AX 
EOGE;...CHT I AX 

INPUT ·DATA 91T 
MASK OFF EXTR ... MEOOS 9 ITS 
SAME AS BEFORE? 
lOOP Till.. 

100 ROM BIOS 



53 
51 
'4 61 
24 FD 
OC 01 
£661 
SO S6 
E6 43 
Ed FAts/) R 
B9 04AO 
ED FA31S R 
es 0800 

F9 
EB FAIF R 
E2 FA 
FA 
FB 
E9 FAIF R 
89 
58 
SO .6 
£9 FAOS R 

.3 
•• 
4A 

S"A 07 
FAOS R 
02 

7F F3 

F9[)S A1 006S R 

" DO 
50 
S6 EO 
EO' FAOS R 
58 
E8 F"AOS R 
OS C9 
715 D7 
51 
F8 
89 0020 

F9 
£8 FAIF R 
£2 FA 
55 
BO 90 
£643 
B9 0001 
IrS F"A35 R 
Ea FaBA R 
2B co 
C3 

PURPOSE 
WRITE 1 OR 
THE DATA 

ON ENTRY: 
6X POI HTS TO KEMORY 
CX CONTAIHS HUMBER 

ON EXIT: 
ex POINTS 1 B'YTE PAST LAST ByTE WRlTTEN TO CASSETTE 
ex IS ZERO 

~Rl TE_BLOCK 
PUSH 
PUSH 
IN 
A'" 

PROC NEAR 

B" 
ex 

01 SABLE SPEAKER 

ENABLE TI MER 

AL. PORT B 
AL. NOT Q2H 
AL, 01H 
PORT_B. At. 
AL,OBSH 
TiI''-CTL~ AL 
BEGUCOP 
AX,U84 
"31 

SET UP TI ,..ER - MODE 3 SQUARE WAYE 

CALL 
MOV 

eLe 
CALL 
POP 
POP 
"OV 
CALL 

CX .. 0800H 

WRITE .... BIT 
ex 
BX 
AL. ISH 
WRITE_BYTE 

RESTORE REGS ex. Bx 

WR I TE SYlfe CHARACTER 

1 OR MORE 256 BYTE BLOCKS TO CASSE:l'TE 

~~N~~!:~S N~~B~~"~~V~c.::: ~:~ .-:--:-:=:~ 
ON £xl T: 

9x pOINTS 1 BYTE PAST LAST BYTE WRITTEN TO CASSETTE 
ex IS ZERO 

WRITE CRC 

NOT 
FUSH 

CALL 
OR 
JHZ 
PUSH 
STl 
"OV 

W26: 

AX 
AX 
AH, AL 
WRITE_BYTE 
Ax 
WRITE_BYTE 
cx/CX 
WR_BLOCK 
ex 

ex, 32 

WRITE_SIT 
W26 
ex 

AL 

MOTOrCOF"F 

NOW WRITE L5 IiYTE 
IS BYTE COUNT ExHAUSTED,? 
JUMP I F HoT DOHE YET 
SAVE REG ex 
RE-ENASLE 1 NTERUPTS 
WIU TE: OUT TRAILER eITS 
TRAIL-LOOP 

I DEC 

THE 

AX,AX ON WRITE OP 

ENDP 

ROM BIOS A-tOt 



51 
50 
eA E8 

FAOC 91 08 

FAIr 

DO DS 
ge 

EB FiHF R 
90 
9 
FE 
75 F2 
ae 
58 
C1 

8S 04AO 
72 
8a 

50 

£4 62 
24 20 
74 FA 
1£4 62 

2:4 20' 
75' FA 

as 

ES 42 
SA Cill 
1E642 
<:3 

f'A3C A1 00'69 R 

01 08 
01 00 
F8 
7104 

FA4'- 35 0810 

F9 
01 00 

43 0069 R 
C3 

PRoe NEAR 
C. 
AX 
CH.AL 

IIOV CL, a 
W27; 

CH .. 1 

WFUTE_BJT 

CRe_GEM 
CL 
W27 
AX 
c. 

EMDP 

PROC NEAR 

NOTE, 

ZERO 81 T HAS 250 USEe 
FOR A 500 USEe 

CARRY FLAG IS DATA BI T 

MOV 1184 

PUSH AX 

III AL, PORT_C 
AN. AL,020H 
JZ W21> 
1M AL, PORT_C 

AND AL,020H 
JHZ w30 

POP A. 
W31' 

042H, AL 
ilL, AH 
042H. AL 

SAVE REGS ex ~ AX 

WE ARE F1NfSHEO 

; LOOP TILL HU~H 
• NOW WAtT TtLL TIMER'S OUTPUT 15 
; LOW 

SET HIGH eVTE OF TIMER 2 

an 

. ----------------------------------------. 
MOY 

XOR 

nc 
ACL 

A)(~ 1 
AX~ 1. 

"32 

A)(~0810H 

AX, J 

A·102 ROM BIOS 



lie fDSl R 
BJ 42 

S9 0700 
£2 FE 
FE CD 
76 F7 
C3 

33 D2 
32 E. 

BO OS 
CD 17 
32 E. 
BO OA 
CD 17 
C3 

00 00 00 00 00 00 
00 00 

FA76 7E 91 A6 81 8D 9S 
U 7E 

FA7. 7E FF DB Fe (3 .7 
FF 7E 

FA86 6C FE FE FE 7C 38 
10 00 

FASE 10 39 7C FE 7C 39 
10 00 

FA9S 38 7C 38 FE FE 7C 
38 7C 

FAtE 10 10 38 7C FE 7C 
38 7C 

FA AS 00 00 19 3C 3C 19 
0000 

FAAE FF FF £7 C3 C3 £1 
F'F FF 

FAI6 ()O JC 66 42 42 6& 
3C DO 

FA8E FF C3 99 BO BD 99 
C3 FF' 

F' AC6 Of' 07 OF' 70 CC CC 
CC 7. 

'FAC£ 3( 66 66 66 Jt IS 
7£ 18 

FADS 3f' 33 3f' 30 30 70 
FO Eo 

FADE 7. 63 7. &3 &3 67 
£6 co 

FAlES 99 5A JC £7 £7 3C 
!SA 99 

FA.E 90 EO Fa F. ,a EO 
8000 

FAF6 02 OE 3E FE 3E OE 
02 00 

FAF'E 18 3C 7E 18 18 7E 
:Ie 18 

F1l06 66 66 88 66 86 00 
H Do 

FeOIE 7F De D8 7B 18 18 
18 00 

FS16 3E 63 3S ae ac JS 
ce 7. 

FlUE ()¢ 00 00 00 71E 7E 
7E 00 

,026 19:1e 7. 18 7E ac 
18 Ff' 

Fe2E 18 3e 7£ IB 18 16 
18 00 

F836 18 19 18 19 1E 3<: 
1800 

Fa3E 00 18 OC FE OC 18 
DO 00 

F84S 00 30 60 FE 60 30 
0000 

Fe4E 00 00 CO CO CO FE 
0'000 

Fle6 00 24 aa FF' 66 24 
00 00 

F9tsE 00 16 3(; 7£ Ff' Ff' 
00 00 

F8S6 00 FF f'F 7£ 3C 18 
0000 

CALF 

CALL 
HOV 

HOV 
INT 
XOR 
HOV 

08 

DB 

08 

De 

De 

09 

DB 

DB 

os 

DB 

OS 

DB 

DB 

09 

DB 

08 

DB 

DB 

DB 

DB 

08 

os 

D8 

DB 

De 

DB 

DB 

DB 

DB 

DB 

DB 

PROC MEAR 
HOTOR_ON 
SL.42H 

DELAV 

ORIYE 
; TO SPEED i 112 SEC) 

ex, 'OOH ; INNER LOOP:. APPROX, 10 MILLUEC 
W34 

ENDP 
RETURN:. L I HE FEED sueR ouT I HE 

NEAR 
OX, OX 
AH,AH 

AL,ODH 
17M 
AH,AH 
AL,OAH 
17H 

0F'A6EH 
LA9e;L eYTE 

320X200 AMO 640X200 
7FH 

OOOH~ OOOH. OOOH, OOO'H. DOOH, OOOH, OOOH, OOOH o_o0 

01EH, 081H, OA5H, OllH, 09DH, 099H, 081H t 07EH o_o1 

07EH, OF'F'H, ODaH, OFFH. OClH, OE7H, OF'FH, 07EH j D_02 

06CH. OFEH, OF'EH, OFEH. 07CH, 03BM, OlOH, OOOH 0_03 

OlOH, OlaH, 01CH. OF£M. 07CH, Ol8H, OlOH. OOOH o_o04 

038H~ 01CH, 038H, OFEH, OFEH, 07CH, 03SH1 07CH D_O$ 

OIOH, OlOH. 036H. 01CH, OF£H, 07CH~ olaH, 07CH 0_o6 

OOOH~ OOOH, D1SH, 03CH~ 03CH f OHlH, OOOH~ OOOH D_07 

OFFH, DF'FH. OE7H, OC3H, OC3H, O£7H. OFF'H. OFFH 1)_0'8 

OOOH, OlCH. 06SH. 042H J 042H. C6SH, OlCH, OOOH 1l_09 

OFFH, OC3H, O"H. OSOH, OSDH, O&9H. OC3H, OFFH O .... OA 

OOFH. 001H. OOFH, 070H, OCCH, OCCH$ OCCH, 07BH 1l_0f) 

OlCH. 066H, OSSH. 066H, 03CH, ClaH. 07EH, OJ.IH O_OC 

03FH, 033H. OlF'H. OlOH, 030H, 070H, OFOH. OEOH 0_00 

07FH.083H.01FH,,063H.063HI 067H,OE6H#OCOH ; D_OE 

099H. O'5AH, 03(;H. OE7H. OE7H. 03CH. OGAH,. 099H O_OF 

OBOH. CEOH. CFaH. OFEH. OFSH. O£.H, OOOH, aOOH • _10 

002H~ OOEH. 03EH. OFEH~ 03£H, OOEH, 002H# OOOH 0_11 

OlBH~ OlCH, 07EH, 0IBH# O'1SH, 01EH, OlCH, OISH 1l_12 

066H, 066H. 06SH, 066H, 066H, OOOH, OSSH~ OOOH D_13 

07FH. ODRH, aDaH, 07BH. OlaH, 01SH, OlSH, OOOH D_14 

03EH~ 06lH. 038H, OBeH} oeCH, 03eH, OCCH, 078H D_llS 

OOOH, OOOH, OOOH. OOOH. 07EH, 07EH, 01£H, OOOH o_16 

OISH, 03CH, 07EH, 01BH~ 07EH, 03eH, OISH, OFFH D_17 

01SH, oaCH, 07EH. OltH, OlGH, OlBH. OIBH. OOOH O_U$ 

tJ18H# 0ISH. OUJH f 018H z 07EH. 03CH, 019H~ OOOH o_19 

eOOH. OlOH, 060H. OFEH. 060H. 030H, OOOH. GOOH ; 0_1S 

OOOH. OOOH I OCOH, OCOH. OCOH, OFEH. OOOH I OOOH D_1C 

OOOH, 0204H, 06SH. OFFH, 066H, 024H, OOOH, OOOH 0_10 

OOOH. OleH, 03CH, 07EH, OFFH, Of'FH, OOOH, OOOH O_IE 

OOOH, OFFH, OFFH~ 01EH, OlCH, 016H. OOOH. COOH O_IF 

ROM BIOS 103 



FSSE 00 00 00 00 00 00 DB OOOH, OOOH, OOOH, OOCH, GOOH, OOOH, COCH. OOOH SP 0_20 
00 00 

FB7S 30 76 78 30 30 00 DB 030H, 076H~ 078H, 030H, O'lOH$ COCH. 030M, OOOH ! 1)_21 
30 00 

FB7E GC GC GC 00 00 00 09 06(H, OGCH, OGCH, OOOH, OOOH, OOOH, OOOH, OOOH " 0_22 
0000 

FBS6 6C 6C FE 6C FE 6C De oaCH. OGCH, OFEH. 06CH. OFE-H, 06CH, 06CH. OOOH • o_23 
DC 00 

FeSE 30 7C CO 18 0<; F8 DB 030H. 07CH, OCOH, 076H, caCH, OF'SM. 030H, (lOOM .. o_24 
3000 

F996 00 ca CC IS 30 66 DB OOOH. OC6H, OCCH, Ol6H. 030H, 066H, OC6M, OOOH 
C6 00 

F89£ 38 6C 38 76 DC CC D. • D_2:6 
76 00 

FBAt) 60 60 CO CO 00 00 DB 060H, 060H, OCOH. OOOM. OOOH, OOOH, OOOH, OOOH D_27 
0000 

FaAE 18 30 60 &0 &0 30 D. OUiM, 030H~ 060M, 060M, 060H~ 030H, OlBH. OOOH ; , 0_2:8 
1800 

FeaS GO 30 ,. ,. ,. 30 D. 060M, 030H~ 0 18H, OUIM, 0 18H. 030M, 060M. OODH ; ) o_29 
60 00 

FSaE 00 66 3C FF' at .- D. OOOH, Q66H, 03CH, OF"FH" 03CH t OSSH. OOOH, oOOH ; · D __ 2A 

00 00 
Fecs 00 30 30 FC 30 30 DB OOOH, 030H, 030H, OFCH, 030H, 030H, OOOH, OOOH , + D_Z8 

00 00 
FeCE 00 00 00 00 00 30 D. OOOH, OOOH, OOOH, OOOH, OODH, 030H, 030H, 060H ; D_2C 

30 Go 
F9DS 00 00 00 Fe 00 00 oe OOOH, OOOH. OOOH, OFCH. OOOH, OOOH. OODH, OOOH ; - D_2D 

00 00 
FaDE 00 00 00 00 00 30 DB OOOH. OOOH# OOOH, OOOH. OOOH, 030H. 030H, oooH D_2E 

30 00 
F8ES 06 OC 18 30 GO CO De GOSH. ooeH, 0 18H. 030H. 060H. OCOH. oaDH, OOOH J D_2F 

80 00 

FBEE 7(; C& CE DE F6 E6 DB 07CH, OC6H, OCEH. ODEH. OFGH, OEGH, 07CH. OOOH o D_30 
7C 00 

F8F6 30 70 30 30 30 30 DB 030H 1 070H, 030H, 030H. OlOH, 030H, OFCH, OOOH 1 D_3! 
FC 00 

FSFE 78 CC OC 38 60 CC DB 078H. OCCH. OOCH. 03aH, 060H. OCCH. OFCH. OOOH 2 D_32 
FC 00 

FCOS 78 CC OC 38 OC CC 09 078H. OCCH, OOCH. 038H. OOCH, OCCH. 078H. OOOH :'3 D_33 
78 00 

FCO£: 1C JC SC CC FE OC OB OlCH, 03CH, 06CH, OCCH, OF'EH. OOCH. OlEH. OOOH <4 D_34 
IE 00 

FC16 FC CO Fa OC OC CC 09 OFCH. OCOH~ OFBH. OOCH, ooeH, oceM, 078H, OOOH 5 D_35 
78 00 

F'CIE 38 60 CO FB CC CC DB 038H, 060H~ OCOH# 0F'8H, oceH, OCCH, 078H, OOOH 6 o_36 
7B 00 

FC26 F'C CC DC 18 30 30 DB OFCH, OCCH, OOCH. (HBH, 030H, 030H. 030H, OOOH ; 7 D_37 
30 00 

FC2E 78 CC CC 78 CC CC D. 078H, OCCH, OCCH, 07eH, OCCH, OCCH, 07SH. OOOH ; S 0_38 
78 00 

FC36 79 CC CC 7C OC 18 OS 078H, OCCH, OCCH, 07CH, OOCH, 0 18H, 070", OOOH ; 8 0_38 
70 00 

FC3E 00 30 30 CO 00 30 08 OOOH. oaOH, oaOH, OOQH, QQOH, 030H, 030H. OQDH D_3A 
30 00 

F'C4S 00 30 30 00 00 30 .0 OOQH, 030H~ 030H, COOH, OOOH .. 030M, 030H. 060H D_39 
30 GO 

FC4E 18 30 60 co 60. 30 .B OISH, 030H, 060M, OCOH, Q60M~ 03QM, OlaH. OOQH <: D_3C 
18 00 

f:C56 0.0 00 FC 0.0 0.0 F'e DB OOOH, QOOH, oFtH. OOQH. QOOH~ QFCH. OOOH. OOOH • _3' 
0000' 

F'C5E 6030 18 OC Ui 30 OB OGOH, 030H, 01BH. OOCH. 018H, G30H. 060H. OOOH )0 D_JE 
6000 

FC6S 79 CC OC 18 30 00 "0 078H, OCCH, OOCH, QUiH. 030H, OOOH. OlOH, OOOH ? D_JF 
3000 

FC6£: 7C C6 DE DE DE CO DB 07CH~ OCGH. ODEH. OOEH. OOEH. OCOH, 018H, OOOH tl D_4IO 
7800 

FC76 30 78 CC CC FC cc OS 030M, 07SHk OCCH, OCCH. OFCH. OCCH. OCCH. OooH ; A 0_41 
CC 00 

FC7E FC 66 8S 7C 8S 66 DB OFCH j OG6H, OG6H, 01CH. OSSH, OSSH, OF'CH, OOOH J B o_42 
Fe 00 

Fce6 3C 66 CO CO co _6 •• 03CH, 06SH~ OCOH, OCOH. OCOH, 066H, oaCH, OOOH ; C D_43 
3C 00 

FcaE Fa ISC •• •• ISS 6C 08 OFBH, OGCH, 066H, 06SH, 06SH, (HiCH, OF'SH, OOOH ; 0 D_44 
Fa GQ 

FC9S FE 62 •• 7 • sa 62 De OFEH, 06ZH, 06BH, 076H, 068H. 062H, OFEH, OOOH IE D_46 
FE 00 

FC9E FE 62 .a 78 68 60 .e OFEH, 062H, 06BH. 07BH, 06SH, 060H, OFOH, OOOH F D_4S 
FO 00 

FeAtS ac 66 co CO CE 80 08 O.lCH I oaSH, OCOH, OCOH 1 OC£H, OGGH. D3EH, OOOH D_47 
3E 0.0 

FCAE CC CC cc Fe cc cc .a OCCH. OCCH, OCCH, OFCH. OCCH, DCCH, OCCH, OOOH H 0 _48 
CC 00 

FCBS 78 30 30 30 30 3D 08 07eH~ 03O'Ht 030H, 030H~ 03O'H, 030H. 07SH, OOOH ; I 0_48 
18 00 

FCSE lE OC DC OC CC CC 08 OlEH, OOCH, OOCH, OOCH, OCCH, OCCH. 078H~ OOOH J D_4A 
79 00 

FCCS E6 66 tiC 78 tiC 66 o. OE6H~ 066H, 06CH. 07SH, 06CH, 066H, OEGH .. OooH K 0_48 
EO 00 

FCC!: FO GO 60 eo 62 68 DII OFOH, OGOH. 060H t 060H, 062H, 066H t OFEH. OOOH L D_4C 
FE 00 

FcOS C6 EE FE FE D6 C6 08 OC6H, OEEH. OF'EH .. OFEH. ODGH, OC6H. OC6H. OOOH M 0_40 
cs 00 

F'Cfi£ CS ES Fe DE CE C6 DB ()CSH. OE6H, OF6H. DDEH, OCEH. OC6H. OC6H, OOOH N 0_4E 
C600 

FCES 38 EiC C6 C6 C6 6C 08 038H, 06CH. OCBH, OC6H, OC6H, 06CH .. 038H 1 OOGH o D_4F' 
3800 

A-104 ROM 



reEE 

reFS 

FCFE 

FDGS 

FDOE 

FDUl 

~ FDIE 

(FD'. 
,,--,,/ FD2E 

rDl6 

FDlE 

F'D46 

FD4E 

FDISS 

FDISE 

FDGG 

rOSE 

F076 

F07E 

FOBS 

FOBE 

F09G 

F09E 

C 
FDA. 

,)FOAE 

FOBS 

fDBE 

FOC6 

FDCE 

FOD6 

FOOE 

FOE8 

FOEE 

FOF6 

FOFE 

FE06 

FEOE 

FE16 

FEIE 

FE26 

FE2E 

fE36 

FE3E 

FE46 

FE4E 

FE!!6 

FE5E 

FE6S 

Fe 66 66 7C 60 60 
Fe 00 
78 cc CC cc DC 79 
Ie 00 
Fe 66 66 7C at 66 
£6 00 
78 CC EO 70 Ae cc 
78 00 
Fe B4 30 30 30 30 
78 00 
CC cc cc cc cc cc 
Fe 00 
cc cc cc CC CC 78 
30 00 
C6 C6 C6 D6 FE EE 
C6 00 
C6 C6 ac 38 38 Ge 
<6 00 
cc cc CC 78 30 30 
78 00 
FE C6 Be 18 32 66 
FE 00 
7B So So Go Go Go 
78 00 
CO 60 30 18 ac 06 
02 00 

79 18 18 18 18 18 
78 00 
10 38 Be C6 00 00 
00 00 

00 00 00 00 00 00 
00 FF 

30 30 18 00 00 00 
00 00 
00 00 78 OC 7C CC 
76 00 

EO 60 60 7C 66 66 
DC 00 
00 00 78 CC cO CC 
78 00 
Ie ac ac 7C CC CC 
76 00 
00 00 78 CC Fe co 
78 00 
38 ac 60 FO 60 60 
FO 00 
00 00 76 CC CC 7C 
ac Fe 
EO 60 ac 76 66 66 
E6 00 
30 00 70 30 30 30 
78 00 
ac 00 oc ac ac cc 
CC 78 
EO &0 66 Ge 78 Ge 
E6 00 
70 30 JO 30 ]0 30 
78 00 
00 00 CC FE FE 06 
C6 00 
00 00 Fe cc cc cc 
CC 00 
00 00 78 CC CC CC 
78 00 

00 00 DC 66 66 7C 
GO FO 
00 00 76 CC CC 7C 
OC IE 
00 00 DC 76 66 60 
FO 00 
00 00 7C CO 78 OC 
F& 00 
10 30 7C 30 30 34 
18 00 
00 00 CC CC CC cc 
76 00 
00 00 CC CC CC 7B 
30 00 
00 00 C6 06 FE FE 
6C 00 
00 00 C6 6C 38 6C 
ce 00 
00 00 CC CC CC 7C 
OC FB 
00 00 FC 98 30 64 
FC 00 
lC 30 30 EO 30 30 
lC 00 
IB 18 18 00 HI IB 
18 00 
EO 30 30 lC 30 30 
EO 00 
76 DC 00 00 00 00 
00 00 
00 10 3B Be C6 C6 
FE 00 

DB 

.B 
08 

•• 
DB 

D. 
D. .e 
.B 
DB 

.B 
DB 

DB 

DB 

DB 

.a 

DB 

D. 
DB 

DB 

DB 

D9 

DB 

D. 
oa 

DB 

DB 

DB 

DB 

DB 

De 

08 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

oe 

DB 

OB 

DB 

OB 

DB 

DB 

.B 

DB 

OfCH .. 066H, 066H, 07CH, 060H, 060H, OFOH, OOOH 

07BH, OCCH, OCCH, OCCH, ODCH, 078H, OlCH, OOOH 

OFCH, 066H, 066H, 07CH, 06CH, 066H, OE6H, OOOH 

078H, OCCH, OEOH, 070H, OlCH, OCCH, 079H, OOOH 

OFCH, 084H, 030H, 030H, 030H, 030H, 07BH, OOOH 

OCCH, OCCH, OCCH, OCCH, OCCH, OCCH, OFCH, OOOH 

OCCH, OCCH, OCCH, OCCH, OCCH, 078H, OlOH, OOOH 

OC6H, OC6H, OC6H, OD6H, OFEH, OEEH, OC6H, OOOH 

OC6H, oceH, 06CH, 03BH, 038H, 06CH, OC6H, OOOH 

OCCH, OCCH, OCCH, 07BH, 030H, OlOH, 078H, OOOH 

OFEH, OC6H, 08CH, 01BH, 032H, 06SH, OFEH, OOOH 

07&H, OGOH, 060H, OGOH, OGOH, OGOH, 07&H, OOOH 

OCOH, 060H, 030H, OlBH, OOCH, 006H, 002H, OOOH 

; 9ACKSLASH D _5C 
07BH, 0 IBH, 01BH, OlBH, OlBH, 0 IBH, 07BH, OOOH 

OlOH, 03BH, 06CH, OC6H, OOOH, OOOH, OOOH, OOOH 

; CIRCUMFLEX O_!5E 
OOOH, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH, OFFH 

030H, 030H, OlaH, OOOH. OOOH, OOOH, OOOH, OOOH 

OOOH, OOOH, 07aH, OOCH, 07CH. OCCH, 016H, OOOH 

; LOWER CASE A 0_61 
OEOH, 060H, 060H, 01CH, 066H, 066H, OOCH, OOOH 

OOOH, OOOH, 07BH, OCCH, OCOH, OCCH, 076H, OOOH 

01CH, OOCH, OOCH, 01CH, OCCH, OCCH, 016H, OOOH 

OOOH, OOOH, 07BH, OCCH, OFCH, OCOH, 07BH, OOOH 

03BH, 06CH, 060H, OFOH, 060H, 060H, OfOH, OOOH 

OOOH, OOOH, 076H, OCCH, OCCH, 07CH, OOCH, OFBH 

OEOH, oeOH, 06CH, 016H, 066H, 066H, OE6H, OOOH 

030H, OOOH, 070H, 030H, 030H, 030H, 07BH, OOOH 

OOCH, OOOH, OOCH, OOCH, OOCH, OCCH, OCCH, 01BH 

OEOH, 060H, 066H, 06CH, 07BH, 06CH, OE6H, OOOH 

070H, 030H, 030H, 030H 1 030H, 030H, 018H, OOOH 

OOOH, OOOH, OCCH, OFEH, OfEH, 006H, OC6H, OOOH 

OOOH, OOOH, OFaH, OCCH, OCCH, OCCH, OCCH, OOOH 

OOOH, OOOH, 078H, OCCH, OCCH, OCCH, 07BH, OOOH 

OOOH, OOOH, OOCH, 066H, 088H. 07CH. 060H, OFOH 

OOOH, OOOH, 076H, OCCH, OCCH, 07CH, ooeH, OlEH 

OOOH, OOOH, ODCH, 076H, 066H, 060H, OFOH, OOOH 

OOOH, OOOH, 07CH, OCOH, 07&H, OOCH, OFBH. OOOH 

OlOH, 030H, 07CH, 030H, 030H, 034H, 018H, OOOH 

OOOH, OOOH, OCCH, OCCH, OCCH, OCCH, 016H, OOOH 

ODOH, OOOH, DCCH, OCCH, OCCH, 07BH, 030H, OOOH 

OOOH, OOOH, OC6H, DOSH, OFEH, OFEH, 06CH, OOOH 

OOOH, OOOH, oe6H, OGCM, 039H, OGCH, OCGH, OOOH 

OOOH, OOOH, oeCH, OCCH, OCCH, 07CH, OOCH, OFSH 

OOOH, OOOH, OFCH, 09SH, 030H, 064H, OFCH, OOOH 

OlCH, OlOH, 030H, OEOH, 030M, 030H, 01CH, OOOH 

OlBH, 01SH, 01SH, OOOH, 01SH, OlSH, OlBH, OOOH 

OEOH, 030H, 030H, 0 lCH, 030M, 030H, OEOH, OOOH 

018H, ODCH, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH 

OOOH, 0 10H, 03SH, 06CH, OCBH, oe6H, OFEH, OOOH 

ROM BIOS 

T D_1!54 

U D_55 

Y 0_'156 

W D_!!7 

LC J 0_6A 

LC !( 0_69 

LC L 0_6C 

LC '" 0_60 

LC S 0_73 

LC T o_74 

LC U 0_15 

LC Y 0_76 

LC W 0_77 

A-lOS 



E9 139:3 It 

FE71 

FE71 BS 
aA 
FC 
32 E4 
Bl 04 
AC 
32 Fa 
SA C6 
03 Co 
33 00 
01 CO 
86 F2 
33 DO 

FEU 03 ce 
FEBC 24 EO 
fESE 33 00 
rE9:0 Dl C8 

FEA" 

32 FO 
4S 
715 E4 
01':1 02 
C3 

32 CO 
EE 
FE C3 
42 
EC 
C3 

FB 
1£ 
50 
52 
EB R 
FF 006C R 
75 
FF 006E A 

S3 3E OOSE R 19 
75 15 
81 3E OOGC R OOBO 
75 00 

.0. 
J". 

;;'i;:BXii:~ITii;()OK, ELSE 1 ACCUMULATED CRe 

••• C NEAR 
os; NOTHiNG 
BK~CK 
OX~ OFFFFH 

IfdlNEOIATLl' IF "RESET_FLAG 
(WAR" START) 

CRC_l: Lonss 
XOR 
II<W 
101. 
XOA 
oaL 
)(CHG 
XOI 
AOR 
ANO 
xo. 
R.A 

XOR 
DEC 
.rnz 
OR 

END. 

SUBROUTINE TO READ AN 82e10 REGISTER. 
REPORTER HtL} AMO lOR: REG OX (PORT 
WHICH ENTRY poINT IS CHOSEN. 

REG 

F.R 

THIS SUBROUTINE WAS WRITTEN TO AVOID MULTIPLE USE of 1/0 TIME 
DELAYS FOR THE B;i"50. IT WAS THE "OST EFFICIENT WAY TO' 
,HCLUD£: THE DELAYS. 

IN EVERY CASE, UPON RETURN. REG AL WILL CONTAIN THE COH"ff!NTS OF 
PORT<Oxl ---------,.-----------------------... _ ... --------------------.,,-_ .. _---

;uu 

; 

PROC 
MOR 
OUT 
INC 
INC 
III 
RET 
ENDP 

DJ SABLE ALL INTERRUPTS 
BUMP ERROR REPORTER 
lM<:R PORT ADDR 
READ REG 1 STER 

THE TI HER 1 NTEARUPT FROM 
TIMER. INPUT FREQuENCV IS L 

RESULTING IN APPRO)!;. IB.2 

; ---------_ ... ---------------------------------------

sn 
PUSH 
PUSH 
PUSH 
CALL 
INC 
JIIZ 
INC 

FAR 

OS 
AX 
~. 
oos 
TIMER_LOW 

I NTERRUPTS lACK ON 

SAVE MACHINE STATE 

INCREMENT T I M.E 
TEST_DAl' 
1 NCREMENT HIGH ~RO OF T [HE 
TEST_DAV 
TEST FOR: COUNT EQUALLl NG 24 HOURS 
D I SI(ETT~CTL 

D1St<ETTE_CTL 

A-I06 ROM BIOS 



FE.eS 2B CO 
FEe7 A] 006E It 
FE·CAr -A3 DOGC R 
FECD C6 06 ·0070 R 01 

FE02 

F£02 
FEOB 
FEDS 
FUll 
FEDF 

..---...FEEI 

( " 
l !i~; 
~E£7 

F£ES 
FEE. 
FEEA 
FEES 

FEES 
FEEa 
FEED 
FEEE 
FEFO 
FEF2 
FEF3 

FEF3 
FEF3 
FEF3 
F-£FIS 
FEn 
FEFS 

C,.,FEFB 
,EFD 
~£Fr: 

'FrO 1 
FrO] 
~F09 
'FF'.o7 
FF09 
f'l"OB 
FFOIl 
FFOF 

FFll5 
H'17 
F'FH) 
FF 18 
FFJD 
FF iF 
FF21 
FF23 
1'F2a 
FF2G 
FF27 
1'1'28 
FF'2B 
FF2C 
FF2E 
FF30 
FF31 

FF'31 
FF31 
FF3:.1 
FF3S 
FF'JB 
FF'3A 
Fnc 
FF3£ 
FF40 
f'F42 
Ff'44 
FriiS 
FFilS 
FF4A 
Fr'C 
FF4E 
FFISO 
FF52 
FFS3 

FE '0£ 0040 R 
7.5 09 
80 26 nIJaF R FO 
eo 80 
£8 "2 
CD 1C 

BO 20 
E6 :w 
SA 
·99 
IF 
CF 

02 04 
·46 
£2 FB 
0 .. CO 
03 

FEArS R 
1561 Ill: 
FBlS R 
FEU!S It 
Feus R 
FiU!5 R 
£"7 R 
"FSUS R 
0008 R 

·F.a..O R 
FB4j R 
EC59 R 
E739 R 
F959 R 
1300 ft 
EFH R 
0000 

·081-'1 R 
13!t3 R 
FB3C R 
F83(: R 
F00\4 R 
EFe7 R 
goSE R 

2£: 8A 04 

•• 90 
E8 laSA R 
58 
3e 00 
715- F:,1 
C3 

IW 96 
EG 43 
Be 
E6 
SA 
£6 42 
£4 61 
8A EO 
DC 03 
ES oj 
28 C9 
£2 FE 
FE C8 
75 FA 
SA t4 
£6 61 
C3 

Tt M£R HAS GONE 241 HOURS 
SUB AX, AX 
MQV TI MER_HI GH. AX 
MOy f.I MER_LOW" AX 

T I MEA_OFL J 1 
-FOR DISKETTE TIME OUT 

DEC 
JNZ 
AND 
HOV 
OUT 

Hi: tNT 

MOY 
OUT 
poP 
POP 
POP 
lRET 

TlH£R_INT 

AL,EO) 
020H, At,. 
OX 
AX 
OS 

ENOl' 

ARlTHM£'TIC ·CHECKSUHROUTlNE 
ENTRV; 
OS = DATA SEGM£NT 
SI = I NDEl( OFFSET 
ex ;:: L£NGiHi OF SPACE 
EXIT, ZERO fLA. 

ASSUME 
ORG 

cs: COOE 
Of'EF3H 
LABEL 
OFFSET 
OFFSET 
OFFSET 
'OFFSET 
OFFSET 
OFFiEY D1I 
aF'FS£T 0 15K_I NT 
OFFSET D 11 
OFFSET VtOEO_I0 ; 
OFFSET' £Q'IJ I PftEHT 
OFFSET 
OFFSET 
OFFSET 
CASSEll 
OFFSET" 
OFFSET 
OOOOOH 
OFSOOH ; 

END OF· I ifTERRUPT TO 9259 

12H 

VECTOR_l'ABLE 
OW 
DW 
DW 
DW 
DW 
DW 
ew 

·ow 
ow 
ew 
ew 
ew 
ow 
ow 
OW 
ew 
ew 
ow 
ow 
ow 
DW 
ow 
OW 
OW 
OW 

-PROt 
HOY 
INC 
puSH 
CALL 
PO" 
e,,? 
"NE 
RET 

~i~=~F ~:~~_STRAP , .. ,'~_c .. ,_c TlKE"OF OAV 
DUMMV_RETURN 
DUMMV _RETURN 
'1JDEO_PARMS t 
OFFSET D UK SASE ; 
CRT_')4ARH -
NEAR 
AL.-C$:1:$I] 
51 
AX 

·PRY_HEX 
AX 
AL,11 
G12A 

P ...;."5G £HOP 

~EEP 

BEEP 

ROUTINE TO S(KIUD SEE PER 
FRoe NEAR 
"OV AL, iOlJOHOB 
OUT TI MER+-] , AL 
MOV AX,D3311 
'OUT TIME.H2. AL 
MOv 
OUT 
IN 
NOV 
OR 
OlIT 
sus 
LOOP 
DEC 
"HZ 
MOY 
OUT 
RET 
ENDP 

BL 
G7 
AL .. AH 
PORT_B.AL 

-- KEYSD BREAI< AODR 
-- Ti MER BREAK AODR 
.... - VI DEC: PARAMETERS 

lE -- D!SK PARKS 
IF -- VIOEO EXT 

PVT· CHAR IN ilL 
POINT TO NExT CHAR 
SAVE PRINT CHAR 
CALL VI1>EO_,O 
RECOVER pM I NT CHAR 
WAS IT CARR AGE> RETURN? 
KO,KEEP PRINTING STRING 

TO WAI T 1500 KS 
BEFORE TURNING OFF 

DEL.AY 'Nf ExPIREO? 
NO CONTI NUE BEEP I KG SP9( 
RECOVER VAL.UE OF PORT 

RETuRN 10 CALL.ER 

ROM BIOS 07 



fT53 
""53 CF 

Fa 
IE 

So 
53 
51 

FF59 52 
SS R 
se: 08 
eo 3£ 0'000' -R 01 
14 !IF 
Co 06 0000 R 01 
94 OF 

FFSO CO 10 

8A CC 
815 19 
ES FA5F R ., 
&4 03 
CD 10 
5. 
5. 
33 02 

B402 
CD 10 
64 09 
co 10 
OA CO 
16 0'2 
eo 20' 
52 
33 D2 
32 £4 
CD 11 
SA 
F6 C4 29 
75 21 
FE c. 
3A CA 
15 DF 
32 D. 
SA E2 
52 
£:8 fASF R 
UA 
FE CG 
3A EE 
,. 00 
SA 
B4 02 

FfSll CD 10 
fF84 C6 06 0000 R 00 
FF89 E8 OA 
FF8B SA 
FFee 64 02 
frBE CD 10 
FFeD CG 0& 0'000 R fF 

SA 
55 
58 .6 
IF 
CF 

DUMMY RETURN FOR ADDRESS COMPAT181LITY 

ORO 
IRET 

OFF53H 

1 NT !! --.---.----.• - - -- .. ---- .• -. ----•. ----.• -- - ---.. - ---.. -- ----•. ----.. -

PUSH 
KOY 
1I0Y 
eMP 
jZ 
KOY 
HOY 

'NT 

=1 PR'NT SCREEN IS IN pROGRESS 

=-OFFH ERROR ENCOUNTERED DURING PRINTING. 

cs: CODE~ DS. XXOATA 
OFF64H 
PRce FAR 

OS 

•• e. 
ex 

WITH 'N,,. •• I1I." 
50,0 

THIS LATER FOR CURSOR 

D. CURRENT CURSOR POSITION 

AH,15 

lOH 

•• 

HEX 50 

SEE IF PRINT 
JUMP IF' PRINT 
INOICATE PRINT 
WiLL REQUEST THE 
MoOE 

[AL1=MODE 
tAH1=NUMBER 
CSH1=YlSVAL 

TO 

ox, ox; TO ro.o] 
.JUf ••••••••••••••••• JUI •••••••••••••• "" •••• " ............... " •• " •••• " .. 

THE LOOP FRO'M PRl10 TO THE iNSTRUCTION PRIO'R 
IS THE LOOP TO READ EACH CUR!roR POSI nON FROM 
AND PIUHT. 

; .......... M .... MM .IUI: MM_ MM_ M ... M.iII." M ... M MMMMM IHUU ••• JU, ...... JUtM JUtM lUI: M .MM. 

PIU 10: MO'V AH#:2 
I NT l(1H 
MOil AHIS 
1 NT lOH 
OR ALJAL 
JNZ PRi16 

PRIH5: ~~~H :~. r ~ 
.OR 
'OR 
INT 
POP 
TEST 

CL,OL 
PRI10 
DL,DL 
AH, DL 
O. 
CRLF 
OX 
DH 
CH,OH 
PAllO 
ox 
AH,2 
10H 

AH,2 

o 

10H ; 
STATUS_SYTE,OFFH 
ox 
ex 
BX 
AX 
.5 
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FFeD 

F'FCB 28 
FF'eD BE 
FF'CF C7 
FFD5 A3 
FFDB C7 

FF'F'O 

FFFO 

CD lB 

[6 43 
SA 0040 
02 D4 
SA C3 
EE 
32 
5A 
8A C7 
EE 
el 

J:t 1937 R 

R FBOO 

F'FF5 30 36 2F' 30 31 2F 
38 33 

FFFD FF 

FFFE FD 

fFFF 

PROC 
ASSIJHE 
sue 
HOY 
HOY 
HOY 
HOY 
tNT lBH 

BAS_ENT ENDP 

in IT_TI MER 
OUT 
HOY 
ADD 
IIOV 
OUT 
PUSH 
POP 
HOV 
OUT 
RET 

I NlT_TlMER 

PROC NEAR 
TtI._eTL, AL 
DX~ TIMER 
OL;AH 
AL, aL 
OX,AL 
o~ 
ox 
AL,SH 
OX,AL 

ENDP 

POWER ON IRESET VECTOR 

ORO oFFFOH 

: --- -- POWER ON RESET 

DB 
ON 
ow 

DB 

OFFH 

OFfiH 

OFFH 

RESET 

THROUGH 
(NO 0 I SKETTE 

"NEW INT 9" ° - -

GO TO BASIC 

ASSUMES BOTH 1'H£ LsI ANO "S9 

OUTPUT iNITiAL 
SASE PORT ADOR 
ADD 1N THE TI MER 
LOAD LSe 

PAUSE 

LOAD Hse 

; JUHP FAR 

RELEASE HARKER 

F'ILLER 

SYSTEM IDENTIFIER 

CHECKS!)'" 

ROM BIOS A-109 
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A.ppendix B. LOGIC DIAGRAMS 
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APPENDIX C: CHARACTERS, 
KEYSTROKES, AND COLOR 

As Chllrllcters 
Color/Graphics 
Text Attributes 

Black 

Characters, Keystrokes, and Color C-t 



Color/Graphics 
Value As Characters Text Attributes 

Hex Dec Symbol Keystrokes Modes Background Foreground 

18 24 r Clrl X Blue Dark Grey 

19 25 I Clrl Y Blue Light Blue 

lA 26 - Ctrl Z Blue Light Green 

1B 27 Ctrll, Blue Light Cyan 
Esc, Shift - Esc, Ctrl 
Esc 

lC 28 L- Ctrl \ Blue Light Red 

1D 29 - Ctrl J Blue Light Magenta 

1E 30 .. Ctrl6 Blue Yellow 

IF 31 ., Ctrl Blue White 

20 32 Blank Space Bar, Green Black 
Space Shift; 

Space, 
Ctr! Space, 
Alt Space 

21 33 , I Shift Green Blue 

.22 34 " " Shift Green Green 

23 35 # # Shift Green Cyan 

24 36 $ $ Shift Red 

25 37 % % Shift Mage 

26 38 & Shift Brown 

27 39 Green Light G 

28 40 ( ( Shift Green Dark G 

29 41 ) I Shift Green Ught SI 

2A 42 * .. Note 1 Green Ught Green 

28 43 + + Shift Green Light Cyan 

2C 44 Green Light Red 

~45 - Green Ught 

46 Note 2 Green Yellow 

47 / / Green White 

30 48. 0 0 Note 3 Cyan Black 

31 49 1 1 Note 3 Cyan Blue 

32 50 2 2 Note 3 Cyan Green 

33 51 3 3 Note 3 Cyan Cyan 

Characters, Keystrokes, and Color 



( 
~. 

Value 

Hex Dec .Symbol 

34 52 I 4 

35 53 5 

36 54 6 

37 55 7 

38 56 8 

1 39 57 9 

3A 68 : 

3B 59 ; 

3C 1 60 < I 
3D 61 = 
3E 62 > 

3F 63 7 

40 64 @ 

41 65 A 

42 66 B 

~ 67 

44 68 

45 69 E 

46 70 F 

47 

~±± 
G 

48 H 

49 73 I 

4A 174 J 

4B 75 K 

4C 76_ L 

4D 77 . M 

4E 78 N 

,4F 79 0 

50 80 P 

51 Q 

.52 82 R 

53 83 S 

54 84 T 

Color/Graphics 
As Characters Text Attributes 

Keystrokes Modes I Background Foreground 

4 Note 3 I Cyan Red 

5 Note 3 Cyan Magenta 

6 3 eya! Brown 

7 Note 3 Cyan Light Grey 

8 Note 3 Cyan Dark Grey 

9 Note~ Cyan light Blue 

: Shift Cyan Light Green 

; Cyan Light Cyan 

< Shift Cyan Light Red. 

= Cyan Light Magenta 

> Shift Cyan Yellow 

7 Shift Cyan I White 

@ Shift Red Black 

A Note 4 Red Blue 

B ~: Red Green 

C Red Cyan 

D Nota 4 Red Red 

E Note 4 Red Magenta 

F Note 4 Red Brown 

G ~4 Red Light Grey 

H Note 4 Red Dark Grey 

I No ed Light BliJe 

J Note 4 Red light Green 

K Note 4 Red Ught Cyan 

L Note 4 Red Ught Red 

M Note 4 Red. Light Magenta 

N . Note 4 Red Yellow 

'0 Note 4 Red 

P Note 4 Magenta Black 

Q 4 Magenta . Blue 

R Note 4 Magenta Green 

S Note 4 Magenta Cyan 

T Note 4 Magenta Red 

Characters, Keystrokes, and Color C-3 



Color/Graphics 
Value As Characters Text Attributes 

Hex ~SYmbOI Keystrokes Modes ackground Foreground 

55 85 U U Note 4 Magenta Magenta 

56 
86± 

V V I Note 4 Magenta Brown 

57 57 W W Note 4 Magenta Light Grey 

58 88 X X Not.~genta Dark Grey 

59 89 Y Y Note gema Light Blue 

5A 90. Z Z Note 4 Magenta Light Green 

f5B 91 [ [ Magenta Light Cyan 

5C 92 \ \ Magenta Light 

5D 93 1 1 Magenta '" Light Magenta 

5E 94 A A Sh genta Yellow 

5F 95 - - Shift Magenta I White 

60 96 . , Yellow Black 

61 97 a a Note 5 Yellow Blue 

62 98 b b Note 5 Yellow Green 

63 99 c· c Yellow I Cyan 

64 100 d d Note 5 ellow Rad 

65 101 a e 1 Note 5 Yellow Magenta 

66 102 f f Note 5 Yellow Brown 

67 103 g g Note 5 Yellow Light Grey 

68 104- h h Note 5 Yellow Dark Grey 

105 i i Nota w Light Blue 

106 j j Note 5 Yellow Light Green 

107 k k Note 5 Yellow Light Cyan 

6C 108 I I Note 5 I Yellow Light Red 

60 m m. Note 5 I Yerlow Light Magenta 

tD n n Yellow Yellow 

111 0 I O~5 Yellow White 

112 p P 5 White Black 

71 113 q q Note 5 White Blue 

~ r Note 5 White Green 

73 115 s. s Note 5 White Cyan 

74 116 f f = Note 5 White Red 

75 117 u u Note 5 White Magenta 

76 t 18 v v Note 5 White Brown 

C-4 Characters, Keystrokes, and Color 



Color/Graphics 
Value As Characters Text Attributes 

Hex ymbol Keystrokes Modes Background foreground 

77 119 w w Note 5 White Light Grey 

78 120 lC lC Note 5 White Dark Grey 

79 121 y y Note 5 White Light Blue 

7A 122 z z Note 5 White Light Green 

713 123 { f Shift White Light Cyan 

7C 124 I I 

~hih White Light Red I I 

70 125 } 1 hift White Light Magenta 

7E 
. ,,~-- - Shift e Yellow 

7F 127 I::. Ctrl- White White 

* * • * 80 to FF Hex are Flashing if Blink is Enabled * • * * 

80 128 C t128 Note 6 Black Black 

81 129 i.i Alt 129 Note 6 Black Blue 

82 130 e All 130 Note 6 Black Green 

83 131 a Alt 131 Note 6 Black Cyan 

84 132 t a All 132 Not"Hr' Red 

* 
a I Ait 133 Note Black Magenta 

86 II I Alt 134 I Note 6 lack Brown 

87 135 r~ c Alt 135 Note 6 Black Light Grey 

88 1361 e Alt 136 Note 6 Black Dark Grey 

89 137 e Alt 137 Note 6 Black Ught Blue 

8A 138 e Alt 1 ote 6 Black Light Green 

8B 139 'i 139 Note 6 Black Light Cyan 

8C 140 i All 140 Note 6 Black Light Red 

80 141 ! Alt 141 Note 6 Black Light Magenta 

BE 142- A Alt 142 N~* Black Yellow 

8F 143 A Alt 143 I Note Black White 

90 144 t: Alt 144 Note 6 Blue Black 

91 145 2 Alt145 Note 6 Blue Blue 

c 92 146 J( Alt 146 Note 6 Blue Green 

93 147 0 Alt 147 Note 6 Blue Cyan 

~48 6 Bt148 Note 6 Blue Red 

95 49 {} It 149 Note 6 Blue Magenta 

Characters, Keystrokes, and Color 



Color/Graphics 
Value As Characters Text Attributes 

Keystrokes Modes Background Foreground 

Alt 150 Note 6 Blue Brown 

Blue Light Grey 

Blue Dark Grey 

Light BI 

Light Green 

Light Cyan 

Ught Red 

Ught Magenta 

9E Yellow 

9F White 

AO 160 Black 

A1 161 Alt 161 Green Blue 

I A2 162 6 Green Green 

A3 163 U Green Cyan 

A4 164 n Green Red 

AS 165 ~ Green Magenta 

A6 166 S! Green Brown 

A7 167 2. Green Ught Grey 

AS 168 l Green Dark Grey 

0- Green Ught Blue 

-, Green Ught Green 

'h Green Ught Cyan 

'A Green Light Red 

Note 6 Green Light Magenta 

« Note 6 Green Yellow 

All 175 Note 6 Green White 

Alt 176 Note 6 Cyan Black 

Alt 177 Note 6 Cyan Blue 

Note 6 Cyan Green 

Note 6 Cyan Cyan 

Note 6 Cyan Red 

Alt 181 Note 6 Cyan Magenta 

Alt 182 Note 6 Cyan Brown 
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Color/Graphics 
Value As Characters Text Attributes 

Hex Dec Symbol Keystrokes Modes Background Foreground 

B7 183 Alt 183 Note 6 Cyan Light Grey 

B8 Alt 184 te 6 Cyan Dark Grey 

B9 Note 6 Cyan Light Blue 

BA Note 6 Cyan 

BB Note 6 Cyan 

Alt 188 Note 6 Cyan 

Alt 189 Note 6 Cyan 

Alt 190 Note 6 Cyan 

Note 6 Cyan 

Note 6 Red 

Note 6 Red 

Note 6 Red 

Note 6 Red 

Note 6 Red 

Note 6 Red 

Alt 198 Note 6 Red 

All 199 Note 6 Red 

Ait 200 Note 6 Red 

Alt20 6 Red 

Alt202 Note 6 Red 

Alt 203 Note 6 Red Light Cyan 

Note 6 Red Light Red 

Red Light Magenta 

Red Yellow 

Red White 

Magenta Black 

n 

Magenta 

Brown 

07 Alt 215 light Grey 

Characters, Keystrokes, and Color 



Value As Characters 

C-8 Characters, Keystrokes, and Color 

Color IGraphics 
Text Attributes 



Color/Graphics 
Value As Characters Text Attributes 

Symbol round 

• .. 
r 

Fe 252 1/ 

FD 253 2 Art 253 NoteS White U 

FE 254 • Alt 254 Note S White 

FF 255 BLANK Alt 255 Note 6 White 

Keystrokes, and Color 



NOTE 1 On the 52-key keyboard the Asterisk (*) can be keyed using two methods: 

1) in the shift mode hit the ~key or 2) hold Alt key and press the 

key. 

On the S3-key keyboard the Asterisk (*) can be keyed using two methods: 

1) hit the key or 2) in the shift mode hit the W key. 

NOTE 2 Period (.) can easily be keyed using two methods: 1) hit the [E] key or 2) in 

shift or Num Lock mode hit the I D~II key. 

NOTE 3 Numeric characters (0-9) can easily be keyed using two methods: 1) hit 
the numeric keys on the top row of the typewriter portion of the keyboard 
or 2) on the S3-key keyboard in shift or Num Lock mode hit the numeric 
keys in the 1 O-key pad portion of the keyboard. 

NOTE 4 Upper case alphabetic characters (A-ZJ can easily be keyed in two modes: 
11 in shift mode the appropriate alphabetic key or 2) In Caps Lock mode hit 
the appropriate alphabetic key. 

NOTE 5 Lower case alphabetic characters (a-z) can easily be keyed in two modes: 
1) in "normal" mode hit the appropriate key or 2)ln Caps Lock combined 
with shift mode hit the appropriate alphabetic key. 

NOTE 5 On the 52-key keyboard set Num Lock state using Alt/Fn/N then 3 digits 
after the Alt key must be typed from the numeric keys on the top row of 
the typematic portion of the keyboard. Character codes 000 through 255 
can be entered in this fashion. (With Caps Lock activated, character codes 
97 through 122 will display upper case rather than lower case alphabetic 
characters.) 

C-I0 

On the S3-key keyboard the 3 digits after the Alt key must be typed from 
the numeric key pad (keys 71-73, 75-77, 79-82). 

eV§itrclkes. and Colors 



Character Set (00 .. 7F)Quick Reference 

o 16 32 48 64 80 

o 1 

BLANK I ....... 
(NULL) I III 

1 1 g ..... 1 

2 2 _ 

4 

6 6 

* II 

" 

+ II 

I 

D ) 

~ 6. .. 
15 F '" / 

Characters, 

v 
w 

y 
II 

J z 
k { 
I 

I 
I 

m J 
n f'V 

0 d 

and· Colors 



Character Set (80 .. FF) Quick Reference 

DECIMAL 76 192 208 224 240 VALUE 

..- B c· 0 E F 

0 
... 

1 1 U ie 
." IE 2 e 
A A , 

3 3 a 0 u 
•• 0 -4 4 a n -" " N 5 5 a 0 

A 

6 6 U 

7 

8 8 cp 
•• 

9 9 e 
" 10 A e .. 
." 

11 B J 
A 

12 C I 
,. II 

1 0 1 I 
•• 

14 E A 'R « I 
15 F A f » BLANK 

'FF' 

C-12 .. Keystrokes, and Colors 
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Appendix D. UNIT SPECIFICATIONS 

System Unit 

Size: 

Length 
Depth 
Height 

354 mm (13.9 in.) 
290 mm (11.4 in.) 
97 mm (3.8 in.) 

Weight: 

3.71 Kg (81b 4oz) 
2.61 Kg (Sib 8oz) 

Transformer: 

Electrical: 
Input 
Output to System 

Power Cords: 

With Diskette Drive 
Without Diskette Drive 

110 Vac 60 Hz 
Pin 1 -17 Vac, Pin 2 - GND, Pin 3-
17 Vac 

Input Length 1.86 meters (6.14 feet) 
Type 18AWG 
Output Length 1.22 meters (4.02 feet) 
Type 18AWG 

Unit S cificatioDS D-1 



Air Temperature 
<lii:v"" ....... ON IS.6 to 32.2 degrees C (60 to 90 F) 
<lii:v"' ....... Off 1 0 to 43 degrees C (SO to 11 0 Gemrees 

8% to 80% 
8% to 80% 

Noise Level 45 dB 

Cordless Keyboard 

Length 
Depth 
Height 

341.5 mm (13.45 in.) 
168 mm (6.61 in.) 
26 mm (1.02 in.) 

Weight: 

With Batteries 
Without Batteries 

Optional Cable: 

6 

Diskette Drive 

Unit S ecifications 

616 grams (22 ounces) 
700 grams (25 ounces) 



.6 rum (1.6 in.) 
Depth 146 rum (5.8 in.) 
Width 208 rum (8.3 in.) 

1.1 (2.2 pounds) 

1.I1lSKe!lle Drive 

Supply 

Voltage Vde Input + 12 V de Input 

Ripple 

Oto 

+5 Vdc +12 Vdc 

Ripple 

+5 VdcInput 
100mV 100 

+5 Vdc Input 
5% 

Vdc 

+ Vdc 
+/-



Standby Current 

Nominal 
Worst 

Vdc 
600mA 
700 

Operating Current 

Worst Case 

Input 

+ Vdc 
400mA 
500 

+12 
900 
2400mA 

Mechanical and EledrilCal 

Industll"Y-c:ompatible 5 1/4 inch 
diskette 

no ..... ' ......... Life (Head Loaded) 

Media Life (Insertions) 

Motor Start Time 

3,000,000 revolutions/track 

30,000 
48 tracks/inch 
40 
500ms 

Instantaneous Speed Variation 

Rotational Speed 
Nominal Transfer 

Load Time 
Settling Time 
Rate 

3.0% 
300 rpm +/- 1.5% (long term) 

(MFM) 
250,000 
8,000POH 
+ / - 800 ns maximum 
6 ms track-to-track maximum 
20,000 hours (normal use) 
Not Applicable 

ms maximum (from last step pulse) 



Relative tfumuuty 

Operating Altitude 
Operating Vibration 

Color Display 

Size: 

Soft Error 

Access Error 

of .................. , 

1 1,000,000,000 
bits maximum 

within 

1 per 
1,000,000,000,000 
bits maximum· 
(nonrecoverable 
within 10 retries J 
1 per 3,000,000 
seeks maximum 

Operating 50 to degrees F 
(10 to 44 degrees 
C) 

Non-operating -40 to 140 ...... E:"O'''''.''''' 

F (-40 to 60 1'1 .. " ......... 

C) 
of~_. __ , 

Operating 20 to 80% 
(noncondensing) 

Non-operating 5 to 95% 
(noncondensing) 

Height 
Depth 

rum (11.7 
407 rum (15.6 in.) 
392 in.) 



Weight: 

11.8 pounds) 

Heat Output: 

240 BTU/hour 

Power Cables: 

Length 1.83 meters (6 feet) 

Size AWn 

Graphics Printer 

Size: 

Height 
. Depth 

Width 

Weight: 

110 mm(4.3 in.) 
370mm in.) 
400mm 

5.9 kilograms (12. 9 pounds) 

Heat Output: 

341 



Power Cable: 

Length 1.83 meters (6 feet) 
Size 18 AWG 

Signal Cable: 

Length 1.83 meters (6 feet) 
Size 22AWG 

Electrical: 

Minimum 104 Vac 
Nominal 120 Vac 
Maximum 127 

Internal Modem 

Power: 

Parameter 
Tolerance 
Ripple 
Maximum Current 
Current NOltninal 

Interface 

+ 5 Vdc Voltage 
+/-5% 
50 p-p 
300mA 
IS0mA 

+ 12 V de Voltage 
+/-10% 
50mV, p-p 
SOmA 

mA 

Unit Specificatioos D-7 



Compact Printer 

Size: 

88.9 mm (3.5 in) 
Depth 221 mm (8.7 in) 
Width 312.4 mm (1 in) 

kg (6.61b) 

Output: 

Btu/hr 

1"1'0111114>1" Cable: 

Length 1.89 mm (6 ft) 
28AWG 

....... ;;;. ....... Cable: 

1.89 m (6 ft) 
3 by 18 AWG 

Electrical: 

Voltage 110 Vac 60 

D-8 Unit Specifications 



Glossary 

p.s Microsecond. 

adapter. 
unit used to PVT,,..,n 

operation of another system. 

address bus. One or more 
conductors to 
binary-coded aUlHe:ss 

aU points addressable (AP A). A 
mode in which all points on a 
displayable can be 
controlled by 

alphanumeric 
(A/N). PeltainiIlg to a 

contains 
letters, digits, usually other 
characters, such as punctuation 
marks. ....vlnntnrnnnlUl 

alphameric. 

American Standard Code for 
Information 
Interchange. 
standard 

check), used 
inflorDlation interchange 

prclcel;Sll1lg systems, 
cmnmuni.cation systems 

and equipment. The 
ASCII set consists of control 
characters graphic 
characters. 

A/N. 

analog. (1) pertaining to data 
in the of continuously 
variable physical quantities. 
(2) with digital. 

AND. operator having 
the propel1ty that if P is a 
statement, Q is a statement, R 
is a statement, ... , then the AND 
of Q. true if all 
statements are true, false if any 
statement is false. 

APA. points addressable. 

ASCH. American Standard 



assembler. A computer asynchronous transmission, the 
program used to assemble. unit of modulation rate 
Synonymous with assembly corresponding to one unit of 
program. interval per second; that is , if 

the duration of the unit interval 
asynchronous is 20 milliseconds, the 
communications. A modulation rate is 50 baud. --->-' 

communication mode in which 
each single byte of data is 
synchronized, usually by the BCC. Block-check character. 
addition of start/stop bits. 

beginner's all-purpose symbolic 
BASIC. Beginner's all-purpose instruction. code (BASIC) A 
symbolic instruction code. programming language with a 

small repertoire of commands 
and a simple syntax, primarily 

basic input/output system designed for numerical 
(BIOS). Provides the device application. 
level control of the major I/O 
devices in a computer system, binary. (1) Pertailling to a I 

which provides an operational selection, choice, or condition --/ 

interface to the system and that has two possible values or 
relieves the programmer from states. (2) Pertaining to a fixed 
concern over hardware device radix numeration system having 
characteristics. a radix of two. 

baud. (1) A unit of signaling binary digit. ( 1) In binary 
speed equal to the number of notation, either of the 
discrete conditions or signal characters 0 or 1. (2) 
events per second. For Synonymous with bit. binary 
example, one baud equals notation: Any notation that 
one-half dot cycle per second uses two different characters, 
in Morse code, one bit per usually the binary digits 0 and 
second in a train of binary 1. 
signals, and one 3-bit value per 
second in a train of signals each -....i-/ 

of which can assume one of BIOS. Basic input/output 
eight different states. (2) In system. 

Glo -2 



c 

bit. In binary notation, either 
of characters 0 or 1. 

bits per second (bps). A 
measurement representing 
number of discrete binary digits 

can transmitted by a 
one second. 

block-check ehillnlil'.t.er 

(BCC). In cyclic redundancy 
checking, a character that is 
transmitted by the sender after 
each message block and is 
cODllpared with a block-check 
... n~lr~r·T ... r computed by 
receiver to if the 
transmission was successful. 

Boolean operation. (I) Any 
operation in which each of 

the take 
one of two values. (2) An 
operation that follows the rules 
of Boolean algebra. 

bootstrap. A ."'", .......... :1 ... 

device designed to itself 
into a desired state by means of 
its own action; that is, a 
ma,crtme routine whose 

instructions are sufficient 
to bring the rest of itself into 
the computer from an input 
device. 

bps. per seconla. 

buffer. (I) An area of 8tor'age 
that is temporarily reserved for 
use in performing an 
input/output operation, into 

data is read or from 
which data is '<11'1"11'I-T ..... 

Synonymous I/O area. 
(2) A portion of storage for 
ten:lDolrarilv holding or 
output data. 

bus. One or more conductors 
used for transmitting signals or 
power. 

byte. (1) A character 
operated upon as a unit 
usually shorter than a Computer 
word. (2) The representation of 
a character. 

CAS. Column address strobe. 

cathode ray tube (CRT). A 
vacuum tube display which a 

of can 

alphanumeric characters or 
symbols on a luminescent 
screen, example by use of a 

matrix. 

cathode ray display (CRT 
display). (I) A device that 
presents data in visual form by 
means of controlled electron 



U\JQJ.""" (2) 
produced by 
(1), 

Comite Consultatif 
IntenJLatJ.on:al Telegrafique et 

central processing unit 
(CPU). A functional unit that 
consists of one or more 
processors and all or part of 

channel. A path along which 
"'A&"""'" can be sent; for 
example, data channel or I/O 
channel. 

characters per second (cps). A 
standard unit of measurement 
for printer output, 

code. (1) A set of unambiguous 
specifying the manner in 

data be represented 
dislcrelte form, 

with coding 
""' .. ,..., ... ..." (2) set of items, 
such as abbreviations, 
representing members of 
another set. (3) Loosely, one or 
more or 

of a program. 
(4) To represent data or a 

Glo -4 

computer program in a 
symbolic form that can 
accepted by a data processor. 

column address strobe( CAS). A 
signal that latches 
addresses in a memory 

Comite Consultatif 
internationaL Telegrafique et 
Teleponique (CCITT) 
Consultative Committee on 
International Telegraphy 
Telephone. 

computer. A functional unit 
that can perform substantial 
computation, including 
numerous arithmetic 
operations, or logic operatIOns, 
without intervention by a 
human operator during the run. 

configuration.(l) 
arrangement of a computer 
system or network as ......... AU ...... 

by the nature, number, and 
chief characteristics of 
functional units. More 
specifically, the term 
configuration may to a 
hardware configuration or a 
software (2) 
rlp,.nr~~Q and prCIgrc:lms 
make up a """,1" .. ,.... QllhQvQtp.m 

or network, -' 



conjunction. (1) The Boolean 
olX~ration whose the 
HOOle;an value 1 

operand 
I. (2) Synonymous with 
operation. 

contiguous. (1) Touching or 
joining at the edge or 
boundary. (2) Adjacent. 

Characters 

Central prC>Ce:SSUlg 

check. 

the axis 
rotates. (2) 

a disk storage 
can accessed ....,.;t hn'l>t-

repositioning the access 
mechanism. 

-daisy-chained cable. A type 
cable has two or more 
connectors attached in 

data. (I) A representation of 
COIlcelDtS. or instructions 

ina formalized manner suitable 
for communication, 
mteIJl,ret:ati1on, or prC)celiSmtg 
humans or automatic means. 
(2) Any representations, such 

"'tI1,,..""'" ray tube or analog 

Clear to send. 
Associated with mO(leltn 
control. 

cyclic redundancy 
(CRe). (1) A re(lllnd~m~ 

which the 
a ... ni .... "t .. rI by a 

A system error checking 
performed at both 

receiving sta1;ion 
block-check ... h!;I",<>('·t .. ", 

accumulated. 

cylinder. (1) The set of all 
with same u'\,U.LLl.ll ..... 

qUclDtl'ue:s, to which meaDltng 

be assigned. 

dedbel(dB). (1) A unit 
pvt'.t'PC!(!P(! the ratio of two 
power on a logarithmic 
scale. (2) A unit for-measuring 
", .. I'!'It;'"'" power. The nwnoc;~r 
UC\.;U.JCl;:) is ten times 
logarithm (base 10) of ratio 
of measured power levels; 
if levels are 
V.~"'p;""" (across the same or 

the llUJut''-'''''' 

decoupliDg capacitor. 
"4},a"Jl~VJ. that provides a 

GI .. 5 



low-impedance path to ground 
to common VV''''UJ.JLUlI::. 

_t· .... ", ...... states of a 

Deutsche Industrie Norm 
(DIN). (1) German Industrial 
N onn. (2) The committee that 

'UV .... JU\" dimension 

digit. (1) A graphic character 
that represents an integer,Jor 

one of the "'h<, .. ""~t",",, 

o to 9. (2) A symbol that 
retl~res:enlts one of 

example. in 
decimal notation, a is one 
of the characters from 0 to 9. 

digital (1) Pertaining to data in 
the fonn of digits. (2) COltltrast 
with analog. 

DIN. Deutsche Industrie 
Norm. 

Connector. One 
connectors specified by 
DIN standardization 
committee. 

DIP. Dual in-line VQ..~.m..Cl,E;r.;;. 
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direct memory access 
(DMA). method of 
transferring data between 
storage I/O devices 
does not require processor 
intervention. 

disk. Loosely, a magnetic 
unit. 

thin, flexible 
magnetic disk and a ~p.nn-1"1101(1 
protective, jacket, in which the 
disk is permanently enclosed. 
Synonymous with flexible disk. 

DMA. memory access. 

DSR. set ready. 
Associated with modem 
control. 

control. 

an 
are 

pins usually in two paranel 
rows. pins are sl}aceo 
1/10 inch apart and come in 
different configurations ranging 

to 40-pin 



ECC. e correction. 
checking and 

c 

edge connector. A terminal 
block a number of 
contacts attached to the edge 

to 

....1"'· ... ""l'\n .... Industries EIA. 
Association. 

CO'mInitltee on International 
and Telephone. 

transl:nis:Slo,n control 

text. 

end-of -transmission character 
(EOT). A control 

which 

to indicate the 
of a transmission, 
have included one 

or more texts and any 
assoceated message headings; 

EOT. end.-of··trallsmissi(m 
character. 

EPROM . .LJL .. "" ... U'J.'V 

memory 

erasable programmable 
read-only. (EPROM) 
A storage whose 
contents can by 

contents 
means. EPROM information is 
not destroyed when power is 
removed. 

error checking and correction 
(ECC). and 
correction of 
double-bit, and some 
multiple-bit errors. 

character. 

extended oman'-C4H1e!o diecilrnal 

interchange code. .\ .&..;J .... '-"JJ A'v 

A set of characters, each 
represented by bits. 

flexible . disk. 
diskette. 



firmware. Memory· chips with 
programs already 

incorporated on the chip. 

gate. (1) device or circuit 
has no output it is 

tri(~o$>rprl into operation 
or more enable ''''bUA~''', 
an input signal a 
predetermined threshold 
amplitude. (2) A signal that 
triggers the passage of other 
signals through a circuit . 

. graphic. A .symbol produced by 
a process such as handwriting. 
drawing, or printing. 

equal to one 

heL Abbreviation for 
hexadecimal. 

hexadecimal (Hex). 

second. 

toa or 
condition that bas 16 possible 
values or states. These values 
or statesusuaUy contain 10 

6 A 

equivalent to a 

high-order . position. The 
leftmost position in a string of 
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Hertz. 

interface. A ., .. "nl''' that alters 
or converts actual electrical 
signals betw.een distinct 
de,rtces. programs, or systems. 

k. abbreviation the 
prefix kilo;tbat is, 1,000 
decimal notation. 

power; 
1,024 in decimal notation. 

KB (Kilobyte). 1,024 bytes. 

k byte. 1,024 bytes. 

. kHz. A unit of frequency equal 
to 1,000 hertz. 

kilo(k). One thousand. 

latch. (1) A feedback loop in 
symmetrical digital circuits 
used to maintain a·state. (2) 
simple 10g:1C-Jctr(~wt C!t ...... l'~(l'p 

element 
as a unit. 

LED. Lig)Jt-lemittinlg diode. 



Ugbt-emitting diode (LED). A 
semi-conductor chip that gives 
off visible or infrared 
when activated. 

C\low-order po~on. The . 
rtgJltDlLOSt posItion a stnng 

m. (1) Milli; one thousand or 
thousandth (2) Meter. 

M (Mega). 1,000,000 
decnnal VVhen 
referring to capacity. 2 
to twentieth power; 
1,048,576 in decimal notation. 

Milliampere. 

machine language. (I) A 
language that is used directly 
by a machine. (2) Another 
term for computer instruction 

main storage. 
in which the access 
effectively independent 
location of data. 

device 
is 

the 

MR. Megabyte, 1,048,576 
bytes. 

mega (M). 10 to the sixth 
power, 1,000,000 in decimal 
notation. When referring to 
storage capacity, 2 to the 
twentieth power. 1,048,576 in 
decimal notation. 

megabyte (MB). 1,048,576 

megahertz (MHz). unit of 
measure frequency. One 
megahertz equals 1,000,000 
hertz. 

MFM. Modified frequency 
modulation. 

MHz. Megahertz. 

microprocessor. An integrated 
circuit that accepts coded 
instructions execution; the 
instructions may be entered, 
integrated. or stored internally. 

microsecond. (ps) 'LJ'Ulv-I.Hll

lionth of a second 

milli(m). One thousand or one 
thousandth. 

milliampere(mA). One 
thousandth an ampere. 

millisecond(ms). One 
thousandth of a sec:on,Q. 
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mnemonic. A symbol chosen to 
assist human for 
example, an abbreviation such 
as "mpy" for "multiply." 

mode. (l) A method of 
for eX~lmllle, 

binary mode, the 1nt,f'On'l,'I"ptivp 

mode, alphanumeric mode. 
(2) The most frequent value in 

statistical sense. 

modem 
(Modulator-Demodulator). 
device converts (bit 
by bit) digital signals from a 
business machine (or data 
terminal equipment) to analog 
signals which are for 
tralllSulission in a tele:ohcJne 
network. inverse tUIlctllon 
is also performed by the 
modem on reception of analog 
signals. 

modified frequency modulation 
(MFM). process of 
varying the amplitude and 

-"1~'-~'~J of the "write" 
signal. MFM pertains to the 
number of bytes of that 
can be on the recording 
media. The number of is 
twice the number contained in 
the same unit area of recording 

at single ____ AWJ 

...... ,-1'1" ........ " .... on entered 
into a system. This calculation 
is designed to detect errors. 

monitor. (1) A device that 
nh.~.,...,u",<:! and the 

processing 
mCll1ca,tes any 

specific departure from the 
norm. (2) A television type 
display, as the mM 
Monochrome Display. 
(3) Software or hardware that 

nf'1'Vl<:!.'.!i1. controls, 
or verifies the operations of a 
system. 

ms. Millisecond; one 
thousandth of a sec:on'G. 

multiplexer. device capable 
of distributing the events of an 
interleaved sequence to the 
resoe(;U\ire activities. 

NAND. logic operator 
having the property that if P is 
a statement, Q is a statement, 

is a statement, ... , then the 
NAND of P,Q,R, ... is true if at 
least one statement is 
false if all statements are true. 

nanosecond. (ns) One-billionth 
of a sec:onG. 

-' 



nonconjunction. (l) The dyadic 
Boolean operation the result of 

the Boolean value 0 

non-retum-to-zero inverted 
u ·U~." A transmission 

which the 
equipment 

signal to the 
opposite state to send a binary 
o it in the same state 

a binary 1. 

NOR. A logic operator having 
property that if P is a 

statenlenlt, Q is a statement, R 
is a statement, ... ,then the NOR 
of P,Q,R, .. .is true if all 
statements are false, false if at 

one statement is true. 

NOT. operator 
the property that if P is 

a then the NOT of P 
is true if P is false, false if P is 
true. 

Non-retum-to-zero 
inverted. 

operating system. ...:"'lftu:r" .... that 
controls the execution of 
programs; an operating """1' ....... 
may provide services 
resource allC)canoll. s(~ne:auJ.mjg, 
input/output control, 
management. 

a statement, 
R is a statenlent. 
OR of P,Q,R, ... is true if at 
one statement is if all 
statements are 

output. to a 
process, or channel involved in 
an output process, or to the 
data or states involved an 
output 

output 
that C011sists 

machine language to a .... 1J'6 ... "'6 .. 

that end user can 
os. Nanosecond; one-billionth understand. 

a sec:ono. 
overcurrent. current of 
higher than specified .,t .. ~.n<T1~h 



ove"oltage. A voltage 
specified 

parallel. (1) Pertaining to the 
concurrent or simultaneous 
operation of two or more 
n"'J1I"~" or to the concurrent 
pel~folrm:mc:e of two or more 

...t'uitl_ (2) Pertaining to 
concurrent or simultaneous 
occurrence of two or more 
related activities in multiple 
., ... ",,'"',"'., or channels. 

pertaml11lg to the 
<>LU. .... n ......... 'u:t of two or more 
Drclcesses. (4) Pertaining to 
simultaneous processing of 
individual parts of a whole, 
such as the bits of a character 
and the characters of a word, 

separate facilities for 
parts. (5) Contrast with 

Picture element. 

a processor and 
... .,.",nnnrn and that can 
connected to a television or 
some monitor. An 
optional printer is usually 

picture element (PEL). (1) The 
smallest displayable on a 
display. (2) Synonymous with 
pixel, PEL. 

pinoot. A diagram 
functioning on a DmDOllrO. 

pixel. Picture element . 

polling. (l) of 
devices for purposes such as to 
avoid contention, to determine 
operational 
determine 
receive data (2) 
whereby are invited, 
one at a time, to l".nt.W>lWI.. 

port. An access point for data 
entry or exit. 

conductive usually 
metaL Miniature electronic 
components on the fiberglass 
transmit signals 
through the board by way of 
the metal 

program. (1) of actions 
designed to .,"' ...... , .. 
result (2) A 
instructions 
computer to handle a 



problem or task. (3) To design, 
write, test computer 

~ programable read-only·memory 
LXPROM). Non-erasable 

programable memory. PROM 
information is not destroyed 

power is removed. 

prOluammml! language. (1) An 
artifici,atlanguage established 

ext)relismlJ!; computer 
pro~~lS. (2) set of 
characters and rules, with 
....... v,a1UJLl.l'<P assilgrtea prior to their 
use, for writing computer 

propagatioo'delay. The time 
for a signal to travel 

on a circuit to 

radix.,(l) In a radix numeration 
system, the positive integer by 

the weight of the digit 
multiplied to obtain the 

weillht of the digit place with 
the next weight; for 
ex,unl)le, in. the decimal 

numeration """1~""'" 
each digit place is 1.0. 
(2) Another term for 

radix numeration system. A 
positional representation 
system in which the ratio of the 
weight of anyone digit place to 
the weight of the digit place 
with the next is a 
positive integer. 
permissible 
character in digit place 
range zero to one 
than the radix of the 
place. 

RAS. Row address strobe. 

RGBI. Red-green'-blue-intensity. 

read-only memory (ROM). A 
storage device whose contents 
cannot be modified, except by 
a particular user; or when 
operating under particular 
conditions; for ex~unl)le. 
storage device 
is prevented by a lockout. 

read/write memory. A storage 
device whose contents can 
modified. 

roo-green-blue-intensity (RGBI). 
The description of a direct-drive 



monitor which aC{~nts 
blue, and mtf:DSl'ty 

inputs. 

register. (1) A storage device, 
a specified storage 

r";n ... ", .... '1rt1 such as a bit, a byte, 
or a computer word, and ...... ---1 intended for a ~"'~N.l.:u 
purpose. (2) On a calculator, a 
st(llra~~e device in which specific 

is stored. 

RF modulator. The device used 
to convert the composite video 

to the antenna 
of a home TV. 

ROM. Read-only memOJry 

RTS. to send. 
Associated with modem 
control. 

run. A continuous 
performance of a computer 
program or routine . 

sean line. use of a ..... ~,llV ....... 
beam to test cathode 
tube of a display used with a 
personal computer. 

schematic. The description, 
, usually form, 
logical physical structure of 
an base to 
a conceptual model 

ROM/BIOS~ The basic sector~ part of a track or 
input/output system 1"s><!iirl"1!'1t in band on a magnetic drum, a 

provides disk, or a disk 
... """nn", level control of accessed by the 

row address strobe (RAS). A 
that latches the row 

arlclrl"."':~f\~ in a me:m()fY 

RS .. 232C. The standards set 
by EIA for communications 
between computers and 

equipment. 

in the course 
a rotational 
displacement of the particular 
device. 

. serdes. Serializer/ deserializer. 

serial. (1) Pertaining to the 
sequentialperformance of two 
or more activities in a single 
device. In English, the 
modifiers serial and parallel 
usually to devices, as 
OD'DO!re<l to sequential 



refer to 
processes. (2) Pertaining to the 
sequential or COIlSt'lCUI,IVe 

occurrence of two or more 
related a single 
""'"1"'" or channel. 
(3) Pertaining to the sequential 
prC)ce!,SUJlg of the individual 
parts of a whole, such as the 
bits of a character or the 
characters of a word, using 
same facilities successive 

.' ' (4 ) Contrast with 
. paraDel. 

sink. • A or circuit 
. which current drains. 

GnfhwG..... (1) CODrlDuter 
. programs, procedures,rules, 
and possible associated 
documentation concerned with 
the operation of a data 
processing system. (2) Contrast I 
with hardware. 

source. origin of a 
or electrical energy. 

source circuit. (1) Generator 
circuit. (2) Control with sink. 

SSe Start-stop transmission. 

start bit. Synonym for start 
signal. 

start-of-text cbaracter 
(STX). A transmission .... nl"1tr."l1 

character that precedes a test 
may be used to terminate 

the heading. 

start signaL (1) A signal to a 
receiving mechanism to get 
ready to receive data or 
perform a function. (2)In a 
start~stop system, a 
preceding a character or block 
that the TP.l'l'!IVllnU 

device for the reception of the 
code elements. Synonymous 
with start bit. 

start-stop (SS) 
transnmsion. (I) A synchronous 
transmission that 
of representing a 
character is preceded by a start 
signal and followed a stop 
signal (2) Asynchronous 

which a 
of bits is by a start bit 
that prepares the rf!\{'l'!IVlnU 

mechanism for the reception 
and registration of a character 
and is followed by at least.one 

bit the 
me:cniarusmfor the 

reception and registration of a 
character and is followed by at 
least one stop bit that enables 
the receiving mechanism to 
come to an idle condition 
peIltlUll2 the of the 
next character. 



stop bit. Synonym 
signal. 

receiving ll1 ... ' ... uaLUDuA 

the next "'IO""U. 

start-stop system, a 

stop 

following a character or block 
that prepares the 1"p.l"",iuino 

device for the re(~Dtion 
subsequent character or block. 
Synonymous with bit. 

strobe. (1) An instrument 
to determine the exact 

or cyclic movement. 
(2) A flashing 
an exact event. 

STX. Start-of-text character. 

synchronous transmission. Data 
transmission in 
sending and .... ,,"".u .... 
are operating continuously at 
the same frequency are 
maintained, by means of 
correction, in a desired phase 
relationship. 

text. In ASCn 
COInIDUntcatilon, a of 
characters treated as an entity 
if preceded and by 

.. 16 

one STX and one 
transmission control, 
respectively. 

track. 

medium, associate a 
single reading or writing 
component as the data medium 
moves past component. 
(2) The portion of a moving 
data medium such as a drum, 
tape, or is accessible 
to a head 
position. 

tnmsistor-tnmsistor logic 
(TIL). circuit in which the 
multiple-diode cluster of the 
diode-transistor logic circuit 
has been by a 
mum,)le~,emtitu~r transistor. 

TIL. 
logic. 

TXDam. Tnmsltnit data. 

control. connections 
of the asynchronous 
communications adapter 
interface. 

video. data or 
displayed on a cathode ray tube 
monitor or display . 



c 

write precompensation. The 
varying of the timing of the 
head current from the outer 

tracks to the inner of the 
diskette to keep a constant 
write signal 
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A 

+AO 3-7, 
+AO thru A3 3-20 
AO thru A07, memory 3-7 
AO A19, I/O 
AO thru A14, program cartridge signal 14 
Al 3-72 
A2 3-72 
A9 3-72 
-ACKNLG, graphics 13 
adapter 

See diskette drive adapter 
adapter ROM valid 5-18 
adapter cable 

for 
connector specifications 3-90 
signal cable 3-89 

for cassette 
connector 3-91 

for IBM color display 
connector specifications 

addresses 
(data 3-17 

FDC (status register) 
parallel printer attachments 5-13 
ROM modules, valid 5..,18 
RS232-C attachments 5-13 

advanced BASIC, ROM 
ALE, I/O signal 2-24 
ANSWER, modem command 3-44 
ASCII, extended 
-ATR CD IN 3-9 
ATR 3-7 
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attachable joystick 
block diagram 3-78 
connector specifications 3-79 
electrical centering control 3-77 
free floating 3-77 
spring return mode 3-77 
x-axis 3-77 
y-axis 3-77 

AUDIO IN, 
AUTO 
available options 

B 

-BASE 1 ROM IN CARTRIDGE, cartridge signal 15 
-cur ....... ""' 2 ROM IN CARTRIDGE, program cartridge signal 15 
BASIC, cartridge 4-13 
BASIC screen editor special functions 5-41 
BASIC variables 5-16 
BAUDCLK 
beeper 

block diagram 2-85 
input sources 2-85 

graphics printer conno! code 3-1 
BIOS 

example, interrupt usage 
interrupt hex 10 4-17 
interrupt hex 14 4-18 
interrupt 16 
interrupt 1 D 4-17 
memory map 5-17 
power-on initialization stack-area memory location 
vectors list, interrupt 5-7 
vectors special .. ''''WL .... 1I5'' 

interrupt hex lB - keyboard break a ... \,u",,>:> 

interrupt hex 1 C - timer tick 5-8 
interrupt ID - video parameters 
interrupt hex parameters 

hex IF - graphics character pointers (2nd 128) 5-9 
interrupt hex 44 - graphics character pointers (1st 128) 5-9 
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""'''''''''''V' hex 48 - cordless keyboard translation 5-10 
interrupt hex 49 - non-keyboard scan-code 

address 5-10 
BIOS cassette 

cassette 
cassette write 

tape block components 5-50 
tape block 5-50 
timing chart 5-49 

data record architecture 5-50 
error detection 5-51 
software algorithms - interrupt hex 15 5-47 

cassette status in AH 5-48 
request types in register AH 5-47 

block diagrams 
attachable joystick 3-78 
beeper 2-85 
cassette motor control 
compact printer 3-134 
diskette drive adapter 3-14 

2-98 
2-106 

memory and display expansion 3-6 
modem 3-36 
parallel printer attachment 3-97 
read hardware 

port 
sound subsystem 2-89 
system 1-6 
system board 
video color I graphics subsystem 
write hardware 2-40 

bootstrap memory location 5-13 
break. cordless keyboard 5-34 
BREAK, modem command 3-44 
buffer, cordless keyboard 
bus 

Index-3' 



c 
cable, adapter 

See adapter cable 
cable, keyboard 

See keyboard cord· 
cable, power 

See power cable 
cable, signal 

See signal 
-CABLE CONNECT 2.,.101,3-87 

compact nriy't .... control 3-141 
CAN, graphics control code 3-118 
-CARD INSTALL 
-CARD SLCTD, 1/0 signal 2-28 
cartridge BASIC 4-13 
cartridge, ..... "'.l'n"<lJ ...... 

program 
CARTRIDGE TAB,program cartridge 2-116 
+CAS 3-8 
cassette BASIC, system ROM 4-12 
cassette 

block cassette motor control 
block diagram, read hardware . 240 
block diagram, write hardware 240 
connector specifications 2-41 
motor control 
output to audio 2-39 

cassette logic, 
See BIOS cassette logic 

character codes, cordless keyboard 5-27 
set, 3-148,3-149 . 

"'U:a~A"","" set 1 3-128 
description 3.,.109 

character set 2 3-130 
description 3-.109 

I/O signal 
clock frequency,system 
color burst· signal frequency 2-6 
color display 

connector specifications 3-83 
electrical requirements 
horizontal frequency 
operating characteristics 3-82. 
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screen 
video bandwidth 3-82 

color I graphics 
points addressable graphics (APA) mode 
high-resolution 2-oo10r 2,.58 
high-resolution4-color 
low-resolution 16-00lor 
,medium.,.ll'eS()lution 4-color 
medium-resolution 16-color 

available 
screen border 
sto!ra,~e organization memory map 2-61 

alphanumeric (A/N) mode 
attribute byte deflnition 
attributes 
display character 

block diagram 2-46 
, character size'and description 2-43 

characters available 2-44 
composite connector specifications 2-83 

page 2-47 
CRT / processor register 

CRTpageOthru2 2-79 
orc)cessor page 0 thru 2 2-79' 

mode 0 and 1 2-80' 
direct drive connector specifications 2-82 
four-color mode palette 2-50 

pen connector specmcations 
me1mOlN map 
mode selection summary 2-81 

sequence for changing modes 2-81 
page 2-47 
programming considerations 

6845 CRT 2-75 
register table 2-76 

RF connector specifications 2-83 
ROM generator 2-49 
sixteen-color mode palette 
storage organization 

accessing the RAM 2-47 
RAM address 2-47 

summary of available colors 2-53 
two-colormode palette 
video bandwidth 2-49 
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video gate array 
address register 2-74 
border color bit functions 
mode control I register bit functions 2-64 
mode control 2 register bit functions 2-66 

attribute byte defInition 2-67 
mode selection summary 2-81 
palette bit functions 
palette 2-71 

format 
register addresses 2-63 
reset register bit functions 2-69 
sequence for changing modes 2-81 
status bit functions 2-73 

retrace interrupt 2-82 
video I/O devices and addresses 
6845 CRT 2-45, 2-47, 2-75 

register table 2-76 
command character, modem 3-40 
commonly used functions, cordless keyboard 5-38 
compact 

block 3-134 
character set 3-148,3-149 
connector specillcations 3-150 
control codes 3-140 thru 3-141 thru 3-147 
description 3-133 
print mode combinations, allowable 3-140 

interface 
description 3-139 
timing diagram 

signal cable 
specillcations, general 3-135 thru 3-138 

compatibility to Personal Computers 
black and white monochrome display 4-18 
color graphics capability differences 4-15 
cOlor modes available only on PCjr 4-16 
comparison, PCjr to Personal hardware 4-10 
non-DMA operation considerations 4-19 
screen buffer differences 4-12 
software determination of the computer 4-19 
timing dependencies 4-5 
unequal confIgurations 4-7 
user available read/write memory 4-12 
video hardware address difference 4-16 
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complex sound generator 
SN76496N 
sound subsystem 

connector television 
channel selector switch 3-85 
computer I television selector switch 3-85 
connector sp~:CJ1llca1JorlS 

cable 
connector locations, system board 2-10 
connector specifications 

adapter cable for cassette 3-91 
adapter for color display 3-93 
adapter for serial devices 3-89 
attachable joystick 3-79 

2-87 
cassette (system board) 2-41 
color display 3-83 
compact 3-150 
composite (system board) 2-83 
connector for television 

drive (system board) 
....." ..... "'.'.'" drive 3-29 
Uli) ......... ' .... drive adapter 3-25 
games (system board) 2-123 
graphics printer 3-115 
infra-red receiver (system board) 2-100 
I/O expansion 2-22 
keyboard cord 
light pen (system board) 2-75 
memory and display exparlSion 3-10 
modem 
parallel printer attachment 3-104 
power board 
program cartridge 2-117 
RF modulator (system board) 2-83 
system 2-10 

control compact nr;t,h'r 3-140 3-147 
codes, printer 3-116 thru 

control latch, parallel printer attachment 3-101 
controller, floppy disk (FDC) 
cordless keyboard 

BASIC screen editor functions 
battery power 2-102 
buffer 5-36 
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CONNECT signal 
character codes 
commonly used functions 5-38 

format 2-104 
data path 2-102 
disabling the infra-red circuits 2-101, 2-103 
DOS special functions 5-42 
extended codes 5-30 
function map, keyboard to keyboard 5-25 
interface block diagram 2-106 
layout and keybutton numbering 5-22 
parity bit 2-104 
phantom-key detection 2-103 

shift keys combinations, allowable 
shift keys priorities 5-33 
shift states description 5-31 

alt key 5-32 
caps lock 

key 5-32 
shift key 

special handling description 
break 
enable/ disable keyboard click 
function lock 
functions 1 thru 10 5-35 
other characteristics 5-36 
pause 5-34 
phantom-key 55) 5-36 

screen 5-34 
run diagnostics 5-36 
screen adjustment 5-35 
scroll lock 5-35 
system reset 5-34 
typematic suppression 5-36 

start bit 2-104 
stop bit 2-104 
transmission timing 2-105 

2-103 
80C48, keyboard 2-103 

COUNT, modem command 4-45 
CPU 3-8 
CPU LATCH 3-9 
CR, compact printer control code 3-141 

8-lndex 



CR, graphics printer control code 3-I 
--CS2 thru program cartridge signal 2-115 
--CTS, modem 3-71 

D 

DO thru D7 3-7, 
DO thm D7, program cartridge signal 2-114 
-J.J,"""'-""'" 0, I/O signal 2-27 
DACKO 3-21 
DATA 1 DATA 8, graphics printer signal 13 
data latch, parallel printer attachment 3-99 
DC2, compact printer control code 3-141 
DC2, graphics control code 18 
DC4, compact printer control code 3-141 
DC4, graphics printer control code 18 
DIAL, modem command 3-46 
differences, PCjr to Personal Computer 

U"""''''''iHIJ'l''. of internal 4-18 
addressing of serial port 4-18 
black and white monochrome display 4-18 
color graphics capability differences 4-15 
color modes available only on PCjr 4-16 
compatibility hardware 4-10 
compatibility of configurations 
non-DMA operation considerations 4-19 
screen buffer 4-12 
software determination of computer 4-19 
timing dependencies 
user available read/write memory 4-12 
video hardware address difference 4-17 

-DIRECTION 3-23 
-LJj, ... .n.UL,·L, CASO 3-8 
-DISABLE 
diskette 1 
-DISKETTE CARD INSTALLED 3-20 
-DISKETTE CS 3-21 
diskette drive differences, PCjr to Personal Computer 4-13 
diskette drive 

connector 3-29 
electrical requirements 3-28 
load lever 3-27 

Index-9 



media cooling fan 3-28 
sensors 3-28 

diskette drive .... I< .... t, ... 

additional comments 3-19 
block diagram 3-14 
connector specifications 3-25 
digital output register (DOR) 3-15 
diskette drive constants 3-19 
diskette drive signals 
diskette format 3-18 
electrical requirements 3-24 
floppy disk controner (FDC) 3-16 
I/O channel interface signals 3-19 
location 2-10 
signal cable 3-13 
watchdog timer (WD1) 3-16 

o thru D7, I/O signal 2-24 
DOS functions 
-DRIVE SELECT 3-22 
DRQO 3-21 
DRQ 0, I/O signal 2-27 
-DSRmodem 
DTMF (dial-tone modulated-frequency) 

modem 

E 

electrical centering control, joystick 3-77 
electrical requirements 

color display 3-82 
compact printer 3-137 
diskette drive 
diskette drive adapter 3-24 
graphics printer 3-109 

enable/ disable keyboard click 5-36 
control codes, compact 

ESC control codes, graphics printer 
extended ASCII 5-21 

3-141 thru 3-146 
18 thru 

extended codes, cordless keyboard 5-31 

to-Index 



F 

FF, compact printer control code 3-146 
graphics printer control code 3-117 

FOe (floppy disk controller) 
See floppy disk controller 

floppy disk 
floppy disk controller (FDC) 3-16 

3-18 
functions not supported 3-18 
I 10 addresses 3-17 
power-up parameters settings 3-17 

floppy disk drive (FDD) 3-16 
FORMAT, modem command 347 
function lock, cordless keyboard 
functions 1 thru 10, cordless keyboard 5-35 

G 

interface 
block ........ is' ... 'iU 

connector specifications 2-123 
digital input format 2-121 
joystick input data 2-119 
paddle input 
pushbutton inputs 2-122 
resistance range 2-121 
resistive input format 2-121 
resistive to digital input equation 2-119 

GATE 3-9 

color I graphics 
graphics printer 

character set 1 3-128 
description 3-109 

set 2 3-130 
description 3-109 

control codes 3-116 thru 3-127 
DIP switch settings 3-111 
electrical requirements 3-109 
environmental conditions 3-109 
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3-115 
3-113 thru 3-114 

3-107 

HANGUP, modem command 348 
hardware PCjr to Personal 

1 3-23 
2-27 

I 
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3-146 
17 
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IBM PCjr 64KB Memory and Display Expansion 
See memory display expansion 

IBM Personal Computer Graphics Printer 
See graphics 

infra-red 
block diagram, receiver 2-98 
connector 2-100 
functional 2-97 
programming considerations 

parity errors 2-99 
phase errors 2-99 

receiver 
transmitter 2-103 
test frequency 

IO/-M, 
I/O channel 

expansion connector specifications 
110 cycle times 2-21 
map 
memory read I write cycle times 2-21 
port AO description 2-36 
port AO description 2-35 
signals 2~23 2,.28 

diskette 

integrated '"' ... '''' ....... 
See 6845 
See80C48 
See 8088 
See .1l" ,;JO",,-,V,n. 

See MCM6665ALl5 
. See MK38000 
See TMM23256P 
See 

expansion 

See programmable timer/counter 
See 8255A 
See 8259A 
See 
See SN76496N 
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modem 
address, memory location of 5-13 
asynchronous communications element 
b]ock diagram 
command 

arguments 3-41 
command character 3-40 
delimiter 
format 3-40 
format 3-40 

commands 3-44 thru 3-58 
connector 3-75 
dialing 3-{)() 

status 3-60 
default state 
editing/ changing commands 3-59 
location 2-10 

of 3-{)() 
modes of operation 3-68 
opposite commands 3-60 
programming examples 
signals 3-70 
smart 103 modem 3-37 
telephone company interface 3-74 
transmitter/receiver format 3-70 

3-68 
description registers 3-69 

-lOR 
INS8250A 3-68 
INS8250A -OUT 1, modem I 

graphics 3-114 
interrupt controller, programmable 

See 8259A 
interrupt setup example 2-16 
interrupt usage example 

vector list 
interrupts, hardware 

IRQ3 2-129 
+IRQ4 3-70 
+IRQ6 3-20 
+IRQ7 3-99 
priority 
used by system board 2-6 

by I/O channel 2-6 
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interrupts reserved for BIOS, DOS, and BASIC 5-14 
I/O signal 2~25 

2-25 

2-25 

J 

K 

cordless keyboard 
keyboard click, enable/ disable 5-36 

cord 
-"'-',c ............ , ...... CONNECT 2-101, 3-81 
connector specifications 3-88 

3-9 
compact printer control code 3-146 
~AVU"'''''' printer control code 3-117 
pen 

spacing. graphics printer 3-108 
load lever, diskette drive 3-27 
location 

switches, graphics printer 
dlS.ketlte drive adapter 2-10 
internal modem 2-10 
memory and display expansion 2-10, 

LONG RESPONSE, modem command 349 
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M 

maps 
See BIOS, memory 
See keyboard, map 
See memory maps 

scan-code map 
system memory map 

...... ' ...... scan-codes, keyboard 
MCM666SALIS 
MDO thru 3-7 
media cooling fan 3-28 
MEM AO thru A7 3-7 

and display expansion 
diagram 

configuration 
requirements 3-S 

connector specifications 3-10 
EVEN space 
location 2-10 
modules used., type 3-5 
ODD memory space 3-5 

3-7 
memory 

BIOS 
BIOS, BASIC, and DOS reserved interrupts 5-14 

storage 
memory address 2-20 

5-1S 
system, memory allocated 2-20 
video color/graphics subsystem 2-46 

memory, 64K RAM 
memory expansion 
RAM 

memory refresh 2-17 
memory requirements 4-12 
memory, user available 4-12 
-MEMR, I/O 2-25 

1/0 2-26 
microprocessor, keyboard 

80048 
nm::ro1proicessor, system 

See 8088 
minimum mode, 8088 2-6 
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MK38000 2-19 
-MODEM CS/DISKETIE CS 3-72 
MODEM, modem command 3-50 

internal modem 
+MODEM INTR 

(~ modified frequency modulation (MFM) 3-13 
I modules 
"'--' integrated circuits 

motor control, cassette 
-MOTOR ENABLE 3-22 

N 

NUL, compact printer control code 3-147 
NEC fPDP765 3-13 
NEW, modem 3-50 
NMI (Non-Maskable Interrupt) 
Noise Generator 2-93 
Non-Keyboard Scan-code Architecture 

scan-code 
format 

translate table default values 5-44 

o 
ORIGINATE, modem command 3-50 
-OUT 2, 3-71 
options, available 1-3 

p 

. PAO thru PA7 
pause, cordless keyboard 5-34 
parallel printer attachment 

.v...,,-.. ,,'" of 



connector spt~tlcaj:10J1S 
control latch 

reading from 3-10 1 
writing to 3-10 1 

data latch 
format 3-100 
reading from 
writing to 3-99 
printer control 3-101 

+IRQ710gic diagram 
... .,..;.,t ..... status signals descriptions 3-101 

PB7 
thru PC7 2-33 thru 2-34 

graphics printer 3-114 
phantom-key detection 2-103 
phantom-key 55), cordless 5-36 
PICKUP, modem command 3-51 

AO input 2-36 
AO output 11~:M"11IltU\n 

power-on initialization memory 10c:aUOln 
cable 

color diaplay 3-81 
power supply 

connector specifications 2-138 
power available 
power board 

over-voltage over-current protection 
outputs 

transformer 2-134 
over-voltage over-current protection 
Vac input 2-135 
Vac output 
dialing 3-35 

print method, graphics printer 3-107 
print modes, graphics printer 3-116 

screen, cordless keyboard 5-34 
graphics 3-108 
graphics 3-107 

printer 
compact printer 
graphics printer 

printer status 3-10 1 
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program cartridge 
connector specification 2-117 
description 2-107 
momentary reset land 16 
ROM chip select table 2-114 
ROM locations, cartridge 2-118 
ROM mapping 2-107 
signa1s2-114 
slot description 2-107 
storage conventions 

·nr."OT~m loadable 2-108 
DOS conventions 10 
cartridge BASIC 2-111 

type ROM modules used 2-107 
programmable interrupt controller 

See 8259A 
programmable 2-6 

Q 

QUERY, modem command 3-52 

R 

RAM,64K 
address to 2-17 
EVEN memory 
memory refresh 2-17 
ODD memory 2-17 
parity 2-17 
read I write cycle 
speed 
type modules used 
6845 CR Tcontroller 2-17 
+RAS 
- .......... ,..,. ....... DATA 

1/0 signal 2-24 
reserved interrupts, BIOS, DOS. and BASIC 5-14 
reserved memory locations 5-15 



IJOsignal2-23 
3 .. 20 

modem 3-72 
modem command 3-53 

1 
-I'dL-i:t.L..I. modem 3-72 
ROM subsystem 

address space mapped to 2-19 
Ul1;;l11UUI map 

times 2-21 
type modules used 2-19 

ROM.module code accessed by system 5-18 
module valid 5-19 

3-71 
run diagnostics; cordless keyboard 5,..36 

s 

keyboard matrix '5-23 
5-43 

screen cordless keyboard 5-35 
lock. cordless keyboard 5-35 

serial port 
,.'u .. ..",,, memory location of 5-13 
block 2-127 
connector specifications 2-134 
control signals 2-129 
diskette operations conflict 2-125 

29 
interrupt IRQ3 2-129 
modes of operation 2-128 

I J 0 decodes 2-128 
output 2-131 

indicate 2-130 
use of the divisor-latch access-bit 2,..128 
voltage interchange levels 2-130 

2-131 

initialization program, sample 2-134 



programmable rate generator 
baud rate at 1.7895 MHz 2~132 
maximum operating frequency 2-132 
output frequency equation 2-132 

compact control code 3-147 
SI, graphics code 3-118 
signal cable 

adapter cable for cassette 3-91 
adapter devices 
diskette drive 
color display 
connector for 3-85 
graphics printer 3-107 

SIN, modem 3-71 
SLCf, graphics signal' 3-114 
smart 103 mO(iem 

See internal modem 
compact printer control code 3-147 

SO, graphics control code 
sound subsystem 

block diagram 2-89 
complex sound generator (SN76496N) 2-88 

audio tone features 2-89 
audio tone register address 
audio tone frequency 2~91 

frequency generation 2-91 
audio tone attenuator 2-92 
audio tone noise generator 
audio tone noise feedback 2-93 
control 2-90 
interface 

connector specifications 2-87 
mpx (analog multiplexer) 2-87,2-94 

data transfer 
output buffer amperage 2-95 

signal description 2-87 
signal "''''~'.U~''''''J'W 
sound sources 
use of an external speaker ' 2-87 

SOUT; modem 
special.-functions, cordless keyboard 4-14 
special functions, cordless keyboard 

BASIC screen editor 5-41 
special functions, 5-42 



SPEED, modem command 3-54 
-STEP 3-22 
-STROBE, graphics printer signal 3-113 
system-accessible ROM-modules 5-18 
system b10ck diagram 1-6 
system board 

block diagram 2-9 
clock crystal frequency 2-6 
connectors specifications and locations 2-10 
interrupts used by system board 2-6 
major components list 2-8 
RAM, 64K 2-17 
size 2-5 
subsystems list 2-6 
8253-5 programmable timer/counter 2-6 

system memory map 5-17 
system microprocessor 

See 8088 
system reset 5-34 

T 

timers 
watchdog timer (WD1) 3-16 

timing dependencies, compatibility 4-5 
timing diagrams 

parallel printer interface 3-113 
timing, keyboard transmission 2-105 
timing using I/O devices 4-5 
timing using program execution speed 4-5 
TMM23256P 2-19 
TMS4164-15 2-17,3-5 
-TRACK 0 3-24 
track 00 sensor 3-28 
translate table format, non-keyboard scan-code 5-43 
transmitter, infra-red 2-103 
TRANSPARENT, modem command 3-55 
typematic suppression 5-36 
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u 

v 
vectors list, 
vertical refresh, color display 3-82 
video bandwidth, color display 3-82 
video color I graphics subsystem 

See color I graphics 
video gate array 

register 1'1 ........... .. 

VIDEOMEMR 
VOICE, modem 3-56 
VT, compact 3-147 

WAIT, modem ",,",1.IUll"UIU 3-57 
-WE 3-9 
work space 
-WRITE DATA 
-WRITE 

write protect sensor 

x 

x-coordinate 
XMIT, mO(lem 

+ XRESET, IHll'UCllll 

3-23 
3-13 

3-24 
3-28 

3-77 

5-16 

3-57 
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y 

y-coordinate 2-121, 

z 
ZTEST, modem command 3-58 

Numerals 

64KB and expansion 
See memory and display expansion 

CRT 2-45,2-47,2-75 
table 
2-103 

8088 
addressable range 
clock 2-6, 
clock cycle 2-13 
minimum 2-6 
NMI interrupt 
operating frequency 2-13 

8253-5 programmable timer/counter 2-85 
cassette to cassette 

8255A-5 
audio input 

assignments 
cassette data from cassette control 2-39 
cassette motor control 2-39 

8259A (programmable interrupt controller) 
characteristics as set up 2-16 
hex types of interru pts issued 2-16 

2-15 
addresses 

priority of interrupts 2-15 
setup example 2-16 

8284A clock chip 2-13 
SN76496N 
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Reader's Comment Form 

TECHNICAL REFERENCE 

The Personal Computer 
Hardware Library 

6322963 

Your comments assist us in improving the usefulness of 
our pUblication; they are an important part of the input 
used for revisions. 

IBM may use and distribute any of the information you 
supply in any way it believes appropriate without 
incurring any obligation whatever. You may, of course, 
continue to use the information you supply. 

Please do not use this form for technical questions 
regarding the IBM Personal Computer or programs for 
the IBM Personal Computer, or for requests for 
additional publications; this only delays the response. 
Instead, direct your inquiries or request to your 
authorized IBM Personal Computer dealer. 
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