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FEDERAL COMMUNICATIONS
COMMISSION RADIO FREQUENCY
INTERFERENCE STATEMENT

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

INSTRUCTIONS TO USER

This 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, and the service manual, may cause
interference to radio or television reception. It has been
tested and found to comply with the limits for a Class B
computing device pursuant to Subpart J of Part 15 of
FCC Rules, which are designed to provide reasonable
protection against such interference when operated in a
residential installation.



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

« Reorient the receiving antenna.
« Relocate the equipment with respect to the receiver.
« Move the equipment away from the receiver.

« Plug the equipment into a different outlet so that
equipment and receiver are on different branch
circuits.

« Ensure that side option mounting screws,
attachment connector screws, and ground wires are
tightly secured.

« If peripherals not offered by IBM are used with this
equipment, it is suggested that you use shielded,
grounded cables with in-line filters, if necessary.

If necessary, consult your dealer service representative
for additional suggestions.

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

CAUTION

This product is equipped with a UL listed and
CSA-certified plug for the user’s safety. It is to be
used in conjunction with a properly grounded 115
Vac receptacle to avoid electrical shock.



Preface

The IBM PCjr Technical Reference manual describes
the hardware design and provides interface information
for the IBM PCjr. This publication also has
information about the basic input/output system
(BIOS) and programming support.

The information in this publication is both descriptive
and reference oriented, and is intended for hardware

and software designers, programmers, engineers, and
interested persons who need to understand the design
and operation of the IBM PCjr computer.

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

This manual has five sections:

Section 1: “Introduction’ is an overview of the basic
system and available options.

Section 2: “Base System” describes each functional
part of the base system. This section also has
specifications for power, timing, and interfaces.
Programming considerations are supported by coding
tables, command codes, and registers.

Section 3: “System Options”’ describes each available
option using the same format as Section 2: ‘“Base
System.”



iv

Section 4: “Compatibility with the IBM Personal
Computer Family”’ describes programming concerns for
maintaining compatibility between the IBM PCjr and
the other IBM 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.

This 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.”



Contents

SECTION 1. INTRODUCTION ............. 1-1
Introduction ......................... 1-3
SECTION 2. BASE SYSTEM ............... 2-1
Introduction ......................... 2-5
Processor and Support  ................ 2-13
Performance .................... 2-13
8259A Interrupt Controller ............ 2-15
PCjr Hardware Interrupts ......... 2-15
8259A Programming Considerations . 2-16
64KRAM ........... ... ... ... 2-17
ROM Subsystem ..................... 2-19
Input/Output Channel ................ 2-21
System Board I/O Channel Description 2-23
Input/Output ................... 2-29
8255 Bit Assignments ............. 2-30
Cassette Interface .................... 2-39
Video Color Graphics Subsystem ....... 2-43
Major Components Definitions . .. .. 2-47
Palette ......................... 2-50
AlphanumericModes ............. 2-54
GraphicsMode .................. 2-55
Video Gate Array ................ 2-63
LightPen ...................... 2-74
CRT/Processor Page Register ...... 2-79
Beeper .......... . ... i, 2-85
Sound Subsystem .................... 2-87
Complex Sound Generator ......... 2-88
Audio Tone Generator ............ 2-89
Infra-Red Link .. .................... 2-97
Infra-Red Receiver................ 2-97
IBM PCjr Cordless Keyboard .......... 2-101
Transmitter ..................... 2-103



Program Cartridge and Interface ....... 2-107

Program Cartridge Slots .......... 2-107
Cartridge Storage Allocations . ... .. 2-108
ROMModule .................. 2-114
Games Interface .................... 2-119
Interface Description ............ 2-119
Input from Address Hex 201 ... .. .. 2-120
Pushbuttons ................... 2-122
Joystick Positions ............... 2-122
Serial Port (RS232) .................. 2-125
Modes of Operation ............. 2-128
Interrupts ..................... 2-129
Interface Description . ........... 2-129
Voltage Interchange Information ... 2-130
System Power Supply ................ 2-135
Operating Characteristics ......... 2-136
Over-Voltage/Over-Current
Protection .................... 2-137
SECTION 3. SYSTEM OPTIONS ......... vee 3-1
IBM PCjr 64KB Memory and Display
Expansion .......................... 3-5
IBM PCjr Diskette Drive Adapter . ..... 3-13
Functional Description ............ 3-15
System I/O Channel Interface ...... 3-19
Drive Interface .................. 3-22
Voltage and Current Requirements .. 3-24
IBM PCjr Diskette Drive ............. 3-27
Functional Description ............ 3-27
Diskette . .........eiiiiiiiea 3-31
IBM PCjr Internal Modem ............ 3-33
Functional Description ............ 3-34
Modem Design Parameters ......... 3-37
Programming Considerations ....... 340
Status Conditions ................ 3-60
Dialing and Loss of Carrier ......... 3-60
Default State .................... 3-63

Programming Examples ........... 3-63



Modes of Operation .............. 3-68

Interrupts ....... .ol 3-70
Data Format ..................... 3-70
Interfaces ............oooviiit, 3-70
IBM PCjr Attachable Joystick .......... 3-77
Hardware Description ............. 3-77
Functional Description ............ 3-77
IBM Color Display ................... 3-81
Hardware Description ............. 3-81
Operating Characteristics .......... 3-82
IBM Connector for Television .......... 3-85
IBM PCjr Keyboard Cord ............. 3-87

IBM PCjr Adapter Cable for Serial Devices 3-89
IBM PCjr Adapter Cable for Cassette ... 3-91
IBM PCjr Adapter Cable for the IBM Color

Display ...covviiiiii i 3-93
IBM PCjr Parallel Printer Attachment ... 3-95
Description .......cceeeeenenennn. 3-96
System Interface .................. 3-98
Programming Considerations ...... 3-99
IBM Graphics Printer ................ 3-107
Printer Specifications ............ 3-107
Additional Printer Specifications .. 3-109
DIP Switch Settings ............. 3-110
Parallel Interface Description .. ... 3-112
Printer Modes .................. 3-115
Printer Control Codes ............ 3-116
IBM PC Compact Printer ............. 3-133
Printer Specifications ............ 3-135
Serial Interface Description ....... 3-139
Print Mode Combinations for the PC
Compact Printer ............... 3-140

Printer Control Codes and Functions 3-140

SECTION 4. COMPATIBILITY WITH THE IBM

PERSONAL COMPUTER FAMILY ....... 4-1
Compatibility Overview ................. 4-3
Timing Dependencies ................... 4-5
Unequal Configurations ................ 4-7

vii



Hardware Differences .................. 4-9

User Ready/ Write Memory ........ 4-12
Diskette Capacity/Operation ....... 4-13
IBM PCjr Cordless Keyboard ...... 4-14
Color Graphics Capability ......... 4-15

Black and White Monochrome Display 4-18
RS232 Serial Port and IBM PCjr

Internal Modem ................. 4-18
Summary .......ociiiiiiiiiiiiiiie. 4-19
SECTION 5. SYSTEM BIOS USAGE ........ 5-1
ROMBIOS ... i 5-3
BIOSUsage ......ccoviiiiiiiiiiiinnnnn 5-5
Vectors with Special Means ......... 5-8
Other Read/Write Memory Usage ....... 5-13
BIOS Programming Guidelines ..... 5-18
Adapter Cards with System-Accessible
ROM-Modules .................. 5-18
Keyboard Encoding and Usage ......... 5-21
Cordless keyboard Encoding ....... 5-21
Special Handling ................. 5-34
Non-Keyboard Scan-Code Architecture5-42
BIOS Cassette Logic .................. 5-47
Software Algorithms - Interrupt
Hex 15 ... ..ot 5-47
Cassette Write  .........cccvvnn... 5-48
Cassette Read .................... 5-49
Data Record Architecture ......... 5-50
Error Detection .................. 5-51
Appendix A. ROM BIOS LISTING ......... A-1
Equates and Data Areas ............ A-3
Power-On Self-Test ................ A-7
Boot Strap Loader ................ A-26
Non-Keyboard Scan-Code Table .... A-38
Time-of-Day ................oout. A-42
Graphics-Character Generator
(Second 128 Characters) .......... A-54

viii




[/OSupport ....... ..., A-97

System Configuration Analysis ..... A-97

Graphics-Character Generator
(First 128 Characters) ........... A-103
Print Screen .......... ... .. ..... A-108
Appendix B. LOGIC DIAGRAMS .......... B-1
System Board ..................... B-3
Program Cartridge ................ B-20
Power Supply Board .............. B-23

64KB Memory and Display

Expansion ............ ... ... B-25
Color Display ........... ... o0t B-29
Diskette Drive Adapter ............ B-30
Internal Modem .................. B-36
Parallel Printer Attachment ........ B-37
Infra-Red Receiver Board .......... B-42
Graphics Printer .................. B-43
Compact Printer ................. B-47
Appendix C. CHARACTERS, KEYSTROKES, and
COLOR ... . i C-1
Appendix D. UNIT SPECIFICATIONS ...... D-1
System Unit ...................... D-1
Cordless Keyboard ................ D-2
Diskette Drive .................... D-3
Color Display ............. ... ... D-5
Graphics Printer .................. D-6
Internal Modem .................. D-7
Compact Printer .................. D-8
Glossary ........ ... ... ... ... ... Glossary-1
Bibliography .................... Bibliography-1
Index ...... ... ... .. ...l Index-1

ix



Notes:



TAB INDEX

Section 1: Introduction

Section 2: Base System

Section 3: System Options

Section 4: Compatibility With the IBM Personal
Computer Family

Anquedwo)

Section 5: System BIOS Usage

Appendix A: ROM BIOS Listing




Notes:

xii



Appendix B: Logic Diagram ................oooveenn '

g xipuaddy

Appendix C: Characters, Keystrokes, and Color

Appendix D: Unit Specifications ....................00e

GIOSSATY . .voviieeeeeeennseannaoennnnennnnnnes

Bibliography . .........cccciiiiiiiiiiiiiiiiiien




Notes:

Xiv



SECTION 1. INTRODUCTION

Dy
=
(=
=
e
c
(]
=
e
=

Contents

Introduction ........coveieeieeeencnnnnnss 1-3

1-1



Notes:



Introduction

The system unit, a desk top transformer, and a cordless
keyboard make up the hardware for the PCjr base
system.
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The following options are available for the base system:

IBM PCjr 64KB Memory and Display Expansion

The 64KB Memory and Display Expansion
enables the user to work with the higher density
video modes while increasing the system’s
memory size by 64K Bytes to a total of 128K
Bytes.

IBM PCjr Diskette Drive Adapter

The IBM PCjr Diskette Drive Adapter permits
the attachment of the IBM PCjr Diskette Drive
to the IBM PCjr and resides in a dedicated
connector on the IBM PCjr system board.

IBM PCjr Diskette Drive

The IBM PCjr Diskette Drive is double-sided
with 40 tracks for each side, is fully
self-contained, and consists of a spindle drive
system, a read positioning system, and a
read/write/erase system.

IBM PCjr Internal Modem

The IBM PCjr Internal Modem is an adapter
that plugs into the PCjr system board modem
connector and allows communications over
standard telephone lines.

Introduction 1-3



« IBM PCjr Parallel Printer Attachment

— The IBM PCjr Parallel Printer Attachment is
provided to attach various I/O devices that
accept eight bits of parallel data at standard TTL
logic levels. It attaches as a feature to the right
side of the system unit.

« IBM Personal Computer Graphics Printer

— IBM Graphics Printer is an 80 cps
(characters-per-second), self-powered,
stand-alone, tabletop unit.

« IBM PCjr Joystick

— The IBM PC;jr Joystick is an input device to
provide the user with two-dimensional
positioning-control. Two pushbutton switches
on the joystick give the user additional input
capability.

« IBM Color Display
— The IBM Color Display is a Red/Green/Blue
/Intensity (RGBI) Direct-Drive display, that is
independently housed and powered.

« IBM Connector for Television

— The IBM Connector for Television allows a TV
to be connected to the IBM PCjr system.

« IBM PCjr Keyboard Cord
— The IBM PCjr Keyboard Cord option is used to

connect the IBM PCjr Cordless Keyboard to the
system board.
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o IBM PCjr Adapter Cable for Serial Devices

— This option is an adapter cable that allows
connection of serial devices to the IBM PCjr
system board.

uondnposjuf

- IBM PCjr Adapter Cable for Cassette
— This option is an adapter cable that allows a
cassette recorder to be connected to the IBM
PCjr.
« IBM PCjr Adapter Cable for Color Display

— This adapter cable allows the IBM Color Display
to be connected to the IBM PCjr.

The following is a block diagram of the IBM PC;jr
system.
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Introduction

The PCjr base-system hardware consists of the system
unit, a 62-key cordless-keyboard, and a power
transformer.

The PCjr system board is the center of the PCjr system
unit. The system board fits horizontally in the base of
the system unit and is approximately 255 mm by 350
mm (10 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:

wRIsAg ase'g

e 64KB Memory and Display Expansion Connector

o Diskette Drive Adapter Connector

e Internal Modem Connector

» Infra-Red (IR) Link Receiver Board Connector

¢ Program Cartridge Connectors (2)

o 1/0 Channel Expansion Connector

e Serial Port (RS232) Connector (with optional
adapter cable)

o Direct Drive (RGBI) Video Connector

¢ Composite Video Connector

+ IBM Connector for Television Connector (external
RF modulator)

« Light Pen Connector

« External Audio Connector

» IBM PCjr Keyboard Cord Connector

o Cassette Connector (with optional adapter cable)

« IBM PCjr Attachable Joystick Connectors (2)
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The system board consists of seven functional
subsystems: the processor subsystem and its support
elements, the read-only (ROM) subsystem, the
read/write (R/W) subsystem, the audio subsystem, the
video subsystem, the games subsystem, and the I/O
channel. All are described in this section.

The nucleus of the system board is the Intel 8088
microprocessor. This processor is an 8-bit external bus
version of Intel’s 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 of addressing (1 megabyte of
storage). It operates in the minimum mode at 4.77
MHz. This frequency, which is derived from a
14.31818-MHz crystal, is divided by 3 for the
processor clock, and by 4 to obtain the 3.58-MHz
color-burst signal required for color televisions.

For additional information about the 8088, refer to the
publications 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 three programmable timer/counters are provided
by an Intel 8253-5 programmable interval-timer and are
used by the system in the following manner: Channel 0
is used as a general-purpose timer providing a constant
time-base for implementing a time-of-day clock;
Channel 1 is used to deserialize the keyboard data and
for time-of-day overflow during diskette operations.
Channel 2 is used to support the tone generation for the
audio speaker and to write data to the cassette.

Of the nine prioritized levels of interrupt, three are

bused to the system’s I/ O channel for use by adapters.
Five levels are used on the system board. Level 0, the
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highest priority, is attached to Channel 0 of the
timer/counter and provides a periodic interrupt 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 the video; and level
six is the diskette drive adapter-access interrupt. The
non-maskable interrupt (NMI) of the 8088 is attached
to the keyboard-interface circuits and receives an
interrupt for each scan code sent by the keyboard.

The system board supports both read-only memory
(ROM) and R/W memory (RAM). It has space for
64K bytes by 8 bits of ROM. There are two module
sockets that accept a 32K byte by 8 bit ROM module.
ROM is aligned at the top of the 8088’s address space.
This ROM contains the Power-On Self-Test,
cassette-BASIC interpreter, cassette-operating system,
I/0 drivers, dot patterns for 256 characters in graphics
mode, a diskette bootstrap-loader and user-selectable
diagnostic-routines.

WRISAG Iseg
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The system board contains the following major
functional components:

« 8088 Microprocessor

« 64K ROM

o 128K ROM Cartridge Interface
e 64K Dynamic RAM

« 64KB Memory and Display Expansion Interface
o Serial Port (RS232)

e Audio Alarm (Beeper)

« Sound Subsystem

o Cassette Interface

« Joystick Interface

« Keyboard Interface

e Modem Interface

o Diskette Interface

e Video/Graphics Subsystem

« Light Pen Interface

« I/O Expansion Bus

e 9-Level Interrupt

The following is a block diagram of the System Board.
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Processor and Support

The (R) Intel 8088 Microprocessor is used as the

system’s central processor. Some of its characteristics
are:

e 4.77 MHz clock

« 20 bit address bus

« 8-bit memory interface

o 16-bit ALU (arithmatic/logic unit) and registers
« Extensive instruction set

« DMA and interrupt capabilities

o Hardware fixed-point multiply and divide

wRJISAG asegq

The system clock is provided by one Intel 8284 A clock
chip. The 8088 is operated in the minimum mode.

Performance

The 8088 is operated at 4.77 MHz which results in a
clock cycle-time of 210 ns.

Normally four clock cycles are required for a bus cycle
so that an 840 ns ROM memory cycle time is achieved.
RAM write and read cycles will incur an average of two
wait states because of sharing with video, leading to an
average of six clock cycles. I/O reads and writes also

take six clock cycles leading to a bus cycle time of
1.260 us.

Processor and Support 2-13



Notes:

2-14 Processor and Support



8259A Interrupt Controller

PCjr Hardware Interrupts

Nine hardware levels of interrupts are available for the
PCjr system. The highest-priority interrupt is the NMI
interrupt in the 8088. The NMI is followed by eight
prioritized interrupt-levels (0-7) in the 8259A
Programmable Interrupt Controller, with IRQ 0 as the
highest and IRQ 7 as the lowest. The interrupt level
assignments follow:

wRISAS Iseq

Level Function
8088 NMI Keyboard Interrupt
8259A IRQO0 | Timer Clock Interrupt
8259A IRQ 1 I/O Channel (Reserved)
8259A IRQ2 | 1/0O Channel
8259A IRQ 3 | Asynchronous Port Interrupt (RS-232C)
8259A IRQ4 | Modem Interrupt
8259A IRQ S5 | Vertical Retrace Interrupt (Display)
8259A IRQ 6 | Diskette Interrupt
8259A IRQ7 I/ O Channel (Parallel Printer)

Hardware Interrupts
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8259A Programming Considerations

The 8259A is set up with the following characteristics:

o Buffered Mode

+« 8086 Mode

o Edge Triggered Mode

o Single Mode Master (No Cascading is Allowed)

The 8259A 1/0 is located at I/O address hex 20 and
hex 21. The 8259A is set up to issue interrupt types hex
8 to hex F which use pointers to point to memory
address hex 20 to hex 3F.

The following figure is an example setup.

0263 BO 13| MOV AL, 13H ; ICWI - Reset edge
sense circuit set
single

; 8259  Chip and ICW4
read

0265 E6 20{ OUT INTAO00,AL

0267 BO08 | MOV AL,8 ; ICW2 - Set interrupt
type 8 (8-F)

0269 E6 21 | OUT INTAOIL,AL

026B BO09 | MOV AL)9 ; ICW4 - Set buffered
mode/ master

and 8086 mode

026D E6 21| OUT INTAOI,AL

Example Set Up
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64K RAM

The 64K bytes of R/W memory reside on the system
board and require no user configuration.

Eight 64K byte by 1, 150 ns, dynamic memory modules
are used to provide 64K byte of storage. The RAM has
no parity. Sources of these memory modules include
the Motorola MCM6665A1.15 and the Texas
Instruments TMS4164-15 or equivalent.
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The system board 64K RAM is mapped at the bottom
of the 1 MEG address space. The system board 64K
RAM is mapped to the next 64K bytes of address space
if the 64KB Memory and Display Expansion option is
not installed. If read or written to, this higher block of
address space will look just like the low-order 64K-byte
block. This means the bottom 128K bytes of address
space is always reserved for RAM. If the 64KB
Memory and Display Expansion option is installed, it is
mapped to the 'ODD' memory space within the 128K
byte-reserved space while the system board memory is
mapped to the 'EVEN' space. Memory refresh is
provided by the 6845 CRT Controller and gate array.
The gate array cycles the RAM and resolves contention
between the CRT and processor cycles.

See “IBM PCjr 64KB Memory and Display Expansion”
in Section 3 for a detailed description.
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Notes:
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ROM Subsystem

The ROM subsystem is made up of 64K bytes of ROM
aligned at the top of the 1 MEG address space. The

ROM is built using 32K byte by 8 ROM-modules. The
ROM has no parity. The general memory specifications

for the ROM are:
Access Time - 250 ns
Cycle Time - 375ns
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ROM modules Mk 38000 from Mostek, TMM23256P
or equivelent are used. Address A14 is wired to both
pin 1 and pin 27.

The following figure is a map of the sections of memory
allocated for use by the system:
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FFFFF )
BIOS/Diagnostic/Cassette
Basic Program Area

FO000
Standard Application Cartridge Cartridge

E8000 % Chip
Standard Application Cartridge Selects

EO000
Reserved For Future Cartridge

D8000
Reserved For Future Cartridge

DO0000
Reserved for
170 ROM

C0000
Video RAM

B8000
Reserved
Future
Video

A0000
Reserved
Future User
RAM

20000
Expansion RAM

10000
Base RAM

00000

Memory Map
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Input Output Channel

The Input/Out channel (I/0O) is an extension of the
8088 microprocessor bus. It is however, demultiplexed,
repowered, and enhanced by the addition of interrupts.

The I/0 channel contains an 8-bit bidirectional bus, 20
address lines, 3 levels of interrupt, control lines for
memory and I/0 read or write, clock and timing lines,
and power and ground for the adapters. Voltages of
+5 dc and +12 dc are provided for external adapters.
Any additional power needs will require a separate
power-module.
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All 1/O Channel functions are bused to the right-hand
side of the system unit and are provided by a
right-angle, 60-pin connector. Each external adapter
connects to the I/O bus and passes the bus along for
the next attachment.

A 'ready' line is available on the I/O Channel to allow
operation with slow I/O or memory devices. If the
channel’s 'ready' line is not activated by an addressed
device, all processor-generated memory-read and write
cycles take four 210-ns clocks or 840-ns/byte. All
processor-generated I/O-read or write cycles require
six clocks for a cycle time of 1.26-us/byte.

The I/0 Channel also contains the capability to add
bus masters to the channel. These devices could be
DMA devices or alternate processors.

The I/O Channel signals have sufficient drive to
support five I/O Channel expansion-adapters and the
internal modem and diskette drive adapter, assuming
one standard TTL load per attachment. For
information on power available for external adapters,
see ‘“‘System Power Supply”, later in this Section.
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Signal Name

D1

D2

D4

Shield GND
D7

AO

A2

Shield GND
A5
A6
A8 —m8MmMm
-DACKO
A11
A12
Shield GND ——
A15

A17
A19

Shield GND ——

-MEMR
-MEMW
ALE

Shield GND ——
10/-M
READY — |
-CARD SLCTD —
Shield GND
IRQ7

AUDIOIN ——]

Shield GND —

B1

BS

B10

B15

B20

B25

B30

A1

A5

A15

A20

A25

A30

I/0 Channel Expansion Connector Specifications
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Signal Name

DO
+12 Vdc
D3

D5

D6

+5 Vdc
A1

A3

A4
GND
A7

A9
A10
DRQO
A13
A14
A16
GND
A18
-IOR
-low
GND
HDLA
CLK
RESET
+5 Vdc
-HRQ
IRQ1
IRQ2

Reserved



System Board I/0O Channel Description

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

Description

System Clock: Itisa
divide-by-three of the 14.31818
MHz oscillator and has a period
of 210 ns (4.77 MHz). The
clock has a 33% duty cycle.
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70 ns 140 ns

Signal 1/0
CLK O
70 ns 140 ns
Duty Cycle
RESET O
A0-A19 I/0

This line is used to reset or
initialize system logic upon
power-up. This line is
synchronized to the falling edge
of the clock and is 'active high'.
Its duration upon power up is
26.5 ps.

Address Bits 0 to 19: These lines
are used to address memory and
I/0O devices within the system.
The 20 address lines allow access
of up to 1 megabyte of memory.
AO is the least-significant- bit
(LSB) while A19 is the
most-3zignificant-bit (MSB).
These lines are normally driven
by the 8088 microprocessor as
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D0-D7

2-24 1/0 Channel

I/0

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

Data Bits 0-7: These lines
provide data-bus bits 0 to 7 for
the processor, memory, and I/0O
devices. DO is the
least-significant-bit (LSB) and
D7 is the most-significant-bit
(MSB). These lines can be
controlled by an external
bus-master by issuing an HRQ
and receiving an HLDA.

Address Latch Enable: This line
is provided to allow the addition
of wait states in memory and I/0O
cycles.

This line, normally ‘high'
('ready'), is pulled 'low' ('not
ready') by a memory or I/O
device to lengthen I/0 or
memory cycles. It allows slower
devices to attach to the [/O
Channel with a minimum of
difficulty. Any slow device
requiring this line should drive it
'low' immediately upon
detecting a valid address and
I0/-M signal. Machine cycles
(I/0 and memory) are extended
by an integral number of CLK
cycles (210 ns). Any bus master
on the I/O Channel should also
honor this 'ready’ line. Itis
pulled 'low' by the system board



IRQ1, IRQ2,
IRQ7

-IOR

-IOW

-MEMR

I

1I/0

I/0

I/0

on memory read and write cycles
and outputting to the sound
subsystem.

Interrupt Request 1, 2, and 7:
These lines are used to signal the
processor that an I/0 device
requires attention. They are
prioritized with IRQ1 as the
highest priority and IRQ7 as the
lowest. An Interrupt Request is
generated by raising an IRQ line
('low' to 'high') and holding it
'high' until it is acknowledged
by the processor
(interrupt-service routine).

WI)SAS Iseg

1/0 Read Command: This
command line instructs an I/0
device to drive its data onto the
data bus. This signal may be
driven by the 8088
microprocessor or by an external
bus-master after it has gained
control of the bus. This line is
active 'low'.

I/0 Write Command: This
command line instructs an I/O
device to read the data on the
data bus. This signal may be
driven by the 8088
microprocessor or by an external
bus-master after it has gained
control of the bus. This line is
active 'low'.

Memory Read Command: This
command line instructs the
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-MEMW

10/-M

-HRQ

2-26 1/0 Channel

I/0

I/0

memory to drive its data onto the
data bus. This signal may be
driven by the 8088
microprocessor or by an external
bus-master after it has gained
control of the bus. This line is
active 'low'.

Memory Write Command: This
command line instructs the
memory to store the data present
on the data bus. This signal may
be driven by the 8088
microprocessor or by an external
bus-master after it has gained
control of the bus. This line is
active low.

I/0 or Memory Status: This
status line is used to distinguish a
memory access from an I/0
access. This line should be
driven by a bus master after it
has gained control of the bus. If
this line is 'high' it indicates an
I/0 Address is on the Address
Bus; if this line is 'low', it
indicates a memory address is on
the Address Bus.

Hold Request: This line indicates
that another bus master is
requesting the I/O Channel. To
gain bus-master status, a device
on the channel must assert -HRQ
(active 'low'). The 8088 will
respond to a -HRQ by asserting
an HLDA. After receiving an
HLDA, the new bus master may



DRQ 0

-DACK 0

HLDA

0

I

control the bus, and must
continue to assert the -HRQ until
it is ready to relinquish the bus. A
-HRAQ 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'
instruction to AQ-A7. The
resulting signal should be used to
qualify -HRQ as follows:
Latched value = 1 --> -HRQ is
inhibited. Latched value =0 -->
-HRQ is allowed. For more
detail, see the explanation of the
AO port.
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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.
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-CARD
SLCTD

AUDIO IN

2-28 1I/0 Channel

I

I

This line should be pulled down
by any adapter when it is selected
with address and I0/-M. This
line will be used for bus
expansion. It is pulled up with a
resistor and should be pulled
down with an open collector
device.

Channel devices may provide
sound sources to the
system-board sound-subsystem
through this line. Itis 1 volt
peak-to-peak, dc biased at 2.5
volts above ground.



Input/Output

Hex Range|9 8|7 413 2 1 0 Device
20-27 0 0f0 00 X X A0 | PIC8259
40-47 0 00 0|0 0 Al A0 | Timer 8253-5
60-67 0 0f0 0] 0 X Al A0 | PPI8255-5
A0-A7 0 0f1 00 X X NMI Mask Reg.
C0-C7 0 0f1 010 X X Sound
SN76496N

FO-FF 0 0ft 11X A2 Al A0 | Diskette
200-207 {1 0}0 00 X X X | Joystick
2F8-2FF |1 0]1 111 A2 Al A0 | Serial Port
3DO0-3DF |1 1]1 1]A3 A2 Al A0 | Video Subsystem
3F8-3FF |1 1}1 1{1 A2 Al A0 | Modem

1/0 Map

X = Don’t care (that is, not in decode.)

e Any I/O which is not decoded on the system board

may be decoded on the I/O Channel.

e At Power-On time the NMI into the 8088 is masked

'off'. This mask bit can be set by system software

as follows:

Write to Port AO D7=ENA NMI D6=IR TEST ENA
D5=SELC CLK1 INPUT D4=+Disable HRQ

I/O Channel 2-29
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8255 Bit Assignments

PA

Output

PAO Reserved for Keystroke Storage

PA1
PA2
PA3
PA4
PAS
PA6
PA7
PB

PBO
PB1
PB2
PB3
PB4

PB5
PB6
PB7
PC

PCO
PC1
PC2
PC3
PC4
PC5
PC6
PC7

Reserved for Keystroke Storage
Reserved for Keystroke Storage
Reserved for Keystroke Storage
Reserved for Keystroke Storage
Reserved for Keystroke Storage
Reserved for Keystroke Storage
Reserved for Keystroke Storage
Output

+Timer2 Gate (Speaker)
+Speaker Data

+Alpha (-Graphics)

+ Cassette Motor Off

+Disable Internal Beeper and Cassette Motor
Relay

SPKR Switch O

SPKR Switch 1

Reserved

Input

Keyboard Latched

-Internal MODEM Card Installed
-Diskette Drive Card Installed
-64KB Memory and Display Expansion Installed
Cassette Data In

Timer Channel 2 Output
+Keyboard Data

-Keyboard Cable Connected
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2-28

PAO thru (Output
PA7 Lines)

PBO (+Timer 2
Gate)

PB1 (+Speaker
Data)

PB2 (+Alpha
-Graphics)

8255 Bit Assignment Description

Port A is configured as an output.
The output lines are not used by the
hardware, but are used to store
keystrokes. This is done to maintain
compatibility with the Personal
Computer, and Personal Computer
XT.
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This line is routed to the gate input
of timer 2 on the 8253-5. When this
bit is 'low', the counter operation is
halted. This bit and PB1 (+Speaker
Data) controls the operation of the
8253-5 sound source.

This bit ANDS 'off' the output of
the 8253-5 timer 2. It can be used to
disable the 8253-5 sound source, or
modify its output. When this bit is a
1, it enables the output, a O forces
the output to zero.

This bit is used to steer data from the
memory into the Video Gate Array.
This bit should be a 1 for all alpha
modes, and a O for all graphics
modes.
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PB3 (+Cassette
Motor Off)

PB4 (+Disable
internal
beeper and
cassette
motor relay)

PBS5, (Speaker
PB6 switch 0,1)

PB7 (Open)

2-32 1I/0 Channel

When this bit is a 1, the cassette
relay is 'open' and the cassette
motor is 'off'. When this bit is a O,
and PB4 = 0, the cassette motor is
'‘on'.

When this bit is a 1, the internal
beeper is 'disabled' and the 8253-5
timer 2 sound source can only be
heard if it is steered to the audio
output. This bit also disables the
cassette motor when itisa 1. To
'enable ' the cassette motor, this bit
must be a 0. In this case, PBI
should be used to gate 'off' the
internal beeper and 8253-5 sound
source.

These bits steer one of 4 sound
sources. This is available to the RF
modulator or the external audio jack.
The sound sources selected are
shown below.

PB6 PB5 Sound Source
0 0 8253-5 Timer 2

0 1 Cassette Audio Input
1 0 I/0 Channel Audio In
1 1 76496

Reserved for future use.



PCO

PC1

PC2

PC3

(Keyboard
latched)

(-Modem
card

installed)

(-Diskette
card
installed)

(-64KB
Memory and
Display
Expansion
installed)

This input comes from a latch which
is set to a 1 on the first rising edge of
the Keyboard Data stream. The
output of this latch also causes the
NMI to occur. This latch is cleared
by doing a dummy 'Read' operation
to port AO. This input is provided so
that a program can tell if a keystroke
occurred during a time when the
NMI was masked 'off ' and a
keystroke has been missed. The
program will then be able to give an
error indication of the missed
keystroke.

When this bit is a 0, it indicates that
the Internal Modem card is installed.

When this bit is a zero, it indicates
that the Diskette Drive Adapter is
installed.

When this bit is a 0, it indicates that
the 64KB Memory and Display
Expansion is installed.

I/0 Channel 2-33
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PC4 (Cassette
data in)

PCS (Timer
channel 2
output)

PCé6 (+Keyboard
data)

PC7 (-Keyboard
cable
connected)

2-34 1/0 Channel

If the cassette-motor relay is
'closed', and the cassette motor is
‘on', this pin will contain data
which has been wave shaped from
the cassette. If the cassette-motor
relay is 'off', this pin will contain
the same data as the 8253-5 timer 2
output.

This input is wired to the timer
channel 2 output of the 8253-5.

This input contains keyboard data.
The keyboard data comes from the
cable if attached, or from the IR
Receiver if the cable is not attached.

If this bit is 'low', it indicates that
the keyboard cable is connected.



Port A0 Output Description

D7

D6

D5

D4

(Enable NMI)

(IR test ENA)

(Selc CIk1 input)

(+Disable HRQ)

When this bit is a 1, the NMI is
'enabled'. When it is a 0, it is
'disabled’.

This bit enables the 8253-5 timer 2
output into an IR diode on the IR
Receiver board. This information is
then wrapped back to the keyboard
input. If the cable is not connected,
timer 2 should be set for 40 kHz
which is the IR-modulation
frequency. This feature is used only
for a diagnostic test of the IR
Receiver board.

This bit selects one of two input CIks
to the 8253-5 timer 1. A O selects a
1.1925 MHz CIk input used to ‘assist
the program in de-serializing the
keyboard data. A 1 selects the timer
0 output to be used as the Clk input
to timer 1. This is used to catch timer
0 overflows during diskette drive
operations when interrupts are
masked 'off'. This is then used to
update the time-of-day.

This bit is not actually implemented
on the system board, but is supported
by the programming. This bit is used
to disable -HRQs from external
bus-masters (DMA, Alternate
Processors, etc.) The logic for

this bit must exist on each
bus-master attachment. A 0

should 'enable' -HRQ, and a 1
should 'disable’' -HRQ.
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+HRQ from external

bus master
—

LS74 LS03
—

D4

L  HRQonl/0

AOCS |<e——Input should be an open
collector type device

Port AO Output Description

Port AQ Input Operation

A 'read' to I/0O port A0 will clear the keyboard NMI
latch. This latch causes an NMI on the first rising edge
of the keyboard data if the enable NMI bit (port AO bit
D7) is 'on'. This latch can also be read on the 8255
PCO. The program 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 NMI can be received.

The System board provides for selection of keyboard
data from either a cable or the IR-receiver board. The
IR-receiver board is mounted on the system board and
can receive data through an IR link. The source of the
keyboard’s data 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 PPL

The system board is responsible for the de-serialization
of keyboard data. The start bit in the serial stream
causes an NMI to be generated. The 8088 then reads
the 8253 timer to determine when to interrogate the
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serial stream. After de-serialization the NMI
service-routine does a 'Read' from hex AQ to clear the
NMI latch.

During certain time-critical operations, such as diskette
I/0, the processor will mask 'off' the NMI interrupt.
Keyboard inputs during this time cannot be serviced. A
keyboard latch is provided so that at the end of such
operations the processor will determine whether any
keys were pressed and take appropriate actions. The
keyboard latch is 'set' by any key being pressed and is
‘reset' by 'Reading' the NMI port. (No data is
presented to the microprocessor during this 'Read'.)
Keyboard latch data is available to the processor at bit
PCO of the 8255 PPL
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Notes:
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Cassette Interface

The 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' when
the motor is to be turned on. The cassette interface has
a wrap feature which connects the output to the input
when the motor control is 'off'. See “BIOS Cassette
Logic” in Section 5 for information on data storage and
retrival.
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A mechanism is provided that will direct the cassette
input to the audio subsystem. Please see “Sound
Subsection” in Section 2.

Circuit block diagrams for the cassette-interface read,

write, and motor control are illustrated in the following
figures.
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1000k
Cassette 18 Ohm Ohm
GND Resistor Resistor
+5V
L Cassette
P 1
_{0.047 4F 18k Ohm A?np 18k Ohm |g-22taIn
Capacitor Resistor LM358 Resistor
-6V
Audio
~ " | Subsystem
Data From 18k Ohm GND——i Si_li(;on
Cassette Resistor 8_'0 4eV
ir.
Recorder Cathode
Earphone
Jack GND

Cassette-Interface Read-Hardware Block Diagram

8253 Timer #2 0——O0|G

DDRV-——+

GND

74LS125

+5V
1
3.9k Ohm
Resistor
4.7k Ohm
Resistor
+ ﬁ
0.678V to
AUX Input
1.2k Ohm
Resistor
F o
0.075V to
MIC Input
150 Ohm
Resistor
GND

Cassette-Interface Write-Hardware Block Diagram
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+5V

I +5V
4.7k SN75475 Relay
h
Ohm vce N/Of—
Coil
+5
Clamp Cassette
74LS04 Motor
Control =
PB3 In Outp——Coil B
Motor ®
S
On NOT w
COM e ‘ﬁ
PB4 lvss o
Enable 3
Beeper/
Cassette
Motor NOT
Relay GND
Cassette-Motor Control Block Diagram
Signal Name Pin Number
——LOGIC GND AO01
—— CASS AUDIO IN AQ2 —]
le— MIKE AUDIO OUT AO03
Cassette [«—MOTOR CONTROL AO4 System
KEY PLUG BO1 Board
AUX DATA OUT B0O2
Fe— VMIOTOR CONTROL SW BO3
= SHIELD GND B04

Cassette Connector Specifications
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Notes:
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Video Color/Graphics Subsystem

The video subsystem is designed so that the IBM Color
Display, composite monitors, and a home television set
can be attached. It is capable of operating in black-
and-white or color. It provides three video ports: a
composite-video, a direct-drive, and a connector for

an RF modulator to be used with home televisions. In
addition, it contains a light pen interface.
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Note: The IBM Personal Computer Monochrome
Display cannot be used with the PCjr system.

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

The subsystem has two basic modes of operation:
alphanumeric (A/N) and all points addressable
graphics (APA). Additional modes are available within
the A/N and APA modes.

In the A/N mode, the display can be operated in either
a 40-column by 25-row mode for a low-resolution
display home television, or an 80-column by 25-row
mode for high-resolution monitors. In both modes,
characters are defined in an 8-wide by 8-high character
box and are 7-wide by 7-high, with one line of
descender. Both A/N modes can operate in either
color or black-and-white.

In the A/N black-and-white mode, the character
attributes of reverse video, blinking, highlighting and
gray shades are available.

In the A/N color mode, sixteen foreground-colors and

sixteen background-colors are available for each
character. In addition, blinking on a per-character basis
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is available. When blinking is 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 256 different characters. The

character set contains the following major groupings of

characters:

« 16 special characters for game support

e 15 characters for word-processing editing support

e 96 characters for the standard-ASCII-graphics set

o 48 characters for foreign-language support

« 48 characters for business block-graphics (allowing
drawing of charts, boxes, and tables using single or
double lines)

o 16 selected Greek symbols

15 selected scientific-notation characters

In the APA mode, there 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 PELs by
200 rows).

Different color modes exist within each of the APA
resolutions. Two, four, or sixteen colors are available in
APA color, and two, four, or sixteen gray shades are
available in APA black-and-white.
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One of sixteen colors, or grey shades can be selected
for the screen’s border in all APA modes.

The direct drive, composite video and RF Modulator
connector are right-angle-mounted connectors
extending through the rear of the system unit.

The video color/graphics subsystem is implemented
using a Motorola 6845 CRT controller device and a
Video Gate Array (VGA) (LSI5220). The video
subsystem is highly programmable with respect to raster
and character parameters. Thus many additional modes
are possible with the proper programming.
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The following figure shows a block diagram of the
video color/graphics subsystem.
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64K Expansion Card

l - T T T s "
|
| o Processor |
| 64K x 8 Data Latch[ | |
! RAM !
{ |DIN :
i ] CRTData [ |
Processor | Latch -1 |
Memory [ O O A — J
Data Bus - ST
Processor
Address — > Addr.e ss > Processor _J
Multiplexer
4K x 8 Data Latch
Processor 64K x
1/0 -»{ Address RAM
Data Bus 6845 Multiplexer S
CRT ~ Character
Control Data Latch
SYNCS
=1 Video
Gate RAS, CAS, WE 1
Array Control Character
T Generator
ROM
\
CRT
Data |w— CG Data
Latch Latch
y
RGBI Television Direct
Sync — Drive
ynes Video
Composite
Video Composite
Logic Video
— ]
|
| | RF ..
| Modulator : — Television
|
| External :
| 4

Video Color/Graphic Subsystem Block Diagram
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Major Components Definitions
Motorola 6845 CRT Controller

This device provides the necessary interface to drive a
raster-scan CRT. Additional information about this
component is provided in publications listed in

Bibliography”’. -
3
®

. . m
Storage Organization <
(-]
3

The base video-color/graphics-subsystem accesses 64K
bytes of read/write memory (RAM). A 64KB Memory
and Display Expansion can be added to increase the
amount of system RAM to 128K bytes. This
memory-storage area serves two functions; as the
video-display buffer and as the system processor is
(8088) main-RAM.

The RAM is located at address hex 0000 and is either
64K bytes or 128K bytes with the memory expansion
option. The 8088 can access the memory by reading
from and writing to address locations hex 00000 to
1FFFF or by reading from or writing to the 16K-byte
region starting at address hex B8000. The page
affected by a read or write operation is determined by
the processor’s page register. The processor can access
the RAM at any time in all modes with no adverse
effect to the video information. The page that the
video information is taken from is determined by the
CRT page register.

The processor and CRT page registers are write only
registers and can be changed at any time. These
registers allow the processor to work in one page while
the display is displaying another page. The processor
can switch pages at the vertical-retrace time. This will
aid animation on the video color/graphics subsystem.
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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.

Hex
Memory Map Address
Processor C0000
Read/ Write ~t—————t Video
Operations B8000
Processor .
Page .
Select 20000
> Page 7 CRT Page
Select
> Page 6 >
> Page 5 -
> Page 4 - CRT
10000
Page 3 —-
Page 2 —-
- Page 1 >
— Page 0 >
00000

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
address area.

WRSAS aseqg

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

The video color/graphics subsystem contains a
16-word by 4-bit palette in the Video Gate Array
which takes PEL (Picture ELement) information from
the read/write memory and uses it to select the color to
display. This palette is used in all A/N and APA
modes. Any input to the palette can be individually
masked 'off' if a mode does not support the full
complement of 16 colors. This masking allows the user
to select a unique palette of colors whenever any mode
does not support all 16 colors.

In two-color modes, the palette is defined by using one
bit (PAO0), with the following logic:

Palette Address Bit

PAO Function
0 Palette Register 0
1 Palette Register |

Palette Logic (1 of 3)

2-50 Video Subsystem



In four-color modes, the palette is defined by using two
bits (PA1 and PAOQ), with the following logic:

Palette Address Bits
PA1 PAO Function
0 0 Palette Register 0
0 1 Palette Register 1
1 0 Palette Register 2
1 1 Palette Register 3

Palette Logic (2 of 3)
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In sixteen-color modes, the palette is defined by using
four bits (PA3, PA2, PA1, and PAOQ), with the
following logic:

Palette Address Bits
PA3 | PA2| PA1| PAO Function

0 0 0 0 Palette Register 0
0 0 0 1 Palette Register 1
0 0 1 0 Palette Register 2
0 0 1 1 Palette Register 3
0 | 0 0 Palette Register 4
0 1 0 1 Palette Register 5
0 1 1 0 Palette Register 6
0 1 1 1 Palette Register 7
| 0 0 0 Palette Register 8
1 0 0 1 Palette Register 9
| 0 1 0 Palette Register 10
I 0 I | Palette Register 11
1 | 0 0 Palette Register 12
1 1 0 | Palette Register 13
1 1 1 0 Palette Register 14
1 | 1 1 Palette Register 15

Palette Logic (3 of 3)
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The sixteen colors available to all A/N and APA
modes are selected through combinations of the I
(Intensity), R (Red), G (Green), and B (Blue) bits. These
colors are listed in the following figure:

I R G B Color
]

0 0 0 0 Black 2
0 0 0 1 Blue &L
0 0 1 0 Green a
0 0 1 I Cyan 3
0 1 0 0 Red ‘

0 1 0 | Magenta

0 1 1 0 Brown

0 1 1 | Light Gray

1 0 0 0 Dark Gray

1 0 0 1 Light Blue

1 0 1 0 Light Green

1 0 1 1 Light Cyan

1 1 0 0 Pink

1 1 0 1 Light Magenta

1 1 1 0 Yellow

1 1 | 1 White
Note: The “I” bit provides extra luminance
(brightness) to each available shade. This results in the
light colors listed above, except for monitors that do
not recognize the “I” bit.

Summary of Available Colors
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Alphanumeric Modes-

Every display-character position in the alphanumeric
mode is defined by two bytes in the system read/write
memory, using the following format:

Display Character Code Byte

Attribute Byte

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

Display Format
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The functions of the attribute byte are defined by the
following figure:

Attribute
Function Attribute Byte Definition

7 6 5 4 3 2 1 0

Fore- PA2 PA1 PAO PA3 PA2 PAl1 PAD g
Ground &
Blink Background Foreground P
(4]
Normal B 0 0 0 I 1 1 1 S
Reverse B 1 1 1 I 0 0 0
Video
Nondisplay B 0 0 0 I 0 0 0
(Off)
Nondisplay B 1 1 1 I 1 1 1
(On)

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

Attribute Functions

Graphics Mode

The Video Color/Graphics Subsystem can be
programmed for a wide variety of modes within the
graphics mode. Five graphics-modes are supported by
the system’s ROM BIOS. They are low-resolution
16-color graphics, medium-resolution 4-color graphics,
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
modes:
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Number of Colors

Graphics Horiz. | Vert. Available (Includes
Mode (PELs) | (Rows) | Background Color)
Low-Resolution 160 200 | 16 (Includes b-and-w)
16-Color
Medium-Resolution 320 200 | 4 Colors of 16
4-Color Available

Medium-Resolution 320 200 16 (Includes b-and-w)
16-Color

High-Resolution 640 200 | 2 Colors of 16
2-Color Available
High-Resolution 640 200 | 4 Colors of 16
4-Color Available

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

Graphics 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:

« Contains a maximum of 200 rows of 160 PELs

« Specifies 1 of 16 colors for each PEL by the I, R, G,
and B bits

« Requires 16K bytes of read/write memory

« Formats 2 PELs per byte for each byte in the
following manner:
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7 6 5

a

3 2 1

PA3 PA2 PA1

PAO

PA3 PA2 PA1

PAO

First
Display
PEL

Second
Display
PEL

Low-Resolution 16-Color Graphics

Medium-Resolution 4-Color Graphics

The medium-resolution mode supports home-television
sets, low-resolution displays, and high-resolution

displays. It has the following characteristics:

+ Contains a maximum of 200 rows of 320 PELs

« Selects one of four colors for each PEL

« Requires 16K bytes of read/write memory
« Supports 4 of 16 possible colors
« Formats 4 PELs per byte for each byte in the

following manner:

7 6 5 4 3 2 1 0
PA1 PAO PA1 PAO PA1 PAO PA1 PAO
First Second Third Fourth
Display Display Display Display

PEL PEL PEL PEL

Medium-Resolution 4-Color Graphics
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Medium-Resolution 16-Color Graphics

The medium-resolution 16-color graphics mode
supports home television sets, low-resolution displays,
and high-resolution displays. It has the following
characteristics:

+ Requires system configuration of 128K bytes of
read/write memory

« Requires 32K bytes of read/write memory

o Contains a maximum of 200 rows of 320 PELs.

« Specifies 1 of 16 colors for each PEL

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

7 6 5 4 3 2 1 0
PA3 PA2 PA1 PAO PA3 PA2 PA1 PAO
First Second
Display Display

PEL PEL

Medium-Resolution 16-Color Graphics

High-Resolution 2-Color Graphics

The high-resolution 2-color mode supports
high-resolution monitors only. This mode has the
following characteristics:

e Contains a maximum of 200 rows of 640 PELs
« Supports 2 of 16 possible colors.
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« Requires 16K bytes of read/write memory.
« Formats 8 PELs per byte for each byte in the
following manner:

7 6 5 4 3 2 1 0

PAO| PAO | PAO | PAO | PAO| PAO| PAO| PAO

L—> Eighth Display PEL

» Seventh Display PEL
» Sixth Display PEL
Fifth Display PEL
Fourth Display PEL
== Third Display PEL
—» Second Display PEL
» First Display PEL

WRISAS aseyg

High-Resolution 2-Color Graphics

High-Resolution 4-Color Graphics

The high-resolution mode is used only with
high-resolution monitors. This mode has the following
characteristics:

« Requires system configuration of 128K Bytes
read/write memory

« Requires 32K bytes of read/write memory

¢ Contains a maximum of 200 rows of 640 PELs

e Selects one of four colors for each PEL

e Supports 4 out of 16 colors

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

7 6 5 4 3 2 1 (o}
PAO PAO PAO PAO PAO PAO PAO PAO

J t 1 \ 1 A J
First Second Third Fourth  Fifth Sixth Seventh Eighth
Display Display Display Display Display Display Display Display
PEL PEL PEL PEL PEL PEL PEL PEL

) 1 1 \ 1 \ Y
PA1 PA1 PA1 PA1 PA1 PA1 PA1 PA1
7 6 5 4 3 2 1 (o]

Odd Bytes

High-Resolution 4-Color Graphics

Graphics Storage Organization

For the low-resolution 16-color graphics, the
medium-resolution 4-color graphics, and the high-
resolution 2-color graphics, storage is organized into
two banks of 8000 bytes each.

The following figure shows the organization of the
graphics storage.
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Memory Address

(Hex)  |e——go Bytes —J

0000H Even Scans (0,2,4,...,190)
8000 Bytes

1F3F

2000 Odd Scans (1,3,5,...,199)
8000 Bytes

3F3F

Graphics Storage Organization (Part 1 of 2)

WISAQ Iseqg

Address 0000 contains PEL information for the
upper-left corner of the display area.

For the medium-resolution 16-color graphics, and the

high-resolution 4-color graphics modes, the graphics
storage is organized into four banks of 8000 bytes each.
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Memory Address

(Hex) |<-— 160 Bytes —>|

0000 00 Scans
(0.4,8,...,196)
(8000 Bytes)

1F3F

2000 01 Scans
(1,56.9....,197)
(8000 Bytes)

3F3F

4000 10 Scans
(2,6,10,...,198)
(8000 Bytes)

5F3F

6000 11 Scans
(3.7.11,..., 199)
(8000 Bytes)

7F3F

Graphics Storage Organization (Part 2 of 2)

Address 0000 contains PEL information for the
upper-left corner of the display.
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Video Gate Array

The Video Gate Array is located at I/O address hex
3DA, and is programmed by first writing a register
address to port hex 3DA and then writing the data to
port hex 3DA.

Any I/O 'write'-operations to hex address 3DA
continuously toggle an internal address/data flip-flop.
This internal flip-flop can be set to the address state by
issuing an I/0O 'read’' instruction to port hex 3DA. An
I/O 'read’ instruction also 'reads' the status of the
Video Gate Array. A description of each of the
registers in the Video Gate Array follows.

wR)ISAQ Iseqg

Hex Address Register
00 Mode Control 1
01 Palette Mask
02 Border Color
03 Mode Control 2
04 Reset
10-1F Palette Registers

Video Gate Array Register Addresses
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Mode Control 1 Register

This is a 5-bit 'write '-only register, it cannot be
‘read’. Its address is 0 within the Video Gate Array.
A description of this register’s bit functions follows.

Bit 0
Bit 1
Bit 2
Bit 3
Bit 4

+HIBW/-LOBW
+Graphics/-Alpha
+B/W

+Video Enable

+16 Color Graphics

Mode Control 1 Register

Bit 0

Bit 1

Bit 2

2-64 Video Subsystem

This bit is 'high' (1) for all
high-bandwidth modes. These modes are
all modes which require the 64KB Memory
and Display Expansion for a system total
of 128K bytes of read/write memory. The
high bandwidth modes are the 80 by 25
alphanumeric mode, the 640 by 200
4-color graphics mode, and the 320 by 200
16-color graphics mode. This bitis 'low’
(0) for all low-bandwidth modes.

This bit is 'high' (1) for all graphics
modes and is 'low' (0) for all
alphanumeric modes.

When this bit is 'high' (1), the
composite-video color-burst and
chrominance are disabled, leaving only the
composite intensity-levels for gray shades.
When this bit is 'low' (0), the
composite-video color is 'enabled'. This



Bit 3

Bit 4

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

Note: This bit has no effect on direct-drive
colors.

When this bit is 'high' (1), the video
signal is 'enabled’. The video signal
should be 'disabled' when changing
modes. When the video signal is
'disabled’, the screen is forced to the
border color.

-
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This bit must be ' high' (1) for all
16-color graphics-modes. These modes
are the 160 by 200 16-color
graphics-mode and the 320 by 200
16-color graphics-mode.

Palette Mask Register

This is a 4-bit write-only register, it cannot be 'read’.
Its address in the Video Gate Array is hex 01. A
description of this register’s bit functions follows.

Bit 0
Bit 1
Bit 2
Bit 3

—Palette Mask 0
—Palette Mask 1
—-Palette Mask 2
—Palette Mask 3

Palette Mask Register

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

In the 2-color and 4-color modes, the palette addresses
should be 'masked' because only 1 or 2 color-lines
contain vzalid 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
‘read'. Its address in the Video Gate Array is hex 02.
The following is a description of the register’s bit

functions:
Bit Number Function
0 + B (Blue) Border Color Select
1 + G (Green) Border Color Select
2 + R (Red) Border Color Select
3 + I (Intensity) Border Color Select

Border Color Register

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

This is a 4-bit, 'write'-only register, it cannot be
‘read'. Its address inside the Video Gate Array is hex
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03. The following 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

wR)sAg asegqg

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

Bit 1 When this bit is 'high' (1) in the

alphanumeric mode, the attribute byte has
the following definition:

7 6 5 4 3 2 1 0

B PA2 PA1 PAO | PA3 PA2 PA1 PAO

—— Foreground Color

Background Color

= Blinking

Where PAO to PA3 are palette addresses.
Attribute Byte Definition (Part 1 of 2)
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If the enable-blink bit is 'off' in the
alphanumeric mode, the attribute byte
takes on the following definition:

7 6 5 4 3 2 1 0

PA3 PA2 PA1 PAO PA3 PA2 PA1 PAO

Foreground Color

» Background Color

Attribute Byte Definition (Part 2 of 2)

If the enable-blink bit is on in a graphics
mode, the high-order address of the palette
(PA3) is replaced with the character-blink
rate. This causes displayed colors to
switch between two sets of colors.

If the colors in the lower half of the palette
are the same as in the upper half of the
palette, no color changes will occur. If the
colors in the upper half of the palette are
different from the lower half of the palette,
the colors will alternately change between
the 2 palette colors at the blink rate.

Only eight colors are available in the
16-color modes when using this feature.
Bit 3 of the palette mask has no effect on
this mode.

Bit 2 This bit is reserved, but should always be
programmed as a 0.
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Bit 3 This bit should be 'high' (1) 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

=)
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functions:
Bit 0 +Asynchronous Reset
Bit 1 +Synchronous Reset

Reset Register

Bit ¢

When 'high' (1), this bit will issue an
"asynchronous reset' to the Video Gate
Array. This will cause all memory cycles
to stop and all output signals to be
tri-stated. The 'asynchronous reset'
should only be issued once at the system
power-on time. This bit should be 'high'
(1), 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 'resets' should be
‘synchronous resets'.
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Bit 1

2-70 Video Subsystem

Note: Issuing an 'asynchronous reset'
can cause the contents of RAM to be
destroyed.

When 'high' (1), this bit will issue a
‘synchronous reset' to the Video Gate
Array. This will cause all memory cycles
to stop and all output signals to stop. Bit 1
should be 'low' (0) before changing
modes.

Before issuing a ' synchronous reset', the
program should read 256 locations in
RAM as every other location in 512
locations. The program should then issue
the 'synchronous reset' and change the
mode. This changes the Video Gate Array
mode-control registers and the 6845
registers.

Next, the 'synchronous reset' should be
removed and the 256 RAM locations
should be 'read' again as above. This
procedure will ensure system RAM
data-integrity during mode changes.
'Synchronous resets' need only be issued
when changing between high-bandwidth,
and low- bandwidth modes. (Bit 0 in
mode control 1 register)

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



Palette Registers

There are sixteen 4-bit-wide palette-registers. These
registers are 'write '-only, they cannot be 'read’.
Their addresses in the Video Gate Array are from hex
10 to 1F.

Palette address hex 10 is accessed whenever the color
code from memory is a hex 0, address hex 11 is
accessed whenever the color code from memory is a hex
1, and so forth. A description of the color codes is in
“Summary of Available Colors™ in this section.
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Note: The palette address can be 'masked’ by
using the palette mask register.

The following is a description of the register’s bit
functions:

Bit Number Function
0 + Blue
1 + Green
2 + Red
3 + Intensity

Palette Register Format

When loading the palette, the video is 'disabled' and
the color viewed on the screen is the data contained in
the register being addressed by the processor.

When the program has completed loading the palette, it

must change the hex address to some address less than
hex 10 for video to be 'enabled 'again.
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If a programmer does not wish a user to see the adverse
effects of loading the palette, the palette should be
loaded during the vertical-retrace time. The program
must modify the palette and change the video gate array
address to less than hex 10 within the vertical-retrace
time. A vertical-retrace interrupt and a status bit are
provided to facilitate this procedure.
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Status Register

This is a 5-bit 'read'-only register, it cannot be
'written'. The internal address of the video gate array
isa 'don’t care' condition for the status-register
read-operation. A description of the register’s bit
functions follows:

oo/

"
Bit 0 +Display Enable &
Bit 1 +Light Pen Trigger Set £
Bit 2 -Light Pen Switch Made a
Bit 3 +Vertical Retrace S
Bit 4 +Video Dots

Status Register

Bit 0 When 'high' (1), this bit indicates video is
being displayed.
Bit 1 When 'high' (1), this bit indicates that a

positive- going edge from the light pen
input has set the light pen trigger. This
trigger is 'low' (0) upon a system
power-on, and may also be cleared by
performing an I/O 'Out' command to
address hex 3DB. No specific data is
required, this action is address-activated.

Bit 2 This bit indicates the status of the light pen
switch. The switch is not latched or
debounced. When this bit is 'low"' (0), the
light pen switch is 'on"'.

Bit 3 When 'high' (1), this bit indicates the
vertical retrace is 'active'.

Video Subsystem 2-73



Bit 4 When 'high' (1), this bit indicates that
video-dot information is available. The
two low-order bits of the address register
determine the video-dot information
presented through the following logic:

Video Dot
Address Register | Address Register Information
Bit 1 Bit 0 Selected
0 0 Blue
0 1 Green
1 0 Red
1 1 Intensity

Address Register

This bit is provided for testing purposes. It verifies that
video is occurring properly, and that the palette
registers and all other 'write '-only registers are
operating correctly.

Light Pen

A light pen can be used on the PCjr by connecting it to
the six-pin connector for light pens on the back of the
system board.
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Signal Name Pin Number

— +12V AO1
— _LIGHT PEN INPUT A02 —n
Light | 5V AO3 System
Pen | Locic GND BO1 Board
— _LIGHT PEN SWITCH B02 —>
UNUSED B0O3

Connector Specifications

Note: The light pen interface is set for RGBI
(Red, Green, Blue, Intensity). Due to timing
differences between different displays (Different
phosphors take longer to turn on, and different
circuits take longer to accomplish their task.) the
row, column value returned from the CRT can vary.
This difference must be compensated for through
software.

Programming Considerations

Programming the 6845 CRT Controller

The 6845 has 19 accessible, internal registers, which
are used to define and control a raster-scanned CRT
display. One of these registers, the Index Register, is
actually used as a pointer to the other 18 registers. Itis
a 'write'-only register, which is loaded from the
processor by executing an 'Out’' instruction to I/O
address hex 3D4. The five least-significant-bits of the
I/O bus are loaded into the Index Register.

In order to load any of the other 18 registers, the Index

Register is first loaded with the necessary pointer; then
the Data Register is loaded with the information to be
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placed in the selected register. The Data Register is
loaded from the processor by executing an 'Out’
instruction to I/O address hex 3D5.

The following table defines the values that must be
loaded into the 6845-CRT-Controller registers to
control the different modes of operation supported by

the attachment:

Low/High
Register Alphanumeric | Band
Hex Width
Addr.| # Type Units | I/O | 40x25] 80x25 | Graphics
0 |RO | Horizontal | Char.| Write| 38 71 38/71
Total Only
1 |R1 | Horizontal | Char.| Write| 28 50 28/50
Display Only
2 |R2 | Horizontal | Char.| Write| 2C 5A 2B/56
Sync Only
Position
3 |R3 | Horizontal | Char.| Write| 06 0C 06/0C
Sync Only
Width
4 |R4 | Vertical Char. | Write| IF 1F 7F/3F
Total Row | Only
5 [R5 | Vertical Scan | Write| 06 06 06/06
Total Line | Only
Adjustment

Note: All register values are given in hexadecimal.

6845 Register Table (Part 1 of 3)
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Low/High
Register Alphanumeric | Band
Hex Width
Addr.| # Type Units | I/0 | 40x25 [ 80x25 | Graphics
6 |R6 | Vertical | Char.| Write| 19 19 64/32
Displayed | Row | Only
7 R7 | Vertical Char.| Write| 1C 1C 70/38
Sync Row | Only
Position
8 R8 | Interlace — | Write| 02 02 02/02
Mode Only
9 R9 | Maximum| Scan | Write| 07 07 01/03
Scan Line| Line | Only
Address
A |R10 | Cursor Scan | Write| 06 06 26/26
Start Line | Only
B |[R11 | Cursor Scan | Write| 07 07 07/07
End Line | Only

Note: All register values are given in hexademical.

6845 Register Table (Part 2 of 3)
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Low/High
Register Alphanumeric | Band
Hex Width
Addr.| # Type |Units| I/0 |40x25 |80x25 | Graphics
C |RI12 |Start — | Write 00 00 00/00
Addr. (H) Only
D |R13 [Start — | Write 00 00 00/00
Addr. (L) Only
E |R14 |Cursor — | Read/| 00 00 00/00
Addr. (H) Wrrite
F |R15 [Cursor — | Read/ | 00 00 00/00
Addr. (L) Wrrite
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 /Processor Page Register

This register is an 8-bit 'write '-only register, that
cannot be read. Its address is hex 3DF. The following
is a description of the Register functions.

Bit Number Description
0 CRT Page 0 g
1 CRT Page | ®
2 CRT Page 2 <L
3 Processor Page 1 2
4 Processor Page 2 3
5 Processor Page 3
6 Video Address Mode 0
7 Video Address Mode 1

CRT/Processor Page Register (Part 1 of 2)

CRT Page 0-2

Processor Page 0-2

These bits select which 16K
byte memory-page between
00000 to hex 1FFFF is being
displayed. If there is no
expansion RAM in the system,
the high- order bit is a 'don’t
care', and only 4 pages are
supported. For graphics modes
which require 32K bytes the
low-order bit is a 'don’t care'.

These bits select the 16K byte
memory-page region where
memory cycles to BS000 are
redirected. If there is no
expansion RAM installed in
the system, the high-order bit
isa 'don’t care' and only 4
pages are supported.
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Video Adr Mode 0-1 These bits control whether the
row scan addresses are used as
part of the memory address.
These should be programmed

as follows:

Video Address Mode

1 (Bit 7) 0 (Bit 6) Resulting Modes

0
0
1
1

(=

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

CRT/Processor Page Register (Part 2 of 2)

The following I/O devices are defined on the video

color/graphics subsystem:

Hex Function of
Address | A9AS8A7A6A5SA4A3A2A1A0 Register
3DA 1 1 1 1 0 1 1 0 1 0 [GateArray Address
and Status Register
3DB 1 1 1 1 0 1 1 0 1 1 [ClearLight
Pen Latch
3DC 1 1. 1 1 0 1 1 1 0 O [PresetLight
Pen Latch
3D0,3D4 | 1 1 1 1 0 1 0 x x O |6845Index Register
3DI3DS [ 1 1 1 1 0 I 0 x x 1 |6845 Data Register
3DF 1 1 11 0 1 1 1 1 1 [CRT,Processor
Page Register
X = “don’t care” condition

Video I/0 Devices
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Mode Selection Summary

Four registers of the Video Gate Array allow the user
to access all the alphanumeric and graphics modes
supported by the system ROM BIOS. The following
table summarizes the modes and their register settings:

Video Gate g

Array Reg. ®

<

Mode 00 | 01 | 02 | 03 %

=
40 by 25 Alphanumeric Black-and-White | OC | OF | 00 [ 02
40 by 25 Alphanumeric Color 08 | OF | 00 | 02
80 by 25 Alphanumeric Black-and-White | OD | OF | 00 | 02
80 by 25 Alphanumeric Color 09 | OF [ 00 |02
160 by 200 16-Color Graphics IA|{OF | 00 |00
320 by 200 4-Color Graphics 0A |03 |00 |00
320 by 200 4-Shade Black-and-White OE |03 [ 00 |00
320 by 200 16-Color Graphics IB |OF | 00 |00
640 by 200 2-Color Graphics OE |01 | 00 |08
640 by 200 4-Color Graphics 0B |03 |00 |00

Note: All values are given in hexadecimal.

Mode Summary

Sequence of Events for Changing Modes

—

Determine the mode of operation.

2. Reset the ‘video enable’ bit in the Video Gate Array
to disable video.

3. Program the 6845 CRT Controller to select the
mode.
Read 256 bytes of memory
Reset gate array

4. Program the Video Gate Array registers.
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Remove gate-array reset
Read 256 bytes of memory
5. Re-enable video.

Note: The gate array needs to be reset only when

changing the high-bandwidth/low-bandwidth
register.

Interrupt Information

The Video Gate Array uses interrupt level 5 of the Intel
8259 to provide the vertical retrace interrupt to the

system.
At Standard TTL Levels

-VERT SYNC =—= A1 B1 ~ +VERT SYNC
LOGIC GND == == LOGIC GND
-HORIZ SYNC =— A3 B3 = +HORIZ SYNC
BLUE - == RESERVED
RED — = LOGIC GND
INTEN -1 A6 B6 M~ RESERVED
GREEN — == RESERVED
COMP SYNC = = RESERVED
AUDIO -1 A9 B9 - SHIELD GND

Connector Specifications

The direct-drive signals are standard TTL levels except
the audio output which is a 1V peak-to-peak signal
biased at OV which can drive a 10K ohm or greater
input-impedence.
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Composite Video Signal

- 1

Chassis Ground

Video
Monitor

Color/Graphics
Composite Jack

2 -

Connector Specifications

=
The composite-video signal is 1V peak to peak biased 2
at .7V with a 75 ohm load. @
a
2]
=
Connector AO01 — +12V — RF
A02 — Key >
for AO3 — Composite Video em——p| Modulator
BO1 — GND
BO2 — Audio >
Television BO3 — Shield GND =i

Television Connector Specifications

The Connector for Television connector has the
composite-video signal at 1V peak to peak biased at
.7V with a 75 ohm load. The connector also has the
audio output which is 1V peak-to-peak signal biased at
0V which can drive a 10K ohm or greater input
impedence.
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Notes:
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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 PB1

« 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.

WI)SAQ Iseg

Note: The TI76496 Sound Generator cannot be
directed through the beeper.

8255A-5 Bit PB1, 1/0 Address Hex 61— AND
Timer Clock Out 2 ™

Drive
Select

8255A-5 Bit PB4

30 Ohm Resistor [= Beeper

Beeper Block Diagram
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Notes:
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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.

=
2

®

2]
-

4
®

3

1 Audio
System External
Unit 2 GND Amp

Connector Specifications

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

Source PBé6 PBS
Complex Sound Generator (T1 76496) 1 1
Programmable Timer (8253) 0 0
Cassette Audio 0 |
I/O Channel Audio 1 0

selected.

Port bits PB5 and PB6, of the 8255, control which source is

Sound Sources

Complex Sound Generator

The Complex Sound Generator chip (SN76496N) has 3
programmable frequencies which may be mixed to form

chords and a white noise generator which may also be
mixed for special effects. Each of the 3 channels as
well as the white noise generator can be independently
attenuated. The processor controls the sound chip by

writing to port hex CO.

The Sound Generator is described in greater detail later
in this section. More information can be obtained by

referring to Texas Instruments’ data sheets and

application notes.
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Sound
Mpx PB5
Select PB6
(8255)

8253

Cassette

External
Channel

Protection
Diodes

T.l
76496

Sound Block Diagram

Analog

Mpx

Low
Pass
Filter

-+-‘

Audio Tone Generator

Features

f3dB =
4.8 kHz

_—_—

o 3 Programmable Tone-Generators
« Programmable White Noise
o Programmable Attenuation

o Simultaneous Sounds

« TTL Compatible
« 3.579 MHz Clock Input

+ Audio Mixer

Direct Drive
Monitor Audio

WISAG Iseg

R.F. Modulator
Audio

External Audio
Amp

Processor to Sound-Generator Interface

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

If no other control registers on the chip are accessed, a
tone generator may be rapidly updated by initially
sending both types of frequency and register data,
followed by just the second byte of data for succeeding
values. The register address is latched on the chip, so
the data will continue going into the same register. This
allows the 6 most-significant bits to be quickly

modified for frequency sweeps.

Control Registers

The sound generator has 8 internal registers which are
used to control the 3 tone generators and the noise
source. During all data transfers to the sound
generator, the first byte contains a 3-bit field which
determines the destination control register. The register
address codes are as follows:
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Register Address Field

MSB LSB

RO R1 R2 Destination Control Register
0 0 0 Tone 1 Frequency
0 0 1 Tone 1 Attenuation
0 1 0 Tone 2 Frequency =
0 | 1 Tone 2 Attenuation b4
1 0 0 Tone 3 Frequency <
1 0 1 Tone 3 Attenuation 4
1 1 0 Noise Control g
1 | 1 Noise Attenuation

Register Address Field

Reg. Addr. Low Data High Data
1 RO R1 R2|F6 F7 F8 F9 0 X FO F1 F2 F3 F4 F5
| | 4 1 1 N N N N B
Bit First Byte Bit Bit Second Byte Bit
0 7 0 7
MSB LSB MSB LSB

Frequency (Double or Single Byte Transfer)

Frequency Generation

Each tone generator consists of a frequency-synthesis
section and an attenuation section. The frequency-
synthesis section requires 10 bits of information (hex
F0-F9) to define half the period of the desired
frequency (n). Hex FO is the most-significant bit and
hex F9 is the least-significant bit. This information is
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loaded into a 10-stage tone-counter, which is
decremented at an N/ 16 rate where N is the input-clock
frequency. When the tone counter decrements to 0, a
borrow signal is produced. This borrow signal toggles
the frequency flip-flop and also reloads the tone
counter. Thus, the period of the desired frequency is
twice the value of the period register.

The frequency can be calculated by the following:

f= _N_
32n

where N = ref clock in Hz (3.579 MHz)

n = 10-bit binary-number

Attenuator

Reg. Addr. Data
1 |RO R1T R2 | AO A1 A2 A3

I
BitO Second Bit 7

MSB Byte LSB

Update Attenuation (Single Byte Transfer)

The output of the frequency flip-flop feeds into a
four-stage attenuator. The attenuator values, along
with their bit position in the data word, are shown in
the following figure. Multiple-attenuation control-bits
may be ‘true’ simultaneously. Thus, the maximum
theoretical attenuation is 28 dB typically.
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Bit Position
MSB LSB
A0 Al A2 | A3 Weight
0 0 0 1 2dB
0 0 1 0 4dB =
-]
0 1 0 0 8dB &
7))
1 0 0 0 16db =
1 1 1 1 OFF 3
Attenuator Values
Noise Generator
Reg. Addr.
RO R1 R2 SHIFT
1 1 I 1 I 0 X | FB | NFO | NF1
MSB LSB

Update Noise Source (Single Byte Transfer)

The noise generator consists of a noise source and an
attenuator. The noise source is a shift register with an
exclusive-OR feedback-network. The feedback
network has provisions to protect the shift register from
being locked in the zero state.
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FB Configuration

Periodic Noise
White Noise

—_—0

Noise Feedback Control

Whenever the noise-control register is changed, the
shift register is cleared. The shift register will shift at
one of four rates as determined by the two NF bits.
The fixed shift-rates are derived from the input clock.

Bits
NF0 | NF1 Shift Rate
0 0 N/512
0 1 N/1024
1 0 N/2048
1 1 Tone Generator #3 Output

Noise Generator Frequency Control

The output of the noise source is connected to a
programmable attenuator.

Audio Mixer/Output Buffer

The mixer is a conventional operational-amplifier
summing-circuit. It will sum the three tone-generator
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outputs, and the noise-generator output. The output
buffer will generate up to 10 mA.

Data Transfer

The sound generator requires approximately 32 clock
cycles to load the data into the register. The open
collector READY output is used to synchronize the
microprocessor to this transfer and is pulled to the false
state (low voltage) immediately following the leading
edge of CE. It is released to go to the true state
(external pull-up) when the data transfer is completed.

WR)SAG aseyqg

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

Warning: Do not attempt to issue an I/O read
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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Notes:
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Infra-Red Link

The infra-red link provides cordless communications
between the keyboard and the system unit. Two
infra-red-emitting diodes, mounted in the keyboard,
transmit coded information to the system unit. The
keyboard transmitter is fully discussed in “Cordless
Keyboard” in this section. The infra-red receiver,
which is located in the system unit, has an
infra-red-sensitive device that demodulates the signal
transmitted from the keyboard and sends it to the
system.

WAJSAS Iseg

Infra-Red Receiver

The receiver card measures 57.15 mm wide by 63 mm
(2.25in. by 2.50 in.) long. The infra-red receiver is
mounted on the system board, component-side down,
with two snap-in-type standoffs. Signal output and
power input is through an 8-pin connector, located at
the rear of the infra-red receiver. The
infra-red-sensitive device is located on the front of the
board and receives its input through an opening in the
front of the system unit’s cover. There is also an
infra-red transmitter mounted on the receiver board for
diagnostic purposes.

Functional Description

The following figure is the Infra-Red Receiver Block
Diagram. During keyboard operation, the emitted light
is modulated, transmitted, and received in the following

sequence:

1. A key is pushed.
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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-operational verification.

Keyboard
with
Encoder

Infra-
Red

Infra-Red Receiver Block Diagram

Infra-Red Receiver Board

First Second
Amplifier Amplifier Demod-
Stage Stage ulator
Photo-Diode with AGC

Infra-

Red

Test

Circuit

Application Notes

Infra-Red Test Frequency
From System Board

The Infra-Red Receiver Board can serve as a
general-purpose infra-red-receiver, however, the

2-98 Infra-Red Link

Out



demodulator timings are tailored to the needs of the
system.

Programming Considerations

The serially-encoded word is software de-serialized by
the 8088 processor on the system unit. The leading
edge of the start bit will generate a non-maskable
interrupt (NMI). Once the processor enters the NMI
routine to handle the deserialization, the keyboard-data
line is sampled and the processor waits to sample the
trailing edge of the start bit. When the trailing edge of
the start bit is sampled, the processor will wait for 310
ps and sample the first half of the first data bit. This
delay causes the processor to sample in the nominal
center of the first half of the first data bit. The
processor then samples the keyboard data every half-
bit cell-time. The sampling interval is 220 us. The
processor samples each-half-bit-sample 5 times and will
determine the logical level of the sample by majority
rule. This enables the processor to discriminate against
transient glitches and to filter out noise. The 8088
processor utilizes one 8255 PPI bit (PORT C BIT 6)
and shares one 8253 timer channel (CHANNEL 1) to
do the software de-serialization:of the keyboard data.
See the “Cordless Keyboard” in this section for more
information on the data-transmission protocal.
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Detectable Error Conditions

Errors Cause

Phase Errors  The 1st half of the bit-cell sample is
not equal to the inverse of the 2nd half
of the bit-cell sample.

Parity Errors  The received encoded word did not
maintain odd parity.
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Note: Errors will be signaled by the processor with
a short tone from the audio alarm or external
speaker.

Operational Parameters

The operational distance from infra-red devices to the
system should not exceed 6.1 meters (20 feet)
(line-of-sight). Operational efficiency can be impaired
by outside sources. These sources are,
excessively-bright lights, and high-voltage lines, which
include some TV sets. High-energy sources will
generally cause an audible alarm within the system unit.
These sources may downgrade the operational distance
from the keyboard to the system. A keyboard cable is
recommended if the above interference conditions are
not controllable.

Pin Signal Input/Output
A0l +12 Volts Input
A02 Ground Input
A03 Ground-Shield Input
A04 I.LR. TEST FREQ. Input

BO1 GROUND Input

B02 +5 Volts Input

B03 -I.LR. KBD DATA Output
B04 GROUND Input

Infra-Red Connector Specifications
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IBM PCjr Cordless Keyboard

The keyboard is a low-profile, 62-key, detached
keyboard with full-travel keys. The keys are arranged in
a standard typewriter layout with the addition of a
function key and cursor-control keys. The keybuttons
are unmarked; however, an overlay is used to provide
the keys’ functional descriptions.

The following figure shows the layout of the cordless
keyboard.
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The keyboard is battery powered and communicates to
the system unit with an infra-red (IR) link. The
infra-red link makes the remote keyboard a truly
portable hand-held device. An optional-cord
connection to the system unit is available. Power is
sent to the keyboard and serially-encoded data received
by the system unit through the optional cord. When
connected, the cord’s keyboard-connector removes the
battery power and the -CABLE CONNECT signal
disables the infra-red-receiver circuit. The disabling of
the circuit also allows other infrared devices to be used
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without interfering with the system. The data which is
received through the IR link or by the cord, have the
same format.

The keyboard interface is designed to maximize
system-software flexibility in defining keyboard
operations such as shift states of keys, and typematic
operation. This is accomplished by having the
keyboard return scan codes rather than American
National Standard Code for Information Interchange
(ASCII) codes. The scan codes are compatible with
Personal Computer and Personal Computer XT scan
codes at the BIOS interface level. All of the keys are
typematic and generate both a make and a break scan-
code. For example, key 1 produces scan code hex 01
on make and code hex 81 on break. Break codes are
formed by adding hex 80 to the make codes. The
keyboard I/O driver can define keyboard keys as shift
keys or typematic, as required by the application.

The microprocessor in the keyboard performs keyboard
scanning, phantom-key detection, key debounce,
buffering of up to 16 key-scan-codes, and transfer of
serially-encoded data to the system unit. The keyboard
microprocessor is normally in a standby power-down
mode until a key is pressed. This causes the
microprocessor to scan the keyboard. The
microprocessor then transmits the scan code, and
re-enters the power-down mode if its buffer is empty
and no keys are pressed.

The keyboard electronics is designed with low-power
CMOS integrated-circuitry for battery power operation.
Four AA-size batteries are required. Because the
keyboard is normally in the standby power-down mode,
which uses very little power, no on/off switch is
needed.
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Unlike other keyboards in the IBM Personal Computer
family, the IBM PC,r 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.
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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 us. A biphase
logically-encoded 1 is transmitted as logical 1 for the
first half of the bit cell time and as a logical O for the
second half of the bit cell. A biphase logically-encoded
0 is transmitted as a logical O for the first half of the bit
cell time and as a logical 1 for the second half of the bit
cell.

Each logical 1 transmission for the Infra-Red Link
consists of a 40 kHz carrier burst at a 50% duty cycle.
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First Bit Start Bit

Second Bit Data Bit 0 (Least Significant Bit)
Third Bit Data Bit 1

Fourth Bit Data Bit 2

Fifth Bit Data Bit 3

Sixth Bit Data Bit 4

Seventh Bit Data Bit 5

Eight Bit Data Bit 6

Ninth Bit Data Bit 7 (Most Significant Bit)
Tenth Bit Parity Bit

Eleventh Bit Stop Bit

Data Stream Sequence

Eleven stop bits are inserted after every scan-code
transmission. This is to allow some processor
bandwidth between keystrokes to honor other types of
interrupts, such as serial and time-of-day.

2-104 Cordless Keyboard



Eleven Stop
Bit Cells |

)
| s |po[p1]p2[p3|pa|ps|pe|p7 P | " | s |oo[p1]p2|
|—Bit cen

Example: DATA = ““2EH’* PARITY =1’

Cable Data )

|.1,|.0,I,1,|,1,|,1,|.0.|.1,|,o,l .0.|.1,|

=
)
74
&
W
-
z
)
3

Infra-Red Data )
LRIl A

Cable | BI-Phase ’1’| I Bl-Phase ‘0'|
Bit Cell Bit CeII
—>220,us|<— —»IZZO#S
— 440 us 440 us
Infra-
‘1 | Bl-Phase ‘0’ |

Red IBI-Phase 1 I

W 40 kHz @ 50% Duty Cycle “"“ 40 kHz @ 50%

Duty Cycle
—"22 us
— 62.5 5 62.5 us

— 440 us — 440 us

Keyboard Transmission Timing
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-CLB Data

AND
-1.R. Data Keyboard Data
AND NOR
-CBL Con
Inverter +5<— D
Q
CLK Flip Flop
CLR
NMI
AND
NMI Mask -I0R From
Port AO Hex

Keyboard Interface Logic
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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 mm (2 by 3 inch) cartridge can hold one
or two 32K byte by 8 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).
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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
selection is 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 the cartridge is inserted or removed
with the system turned on, the system will 'reset'
and go through a warm power-up. Any data in the
system RAM will be lost.

Cartridge Storage Allocations

A. The following conventions will be followed for
“Initial Program L.oadable’ program cartridges:

Location Contents
0 055H
1 0AAH
2 Length
34,5 Jump to Initialize Code
6 0
Last 2 Addresses CRC Bytes

Storage Conventions

« Locations 0 and 1 contain the word hex S5AA.
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
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contents of this byte is (length/512). The contents
of this byte is used by the CRC
(cyclic-redundancy-check) routine to determine
how much ROM to check.

o Location 3 contains the beginning of an
initialization routine that is reached by a 'Long'
call during the power-on sequence. For cartridges
that are 'IPL-able' (BASIC or assembler program)
this routine should set the INT hex 18 vector to
point to their entry points. Other types of
cartridges (BASIC or whatever) should merely
‘return’ to the caller. Setting the INT hex 18
vector will enable transfer of control to the cartridge
program by the IPL routine.

« This location 6 should be 00.

o CRC bytes: The last two locations of the address
space used by the cartridge must be blank. CRC
characters will be placed in these bytes when the
cartridge is built. See the routine at label “CRC
Check”, in the BIOS listing for the CRC algorithm.

WASAS Iseg

B. The following conventions will be followed for
cartridges that wish to be recognized by DOS 2.1 as
containing code associated with DOS command words:
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Location Contents

0 055H

1 0AAH

2 Length

3-5 Jump to Initialize

6 Command Name Length (Offset Y-
Offset Z)

z First Character in Command Name

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

o 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.

¢ 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' 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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containing 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 in the count field following the last
name pointer. If a cartridge has a routine called
'TEST' at location hex OFB5 (offset from start of
segment that the cartridge is in) that needs to be
executed when 'test' is entered as a DOS command
the entry at location 6 would be hex
04,54,45,53,54,B5,0F.

« CRC bytes: The last two locations of the address
space used by the cartridge must be blank. CRC
characters will be placed in these bytes when the
cartridge is built. See the routine at label “CRC
Check”, in the BIOS listing for the CRC algorithm.

WRJISAS Iseg

C. The following conventions will be followed for
cartridges that wish to be recognized by ““Cartridge
BASIC” as containing interpretable-BASIC Code:

o The cartridge-chip selects must address hex DO000
since the BASIC cartridge addresses hex E0000.
When “Cartridge BASIC” is activated, it will check
for a second cartridge program at hex D0000. If the
second cartridge is present and formatted properly,
then the BASIC code is loaded into RAM and run.

o The format for this interpretable-BASIC code must
be as follows:
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Location Contents

0 055H

1 0AAH

2 Length

3 0CBH

4 0AAH

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 CRC routine to determine
how much ROM to check.

3. Location 3 must be hex OCB for a 'far return’

instruction.
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. Locations 4 and 5 contain the word hex AASS.

This is used as a test for the presence of the second
cartridge by “Cartridge Basic”.

. Location 6 must be a O to follow the DOS

conventions.

. Location 7 can be either hex FF to indicate an

unprotected BASIC program, or hex FE to indicate
a protected program.

. Location 8 must be the start of the BASIC program.
It must be interpretable Basic and not compiled.
Also, at the end of the program PAD to the next
2048 byte boundary with hex OFF.

. CRC bytes: The last two locations of the address
space used by the cartridge must be blank. CRC
characters will be placed in these bytes when the
cartridge is built. See the routine at label “CRC
Check”, in the BIOS listing for the CRC algorithm.
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ROM Module

The ROM modules used are 250 ns devices. Typical
modules are the Mostek MK37000 and MK38000, the
TMM 23256, the SY23128, and other compatible

devices.

ROM Hex

Chip Select | Address Space Typical Use
CSo X Not Used
CSl1 X Not Used
CS2 D0000-D7FFF Optional Cartridge ROM #2
CS3 D8000-DFFFF | Optional Cartridge ROM #1
CS4 E0000-E7FFF Standard Cartridge ROM #2
CS5 E8000-EFFFF Standard Cartridge ROM #1
CSeé F0000-F7FFF System Board ROM #2
CS7 F8000-FFFFF System Board ROM #1

ROM Chip Select Table

Signal
AO-Al14
DO - D7

I/0 Description

0 Processor Address lines AQ - A14

I Processor Data lines
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-CS2 0

THRU
-CS7

-BASE 1 |

ROM IN
CARTRIDGE

-BASE 2 ROM 1
IN
CARTRIDGE

These chip-select lines are used to
select ROM modules at different
addresses. The addresses for each
chip-select are shown in the ROM-chip
select-table. -CS6 and -CS7 are used
on the system board for BIOS,
Power-On-Self-Test (POST) and
cassette-basic ROMs. In order to use
these chip selects on a cartridge,
-BASE 1 ROM IN CARTRIDGE or
-BASE 2 ROM IN CARTRIDGE must
be pulled 'low’
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This line when pulled 'low' instructs
the system board to de-gate the ROM
module from hex F8000 - FFFFF on
the system board. This ROM module
can then be replaced by a ROM
module on the cartridge by using -CS7.

This line when pulled 'low' instructs
the system board to de-gate the ROM
module from hex FO000 - F7FFF on
the system board. This ROM module
can then be replaced by a ROM
module on the cartridge by using -CS6.
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Cartridge Reset I This input when 'low' causes a 'reset’

Tab to the system. The system will remain
'reset' until this line is brought back
'high'. This tab is usually wired with
an L shaped land pattern to the GND
at A02 which provides a momentary
‘reset' when a cartridge is inserted or
removed.
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A1 A2 A3 A4 A5

Top of Cartridge

Momentary Reset Land

GND
-CS7
-CS3

A14

A12

A7

A6

Ab

A4

A3

A2

A1l

AO

DO

D1

D2
-CS6 —
+5V —

L]

BO1

BO5

B10

B15

B18

AO01

AO05

A10

A15

A18

—
—

r___

Connector Specification

uIsAS Iseqg

GND

CARTRIDGE RESET TAB
-CS5

-BASE 1 ROM IN CARTRIDGE
A13

A8

A9

A11

-BASE 2 ROM IN CARTRIDGE
A10

D7

D6

D5

D4

D3

-CS2

-CS4

+5V
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System ROM 2
Address
FO000

Cartridge ROM Locations
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Address

Side
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ROM 2}’

System ROM 1

B1 Opposite B18
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l—— Address
E8000

—— Address
E0000




Games Interface

Interface Description

The Game Interface has two connectors located at the
rear of the System unit for four paddles (two per
connector) or two joysticks. Each connector has four
input lines: two digital inputs and two resistive inputs.
All the inputs are 'read' with one 'IN' from address
hex 201. The interface, plus system software, converts
the present resistive value 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 circuit to time out (a function of the
resistance), the paddle or joystick position can be
determined.

WIISAS Iseg

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

The four resistive inputs are converted to a digital pulse

with a duration proportional to the resistive load,
according to the following equation:

Time = 24.2 us + 0.011 (r) pus
Where r is the resistance in ohms
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From Right

2 Resistive Inputs Joystick
From Left Convert
2 Resistive Inputs Joystick N Resistance
. to Digital
:’CO —_— Pulse
rite ~| anp >
Games
CS —
170 AND > Data Bus
Reads ‘ Buffer/ -
Driver
Data Bus 0-7

2 Button Inputs From Right Joystick

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

Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 BitO

Y

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 100k
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:

WI)SAS Iseg

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 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Joystick Input Data
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The game paddles have one button each and one
variable resistance each. The variable resistance is
mechanically linked to have a range from 0 to 100k
ohms. The paddles are attached to give the following
input data.

Buttons Coordinates

Paddle| Paddle | Paddle | Paddle | Paddle | Paddle | Paddle | Paddle
D C B A D C B A

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

Paddie Input Data

Pushbuttons

The pushbutton inputs are 'read' by an 'IN' from
address hex 201. These values are seen on data bits 7
through 4. These buttons default to an 'open’ state
and are 'read' as 1. When a button is pressed, it is
‘read’ as 0.

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

Joystick Positions

The joystick position is indicated by a potentiometer for
each coordinate. Each potentiometer has a range from
0 to 100k ohms that varies the time constant for each
of the four one-shots. As this time constant is set at
different values, the output of the one-shot will be of
varying durations.

All four one-shots are fired simultaneously by an
'OUT' to address hex 201. All four one-shot outputs
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will go 'true' after the fire pulse and will remain
'high' for varying times depending on where each
potentiometer is set.

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

through 0.
=]
Signal Name Pin Number g
®
Keyplug AO01 *Z}
LOGIC GND A02 a
~——Y-AXIS RESISTANCE AO03 S
< +5V A04 System
Joystick SHIELD GND BO1 Board
<—— X-AXIS RESISTANCE BO2
[<¢—— SWITCH BO3
<¢—— SWITCH BO4

Connector Specification
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Notes:
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Serial Port (RS232)

The PCjr serial port is fully programmable and supports
asynchronous communications only. It will add and
remove start bits, stop bits, and parity bits. A
programmable baud-rate generator allows operation
from 50 baud to 4800 baud. Five, six, seven or eight
bit characters with 1, 1-1/2, or 2 stop bits are
supported. A fully-prioritized interrupt-system controls
transmit, receive, line status and data-set interrupts.
Diagnostic capabilities provide loopback functions of
transmit/receive and input/output signals.
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The nucleus of the adapter is a 8250A LSI chip or
functional equivalent. Features in addition to those
previously listed are:

o Full double-buffering eliminates the need for precise
synchronization

« Independent receiver clock input

e« Modem control functions: clear to send (CTS),
request to send (RTS), data set ready (DSR), data
terminal ready (DTR)

« Even, odd, or no-parity-bit generation and detection

« False start bit detection

« Complete status reporting capabilities

« Line-break generation and detection

o Break, parity, overrun, and framing error simulation

o Full prioritized interrupt system controls

All communications protocol is a function of the system
ROM and must be loaded before the adapter is
operational. All pacing of the interface and control-
signal status must be handled by the system software.

It should be noted that Asynchronous (Async)

receive operations cannot overlap diskette operation
since all but the Diskette Interrupt are masked 'off’
during diskette operations. If Async receive
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operations are going to be overlapped with keyboard
receive operations, the Async Receiver rate cannot
exceed 1200 baud. This is due to the processor
deserialization of the keyboard. See IBM PCjr
Cordless Keyboard in this section for more information.

Programming Note: Due to the read/write cycle-time of
the 8250A, it is recommended that back-to-back I/0
operations to the 8250A be avoided. A good
Programming Technique would be to insert a short
'jump’' between every consecutive 8250 I/0
instruction. This action will flush the queue and
provide 15 clock periods between I/0O operations.

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

Note: It is important to note that when the IBM
PCjr has the Internal Modem installed it is logically
COM1 and the RS232 serial port is logically COM2
in BIOS, DOS, and BASIC. Without the Internal
Modem installed the RS232 serial port is logically
addressed as COM1 in BIOS, DOS ,and BASIC
even though its address is still hex 2F8 using
Interrupt level 3.

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

Data Bus

Interrupt

Baud Clock

1.7895 >
MHz

Control Signals

]

EIA
Receivers

f

AO Through A2
DO Through D7

8250A
Asynchronous
Communications
Element

»| EIA

16-Pin

Serial Port Block Diagram

Drivers

Connector
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Modes of Operation

The different modes of operation are selected by
programming the 8250A asynchronous communications
element. This is done by selecting the I/0O address (hex
2F8 to 2FF) and 'writing' data out to the card.
Address bits AO, A1, and A2 select the different
registers that define the modes of operation. Also, the
divisor-latch access-bit (bit 7) of the line-control
register is used to select certain registers.

I/0 Decode

(in Hex) Register Selected DILAB State
2F8 TX Buffer DLAB=0 (Write)
2F8 RX Buffer DLAB=0 (Read)
2F8 Divisor Latch LSB DLAB=1
2F9 Divisor Latch MSB DLAB=1
2F9 Interrupt Enable Register DLAB=0
2FA Interrupt Identification (Don’t Care)

Registers
2FB Line Control Register (Don’t Care)
2FC Modem Control Register (Don’t Care)
2FD Line Status Register (Don’t Care)
2FE Modem Status Register (Don’t Care)
2FF Scratch Register (Don’t Care)
170 Decodes

Address Range hex 2F8 - 2FF

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

One interrupt line is provided to the system. This
interrupt is IRQ3 and is 'positive active'. To allow the
serial port to send interrupts to the system, bit 3 of the
modem control register must be setto 1 'high'. At
this point, any of the following interrupt types
‘enabled' by bits in the interrupt-enable register will
cause an interrupt: Receiver-line status, Received Data
available, Transmitter-Holding-Register empty, or
Modem Status.
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Interface Description

The communications adapter provides an EIA RS-232C
electrically-compatible interface. One 2 by 8-pin Berg
connector is provided to attach to various peripheral
devices.

The voltage interface is a serial interface. It supports
data and control signals as follows:

Pin A04 Transmit Data

Pin A0S Receive Data

Pin A03 Request to Send

Pin A07 Clear to Send

Pin A06 Data Set Ready

Pin B02-B08 Signal Ground

Pin A05 Carrier Detect

Pin A02 Data Terminal Ready
Pin B01 Shield Ground

The adapter converts these signals to/from TTL levels
to EIA voltage levels. These signals are sampled or
generated by the communications-control chip. These
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signals can then be sensed by the system software to
determine the state of the interface or peripheral

device.

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

Note: Ring Indicate is not supported on the PCjr.

Voltage Interchange Information

Interface
Interchange Binary Signal Control
Voltage State Condition | Function
Positive Voltage = | Binary (0) | = Spacing =On
Negative Voltage = | Binary (1) | = Marking = Off

Voltage Interchange Information

+15 Vdc
+3 Vdc
0 Vdc
-3 Vdc
-15 Vdc

In

valid Levels

In

valid Levels

The signal will be considered in the 'marking'
condition when the voltage on the interchange circuit,
measured at the interface point, is more negative than

2-130 Serial Port




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

During the transmission of data, the 'marking’
condition will be used to denote the binary state 1, and
the 'spacing' condition will be used to denote the
binary state 0.
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For interface control circuits, the functionis 'on'
when the voltage is more positive than +3 Vdc with
respect to signal ground and is '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 (OUT 1), 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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the INS8250A registers through the processor. These
registers are used to control INS8250A operations and
to transmit and receive data. For further information
regarding accessible registers, refer to

“Bibliography”.

INS8250A Programmable Baud Rate
Generator

The INS8250A contains a programmable baud rate
generator that is capable of taking the clock input
(1.7895 MHz) and dividing it by any divisor from 1 to
(65535). The output frequency of the Baud Rate
Generator is 16 x the baud rate [divisor number =
(frequency input) / (baud rate x 16)]. Two 8-bit
latches store the divisor in a 16-bit binary- format.
These divisor latches must be loaded during
initialization in order to ensure desired operation of the
baud rate generator. Upon loading either of the divisor
latches, a 16-bit baud-counter is immediately loaded.
This prevents long counts on initial load.

The following figure illustrates the use of the baud rate
generator with a frequency of 1.7895 MHz. For baud
rates of 4800 and below, the error obtained is minimal.

Note: The maximum operating frequency of the

baud generator is 3.1 MHz. In no case should the
data rate be greater than 4800 baud.
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Desired | Divisor Used to Percent Error Per Bit
Baud Generate 16x Clock Difference Between
Rate (Decimal) (Hex) Desired and Actual
50 2237 8BD .006
75 1491 5D3 017
110 1017 1A1 .023
134.5 832 167 .054 =
150 746 12C .050 g
300 373 175 .050 ';)
600 186 BA 218 P
1200 93 5D 218 =g
1800 62 3E 218 =
2000 56 38 .140
2400 47 2F .855
3600 31 1F 218
4800 23 17 1.291

Baud Rate at 1.7895 MHz

Note: These divisions are different than that used
in the IBM Personal Computer. For portability, all
initialization should be done through the system

BIOS.

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

keystrokes.

The following Assembly language sample program
initializes the 8250. The baud rate is set to 1200 baud.
It’s data word is defined: 8 bits long with 1 stop bit odd
parity.
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BEGIN PROC
Mov
MoV
ouT
JMP
MoV
MoV
ouT
JMP
MoV
MoV
ouT
JMP
MoV
MoV

ouT
JMP
Mov
IN

ENDP

BEGIN

NEAR
AL,80H
DX.2FBH
DX,AL
$+2
DX,2F8H
AL,5DH
DX.AL
$+2
DX.2F9H
ALO
DX,AL
$+2
DX,2FBH
AL,0OBH

DX, AL
$+2
DX,2F8H
AL,DX

.

SETDLAB =1
To Line Control Register

170 DELAY
Point to LSB of Divisor Latch
This is LSB of Divisor

170 DELAY
Point to MSB of Divisor Latch
This is MSB of Divisor

170 DELAY

Line Control Register

8 Bits/Word, 1 Stop Bit,
Odd Parity, DLAB =0

1/0 DELAY

In Case Writing to Port LCR Caused
Data Ready to go high

Assembly Language Sample Program

UNUSED

DTR
RTS

TRANSMIT DATA
CARRIER DETECT

DSR
CTS

RECEIVE DATA

A1 B1 |— SHIELD GND
— LOGIC GND
— LOGIC GND
A4 B4 |— LOGIC GND
— LOGIC GND
— LOGIC GND
— LOGIC GND
A8 B8 +— LOGIC GND

Connector Specifications
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System Power Supply

The system power supply is a 33 Watt, three
voltage-level, two-stage supply. The first stage is an
external power transformer that provides a single-fuse
protected, extra low, ac-voltage output. The power
cord is 3.08 meters (10.16 feet) long. The second stage
is an internal, printed-circuit board, which is vertically
mounted into the system board. The second stage
converts the transformer’s ac-output into three
dc-output levels.
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The amount of power available on the I/O connector
for a machine that is fully configured with internal
features is 400 mA of +5 Vdc, 0 mA of +12 Vdc and 0
mA of -6 Vdc.

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

Power Supply Input Requirements

Voltage (Vac) Frequency | Current (Amps)
Nominal| Minimum |Maximum | *.5 Hz Maximum
120 104 127 60 Hz .65 at 104 Vac
Voltage ac
D.C Outputs
Vde Regulation
Voltage Current (Amps) Tolerance
Nominal Minimum Maximum +%
+5 *1.5 3.6 5
+12 .04 1.2 5
-6 0.0 .025 16
Voltage dc

* 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 transformer input

protection:
Voltage (Nominal)| Type Protection Rating (Amps)
120 Vac Non-resettable Fuse 5A Slo Blow
Thermal/Over-Current
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Input Protection

Output (Power Board)
The following table describes the Power Board’s output
protection:
Protection Condition
Output
Voltages Over-Voltage Over-Current
+5 Vdc *6.3+.7 Vdc **30 + 25 Amps
12 Vdc *14.4 +1.4Vdc 2.2+ .9 Amps

* Over-Voltage protection is provided by fuse F1.
**Resettable by removing the fault condition and removing
power for at least 5 seconds and then applying power.

Output Protection
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Power Board (Component Side)

; Supply to
3 Diskette
4 Drive
; Fan Plug
Input From 1 3
Transformer 3
Grounding Pin
Connector
Connector Specifications
i | +12 >
—2 GND
—23 GND
— 4 +5 >
Power —5 +5 | System
Board — 6 +5 »! Board
— 7 +5 >
—8 GND
—9 GND
—10 +12 >
Connector Specifications
P 1 17 Vac
ower 2 GND Transformer
Board
- 3 17 Vac

Connector Specifications

1 +12 Vdc 1
Diskette 2 GND 2 Power
Drive 3 GND 3 Board
4 +5 Vdc 4

Connector Specifications
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Fan

3

GND 1 Power
+12 Vdc 2 Board
GND 3

Fan Connector Specifications
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Notes:

2-140 Power Supply



SECTION 3. SYSTEM OPTIONS

Contents

IBM PCjr 64KB Memory and Display Expansion  3-5

IBM PCjr Diskette Drive Adapter ........... 3-13
Functional Description . ................ 3-15
Digital Output Register .............. 3-15
WatchDog Timer ................... 3-16
Floppy Disk Controller (FDC) ........ 3-16
. W
Programming Summary .............. 3-17 5
Comments .............c.ooevuiennnn. 3-16 3
System I/O Channel Interface ........... 3-19 3
Drive Interface ....................... 3-22 -:o,
Adapter Qutputs ................... 3-22 %"
AdapterInputs ..................... 3-24 B
Voltage and Current Requirements ........ 3-24
IBM PCjr Diskette Drive ................. 3-27
Functional Description ................. 3-27
Diskette ......covvveeevnreencensononnnns 3-31
IBM PCjr Internal Modem ................ 3-33
Functional Description ................. 3-34
Modem Design Parameters .............. 3-37
Programming Considerations ............ 340
Command Format .................. 340
Commands ........................ 342
Responses .............coiiuiuunnnn 3-59
Editing/Changing Command Lines .. ... 3-59
Status Conditions ..................... 3-60
Dialing and Loss of Carrier .............. 3-60

3-1



3-2

DefaultState ......................... 3-63

Programming Examples ................. 3-63
Modes of Operation ................... 3-68
Interrupts . .......... .. ... ... ..., 3-70
DataFormat ......................... 3-70
Interfaces ........................... 3-70
8250A to Modem Interface ........... 3-70
Telephone Company Interface ......... 3-74
System I/O Channel ................. 3-74

IBM PCjr Attachable Joystick .............. 3-77
Hardware Description .................. 3-77
Functional Description ................. 3-77
IBMColorDisplay .............ccc00cvun.. 3-81
Hardware Description .................. 3-81
Operating Characteristics ............... 3-82
IBM Connector for Television ............... 3-85
IBM PCjr Keyboard Cord ................. 3-87

IBM PCjr Adapter Cable for Serial Devices ... 3-89

IBM PCjr Adapter Cable for Cassette ........ 3-91
IBM PCjr Adapter Cable for the IBM Color
Display ......cciiiiiiiiiiiiiiiiiiine., 3-93
IBM PCjr Parallel Printer Attachment ........ 3-95
Description .................c. ..., 3-96
System Interface ...................... 3-98
Programming Considerations ............ 3-99
Command Definition ................ 399
IBM Graphics Printer ...........ccc000... 3-107
Printer Specifications ................. 3-107



DIP Switch Settings ........................... 3-101

Parallel Interface Description . .................. 3-103
Data Transfer Sequence ..................... 3-103
Interface Signals .......................... 3-104

Printer Modes . .............................. 3-106

Printer Control Codes . ........................ 3-107

IBM PC Compact Printer ..................... 3-133

Printer Specifications ............... ... ... 3-135
Serial Interface Description ................ 3-139
Print Mode Combinations for the PC

Compact Printer ............coovuviin . 3-140
Printer Control Codes and Functions ....... 3-140




Notes:



IBM PCjr 64KB Memory and Display
Expansion

The 64KB Memory and Display Expansion option
enables the user to work with the higher density video
modes while increasing the system’s memory size by
64K bytes to a total of 128K bytes. The memory
expansion option plugs into the 44-pin memory
expansion connector on the system board. Only one
memory expansion is supported.

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

Eight 64K-by-1, 150 ns, dynamic memory modules
provide 64K bytes of storage. The memory modules
are Motorola’s MCM6665AL15, and Texas
Instrument’s TMS4164-15, or equivalent.
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When inserted, the memory expansion option uses the
ODD memory space, while the system memory is
decoded as the EVEN memory. Thus, when used as
video memory, the memory expansion option has the
video attributes while the on-board system memory has
the video characters. This arrangement provides a
higher bandwidth of video characters.

In addition to the eight memory modules, the expansion
card has logic to do the EVEN/ODD address decoding,
video data multiplexing, and a CARD PRESENT wrap.

Dynamic-refresh timing and address generation are

done on the system board and used by the memory
expansion option.
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The following is a block diagram of the IBM PC;jr
64KB Memory and Display Expansion.

64K x 8 RAM CPU LATCH
\
DO-D7 > Din Dyt >
MEM A0-A7 ———»|ADR Latch
CNTL G
/
CPU LATCH T
ATR LATCH
— MDO0-MD7

ATR - Latch
LATCH G

0Odd/Even
RAS, CAS, -WE, ——{Gating —» -DISABLE E DATA
AO, CPU DLY, -DISABLE CASO
VIDEO MEMR -LCG

_[—-» -ATRCD IN

Memory Expansion Block Diagram
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Signal I/O Description

+RAS I +Row Address Strobe.
This line is inverted and
then becomes the -RAS
for the RAM modules.

+A0 I Microprocessor Address
0. This is used to
determine whether the
MiCroprocessor access is
from the system board
RAM (Low) or from the
expansion RAM (High).

-DISABLE EDATA O When the expansion
RAM card is in and the

72

microprocessor is reading P

an ODD byte of data the g

expansion card tri-states i)

the latch for EVEN data =4

on the system board g

using this line. i
ATR LATCH I This signal indicates that
the expansion RAM card

should 'latch' up data
from the expansion RAM
into the attribute latch.

MDO thru MD7 (0 These data lines contain
CRT information from
the attribute latch and go
to the Video Gate Array.

DO thru D7 I/O These data lines are from
the microprocessor and
are bidirectional.

MEM A0 thru A7 I These are the multiplexed
address lines for the
dynamic-RAM modules.
These lines are
multiplexed between row
address and column

64KB Memory Expansion 3-7



VIDEO MEMR I

CPU DLY I

-DISABLE CAS 0 O

+CAS I

3-8 64KB Memory Expansion

address, and also
between microprocessor
and CRT addresses.
When this signal is
"high' it indicates a
MEMR is accessing the
system board or
expansion RAM is being

. accessed. This line along

with AO determines if the
expansion RAM
microprocessor latch
should 'gate’ its data
onto the DO thru D7 Bus.
This line when 'high'
indicates that a
microprocessor RAM
cycle is occurring. It is
used to gate 'off' the
expansion RAM CAS or
used with AOQ to generate
the -DISABLE CAS 0
signal.

This line is used to
disable the system board
CASO when a system
microprocessor 'write' is
occurring to the
expansion RAM. This
line keeps the 'write'
from occurring to the
system board RAM.
Column Address Strobe.
This line instructs the
expansion RAM to
‘latch' up the address on
the MEM AO thru A7
address lines.



-LCG

GATE

-WE

CPU LATCH

-ATR CD IN

This line is used to
instruct the system board
that attributes or ODD
graphics data should be
‘read’' from the
expansion RAM card for
use by the Video Gate
Array.

This line is 'wrapped'
and becomes the -LCG
output.

This line instructs the
memory that the cycle is
a microprocessor 'write'
cycle.

This line instructs the
expansion RAM card to
'latch' the data from
the expansion RAM into
the microprocessor latch.
This line is a wrap of the
ground line on the
expansion RAM card. It
pulls 'down' an 8255
input so that the
microprocessor can tell if
this card is installed or
not.

64KB Memory Expansion 3-9
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The following is the connector specifications for the
IBM PCjr 64KB Memory and Display Expansion.

/,3[11[I|][l|]I]I]IlI]I]I]I]I][Il]l]llﬂl]llﬂﬂzu2

Opposite Side
Connector A1 A22

64KB Memory and Display Expansion
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Connector Connector
Pin Signal Name Signal Name Pin
A0l +RAS VIDEO MEMR BO1
A02 A0 CPU DLY B02
A03 -DISABLE -DISABLE B03
EDATA CAS 0
A04 ATR LATCH | +CAS B04
A05 MD4 -LCG B0O5
A06 MD5 GATE B06
A07 MD6 Ground B07
A08 MD7 Ground B08
A09 MDO Ground B09
Al10 MDI -WE B10
All MD2 CPU LATCH B11
Al2 MD3 -ATR CD IN B12 <L
Al3 GND GND B13 2
Al4 VCC VCC Bl14 =
AlS D7 D6 B15 (=)
Al6 D5 D4 B16 =
Al7 D3 D2 B17 g
Al8 DI D0 BI8 @
Al9 MEM A6 MEM A7 B19
A20 MEM A4 MEM A5 B20
A2l MEM A2 MEM A3 B21
A22 MEM A0 MEM Al B22

Connector Specifications
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Notes:
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IBM PCjr Diskette Drive Adapter

The diskette drive adapter resides in a dedicated
connector on the IBM PCjr system board. It is
attached to the single diskette drive through a flat,
internal, 60-conductor, signal cable.

The general purpose adapter is designed for a
double-density , Modified Frequency Modulation
(MFM)-coded, diskette drive and uses write
precompensation with an analog phase-lock loop for
clock and data recovery. The adapter uses the NEC
uPD765 or compatible controller, so the uPD765
characteristics of the diskette drive can be programmed.
In addition, the attachment supports the diskette drive’s
write-protect feature. The adapter is buffered on the
I/0 bus and uses the system ROM BIOS for
transferring record data. An interrupt level is also used
to indicate an error status condition that requires
processor attention.

72
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A block diagram of the diskette drive adapter follows.
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Diskette Drive Adapter Block Diagram




Functional Description

From a programming point of view, the diskette drive
adapter consists of a 4-bit digital output register (DOR)
in parallel with a NEC uPD765 or equivalent floppy
disk controller (FDC).

Digital Output Register

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

1/0 Address Hex F2
Bit 7 6 5 4 3 2 1 O

I l—> Drive Enable
Reserved

Reserved

9]
>
4
@
E
=
=
=
=]
=
@

» Reserved
—» Reserved
Watch Dog Timer Enable
Watch Dog Timer Trigger

Yyvyy

FDC Reset
Note: All bits are cleared with channel reset.
Digital Output Register
Bit 0 This bit controls the motor and enable

lines to the drive. When 'high' (1), this
bit will turn 'on' the drive motor and
‘enable' the drive. When 'low' (0), this
bit will turn 'off' the drive motor and
'disable' the drive.

Bits 1-4 These bits are reserved.
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Bit 5 When 'high' (1), this bit 'enables' the
WatchDog Timer function and interrupt.
When ‘low' (0), this bit 'disables' the
WatchDog Timer and interrupt.

Bit 6 This bit controls the start of a watchdog
timer cycle. Two output commands are
required to operate the trigger. A 1 and
then a 0 must be written in succession to
'strobe ' the trigger.

Bit 7 This bit is the hardware 'reset’ for the
floppy diskette controller chip. When
'lTow' (0), this bit holds the FDC in its
'reset’ state. When 'high' (1), this bit
releases the 'reset' state on the FDC.

WatchDog Timer

The WatchDog Timer (WDT) is a one to three-second
timer connected to interrupt request line 6 (IRQ6) of
the 8259. This timer breaks the program out of data
transfer loops in the event of a hardware malfunction.
The WatchDog Timer starts its cycle when 'triggered.'

Floppy Disk Controller (FDC)

The floppy disk controller (FDC) contains two registers
that can be accessed by the system microprocessor: a
status register and a data register. The 8-bit
main-status register contains the status information of
the FDC and can be accessed at any time. The 8-bit
data register consists of several registers in a stack with
only one register presented to the data bus at a time.
The data register stores data, commands, parameters,
and provides floppy disk drive (FDD) status
information. Data bytes are read from or written to the
data register in order to program or obtain results after
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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.

FDC Register I/0O Address
Data Register hex F5
Main Status Register hex F4

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 z
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

FDC Power-up Parameters Settings
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The IBM PCjr Diskette Drive Adapter and BIOS use
and support the following FDC commands:

e Specify
« Recalibrate
+ Seek

» Sense interrupt status
+ Sense Drive status

« Read data

o Write data

« Format a track

Note: Please refer to the Diskette section of the
BIOS listing for details of how these commands are
used.

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

« DMA data transfer

« FDC interrupt

e Drive polling and overlapped seek
« FM data incoding

« Unit select status bits

2 Heads (1 per side)

40 Cylinders (Tracks)/Side

9 Sectors/ Track

512 Bytes/Sector

Modified Frequency Modulation (MFM)

Diskette Format
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Constant Value

Head Load Not Applicable
Head Settle 21 Milliseconds
Motor Start 500 Milliseconds

Drive Constants

Comments

1. Head loads when diskette is clamped.

2. Following access, wait Head Settle time before
RD/WR.

3. Drive motor should be 'off' when not in use. Wait
Motor Start time before RD/WR.

4. All system interrupts except IRQ6 must be
'disabled ' during diskette data transfer in order to
prevent data under-run or over-run conditions from
occurring.
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System I/O Channel Interface
All signals are TTL-compatible:

Most-Positive Up-Level + 5.5 Vdc
Least-Positive Up-Level + 2.7 Vdc
Most-Positive Down-Level + 0.5 Vdc
Least-Positive Down-Level -0.5 Vdc

The following lines are used by this adapter:

+DO0 thru 7 (Bidirectional, Load: 1 74LS,
Driver: 74LS 3-state)
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+A0 thru 3

-IOW

-IOR

-RESET

+IRQ6

-DISKETTE
CARD
INSTALLED

3-20 Diskette Drive Adapter

These eight lines form a bus through
which all commands, status, and data
are transferred. Bit O is the
low-order bit.

(Adapter Input, Load: 1 74LS)

These four lines form an address bus
by which a register is selected to
receive or supply the byte
transferred through lines D0-7. Bit 0
is the low-order bit.

(Adapter Input, Load: 1 74LS)

The content of lines D0-7 is stored
in the register addressed by lines
AO0-3 at the trailing edge of this
signal.

(Adapter Input, Load: 1 74LS)

The content of the register addressed
by lines AO-3 is 'gated' onto lines
DO0-7 when this line is 'active.'
(Adapter Input, Load: 1 74LS)

A down level 'aborts' any operation
in process and 'clears’' the digital
output register (DOR).

(Adapter Output, Driver: 74LS
3-state)

This line is made 'active' when the
WatchDog timer times out.
(Adapter Output, Driver: Gnd.)
This line is pulled 'up' on the

System Board and is wired to input
port bit PC2 on port hex 62 of the



8255. This line is used by the
program to determine if the diskette
drive adapter is installed.

-Diskette CS (Adapter Input, Load: 1 74LS)

This line is shared with the modem
CS line and is 'low' whenever the
microprocessor is doing IOR or IOW
to either the diskette adapter or the
modem. This line should be
conditioned with A9 being 'low' to
generate a DISKETTE CS.

A9 (Adapter Input, Load: 1 74LS)
This line is the microprocessor w
address line 9. When this line is ]
'low' and -DISKETTE CS is 'low’, 'B‘
IOR and IOW are used by the o
diskette adapter. =1

DRQ 0 (adapter Output, Driver: NEC upd 'g'
765) @

This output would indicate to a
DMA device on the external I/O
Channel that the diskette controller
wants to 'receive' or 'transmit' a
byte of data to or from memory.

DACK 0 (Adapter input, Load: NEC ppd
765)

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

Diskette Drive Adapter 3-21



Drive Interface

All signals are TTL-compatible:

Most Positive Up Level + 5.5 Vdc
Least Positive Up Level + 2.4 Vdc
Most Positive Down Level + 0.4 Vdc
Least Positive Down Level -0.5 Vdc

All adapter outputs are driven by active collector gates.
The drive should not provide termination networks to
Vcce (except Drive Select which has a 2,000 ohm

resistor to Vcc).

Each attachment input is terminated with a 2,000 ohm

resistor to Vcc.

Adapter Outputs

=Drive Select

-Motor Enable

-Step

3-22 Diskette Drive Adapter

(Driver: MC3487)

This line is used to 'degate’ all
drivers to the adapter and receivers
from the adapter (except Motor
Enable) when the line is not
‘active.'

(Driver: 741.S04)

The drive must control its spindle
motor to 'start’ when the line
becomes 'active' and 'stop' when
the line becomes 'inactive. '
(Driver: MC3487)

The selected drive must move the
read/write head one cylinder in or



-Direction

-Write Data

-Write Enable

-HEAD
SELECT 1

out as instructed by the Direction
line for each pulse present on this
line.

(Driver: MC3487)

For each recognized pulse of the
step line the read/write head should
move one cylinder toward the
spindle if this line is active, and
away from the spindle if not-active.
(Driver: 74L.S04)

For each 'inactive' to 'active'
transition of this line while Write
Enable is 'active', the selected
drive must cause a flux change to be
stored on the diskette.

(Driver: MC3487)

The drive must 'disable' write
current in the head unless this line
is 'active.'

(Driver: MC3487)

This interface signal defines which
side of a two-sided diskette is used
for data recording or retrieval. A
'high' level on this line selects the
R/W head on the side 1 surface of
the diskette. When switching from
side O to side 1 and conversely, a
100 ps delay is required before any
‘read’ or 'write' operation can be .
initiated.
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Adapter Inputs

-Index

~-Write Protect

=Track 0

-Read Data

The selected drive must supply
one pulse per diskette
revolution on this line.

The selected drive must make
this line 'active' if a
write-protected diskette is
mounted in the drive.

The selected drive must make
this line 'active' if the
read/write head is over track
0.

The selected drive must supply
a pulse on this line for each
flux change encountered on the
diskette.

Voltage and Current Requirements

The diskette drive adapter requires a voltage supply of
+5 Vdc +/- 5% and draws a nominal current of 525
mA and a maximum current of 700 mA.
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Signal Cable
Connector [~ Keyed (Pin 5 Missing)

33 1

O

=
o | | . | -
COdC a3l ] 1 ] [ ]

s | e | s s | D —
HMMIIIIMMJIHML
A15

System Board Opposite Side

Connector
B15 B1
Diskette Drive Adapter
4
Pin a
At Standard TTL Levels Number =]
— o
Ground - Odd Numbers — 1 Through 33 .E..
5 (See e
Unused 2,4,6 Note) 2
-INDEX 8 >
l—— Unused 10
- -DRIVE SELECT 12
Diskette |<«—— Unused 14 Diskette
Drive  «—— -MOTOR ENABLE 16 Drive
| «—— -DIRECTION (Stepper Motor) 18 Adapter
l «——— -STEP PULSE 20
l«—— -WRITE DATA 22
le——— -WRITE ENABLE 24
-TRACK O 26 —>
-WRITE PROTECT ——————— 28—
-READ DATA 30 ——
le——-SELECT HEAD 1 32
Unused 34

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

Connector Specifications (Part 1 of 2)
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Signal Name

Diskette Drive Adapter

Signal Name

D6 ~—p—]
D5 -—»—
GND
D4 <«—>—
D3 —»—
D2 <-—»—]

D7 -—»—

AO1

AO05

A15

BO1

BOS

B10

B15

= a—— ) 2
l~<e——— -DISKETTE CS

GND

- -IOR

- -IoOW

GND
— -CARD INSTL
- -RESET

- +5V

System Board

System Board

Note: All levels are TTL compatible.

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

The system unit has space and power for one diskette
drive. The drive is double-sided with 40 tracks for each
side, is fully self-contained, and consists of a
spindle-drive system, a read- positioning system, and a
read/write/erase system.

Functional Description

The diskette drive uses modified frequency modulation
(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 lever at ]
the front of the diskette drive clockwise and inserts the
diskette into the slot. Plastic guides in the slot ensure
the diskette is in the correct position. Closing the load
lever centers the diskette and clamps it to the drive 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 of the lever
if a diskette is not installed.

The head-positioning system moves the magnetic head
to come in contact with the desired track of the
diskette. Operator intervention is not required during
normal operation. If the diskette is write-protected, a
write-protect sensor 'disables’' the drive’s circuitry,
and an appropriate signal is sent to the interface.

Data is read from the diskette by the data-recovery
circuitry, which consists of a low-level read-amplifier,
differentiator, zero-crossing detector, and digitizing
circuits. All data decoding is done by the adapter card.
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The IBM PCjr Diskette Drive is equipped with a media
cooling fan, which gets its power from the power supply

board.

The diskette drive also has the following sensor

systems:

o The track 00 sensor, senses when the head/carriage

assembly is at track 00.

« The index sensor, which consists of an LED light
source and phototransistor. This sensor is
positioned so that when an index hole is detected, a
digital signal is generated.

» The write-protect sensor 'disables' the diskette
drive’s electronics whenever it senses a
write-protect tab on the diskette.

The drive requires power within the following

specifications:

Specification

+5 Vdc Input

+12 Vdc Input

Nominal Supply

Ripple (0 to 50 kHz)

Tolerance (Including Ripple)
Standby Current (Nominal)
Standby Current (Worst Case)
Operating Current (Nominal)
Operating Current (Worst Case)

+5 Vdc
100 mV
+5%
600 mA
700 mA
600 mA
700 mA

+12 Vdc
100 mV
+5%
400 mA
500 mA
900 mA
2400 mA

Diskette Drive Power Specifications

For interface information refer to “Diskette Drive

Adapter” in this section.

For mechanical and electrical specifications see

Appendix D.
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Key Signal Cable
Slot Connector

[N

\

! VL
LA

~]

Power
Connector

_t
—

Fan Connector

2 3

4

ite Side
1 Opposi 33

Diskette Drive Connectors

Diskette
Drive

Diskette
Drive
Fan

S WN =

1
2

w
e
4
®
=S
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=
=
——— =
,+12 Vdc 1 2
GND 2 Power
GND 3 Board
+5 Vdc 4
Connector Specifications (Part 1 of 2)
GND 1
| Power
+12 Vdc 2 Board
GND

3

Connector Specifications (Part 2 of 2)
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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 through an
opening in the jacket. Openings for the drive hub and
diskette index hole are also provided.

0.140 Inch 0.25 + 0.01 Inch Oxide Coated

(3.56 mm) —{le= — (6.30£0.25mm) o n
_— _ Sealed
Protect%

I Jacket
5.25 Inch
© .
@ Liner < /
. > /
~ ol 7
5.25 Inch Spindle \

(133.4 mm)
(133.4 mm) ‘ Access Head
Hole Aperture Index Hole

7
]
4
®
3
=
]
=
S
S
7]

+ 0.01 Inch |

(86.5 = 0.25 mm)

3.80

-

Recording Medium
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IBM PCjr Internal Modem

The IBM PCjr Internal Modem is a 65 mm (2.5 inch)
by 190 mm (7.5 inch) adapter that plugs into the PCjr
system board modem connector. The modem
connector is an extension of the system I/O bus. All
system control signals and voltage requirements are
provided through a 2 by 15 position card-edge tab with
0.254 cm (0.100-inch) spacing on the modem adapter.

Functional Description

The Internal Modem consists of two major parts: (1)
the INS8250A Asynchronous Communication Element,
and (2) the Smart 103 Modem. Therefore, the
programming must be considered in two parts. The
INS8250A communications protocol is a function of
the system ROM BIOS, and is discussed later in this
section. All 'pacing' of the interface and control-signal
status must be handled by the system software. After
the INS8250A is initialized, the modem is controlled by
ASCII characters transmitted by the INS8250A.
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Key features of the INS8250A used in the modem
adapter are:

« Adds or deletes start bits, stop bits, and parity bits
to or from the serial data stream

« Full double-buffering eliminates the need for precise
synchronization

« Independently-controlled transmit, receive, line
status, and data-set interrupts

« Programmable baud-rate-generator allows division
of the baud clock by 373 (hex 175) for a 300-bps
transmission-speed or 1017 (hex 3F9) for a 110-bps
transmission-speed to generate the internal 16 x
clock
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e 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:
— 17, or 8-bit characters
— Even, odd, or no-parity bit generation and
detection
1 stop-bit generation
— Baud-rate generation
« False-start bit detection
o 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

o Uses modular phone-jack (USOC RJ11)

« Data rate is either 300 or 110 bits-per-second

o Auto/manual originate

o Auto/manual answer

o 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
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Chip Select
Data
Data Bus 8250A
Interrupt ASYChron.ous.
- Communications 3870
Clock (1.7 MHz) Element Control Mioro.
- S controller
\4 \
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.

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

Tandem 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 ASCII 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.

Pulse Dialing: Rate: 10 + 1, -0 pulses per second
Duty Cycle: 60% make, 40% break
Interdigit Delay: 800 ms & 50 ms
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DTMF Dialing: Tone Duration: 85 ms &= 10 ms
Intertone Duration: 80 ms + 10 ms

Dialer Parameters (Part 1 of 2)
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Tone Pair Frequencies:

ASCII Digit Code Frequency (Hz)
0 941 1336
| 697 1209
2 697 1336
3 697 1477
4 770 1209
5 770 1336
6 770 1477
7 852 1209
8 852 1336
9 852 1477
* 941 1209
# 941 1477

Dialer Parameters (Part 2 of 2)

Time Out Duration: A data call will time out if an answer
tone is not detected within 45 seconds of
the last digit dialed.

Failed Call Time Out Parameter

Modulation: Conforms to Bell 103/113 specification using
binary phase-coherent frequency shift keying
(FSK).

Modulation Parameter
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Mode Originating End Answering End
Transmit 1070 Space 2025 Space
1270 Mark 2225 Mark

Receive 2025 Hz Space 1070 Hz Space

2225 Hz Mark 1270 Hz Mark

Transmitter/Receiver Frequency Parameters

Receive Sensitivity | More negative or equal to -42 dBm.

Receive Sensitivity Parameters

Transmitter Level | Fixed at -10 dBm as per FCC Part 68
Permissive connection.
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Transmitter Level Parameter
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Programming Considerations

The modem and the IBM PCjr system can communicate
commands or data between each other. Any commands
sent to the modem from the IBM PC;jr are stripped
from the 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 in response to queries for its status.

Commands to the modem are a sequence of characters
preceded by a single command character. The
command character tells the modem that the following
character sequence, until a carriage return, is a
command. The carriage return completes the command
sequence and causes the modem to execute the
commands. The command character (represented by
[ce] in the following text) is programmable (with the
NEW command) to any ASCII character (hex 00 thru
7F). The default for the command character is Ctrl N
(ASCII hex OE).

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

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

Command Format

The following is the command format that all
commands must follow.

[cc][command word][delimiter][arguments] [,more][CR]

where:
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[ec] is the single ASCI command
character.

[command word]  is the command word or the first
letter of the command word.

[delimiter] is always a space when separating
an argument and command word.
Any spaces thereafter are ignored
until the modem sees a comma, an
argument or a carriage return.

[arguments] is a variable that is replaced by any
character allowed by the command
definition.

[,more] is any additional commands

- preceded by a comma.
[CR] is a carriage return that completes

the command sequence and causes
the modem to execute the
commands.

The following are two examples of command format.
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[cc] COUNT 5 [CR]
sample test [ec] VOICE, D (408)
555-1234,QUERY [CR]

Format Guidelines

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

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

3. Only the first character of the command word is
significant. All remaining characters are ignored up
to the first space following the command word. In
other words, the DIAL 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:

[cc][cc]
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

e n - ASCII hexadecimal digits O to F

o - ASCII hexadecimal digits O to 9

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

4. An ellipsis (...) indicates an item may be repeated as
many times as you wish.

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

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

An example of the DIAL command is given below:
Command format - DIAL m...m

Command line - DIAL 1 800 555 1234
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If an invalid argument or no argument is given, the
command is not executed. Also, a question mark (?) is
given as the error response and the command line is

aborted.
The commands are as follows:
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Format: = ANSWER
A
Purpose: To logically take the phone off the hook and force

ANSWER mode. This is logically like a manual
answer.

Format: Break n

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

Purpose:

Default:

COUNT n
Cn

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

When answering an incoming call, the modem
answers the phone after n complete incoming rings,
where n is any value from hex 0 to F.

A value of zero specifies that the modem not answer
an incoming call, but still carry out any instructions
from the host.

When dialing, the modem waits n + 3 complete
ringbacks before cancelling the call.
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If n exceeds 4, the 45-second abort timer cancels an
outgoing call with an ""UNSUCCESSFUL" response,
as more than seven ringbacks exceeds 45 seconds.

Sets the ring count when the modem is answering an
incoming call or dialing a call.

0
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Format:

Purpose:
Default:

DIAL m...m
D m..m

Where m...m is a dial string of ASCII decimal digits O
through 9, *, #, I, P, and W. A maximum of 33
characters are allowed in the dial string. The first
character of the string defaults to P (a 10-second
delay while searching for the dial tone). W causes
the modem to delay five seconds, then continue
dialing.

W or P must start a string, can also occur anywhere
within a string, and causes the digits to be tone
dialed.

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

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

To cause the modem to dial.
P (10-second timeout). (If this command is used

without an argument, the last number dialed is
redialed once.)
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Format: FORMAT n
Fn

Where n is one of the following:

n Parity Data Length  Stop Bit
0 Mark 7 1

1 Space 7 1

2 Odd 7 1

3 Even 7 1

4 None 8 1

5-7 Reserved

The 8250A line control register (LCR) must specify
the same format as defined in the FORMAT n
command to 'enable' data/command
communication.
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Do not combine this command with any other
commands except the SPEED command on a single
command line.

Note: If programming in BASIC, this command
must be used in addition to specifying the same
parity and data length in the BASIC 'open'
statement.

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

Default: 3
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Format: HANGUP

H

Purpose: To perform a clean disconnect and go on-hook.
Logically the same as manually hanging up.

Format: INITIALIZE
| |
This command is executed in 10 seconds and is the
same as a cold start. An "OK'" response is not

returned after execution and the integrity test code in
the QUERY command is set.

Purpose: Places the modem in the power-up default-state.
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Format: LONG RESPONSE o
Lo
Where o is one of the following:
o Mode Responses

0 Verbose
”BUSY"
"CONNECTED"
'""NO ANSWER"
'""NO DIAL TONE"
IIOKH
”RING"
"UNSUCCESSFUL"
"2" (Question
Mark)
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1 Terse (Hex code)

30
31
32
33
34
35
36
37

Note: The dial string is not echoed in the terse
mode.

Purpose: Modifies message feedback. Information is posted in
the status area.

Default: 0 (Verbose mode)
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Format:

Purpose:

MODEM

M

Forces the modem into the data state where the
carrier is placed on the telephone line and proper

connection-protocols are followed.

This command is equivalent to ANSWER if the data
state started as autoanswer.

Format:

Purpose:

Default:

NEW p
Np
where p is any ASCII character.(hex OE)

Changes the command character to an ASCII
character.

Ctrl N (ASCII hex OE)

Format:

Purpose:

ORIGINATE
(o)
Logically takes the phone off-hook and forces the

ORIGINATE mode. Logically equivalent to manual
originate.
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Format: PICKUP
P

Purpose: Logically takes the phone off-hook and puts the
modem in the voice state.

7))

e
&
®
3
=)

=
=4
S
=
7]

Internal Modem 3-51



Format: QUERY
Q
Purpose: To query the modem for its status information.

Possible characters returned by the modem are as
follows:

Responses Meaning

HO or H1 Hook status: HO = on-hook, H1 =

off-hook.
SO to SF Current ringcount setting in hex.
B Line busy.
D Line dead: no dial-tone found or no

ring/no busy timeout after dialing.

L Successful dial and handshake.

N Dial not recorded: dial tone present
after dialing.

X No answer: ringcount plus 3
exceeded.

TO Integrity test passed.

T1 Integrity test failed.

The first group of characters is always returned for a
QUERY command. The second group of characters
is returned only after a dialing sequence has been
started or a change has occurred in the dialing status.
The third group of characters is returned when a
TEST command has occurred. All characters except
the first group are erased by being read and do not
appear in response to the next QUERY unless the
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condition has recurred in the interim. The QUERY
response overrides any incoming data from the
telephone line.

Format:

Purpose:

RETRY
R

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:

SPEED o
So

Where o is one of the following:

) bps
0- 110
1- 300
2 - Reserved

Note: Do not combine this command with other
commands except the FORMAT command on a
single command line.

The SPEED command must be issued before the
8250A baud rate is changed.

Note: If programming in BASIC, this command
must be used in addition to specifying the same
bps rate in the BASIC ‘open’ statement.

Purpose: Sets the baud rate.

Default: 1 (300 bps)
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Format:

Purpose:

TRANSPARENT n...n
T n...n

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

Places the modem in the transparent mode for the
next n...n bytes.

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

The argument can be up to four ASCII-coded hex
digits long. This provides a range of 65,536 bytes.

If an argument is not included with the
TRANSPARENT command, the command is ignored
because it has no default.
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The transparent mode is terminated when:

1.  n..ncharacters have been transmitted.

2.  Loss of carrier timeout.

3. INS8250A OUT 1 pin goes 'active.' (The
INS8250A -OUT 1 signal should remain
'active ' until the transparent mode is
requested again.)

The modem exits the transparent mode before

processing the next complete character from the

host.

To re-enter the transparent mode, the sequence is:
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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 ( causes a permanent
transparent mode which can be exited by the
INS8250A -OUT 1 pin going 'active.'

Format:

Purpose:

VOICE

A\

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 'disables' the auteanswer function.
The status responses are:

1. If a busy signal is detected "BUSY OK".

2. Any other condition ""OK...(16
dots)....CONNECTED".
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Format:  WAIT
W

Purpose:  Causes the modem to take no action, including
autoanswer, until the next command is received from
the host. All commands following the WAIT
command in a single command-line are ignored.

Format: XMIT m...m
X m...m

Purpose: Instructs the modem to transmit the DTMF

tone-pairs found in the argument string m...m. This
is only valid in the voice state. Delays between digits
can be caused by inserting W’s in the string.

Each W causes a five-second delay.
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Format:

Purpose:

ZTEST o

Zo

Where o is one of the following:
o Test

0 - Hardware Integrity Test
1-  Analog Loop Back Test

Places the modem in the test mode specified by the
argument.

For modes other than the integrity test, the modem
stays in the test mode until any other command is
received.

For the integrity test, the test is performed, status
posted, and then the modem returns to service
immediately. The integrity test takes eight to 10
seconds to execute and its completion is signaled by
an "OK" message.

All commands following the ZTEST command in a
single command-line are ignored.
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Responses

Autoanswer

If -DTR is 'active', the modem goes off-hook and
proper connection protocols including the two-second
billing delay are followed. If connection is made, the
modem sends "CONNECTED" to the host and posts
the status in the status area.

Editing/ Changing Command Lines

Corrections to the command line can be performed by
aborting current-command lines and typing a new line
or by entering the correct command later on in the
current-command line.

w

<
a
(4]
=2
=

=
=g
S
=
7]

The last command entered on a single command-line
supersedes any previously entered command that
performs an opposite function.

A Control X or backspace received by the modem
immediately aborts the entire command line.
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Opposite Commands

The command line is scanned after its completion (after
[CR] is entered). Commands which cause an action
during the scan (for example, DIAL) are not candidates
for opposite treatment. Only commands which

'‘preset' a static condition can be opposites.

They include:

Count (n) two entries, latest are used
Format (n) two entries, latest are used
New (p) two entries, latest are used
Speed (n) two entries, latest are used
Transparent n..n two entries, latest are used
Modem - Voice these are opposites only when

on-hook

Note: Answer and originate are not opposites; each
of these causes an action when scanned.

Status Conditions

The modem sends the host messages as defined in the
LONG RESPONSE command for dialing success or
failure. Hardware interrupts for carrier loss and
detecting incoming rings are provided on the 8250A.

Dialing and Loss of Carrier

The dialing process begins with the modem searching
for a dial tone if it is not in the blind dialing mode. If a
dial tone is not detected, the modem hangs up, the
appropriate status characters are posted, and the '"NO
DIAL TONE'" message is returned to the host.

If a dial tone is found, the modem continues to dial.
When a P is encountered in the dial string, the modem
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delays for up to 10 seconds to search for another dial
tone and returns the ''"NO DIAL TONE" message to
the host if a dial tone is not detected. When a W is
encountered in the dial string, the modem delays for
five seconds before continuing to dial. Consecutive
W’s are allowed in a dial string.

Anytime 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 digits are pulse-dialed
until a P, W, or end of command ([CR]) is detected.

The modem ignores any character except O through 9,
* #,1, P, or W while dialing. This allows the user to
place parentheses and dashes in the dial string for
greater legibility.

The modem checks the telephone line again after it has
dialed the digits in the dial string. If a dial tone is found
immediately, the dialed digits are not recorded and the
modem posts this to the status characters, hangs up,
and sends the "UNSUCCESSFUL'" message to the
host. If the line is busy, this is also posted to the status
characters and the modem hangs up and returns the
"BUSY" message to the host. If the line is ringing, the
modem begins counting the number of rings. If this
count exceeds the value of COUNT + 3, the modem
hangs up and takes the same actions as above. If no
answer tone is detected within 45 seconds after
completion of dialing, the modem hangs up and takes
the same actions as above.
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Finally, if the call is answered, the modem either looks
for a carrier and begins the handshake sequence (if it is
in the data or modem state) or remains silent (if it is in
the voice state). In the voice state, the modem looks
for busy, and transmits a response (1) when the line is
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found not busy, or (2) if it is found busy, in which case
it also hangs up and possibly dials again. In voice state,
ringback count and abort time out are not used.

If, during the process of establishing the data link after
dialing, the modem receives any character from the host
or - DTR goes 'inactive', the modem aborts the call
with a clean disconnect, clears the balance of the
command line, and sends an "OK'' message. Also, the
modem does not carry out the instruction sent from the
host, even if the character is a command character.

In the data state, the modem transmits a message after
successful completion of the handshake, or after it has
determined that the handshake failed. An unsuccessful
handshake is evidenced by absence of carrier at the
proper time.

If a carrier drops out for more than two seconds in the
data state, the modem begins a timeout lasting
approximately 17 seconds. At the end of the timeout,
the modem hangs up. Any command received during
the 17 seconds resets the timer.

The modem does not automatically reestablish the
connection if the carrier returns after this dropout
interval. This allows the user or software to intercede
by commanding the modem to go into the 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 connection is always terminated by a HANGUP
command.
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Default State

Upon power up or after an INITIALIZE command is
given, the modem returns to the default state as
follows:

« A verification of hardware integrity is performed
and the result posted to the status characters.

« The remaining status characters cleared.

« The modem is placed in the data state awaiting a
dialing request or incoming ring.

o The Transparent mode is cleared.

« All loopback modes are cleared.

« The wait mode is cleared.

e The command character is set to Control-N.

o The data format is set to 7 data bits, even parity,
and one stop bit.

« Ringcount is set to 0 (auto answer 'disabled")

e The modem is set to on-hook.

« The message mode is set to verbose.
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Programming Examples

Call progress reporting is done in two modes, verbose
messages or terse messages as defined in LONG
RESPONSE command to the Serial In (SIN) pin of the
8250A. The power-up default is the verbose messages
mode, and these messages from the modem are in
capital letters. Also, in call progress reporting, the
status area is updated.

The following examples are representative of real-time

call-progress reporting. The italicized entries are user
entries.
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Example 1:

OK [cc/Dial 555-1234 [CR]
NO DIAL TONE
OK

In this example, no dial tone is detected within

the time out period.

Example 2:
OK
[cc]Dial 555-1234 [CR]

RING .....ccoiiiiiiiiiiie CONNECTED OK

In this example, a modem answer tone is detected.

Example 3:
OK
[ccIDial 1(301)555-1234 [CR]
13015551234..... BUSY
OK

In this example, busy is detected.
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Example 4:
OK
[cc]Dial 555-1234 [CR]
5551234........

In this example, ring count is exceeded

before ringing stops. ;/J
=
=
Example 5: =}
OK 2
[cc]Dial 555-1234 [CR] S
5551234......... -
RING.....ccooeeeeeieeeeeeeeeeeeeeeeeeeee,
......................... UNSUCCESSFUL
OK

In this example, a failed-call time-out occurred because an
answer tone was not detected within the allotted time.
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Example 6:

OK

[cc]Dial 99P555-1234 [CR]

00 e ee e
............... NO DIAL TONE

OK

In this example, the second dial-tone is not detected within the
time out period.

Example 7:
OK
[cc]Dial 99P421-7229 [CR]

In this example, busy is detected within the time-out period.
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Example 8:

OK

[cc]Dial 99WWS555-1234 [CR]

15 1 TRt

4217229....

RING..........ouuvuee.e. CONNECTED OK

In this example, the access code is dialed and two dead waits are {4

performed. Then, the second number is dialed and a modem %

answers. =
=)
=

Example 9: S

OK ’

[cc]Dial 555-1234, Retry [CR]

5551234.................... BUSY

5551234................. BUSY

5551234.............. CONNECTED OK

In this example, the modem dials a number with auto redial.
The first two times, the number is busy.
The third time, a modem answers.
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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/0 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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Mode
Hex Input/

Address | Register Selected Output | 1 2 | Notes
3F8 Transmit Buffer Write | XX | XX *
3F8 Receive Buffer Read |XX|XX *
3F8 Divisor Latch LSB Write 75 | F9 *%
3F9 Divisor Latch MSB Write 01| 03 *k
3F9 Interrupt Enable Write | OF | OF *
3FA Interrupt Read |XX|[XX

Identification
3FB Line Control Write 1A |03
3FC Modem Control Write 01 | 01
3FD Line Status Read XX | XX
3FE Modem Status Read XX XX
3FF Scratch Pad Write | XX [XX
*DLAB =0 (Bit 7 in line control Register).

**DLAB =1 (Bit 7 in line control Register).

Mode 1 - 300 BPS - 7 Data Bits, 1 Stop Bit, Even Parity.

Mode 2 - 110 BPS - 8 Data Bits, 1 Stop Bit, No Parity.

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:

Transmit
Data
Marking

DO D1 D2 D3 D4 D5 D6 D7

BEREEER

Start Parity Stop
Bit Bit Bit

Transmitter Output and Receiver Input Data Format

Data bit O 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
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INS8250A -OUT 1 The 'inactive' state enables
entry into the transparent
mode using the UNLISTEN
command. The 'active' state
'disables' the transparent

mode.
-OUT 2 No connection.
SOuUT Serial output from the 8250A.
-RTS -Request To Send

No connection.
-DTR -Data Terminal Ready

1. To accept a command,
-DTR must be 'active.'
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2. If -DTR goes 'inactive ',
the modem does a clean
disconnect sequence.

3. In auto-answer mode, the
modem does not go
off-hook, but RI on the

8250A will be toggled if
the ringing signal is
present.
SIN Serial input to the 8250A.
-RI The ring indicator pulses with

an incoming ring voltage.

-CTS -Clear To Send
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-DSR

-RLSD

-RESET, +XRESET

A0,A1,A2,A9

-MODEM CS
DISKETTE CS

3-72 Internal Modem

This line is wired 'active' on
the modem adapter.

-Data Set Ready

This line is wired 'active' on
the modem adapter.

-Received Line Signal Detect

When 'low’, this line
indicates the data carrier has
been detected. If the carrier
drops out for longer than two
seconds,. this line goes
'inactive' and starts the
timeout timer.

These lines are used to reset
or initialize the modem logic
upon power-up. These lines
are synchronized to the falling
edge of the clock. Its
duration upon power up is
26.5 ms -RESET is 'active
low'. +XRESET is 'active
high. "

Address bits 0 to 3 and bit 9.
These bits are used with
-MODEM CS to select a
register on the modem card.

This line is 'active' for
addresses hex OF0 thru OFF
and 3F8 thru 3FF. It is gated
with A9 in the 8250A to
exclusively decode hex 3F8
thru 3FF.



DO thru D7

-IOR

-IOW

BAUDCLK

+MODEM INTR

-CARD INSTALL

Data bits O thru 7:

These eight lines form a bus
through which all data is
transferred. Bit O is the least
significant bit (LSB).

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 'active', and
A9 is 'high.'

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
'active', and A9 is 'high.'
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This is a 1.7895 MHz clock
signal used to drive the Baud
Rate Generator.

This line is connected to the
+IQRP4 on the 8259A

Interrupt Controller.

This line indicates to the
system BIOS that an IBM
PCjr Internal Modem is
installed in the feature
location.
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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 RJ11 jack.

System I/0 Channel

The following shows pin assignments for the system
board modem connector. Pins Al to Al5 are on the
component side.
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Connector
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Internal Modem Connectors

Signal Name Pin Number
UNUSED 1
UNUSED 2
Telephone [—— RING 3 1 Modem
Cable le—— TIP 4 ———
UNUSED 5
UNUSED 6

Connector Specifications (Part 1 of 2)
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Signal Name

+5 Vde
-MODEM CS/DISKETTE CS
A9

-RESET

GND

A2

A1

A0

GND

-IOR

-lIOW

GND

-CARD INSTALL
+XRESET

+5 Vdc

Internal Modem

Signal Name

-~
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B
B
B

B

—
——
e

BO1

BO5

B10

B15

AO01

A05

A10

A15

~—— D7

|-e—— D6

[~—— D5

GND
le—— D4

le—— D3

t—— D2

— GND
|=— D1

|<— DO

— MODEM INTERRUPT
—— GND
<—— BAUDCLK
<¢— +5 Vdc
[*—— +12 Vdc

All levels are LSTLL compatible.

Connector Specifications (Part 2 of 2)
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IBM PCjr Attachable Joystick

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

Hardware Description

Two modes of operation of the joystick are available.
In the “Spring Return” mode the control stick returns
to the center position when released. The ‘“Free
Floating” mode allows smooth, force free operation
with the control stick remaining in position when
released. Selection of these modes can be made for
each axis independently. Two controls are provided for
individual adjustment to the electrical center of each
axis.
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Functional Description

Positional information is derived from two
potentiometers Rx and Ry. The resistance of these
potentiometers will vary from O to 100K ohms
nominally as the position of the control stick moves
from left to right (X-axis) and from top to bottom
(Y-axis). A linear taper is used on the potentiometers
so that a linear relationship exists between angular
displacement of the stick and the resulting resistance.
Electrical centering for each axis is accomplished with
the controls by mechanically rotating the body of the
potentiometer. Adjustment in this manner has the
effect of varying the minimum and maximum resistance
relative to the extremes of the angular displacement.
The two pushbuttons provided on the joystick are
single-pole, single-throw, normally-open pushbuttons.
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The following are the logic diagram and specifications
for the two Attachable Joystick connectors.

Ad4-+5V O
X - Position
B2 - Rx Potentiometer
A.3 - R N 4)
yO— Y - Position
Potentiometer
B4-S10 O
Switch 1
B3-S2 O~ 0———4
Switch 2
A2 -GND O

Attachable Joystick Logic Diagram
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Attachable Joystick Connector

Joystick

Signal Name

IR

g,

Pin Number

Connector Specifications

Keyplug AO01

——— LOGIC GND A02
Y-AXIS RESISTANCE A03

——— +5 V AO4 System
SHIELD GND BO1 Board
X-AXIS RESISTANCE B02 >
SWITCH BO3 >
SWITCH B04 —>{

Attachable Joystick 3-79
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Notes:
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IBM Color Display

The IBM Color Display is a Red/Green/Blue/Intensity
(RGBI)-Direct-Drive display, that is independently
housed and powered.

Hardware Description

The IBM Color Display’s signal cable is approximately
1.5 meters (5 feet) in length. This signal cable must be
attached to the IBM PCjr with the IBM PCjr Adapter
Cable for the IBM Color Display which provides a
direct-drive connection from the IBM PCjr

A second cable provides ac power to the display from a
standard wall outlet. The display has its own power
control and indicator. The display will accept either
120-volt 60-Hz power or 220-volt 50-Hz power. The
power supply in the display automatically switches to
match the applied power.
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The display has a 340 mm (13 in.) CRT. The CRT and
analog circuits are packaged in an enclosure so the
display may be placed separately from the system unit.
Front panel controls and indicators include: Power-On
control, Power-On indicator, Brightness and Contrast
controls. Two additional rear-panel controls are the
Vertical Hold and Vertical-Size controls.
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Operating Characteristics

Screen

« High contrast (black) screen.

« Displays up to 16 colors.

« Characters defined in an 8-high by 8-wide matrix.

Video Signal

e Maximum video bandwidth of 14 MHz.

« Red, green, and blue video-signals, vertical sync,
horizontial sync, and intensity are all independent.

All input signals are TTL compatible.

Vertical Drive

« Screen refreshed at 60 Hz with 200 vertical lines of
resolution.

Horizontal Drive

o The horizontal drive frequency is 15.75 kHz.
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Color-Display Connector

IBM Color
Display

Signal Name

Ground

Color Direct-
Drive 9-Pin

Connector

)
H

Ground

Red

—— Green

9-Pin
Connector

|—— Blue

l«—— Intensity

Not Used
<«—— Horizontal Drive

W O NGO A WN=

e— Vertical Drive

Connector Specifications

Color Display 3-83
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Notes:
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IBM Connector for Television

The Connector for Television is a sealed Radio
Frequency (RF) Modulator that imposes the composite
video and audio signals onto the RF carrier-wave
supplied by the modulator. The connector unit has two
two-position switches. One switch selects between the
computer’s signal or the standard-TV signal from an
antenna as the input to the TV. The other switch
selects either channel 3’s or channel 4’s carrier-wave
frequency for input to the TV. This allows users to
select the weaker TV channel for their area reducing
the amount of interference with the computer’s input
signal. Signal input from the computer is provided by a
five-conductor cable with a six-pin IBM PCjr-dedicated
connector. Two spade-lug terminals provide for
TV-antenna-cable connection. One twin-lead flat-type
TV-cable provides input to the TV.
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The following is the connector specifications for the
IBM Connector for Television.
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System Unit

Connector
+12 Volts A1 B1 Logic Gnp
No Pin A2 B2 Audio
Video A3 B3 Shield GND

Connector Speciﬁcations
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IBM PCjr Keyboard Cord

The IBM PCjr Cordless Keyboard can be attached to
the PCjr using the optional Keyboard Cord. The
Keyboard Cord is a 1.8 meter (6 foot), two twisted-pair
cable, with a six-position RJ11-type connector for the
keyboard and a six-position Berg-type connector for
the system unit.

The Keyboard Cord option should be used in an
environment that is unfavorable for use of the infra-red
link. For instance, brightly lit high-intensity light areas,
or multiple IBM PCjr areas where keyboards can
conflict with one another.

Insertion of the cord’s keyboard connector into the
keyboard actuates switches internal to the keyboard.
The switches 'deactivate' the IR transmitter by
removing the power supplied by the keyboard’s
batteries. The system unit’s infra-red (IR) receiver
circuit is 'disabled' by the -CABLE CONNECT
signal, supplied when the system-unit end of the cord is
connected.
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The following figures show the connector specifications
for the Keyboard Cord.
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(MY

Keyboard Cord Connectors

Keyboard

3

Signal Name

— -CBL KEYBD DATA

Pin Number

AO01
AQ2 —>

~—+5

_I: -CABLE CONNECT
‘ LOGIC GND

A03
BO1

B02 —>|

Connector Specifications

3-88 Keyboard Cord
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IBM PCjr Adapter Cable for Serial
Devices

The Adapter Cable for Serial Dewices is a 72 mm
(3-inch) long, nine-conductor cable terminated with a
16-position Berg-type connector and a 25-pin
“D”-shell connector. This cable allows serial devices
that terminate with a standard EIA-RS232C 25-pin
“D”’-shell connector to be connected to the IBM PCjr.

The following figures show the connector specifications
for the Adapter Cable for Serial Devices.
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25-Pin D-Shell
Connector

Adapter Cable for Serial Devices
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System 25-Pin D-Shell
Connector Cable Connector

A1 Not Used
A2 DATA TERMINAL READY |—— 20
A3—— REQUEST TO SEND — 4
A4 —— TRANSMIT DATA —2
A5 ——— CARRIER DETECT —— 8
A6 —— DATA SET READY —— 6
A7—— CLEAR TO SEND —25
A8 —— RECEIVE DATA 3
B1 ——— SHIELD GND F—1
B2 —— SIGNAL GND —7

B3 - B8 ™1 Not Used

Connector Specifications
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IBM PCjr Adapter Cable for Cassette

This option is an adapter cable that allows connection
of a cassette recorder to the IBM PCjr cassette
connector.

The cassette recorder to be connected must use the
following type connectors:

« Belden Style-51 miniture phone-plug (Auxiliary)
« Belden Style-51 miniture phone-plug (Earphone)
« Belden Style-56 subminiture phone-plug (Remote)

The following figures show the connector specifications
for the Adapter Cable for Cassette.
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Adapter Cable for Cassette Connectors
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GND
EARPHONE
MIC

REMOTE ———

Connector Specifications (System End)

A1
A2
A3
A4

B1
B2
B3
B4

Keyplug

———AUX.
——REMOTE GND
———SHIELD

(Part 1 of 2)
System
Cassette Connector Connector Pin

Signal B2
Aux. (Red)

Gnd A1

Signal A2
Ear (Black)

Gnd A1

Signal A4
Remote (Gray)

Gnd 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 the IBM Color Display to be
connected to the IBM PCjr.

The following figures show the connector specifications
for the adapter cable for the IBM Color Display.

$
T
e Mg | B

Color Direct-
Drive 9-Pin
D-Shell
Connector

Adapter Cable for IBM Color Display Connectors
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System 9-Pin Color
Connector Cable Display Connector

A1 ——— Not Used
A2 ——— Not Used
A3 ———— Not Used
A4 ————1 Red

A5 —————— Green
A6 —————1 Blue

A7 ————— Intensity
A8 —— Not Used
A9 =] Not Used
B1 ————— Vertical
B2 —————— Not Used

B3 ————— Horizontal r——a

B4 ————— Not Used
B5 —————] Ground 2
B6 ——————— Not Used
B7 ——————— Not Used
B8 ——— Not Used
B9 ———— Ground f———— 1

& O wWwn

Connector Specifications
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IBM PC;jr Parallel Printer Attachment

The Parallel Printer Attachment is provided to attach
various I/O devices that accept eight bits of parallel
data at standard TTL-logic levels. The card measures
76mm (3 inches) high by 244mm (9.6 inches) long.

The Parallel Printer Attachment attaches as a feature to
the right-hand side of the system unit. It connects to
the 60-pin Input/Output (I/0O) connector where power
and system-input signals are received. A parallel
printer attaches to the Parallel Printer Attachment
through a 25-pin female ‘“D’’-shell connector located
on the rear edge of the attachment, where a cable and
shield can be attached. The logic design is compatible
with the IBM Personal Computer printer adapter.

The attachment card has 12 TTL buffer-output points
which are latched and can be 'written' and 'read’
under program control using the processor 'IN' or
'Out’' instructions. The attachment card also has five
steady-state input-points that may be 'read’' using the
processors’ 'IN' instructions.
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In addition, one input can also be used to create a
processor interrupt. This interrupt can be 'enabled’
and 'disabled' under program control. ‘Reset’ from
the power-on circuit is also ORed with a
program-output point allowing a device to receive a
power-on 'reset' when the processor is 'reset.’

When the Parallel Printer Attachment is used to attach
a printer, data or printer commands are loaded into an
8-bit latched output-port, then the strobe line is
'activated' to 'write' data to the printer. The
program can then 'read’' the input ports for printer
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status indicating when the next character can be written
or it may use the interrupt line to indicate 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

During a system I/O 'read' or 'write', with the proper
address selection, data may be 'written' to or 'read’
from the Parallel Printer Attachment. The data and
Control Registers must be manipulated by the system
software to be consistent with the attaching hardware.
The following is a block diagram of the Parallel Printer
Attachment card.
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25-Pin

3 Connector
Bus Buffer Data Latch
- 2 -
>| Enable ClK |g
8 8
=1 Trans- >
ceiver
ADRS DIR
READ
DATA n
(>
2
WRITE DATA §
X10/-M o
WRITE CONTROL -
-
=3
READ STATUS E
READ
CONTROL
Command Bus Control
Decoder Buffers Latch Drivers SLCT IN
STROBE
CLK
—-| Enable | : AUTO
12| > FD XT
INIT
21 Enable
— ERROR
- F'"‘ CLR SLCT
PE
ACK
BUSY

Reset

Parallel Printer Interface Block Diagram
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System Interface

The Parallel Printer Attachment reserves addresses hex
378, through hex 37F. I0/-M must also be 'active
high' when addressing the Parallel Printer Attachment.

A card selected signal (<CARD SLCTD) is provided to
the system I/O when the above addresses are used, and
the I0/-M bit is 'active high.'

Specific commands are decoded from AQ, A1, RD, and
WR per the following table. Input A2 is not used.

Addresses (hex) Operation Comments

378 ‘Read’ Read Data Latch

379 ‘Read’ Read Status

37A ‘Read’ Read Control
Latch

37B ‘Read’ Unused

37B "Write ' Write Data Latch

379 "Write ' Unused

37A "Write ' Write Control
Latch

37B 'Write' Unused

All data transfers take place over the 8-bit I/O
data-bus with timing provided by the 8088
microprocessor. (IOR, IOW, I0/-M)

An interrupt is provided to the system through the I/0
connector of the Parallel Printer Attachment. This
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interrupt is 'positive active ', Interrupt Level 7
(+IRQ7). Bit 4 of the control latch must be 'written
high' to allow interrupts. When the -ACKnowledge
signal ('low active' signal goes 'high') the I/O device
causes a level 7 interrupt. See the following figure.

3-State +IRQ7
Buffer

-ACK

Control Bit 4 === | [NV

+IQR7/-ACK Logic Diagram
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Programming Considerations

The Parallel Printer Attachment can serve as a general
purpose peripherial driver. This section describes a
configuration which supports attachment to the IBM
Graphics Printer.

Command Definition

For the parallel-printer application, the following bit
definitions apply.

Data Latch - Address hex 378
A 'write' to this address causes data to be latched onto

the printer data bits. A 'read’' from this address
presents the contents of the data latch to the processor.
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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 Only

This port provides real-time feedback and status to the
system from the printer.
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Signal
Bit Name Description

MSB 7 -BUSY When this signal is at a low level,
the printer is busy and cannot
accept data. It can become low
during data entry, off-line printing,
head translation, or error state.

6 -ACK When port B is read, this bit will
represent the current state of the
printer ACK signal. A low level
means that a character has been
received and the printer is ready to
accept another. Normally, this

signal will be low for approximately Lf
5 microseconds before BUSY goes 2
away. =

5 -PE A low level indicates that the printer -E
has detected an end of form. =

3

4 +SLCT A high level indicates that the i
printer is selected.

3 -ERROR | A low level indicates that the printer
has encounted an error condition.

2 Unused.

Through

0LSB

Printer Status

Printer Control - Address hex 37A

This port contains printer control signals. A 'write'
latches control bits to the printer; a 'read' presents the
contents of the latches to the processor. See the
following timing diagram:
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BUSY

— ACKNLG

0.5 us Minimum

Approximately |
5 us H

DATA

— STROBE

Parallel Interface Timing Diagram

The following figure describes the printer control
signals.
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Signal

Bit Name Description

MSB 7 Unused.

Through

5

4 +INTERRUPT | A high level in this bit position

ENABLE will allow an interrupt to

occur when —ACK goes high.

3 SLCT IN A low level in this bit position
selects the printer.

2 INIT A low level will initialize the
printer (50 microseconds
minimum).

1 AUTO FD XT | A low level will cause the
: printer to line feed anytime a
line is printed.

LSBO STROBE A 5 microsecond (minimum)
low active pulse clocks data
into the printer. Valid data
must be present for 5
microseconds (minimum)
before and after the STROBE
pulse.
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Printer Control Signal

The following are the connector specifications for the
IBM PCjr Parallel Printer Attachment.
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25-Pin D-Shell
Connector

Parallel Printer Attachment Connectors

g 0

g,

25-Pin “D”-Shell Connector
Pin Signal Iy, Max Ioy Max | Source
1 -STROBE 14 ma -.6 ma Attachment
Card

2 DATA BIT 0} 24 ma -2.6 ma Attachment

Through | Through Card

9 DATA BIT 7

10 -ACK 74LS Input| 74LS Input | Printer

11 BUSY 74LS Input| 74LS Input| Printer

12 PE 74L.S Input | 74LS Input | Printer

13 SLCT 74LS Input | 74LS Input | Printer

14 -AUTO 14 ma .6 ma Attachment
FD XT Card

15 -ERROR 74LS Input | 74LS Input | Printer

16 -INIT 14 ma .6 ma Printer
PRINTER

17 -SELECT 14 ma .6 ma Attachment
INPUT Card

18 GND N/A N/A

Through

25

Connector Specifications (Part 1 of 2)
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Parallel Printer
Attachmentto 1/0

Signal Name Expansion Connector Signal Name
D1 —— B1 Al —— DO
D2 — —— +12 Vdc
D4 — ——— D3
GND — +—— b5
D7 —— B5 A5 — D6
A0 —— ———— +5 Vdc
A2 — — A1
GND —— L A3
A5 —— A4
A6 —— B10 A10}—— GND
A8 — ——— A7
-DACKO ——] L A9
A11 — L A10 £
A12 —— —— DRQO 2
GND —— B15 A16 |—— A13 =
A15 — —— A14 ()
GND ——— — A16 =
A17 — I—— GND g
A19 ——— - A18 @
GND —— B20 A20 —— -IOR
-MEMR ——— ——— -IOW
-MEMW —] ———— GND
ALE —— —— HDLA
GND ——— ——— CLK
10/-M —— B25 A25 ———— RESET
READY —— ———— +5 Vdc
-CARD SLCTD —— ——— -HRQ
GND — — IRQ1
IRQ7 — ——— |RQ2
AUDIOIN -—— B30 A30 | Reserved

Connector Specifications (Part 2 of 2)
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Notes:
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IBM Graphics Printer

The IBM Graphics Printer is a self-powered,
stand-alone, tabletop unit which attaches to the system
unit through a 6-foot parallel-signal cable, and obtains
120 Vac power from a standard wall outlet through a
seperate cable. It is an 80 CPS (characters per second),
bidirectional, wire-matrix device that can print in a
compressed mode of 132 characters per line, in a
standard mode of 80 characters per line, in a double
width-compressed mode of 66 characters per line, and
in a double width mode of 40 characters per line. It can
also print double-size and double-strike characters. It
prints the standard ASCII, 96-character, uppercase and
lowercase character sets and also has a set of 64 special
block characters. It has an extended character set for
international languages, subscript, superscript, an
underline mode, and programmable graphics. The
Graphics printer accepts commands that set the
line-feed control desired for the application.
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It attaches to the system unit through the IBM PCjr
Parallel Printer Attachment. The cable is a
25-conducter, shielded cable with a 25-pin “D”’-shell
connector at the system unit end, and a 36-pin
connector at the printer end.

Printer Specifications
Print Method: Serial-impact dot matrix

Print Speed: 80 CPS
Print Direction: Bidirectional with logic seeking

Number of Pins in Head: 9
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Line Spacing: 1/16 inch (4.23 mm) or programmable
Matrix Characteristics: 9 by 9

Character Set: Full 96-character ASCII with
descenders plus 9 international characters/symbols

Graphic Characters: See ‘Additional Printer
Specifications”

Printing Sizes:

Normal 10 characters-per-inch with a
maximum of 80 characters-per-line
Double Width 5 characters-per-inch with a
maximum of 40 characters per line
Compressed 16.5 characters-per-inch with a
maximum of 132 characters per line
Double Width-Compressed
8.25 characters-per-inch with a
maximum of 66 characters per line

Subscript 10 characters-per-inch with a
maximum of 80 characters per line
Superscript 10 characters-per-inch with a

maximum of 80 characters per line

Media Handling: Adjustable sprocket-pin-feed with
4-inch (101.6 mm) to 10-inch (254 mm) width paper,
one original plus two carbon copies (total thickness not

to exceed 0.012 inch (0.3 mm)), minimum paper
thickness of 0.0025 inch (0.064 mm)

Interface: Parallel 8-bit data and control lines

Inked Ribbon: Black, cartridge type with a life
expectancy of 3 million characters
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Environmental Conditions: Operating temperature is
5 to 35 degrees centigrade (41 to 95 degrees
Fahrenheit), operating humidity is 10 to 80%
non-condensing

Power Requirements: 120 Vac, 60 Hz, 1 A maximum
with a power consumption of 100 VA maximum

Physical Characteristics:

Height 107 mm (4.2 inches)
Width 374 mm (14.7 inches
Depth 305 mm (12 inches)
Weight 5.5 kg (12 pounds)

72
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Additional Printer Specifications s
Printing Characteristics S

=2

Extra Character Set z

Set 1 Additional ASCII numbers 160
to 175 contain European
characters. Numbers 176 to
223 contain graphic characters.
Numbers 224 to 239 contain
selected Greek-characters.
Numbers 240 to 255 contain
math and extra symbols.

Set 2 The differences in Set 2 are
ASCII numbers 3,4,5,6, and 21.
ASCII numbers 128 to 175
contain European characters.

Graphics There are 20 block characters and
programmable graphics.
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DIP Switch Settings

There are two Dual-Inline-Package (DIP) switches on
the control circuit-board. In order to satisfy the user’s
specific requirements, desired control modes are
selected by the DIP switches. The functions of these
switches and their preset conditions at the time of
shipment are shown in the following figures.

DIP Switch 2 DIP Switch 1

A== il So

00| ”Q

oo L is

| |
Aol 10 OF

\DD[JO Uo[l |

Location of DIP Switches
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Switch Factory
Number Function On Off Position
1-1 Not Applicable | — — On
1-2 CR Print Print and On
Only Line Feed
1-3 Buffer Full Print Print and Off
Only Line Feed
1-4 Cancel Code Invalid Valid Off
1-5 Not Applicable | — - On
1-6 Error Buzzer Sound No Sound On
1-7 Character Set 2 Set 1 Off
Generator
1-8 SLCT IN Signal|{ Fixed Not Fixed On
Internally | Internally
Functions and Conditions of DIP Switch 1
Switch Factory
Number Function On off Position
2-1 Form Length 12 Inches |11 Inches Off
2-2 Line Spacing 1/8 Inch 1/6 Inch Off
2-3 Auto Feed XT Fixed Not Fixed Off
Signal Internally |[Internally
2-4 1 Inch Skip Over |Valid Invalid Off
Perforation

Functions and Conditions of DIP Switch 2
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Parallel Interface Description

Specifications
Data Transfer Rate
Synchronization

Signal Exchange
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
(TTL) level.

Plug 57-30360 (Amphenol)

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.
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BUSY

— ACKNLG ]

0.5 usec (Minimum)

Approximately
5 us H

DATA

— STROBE

Parallel Interface Timing Diagram

Interface Signals

-Strobe

Data 1-8

-ACKNLG

BUSY

STROBE pulse to read data in. Pulse
width must be more than 0.5 us at the
receiving terminal. The signal is
normally 'high'; however read-in of
data is performed at the 'Low' level
of this signal.

These signals are the first to eight bits
of parallel data. Each signalisata
'high' level when data is a logical 1
and 'low' when data is a logical 0.
Approximately 0.5 us pulse (low)
indicates that data has been received

and the printer is ready to accept data.

A 'high' signal indicates that the
printer cannot receive data. The
signal is 'high' in the following cases:
e During data entry
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« During printing operation
¢ In the “off-line” state
e During printer-error status

PE A 'high' signal indicates that the
printer is out of paper.
SLCT This signal indicates that the printer is

in the selected state.

Auto Feed XT  When this signal is 'low"' paper is fed
one line after printing. This signal
level can be fixed 'low' by DIP
switch pin 2-3.

INT When this signal is 'low' the printer
controller is reset to its initial state
and the print buffer is cleared. This
signal is normally 'high' and its pulse
width must be more than 50 us at the
receiving terminal.

Error This signal is 'low' when the printer
is in the “Paper End,” “Off Line,”
and “Error” state.

-SLCTIN Data entry to the printer is possible
only when this signal is 'low'. This
signal can be fixed 'low' by DIP
switch 1-8.

Notes:

1. All interface conditions are based on TTL level.
Both the rise and fall times of each signal must be
less than 0.2 us.

2. Data transfer must not be carried out by ignoring
the -ACKNLG or BUSY signal. Data transfer can
only occur after confirming the -ACKNLG signal or
when the BUSY signal is 'low’.

The following figure shows the pin assignment and
direction of each signal.
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Signal Return
Signal Pin # Pin # Direction

-STROBE | 19 In
DATA 1 2 20 In
DATA 2 3 21 In
DATA 3 4 22 In
DATA 4 5 23 In
DATAS 6 24 In
DATA 6 7 25 In
DATA 7 8 26 In
DATA 8 9 27 In
-ACKNLG 10 28 Out
BUSY 11 29 Out
PE 12 30 Out w
AUTO FEED XT 14 — In §
NC 15 — _
ov 16 — — S
CHASSIS GND 17 — — =2
NC 18 — — =
GND 19-30 — —
INT 31 — In
ERROR 32 — Out
GND 33 — _
NC 34 _ _

35 — —
-SLCT IN 36 — In

Pin Assignments

Printer Modes

The IBM Graphics Printer can use any of the
combinations listed in the following table and the print
mode can be changed at any place within the line.

Modes can be selected and combined if they are in the
same vertical column.
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Printer Modes

Normal XXX
Compressed XXX
Emphasized
Double Strike X X
Subscript X
Superscript

Double Width
Underline

> X

>

> XX

> X

oo

XXX

> X ol
R o T
KKK

Printer Modes

Printer Control Codes

On 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 (from
NUL which is 0 to DEL, which is 127). The examples
given in the Printer-Function descriptions are written in
the BASIC language. The “input” description is given
when more information is needed for programming
considerations.

ASCII decimal values for the printer control codes can
be found under “Printer Character Sets.”

The Descriptions that follow assume that the printer
DIP switches have not been changed from their factory
settings.

Printer code Printer Function

NUL Null:
Used with ESC B and ESC D as a list
terminator. NUL is also used with
other printer.
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BEL

LF

FF

CR

control codes to select options (for example, ESC S).
Example:

LPRINT CHRS$ (0);

Bell:

Sounds the printer buzzer for 1 second.
Example:

LPRINT CHR$(7);

Horizontal Tab:

Tabs to the next horizontal tab stop. Tab
stops are set with ESC D. Tab stops are set
every 8 columns when the printer is powered
on.

Example:

LPRINT CHR$(9);

Line Feed:

Spaces the paper up one line. Line spacing
is 1/16-inch unless reset by ESC A, ESC 0,
ESC 1, ESC 2, or ESC 3.

Example:

LPRINT CHR$(10);

Form Feed:

Advances the paper to the top of the next page.

W
s
£
o
E
-
A
=
=
=)
=]
w

Note: The location of the paper, when the
printer is powered on, determines the top of
the page. The next top of page is 11 inches
from that position. ESC C can be used to
change the page length.

Example:

LPRINT CHR$(12);

Carriage Return:

Ends the line that the printer is on and
prints the data remaining in the printer
buffer. (No Line Feed operation takes
place.)
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SO

SI

DC2

DC4

CAN

ESC

ESC -

3-118 Printers

Note: IBM Personal Computer BASIC adds a Line
Feed unless 128 is added [for example
CHR$(141)].

Example:

LPRINT CHR$(13);

Shift Out (Double Width):

Changes the printer to the Double-Width print-mode.

Note: A Carriage Return, Line Feed or DC4
cancels Double-Width print-mode.

Example:

LPRINT CHR$(14);

Shift In (Compressed):

Changes the printer to the Compressed-Character
print-mode. Example:

LPRINT CHR$(15);

Device Control 1 (Compressed Off):

Stops printing in the Compressed print-mode.
Example:

LPRINT CHR$(18);

Device Control 4 (Double Width

Off):

Stops printing in the Double-Width print-mode.
Example:

LPRINT CHR$(20);

Cancel:

Clears the printer buffer. Control codes,
except SO, remain in effect.

Example:

LPRINT CHR$(24);

Escape:

Lets the printer know that the next data sent
is a printer command.

Example:

LPRINT CHR$(27);

Escape Minus (Underline)



ESCO

ESC1

ESC 2

ESC3

ESC 6

ESC7

Format: ESC -;n;

ESC - followed by a 1, prints all of the following
data with an underline.

ESC - followed by a 0 (zero), cancels the Underline
print-mode.

Example:

LPRINT CHR$(27);CHR$(45);CHR$(1);
Escape Zero (1/8-Inch Line Feeding)

Changes paper feeding to 1/8-inch.

Example:

LPRINT CHR$(27); CHR$(48);

Escape One (7/72-Inch Line

Feeding)

Changes paper feeding to 7/72-inch.

Example:

LPRINT CHR$(27); CHR$(49);

Escape Two (Starts Variable

Line-Feeding)

ESC 2 is an execution command for ESC A. If
no ESC A command has been given, line feeding
returns to 1/6-inch.

Example:

LPRINT CHR$(27);CHRS$(50);

Escape Three (Variable

Line-Feeding)

Format: ESC 3;n;

Changes the paper feeding to n/216-inch. The
example that follows sets the paper feeding

to 54/216 (1/4)-inch. The value of n must be
between 1 and 255.

Example:

LPRINT CHR$(27);CHR$(51);CHR$(54);
Escape Six (Select Character Set 2)

Selects Character Set 2. (See “Printer
Character set 2”°)

Example:

LPRINT CHR$(27);CHR$(54);

Escape Seven (Select Character Set 1)

7))
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Selects character set 1. (See “Printer
Character Set 1)
Character set 1 is selected when the printer
is powered on or reset.
Example:
LPRINT CHR$(27);CHRS$(55);

ESC 8 Escape Eight (Ignore Paper End)
Allows the printer to print to the end of the
paper. The printer ignores the Paper End
switch.
Example:
LPRINT CHR$(27);CHR$(56);

ESC9 Escape Nine (Cancel Ignore Paper
End)
Cancels the Ignore Paper End command. ESC 9
is selected when the printer is powered on or
reset.
Example:
LPRINT CHR$(27);CHR$(57);

ESC < Escape Less Than (Home Head)
The printer head returns to the left
margin to print the line following ESC <.
This occurs for one line only.
Example:
LPRINT CHR$(27); CHR$(60);

ESC A Escape A (Sets Variable Line
Feeding)
Format: ESC A;n;
Escape A sets the line-feed to n/72-inch.
The example that follows tells the printer to
set line feeding to 24/72-inch. ESC 2 must
be sent to the printer before the line
feeding changes. For example, ESC A;24
(text) ESC 2 (text). The text following ESC
A;24 spaces at the previously set
line-feed increments. The text following ESC
2 prints with new line-feed
increments of 24/72-inch. Any increment
between 1/72 and 85/72-inch may be used.
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Example:
LPRINT
CHR$(27);CHR$(65);CHR$(24);
CHR$(27);CHR$(50);

ESCC 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 command requires a value of 0

(zero) for n, and a value between 1 and 22

for m.

Example:

LPRINT CHR$(27);CHR$(67);CHR$(0); CHR$(12);
ESCD Escape D (Sets Horizontal Tab Stops)

Format: ESC D;n1;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$(0), 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:
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ESCE

ESCF

ESCG

ESCH

ESCJ

ESCK

3-122 Printers

LPRINT

CHRS$(27);CHR$(68);CHR$(10)
;CHR$(20);CHR$(40);

CHR$(0);

Escape E (Emphasized)

Changes the printer to the Emphasized-print
mode. The speed of the printer is reduced to
half speed during the Emphasized-print mode.
Example:

LPRINT CHR$(27); CHR$(69);

Escape F (Emphasized Off)

Stops printing in the Emphasized-print mode.
Example:

LPRINT CHR$(27);CHR$(70);

Escape G (Double Strike)

Changes the printer to the Double-Strike
print-mode. The paper is spaced 1/216 of an
inch before the second pass of the print
head.

Example:

LPRINT CHR$(27);CHR$(71);

Escape H (Double Strike Off)

Stops printing in the Double-Strike mode.
Example:

LPRINT CHR$(27);CHR$(72);

Escape J (Sets Variable Line Feeding)
Format: ESC J;n;

When ESC ] is sent to the printer, the paper
feeds in increments of n/216 of an inch.

The value of n must be between 1 and 255.
The example that follows gives a line feed of
50/216-inch. ESC J is canceled after the
line feed takes place.

Example:

LPRINT CHR$(27);CHR$(74);CHR$(50);
Escape K (480 Bit-Image Graphics

Mode)

Format ESC K;n1;n2;v1;v2;...vk;

Changes from the Text mode to the Bit-Image



Graphics mode. nl and n2 are one byte, which
specify the number of bit-image data bytes to
be transferred. v1 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 O - 255.
n?2 represents values from 0 - 1 x 256.

MSB is most-significant bit and LSB is least

921
-significant bit. Z
5
The following figures show the format. o
=
=
S
=]
7]
[msB LSB
27 28 25 2t 2 22 ' 2°

Data sent to the printer.

[Text(ZOcharacters) ESC K n=360 Bit-image data Nextdatq
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In text mode, 20 characters in text
mode correspond to 120 bit-image
positions (20 x 6 = 120). The
printable portion left in Bit-Image
mode is 360 dot positions (480 - 120
= 360).

Data sent to the printer.

ny Ny NNy
[pataalEsck]| n, | n,| DataB | Datac|ESc |k |n,]n,| DataD ]

Bit-
image
data

Text
data

Text | Length of

Bit-
Length of image
data data

data data

e 480 bit-image dot positions —-|

Example: 1 ’OPEN PRINTER IN RANDOM MODE
WITH LENGTH OF 255

2 OPEN “LPT1:”AS #1

3 WIDTH “LPT1:,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$(0)+CHRS$(0)

8 NDOTS=480

9 ’JESCK N1 N2

10 PRINT #1,CHR$(27);“K”;CHR$(NDOTS
MOD 256);CHR$ (FIX(NDOTS/256));

11 ’SEND NDOTS NUMBER OF BIT

IMAGE BYTES

12 FOR I=1 TO NDOTS/12 '"NUMBER

OF SLASHES TO

PRINT USING GRAPHICS

13 PRINT #1,SLASHS;GAPS$;
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14 NEXT I
15 CLOSE
16 END

This example gives you a row of slashes
printed in the Bit-Image mode.
ESCL Escape L (960-Bit-Image
Graphics-Mode)
Format: ESC L;nl;n2;v1;v2;...vk;
Changes from the Text mode to the Bit-Image
Graphics mode. The input is similar to ESC
K. The 960 Bit-Image mode prints at half the
speed of the 480 Bit-Image Graphics mode, but
can produce a denser graphic image. The
number of bytes of bit-image Data (k) is nl
+256n2 but cannot exceed 960. nl is in the
range of 0 to 255.
ESCN Escape N (Set Skip Perforation)
Format ESC N;n;
Sets the Skip Perforation function. The
number following ESC N sets the value for the
number of lines of Skip Perforation. The
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:
LPRINT CHR$(27); CHR$(78); CHR$(12);
ESCO Escape O (Cancel Skip Perforation)
Cancels the Skip Perforation function.
Example:
LPRINT CHR$(27); CHR$(79);
ESCS Escape S (Subscript/Superscript)
Format: ESC S;n;
Changes the printer to the Subscript print
mode when ESC S is followed by a 1, as in the
example that follows. When ESC S is followed
by a 0 (zero), the printer prints in the

s
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ESCT

ESCU

ESCW

ESCY

ESCZ

3-126 Printers

Superscript print mode.

Example:

LPRINT CHR$(27);CHR$(83);CHR$(1);
Escape T (Subscript/Superscript Off)

The printer stops printing in the Subscript

or Superscript print mode.

Example:

LPRINT CHR$(27);CHR$(84);

Escape U (Unidirectional Printing)

Format: ESC U;n;

The printer prints from left to right

following the input of ESC U;1. When ESC U
is followed by a 0 (zero), the left to right
printing operation is canceled. The
Unidirectional print-mode (ESC U) ensures a
more accurate print-start position for better
print quality.

Example:

LPRINT CHR$(27);CHR$(85); CHR$(1);
Escape W (Double Width)

Format: ESC W;n;

Changes the printer to the Double-Width print
mode when ESC W is followed by a 1. This
mode is not canceled by a line-feed operation
and must be canceled with ESC W followed by a
0 (zero).

Example:

LPRINT CHR$(27);CHR$(87); CHRS$(1);
Escape Y (960 Bit-Image Graphics

Mode Normal Speed)

Format: ESC Y n1;n2;v1;v2;...vk;

Changes from the Text mode to the 960
Bit-Image Graphics mode. The printer prints
at normal speed during this operation and
cannot print dots on consecutive dot

position. The input of data is similar to

ESC L.

Escape Z (1920 Bit-Image Graphics

Mode)



Format: ESC Z;nl;n2;v1;v2;...vK;

Changes from the Text mode to the 1920
Bit-Image Graphics mode. The input is
similar to the other Bit-Image Graphics
modes. ESC Z can print only every third dot
position.
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0 1 2 3 4 5 6 7 8 9
NUL BEL HT
10 11 12 13 14 15 16 17 18 19
LF FF | CR| SO | SI pDCc2
20 21 22 23 24 25 26 27 28 29
0Cc4 CAN ESC
30 31 32 33 34 35 36 37 38 39
SPLT | #|S|%|&]|°’
40 41 42 43 44 45 46 47 48 49
()], |- /101
50 51 52 53 54 55 56 57 58 59
213/4/5/6|/7|8|9 ;
60 61 62 63 64 65 66 67 68 69
<|=[>|?|9|A|B|C|D|E
70 71 72 73 74 75 76 77 78 79
FIGIH I |J/K/LIMN|O
80 81 82 83 84 85 86 87 88 89
PIQIR|SIT|U/VIW|IX|Y
90 91 92 93 94 95 96 97 98 99
Z|[I\N|1|"|_| la|bj|c
100 101 102 103 104 105 106 107 108 109
die/f|glhli|j|k|l|m
110 111 112 113 114 115 116 117 118 119
nop|iqlr|s|tiujvjw
120 AIA] 122 123 124 125 126 127 128 129
xylz/{|Il}"~ NUL

Printer Character Set 1 (Part 1 of 2)




130 131 132 133 134 135 136 137 138 139
BEL HT | LF
140 141 142 143 144 145 146 147 148 149
FF | CR | SO Sl oc2| |oca
150 151 152 153 154 155 156 157 158 159
CAN ESC
160 161 162 163 164 165 166 167 168 169
-
y ré r - "~ -
alijoja/n/Nia|o|¢|m
170 171 172 173 174 175 176 177 178 179
e
1 sus
L]
VAV AN
see
ans
180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199
- -I HE I — ﬂ:[
200 201 202 203 204 205 206 207 208 209
210 211 212 217 218 219
221 222 227 228 229
ﬂ] Ll R LI
231 232 234 235 236 237 238 239
u|it|QO0]s [0S e N
240 241 242 243 244 245 246 247 248 249
=t (=< J =0 .
250 251 252 253 254 255
— (N[ 2| M| sp

Printer Character Set 1 (Part 2 of 2)
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[o] 1 2 3 4 5 6 7 8 9
NUL L AR 3E K YL HT
10 11 12 13 14 15 16 17 18 19
LF FF | CR| SO | Sl DC2
20 21 22 23 24 25 26 27 28 29
oca E; CAN ESC
30 31 32 33 34 35 36 37 38 39
el #]S|%|&]’
40 41 42 43 44 45 46 a7 48 49
()] *|+].|—-].]7]0]|1
50 51 52 53 54 55 56 57 58 59
2/3/4/5/6/7\8|9 ;
60 61 62 63 64 65 66 67 68 69
<|=|>|?9|A|B|C|D|E
70 71 72 73 74 75 76 77 78 79
FIGH| I |J|K/ILIMN|O
80 81 82 83 84 85 86 87 88 89
PQR|S T|IUVWX|Y
90 91 92 93 94 95 96 97 98 99
Z/\[\\|1|"|_|'|a|bjc
100 101 102 103 104 105 106 107 108 109
die/f|g/h|i|j|k|]|m
i10 111 112 113 114 115 116 117 118 119
no plqlr|is|tiujv|w
120 121 122 123 124 125 126 127 128 129
xylzi{ |}~ Cla

Printer Character Set 2 (Part 1 of 2)
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130 131 132 133 134 135 136 137 138 139
élajlajlalalc|e|e|le|i
140 141 142 143 144 145 146 147 148 149
N
i|li|A|/A|E|leA|06|0|0
150 151 152 153 154 155 156 157 158 159
ala|y|6|G|¢|£|¥|R|F
160 161 162 163 164 165 166 167 168 169
-
4 v é V4 r "~ -
ajlijojuajn|N O|¢é|m
170 171 172 173 174 175 176 177 178 179
LA A J
| ssn
q‘l ]/ ase
ses
2| /4| |
LA
180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199
200 201 202 203 204 205 206 207 208 209
210 Zf 212 213 214 215 216 217 218 219
220 221 222 223 224 225 226 227 228 229
alB|ITC|TT=|O
230 231 232 233 234 235 236 237 238 239
uit|QO[0|s |o|dle N
240 241 242 243 244 245 246 247 248 249
=1+1>2I< J 2 |l=|o0o|m
250 251 252 253 254 255

Printer Character Set 2 (Part 2 of 2)
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Notes:
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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 ASCII, 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
international languages, and can accept special
characters programmed by the user.

The printer has a 1.89 meter (6-foot), 16-lead, 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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Printer Specifications

Print Method:

Print Speed:
Print Direction:

Number of Pins in
Print Head:

Line Spacing:
Matrix Pattern:

Character Set:

Graphics:

Thermal, non-impact,
Dot-matrix

56 cps
Left to right only

8

4.23 mm (1/6 in)

S by 7 Dots

Full 96-character ASCII
with descenders, plus
international

characters/symbols

None

Printers
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Print Modes:

Standard
Double Width
Compressed

Compressed/
Double Width

Paper Feed:
Paper Width:
Copies:

Paper Path:
System Interface:

Print Color:

3-136 Printers

Characters Maximum

per Inch Characters
per Line

10 80

5 40

17.5 136

8.75 68

Friction Feed

216 mm (8.5 in)

Single sheet only

Top

Serial Data and Control Lines

Black only



Environmental
Conditions

Temperature:

Humidity:

Power Requirement
Voltage:

Current:
Power Consumption:

Heat Output:

Physical
Characteristics

Height:

Width:

Depth:

Weight:

Power Cable Length:

Size:

Printer Cable Length:

Size:

5°C (+41°F) to 40°C
(104°F)

10 to 809% non-condensing

110 Vac 60 Hz
245 mA
36 watts

57.6 kJ (54.6 BTU)/hr
(maximum)

72
-
4
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88.9 mm (3.5 in)
312.4 mm (12.3 in)
221 mm (8.7 in)
2.99 kg (6.6 1b)
1.98 m (6.5 ft)

28 AWG

1.83 m (6 ft)

3 by 18 AWG
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Character Set:

3-138 Printers

ASCII numbers O to 31 contain
control codes and special
characters. ASCII numbers 32 to
127 contain the standard printable
characters. ASCII numbers 128 to
175 contain European characters.
ASCII numbers 224 to 255
contain math and extra symbols.



Serial Interface Description

Specifications:

Data Transfer Rate: 1200 bps (maximum)

Synchronization: internal clocking

Handshaking: CTS (Clear to Send) Pacing

Logic Level: Input data and all interface
control- signals are EIA
Levels

Connector Plug: 9804 (Amphenol)

The following figure shows the timing of the Serial
Interface.

|-<————- Character Period ——->~|

Two
Received Stop

Data @ = L1 _ - @ D D e D m - = = Bits
One

Start
Bit

wn
>
4
(-]
3
Q
=
2.
=
=]
7]

High (Ready)
CTS

RDY Low (Busy)

Serial Interface Timing Diagram
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Print Mode Combinations for the PC Compact
Printer

The following figure shows the print-mode
combinations possible with the PC Compact Printer.
Modes shown in the same column can be combined. A
print mode can be changed at any time within a line:
however, the double-width mode effects the entire line.

Modes
Standard XXX
Compressed XXX XXX XXX
Double-Width XXX XXX XXX
Underline XXX XXX | XXX XXX

Printer Control Codes and Functions

On the following pages you will find a detailed list of
the printer control codes and functions. This list also
includes descriptions of the functions and examples
of the printer control codes.

The examples (LPRINT statements) given in the
detailed descriptions of the printer control codes and
functions list, are written in BASIC. Some knowledge
of BASIC programming is needed to understand
these codes. Some of the printer control codes also
show a “Format” description when more
information is needed for programming
considerations.
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CODE

CAN

CR

DC2

DC4

ESC

PRINTER FUNCTION

Cancel

Clears the printer buffer. Control codes,
except SO, remain in effect. Reinitializes
the printer to the power on defaults.
LPRINT CHR$(24);

Carriage Return

Ends the line the printer is on and prints
any data remaining in the printer buffer.
The logical character position is moved to
the left margin. (No Line Feed operation
takes place.) Note: IBM Personal
Computer BASIC adds a Line Feed unless
128 is added.

LPRINT CHR$(13);

Device Control 2 (Compressed Off)
Stops printing in the Compressed mode.
LPRINT CHR$(18);

Device Control 4 (Double Width Off)
Stops printing in the Double Width mode.
LPRINT CHR$(20);

Escape

Informs the printer that the following data
is a printer command. (See the following
ESC commands.)

LPRINT CHR$(27);

Printers
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ESCB

ESCC

3-142 Printers

Escape B (Set Vertical Tabs)

Sets vertical tab stop positions. Up to 64
vertical tab stop positions are recognized by
the printer. Tab stop positions must be
received in ascending numeric order. The
tab stop numbers do not become valid until
you type the NUL code. Once vertical tab
stops are established, they are valid until
new tab stops are specified. (If the printer
is reset or switched Off, set tab stops are
cleared.) If no tab stop is set, the Vertical
Tab command acts as a Line Feed
command. ESC B followed only by NUL
cancels tab stops. The form length must be
set by the ESC C command prior to setting
tabs.

LPRINT
CHR$(27);CHR$(66);CHR$(10);CHRS$(20);
CHR$(40);CHR$(0);

Escape C (Set lines per page)

Format: ESC C;n; Sets the page length.
The ESC C command must be followed by
a value to specify the length of page desired.
(Maximum form length for the printer is
127 lines.) The following example sets the
page length to 55 lines. The printer default
is 66 lines per page 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
following example shows the horizontal tab
stop positions set at printer column
positions of 10, 20 and 40. The horizontal
tab stops are followed by CHR$(0), the
NUL code. They must also be in ascending
numeric order as shown. You can set tab
stops between 1 and 80. When in the
Compressed print mode, you can set tabs up
to column 136. The maximum number of
tabs that can be setis 112. HT (CHR$(9))
is used to execute a tab operation.

LPRINT
CHR$(27);CHR$(68);CHR$(10)CHR$(20)
CHR$(40);CHR$(0);

Escape K (480 Bit-Image Graphics Mode)
Format: ESC K;n1;n2; v1; v2;.....vk;
Changes the printer to the Bit-Image
Graphics mode. Dot density is 82.5 by 82.5
dots per inch. If the graphics data exceeds
the space remaining on the line, the printer
ignores the excess data. Only the excess
data is lost.

The numbers n1 and n2 specify, in binary
form, the number of bit image data bytes to
be transferred. Assign values to nl 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
data bytes cannot exceed 480. (n1 + (n2 X
256)).

Printers 3-143
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ESCN
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The bit-image data bytes are v1 through vk.

All eight of the print head wires are used to
print Bit-image graphics. Each bit of a
bit-image data byte represents a dot
position within a vertical line. The least
significant bit (LSB) represents the bottom
dot position, and the most significant bit
(MSB) represents the top dot position. For
example, if vX is hex 80, the top dot will
print only in that vertical position; if vX is
hex 01, the bottom dot will print; and if vX
is hex FF, all eight dots will print.

Dot Bit Number

Top O---8
O0---17
O---6
O---5
O0---4
0---3
0---2

Bottom O---1
LPRINT CHR$(27);CHR$(75);n1;n2

Escape N (Set Skip Perforation)

Format: ESC N;n; Sets the Skip Perforation
function. The number following ESC N
sets the number of lines to be skipped. The
example shows a 12-line skip perforation.
This command will print 54 lines and feed
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. The default for skip perforation is
25.4 mm (1 inch).

LPRINT CHR$(27);CHR$(78);CHR$(12);



ESCO

ESCR

ESCW

ESCO

ESC1

ESC 2

ESC S5

Escape O (Cancel Skip Perforation)
Cancels the Skip Perforation function.
LPRINT CHR$(27);CHR$(79);

Escape R (Clear Tabs)

Resets all tab stops,both horizontal and
vertical to the powered-on defaults.
LPRINT CHR$(27);CHR$(82);

Escape W (Double Width)

Format: ESC W;n; Changes the printer to
the Double Width mode when ESC W is
followed by 1. This mode is not canceled
by a line feed operation. It is canceled
when ESC W is followed by 0 (zero).
LPRINT CHR$(27);CHR$(87); CHR$(1);

Escape Zero (1/9-Inch Line Feed)
Changes the line feed to 2.82 mm (1/9
inch).

LPRINT CHR$(27);CHR$(48);
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Escape One (1/9-inch Line Feed)
Changes the line feed to 2.82 mm (1/9
inch). ESC 1 functions the same as ESC 0.
LPRINT CHR$(27); CHR$(49);

Escape Two (Start Variable Line Feeding)
Resets line spacing to 4.23 mm (1/6 inch).
This is the powered-on default for vertical
line spacing.

LPRINT CHR$(27);CHR$(50);

Escape Five (Sets Automatic Line Feed)
With automatic line feed on, when a CR
code is received, a line feed automatically
follows after the carriage return. ESC 5 (1)
sets auto line feed; ESC 5 (0) resets it.
LPRINT CHR$(27);CHR$(53);
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ESC -

ESC <

LF

3-146 Printers

Escape Minus (Underline)

Format: ESC -;n; ESC - followed by 1,
prints all of the following data with an
underline. ESC - followed by 0 (zero),
cancels the Underline print mode.

LPRINT CHR$(27);CHR(45);CHR$(1); [or
CHRS$(0);]

Escape Less Than (Home Head)

The print head returns to the left margin to
print the line following ESC <. This occurs
for one line only.

LPRINT CHR$(27); CHR$(60);

Form Feed

Advances the paper to the top of the next
page. Note: The location of the paper,
when the printer power switch is set to the
On position, determines the top of the page.
The next top-of-page is 279 mm (11 inches)
from that position. ESC C can be used to
change the page length. Always separate
multiple Form Feed commands with spaces.
LPRINT CHR$(12);

Horizontal Tab

Tabs to the next horizontal tab stop. Tab
stops are set with ESC D. (Tab stops are
automatically set at every 8 columns when
the printer power switch is set to the On
position.)

LPRINT CHRS$(9);

Line Feed

Advances the paper one line. Line spacing
is 4.23 mm (1/6 inch) unless reset by ESC
0, ESC 1, ESC 2.

LPRINT CHR$(10);



NUL

SI

SO

Null
Used with ESC B and ESC D as terminator

for the tab set and clear commands.
LPRINT CHR$(0);

Shift In (Compressed On)

Changes the printer to the Compressed
Character mode. This command is canceled
by a DC2 code (Compressed Off).

LPRINT CHR$(15);

Shift Out (Double Width)

Changes the printer to the Double Width
mode. Note: A Carriage Return, Line Feed
or DC4 code cancels Double Width mode.
LPRINT CHR$(14);

Vertical Tab

Spaces the paper to the next vertical tab
position. VT are set by the ESC B
sequence. The VT command is the same as
the LF command, if no tabs are set. The
paper is advanced one line after printing or
advanced to the next vertical tab stop.
LPRINT CHR$(11);

The following charts list the printer control codes
and characters in ASCII decimal numeric order, (for
example, NUL is 0 and ESC W is 87).
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0 1 2 3 4 5 6 7 8 9
NUL VéAHaA olm
10 1 12 13 14 15 16 17 18 19
LF |vT| FF |cr|s0| s '><Dcz"
20 21 22 23 24 25 26 27 28 29
omég-_i_cm\l l —>|esc|| |e»
30 31 32 33 34 35 36 37 38 39
| VB S % | &
40 41 42 43 44 45 46 47 48 49
(1)1 >+, |— /101
50 51 52 53 54 55 56 57 58 59
2!3/4/5/6|7/8|9 ;
60 61 62 63 64 65 66 @ 67 68 69
<|=|>|?|9|A|B|C/D|E
70 71 72 73 74 75 76 77 78 79
FIGH I|J KILIMINIO
80 81 82 83 84 85 86 87 88 89
PIQR S TIUVWX|Y
90 91 92 93 94 95 96 97 98 99
Z|I[I\|]|"|_|'|lalblc
100 101 102 103 104 105 106 107 108 109
die|/f|iglh|i|jlk|]l m
110 111 112 113 114 115 116 117 118 119
njo|plglr|s|tiu|viw
120 121 122 123 124 125 126 127 128 129
X|ylz [ ! } ~|oEL G| G

Character Set (Part 1 of 2)
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140 141 142 143 144 145 146 147 148 149
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200 207 202 203 204 205 206 207 208 _ 209
— 1 1 |

210 211 212 213 214 215 216 217 218 219

220 221 222 223 224 225 226 227 228 229

230 231 232 233 234 235 236 237 237 239

240 241 242 243 244 245 246 247 248 249
=+ |>< J —|l=|°| =
250 251 252 253 254 255

T
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Character Set (Part 2 of 2)
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Compact
Printer

Compact Printer

'L T\ Signal Cable
A08) A01
B08 BO1
16 Pin Connector
Signal Name - Description Pin
Not Used A01
Data Terminal Ready A02
Request To Send A03
Transmit Data J A04
'] Carrier Detect A05
>
Data Set Ready A06
Clear To Send ao7
ear To Sen i
’ Serial Port
Not Used A08 | (RS-232-C)
Not Used BO1
Not Used B02
Not Used B03
Ground B04
Not Used B05
Not Used B06
Ground B07
Not Used B08

Data Terminal Ready Looped in Cable to Data Set Ready
Request to Send Looped in Cable to Carrier Detect

Connector Specifications
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Compatibility Overview

The IBM PCjr is a different Computer than the IBM
Personal Computer and IBM Personal Computer XT.
Even though it is different, the IBM PCjr has a high
level of programming compatibility with the IBM
Personal Computers. It is possible to create PCjr
software applications that can run without modification
on other IBM Personal Computers. In order to create
such programs or to assess if a current program is
compatible, you must understand the differences
between the Personal Computers in the IBM family and
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
the microprocessors would be different; and the
language of the application could not be executed by
different processors. In this case, the application would
have to be re-written entirely in the language of the
other processor. Since the IBM PCjr and the other
IBM Personal Computers use exactly the same
microprocessors (Intel 8088), most assembler language
programs need not be modified.

This alone is not enough, since applications normally
take advantage of a computers device services (BIOS)
and operating system (IBM DOS 2.1). In order to
allow for maximum program compatibility, the IBM
PCjr has maintained all BIOS system interrupts and
utilizes the same IBM DOS. This means that
applications which use the BIOS and the IBM DOS
interrupts on the IBM Personal Computers operate the
same on the IBM PCjr.
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Note: The BIOS micro-code of the IBM PC;jr is not
identical to that of the IBM Personal Computers. If
an application bypasses the BIOS interrupt calls and
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directly accesses routines and/or 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 the BIOS and
DOS interrupt interfaces in order to achieve
compatibility in the IBM 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

e Unequal Configurations

« Hardware Differences
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Timing Dependencies

Programs running in user read/write memory normally
run slower on the PCjr than on the IBM Personal
Computers. Programs running in read-only memory
(ROM) normally run a little faster on the PCjr than on
the IBM Personal Computers. This may or may not
cause a difference depending upon the application.
Most applications are very I/O dependent in which
case the execution time is not the critical factor and
may not be noticeable. In other cases, the application
runs the same but merely take a different amount of
time.

If an application has very critical timing dependencies,
any timing differences (faster or slower) may adversely
affect its usability. Using an application’s program
execution speed to achieve a desired timing can effect
the application. In these cases, the application may
need to be modified.

Note: It is strongly recommended not to depend on
instruction execution speed to achieve specific
application timing. The system timer can provide
short interval timing for assembly language
programs. Similar timing functions are available in
BASIC.
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Performance of specific I/O devices (such as diskette
or printer) may also differ between the PCjr and the
other IBM Personal Computers. You should also avoid
using timing of any I/O device as a dependency for the
application.
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Unequal Configurations

In designing an application to run on both the IBM
PCjr and the IBM Personal Computers, you need to
make sure that the required hardware configuration is
available on all machines. This means the application’s

minimum requirements are met by all IBM Personal
Computers.
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Hardware Differences

To be able to run on either computer without change,
an application utilizing a specific I/O device must have
access to identical devices (or devices with identical
operating characteristics and interfaces). The IBM
PCjr and the IBM Personal Computers have very
compatible I/O device capabilities.

The following table lists the hardware features and 1/0
devices supported by the IBM PCjr and the IBM
Personal Computers and summarizes the differences:
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Device PC | PCXT | PCjr | PCjr Comments
Maximum 640K B | 640KB | 128K B | Shares user RAM
User Memory with Video Buffer
Cordless No No Yes Scan codes
Keyboard compatible and full
83 key capability

83 Key Yes Yes No Compatible, but

Keyboard Hardware interface
differences

Diskette Yes Yes Yes Compatible, but

Drive different address and
no DMA support

Hard Disk No Yes No

File

Parallel Yes Yes Yes Compatible

Printer

RS 232 Yes Yes Yes Compatible, hex 2F8

Serial Port address, Interrupt
Level 3, Baud-Rate-
Frequency divisor
difference

Game Yes Yes Yes Compatible interface

Control with potential timing
differences

Cassette Yes No Yes Compatible

Internal No No Yes Compatible to PC

Modem Serial Port hex 3F§
address, Interrupt
Level 4, frequency
divisor difference

IBM Yes Yes No

Monochrome

Display

Color Yes Yes Yes Compatible, with

Graphics and some register

Display differences and
enchancements

Light Pen Yes Yes Yes Compatible

PCjr and Personal Computers Comparison (Part 1 of 2)
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Device PC PCXT | PCjr PCjr Comments

Attachable Yes Yes Yes Compatible

Joystick

8253 Timer Yes Yes Yes Compatible

(time of day)

8259 Interrupt | Yes Yes Yes Some difference in
interrupt levels

Internal Yes Yes Yes Compatible but less

Sound frequency response

TI 76496 No No Yes

Sound

ROM No No Yes

Cartridge

Interface

Future /O Yes Yes Yes Compatible

ROM

Architecture

PCjr and Personal Computers Comparison (Part 2 of 2)

The hardware differences between the IBM PCjr and
the IBM Personal Computers may lead to
incompatibilities depending upon the specific
application. Once again; if your application maintains
an interface to the Personal Computer Family at the
BIOS and DOS interrupt levels, then all hardware
differences are handled transparently to your
application. If your application goes below the BIOS
level and directly addresses the hardware, then there
could be an incompatibility.
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User Read/Write Memory

Memory difference can be a problem even with
programs written for the same computer, if the
available memory is not the same from one machine to
the next. Thus, the deciding factor is to state what the
minimum memory requirement is for the application,
and require that amount on the computer in question.

It is important to understand the memory aspects of the
IBM PCjr in relationship to that of the IBM Personal
Computers. The IBM PCjr can be configured for 64K
bytes or 128K bytes (with memory expansion).
However, this user memory is not all available to the
application. The IBM PCjr video architecture utilizes a
minimum of 16K bytes (in graphic mode) and 2K bytes
(in alpha numeric mode) for the screen buffer.
Therefore (in graphics mode), the IBM PCjr really has
48K bytes or 112K bytes (with memory expansion)
available for system software. This is not the case with
the IBM Personal Computers, since the color graphics
adapter contains a separate 16K byte screen buffer.
Thus, a 64K bytes Personal Computer with color
graphics (extra 16K bytes) is an 80K byte system
compared to a 64K byte IBM PCjr. The IBM PCjr also
has graphic enhancements which allow more than the
16K bytes to be utilized for video screen buffers. If
these enhanced features are used in an application, then
even less is available for user memory.

Another aspect of available memory is the amount
taken away by operating systems and language
interpreters. In the case of the IBM DOS, both the
IBM PC;jr and the IBM Personal Computers support
the same DOS. If your application requires the BASIC
interpreter, then there may be a difference. The IBM
Personal Computer Cassette BASIC resides entirely in
the system ROM; taking no user memory. However,
Disk BASIC or Advanced BASIC utilizes
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approximately 10K bytes and 14K bytes respectively
from user memory. In the IBM PCjr, Advanced BASIC
capabilities (cartridge BASIC) reside in ROM, taking
no user memory.

As you can see, many items factor into user available
memory requirements. The most frequent comparison
is for the assembler language or compiled application
using a 16K-byte screen buffer operating under DOS
2.1. In this case, an application requiring 64K bytes of
user memory on an IBM Personal Computer cannot run
on the IBM PCjr without its expansion memory (128K
byte capability). This is because of the IBM PCjr video
usage of 16K bytes. Also, any application requiring
more than 112K bytes of user memory with DOS 2.1
on the IBM Personal Computers cannot run on an IBM
PCjr.

Diskette Capacity/Operation

Since the IBM PCjr maximum stand-alone
configuration is one diskette drive with a maximum
capacity of 360K bytes diskette storage , an IBM PCjr
application is either limited by this diskette capacity or
is impacted by the user having to change diskettes more
frequently. The IBM Personal Computers can have
multiple diskette drives with a capacity of 360K bytes
diskette storage each or even possess hard files with a
much larger disk storage capacity. This capacity
difference may or may not be a concern depending
upon the specific application.

@)
©
E
=
1
=1
=,
":'.".
]

In terms of diskette interfacing, the IBM PCjr and the
IBM Personal Computers both utilize the NEC uPD765
floppy diskette controller, but with different hardware
addresses, and the IBM PCjr does not operate through
direct memory access (DMA). Since the IBM PCjr
does not have DMA capability, application programs
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cannot overlap diskette I/O operations. When diskette
I/0 takes place, the entire system is masked (operator
keystrokes and asynchronous communications cannot
take place). Therefore, the application must insure that
asynchronous operations do not take place while

diskette I/0 is active.

IBM PCjr Cordless Keyboard

The Cordless Keyboard is unique to the IBM PCjr.
Even though it does not possess all 83 keys of the IBM
Personal Computers’ keyboards, it does have the
capability to generate all of the scan codes of the

83-key keyboard.

The following shows the additional functions available

on the PCjr.

PCjr Special Functions

Required Key Combinations

Shift screen to the left

Shift screen to the right
Audio Feedback (System
clicks when a key is pressed.
Customer Diagnostics

Alt + Ctrl + cursor left
Alt + Ctrl + cursor right
Alt + Ctrl + Caps Lock

Alt + Ctrl + Ins

PCjr Special Functions

For more detail see “Keyboard Encoding and Usage” in

Section 5.

Since all scan codes can be generated, any special
application requirements can be met on the Cordless

Keyboard.
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The highest level of compatibility to interface to
keyboards is through BIOS Interrupt hex 16 (read
keystroke). Below that level is risky since there are
hardware differences between the PCjr keyboard and
the IBM Personal Computers’ keyboards. The PCjr
system utilizes the non-maskable (NMI) Interrupt to
deserialize the scan codes and pass it to Interrupt hex
48 for compatible mapping to 83-key format. Interrupt
level 9 remains a compatible interface for 83-key
scan-code handling. It is not recommended to replace
Interrupt level 9 even though a high degree of
compatibility is maintained. If necessary, analyze this
architecture carefully.

Color Graphics Capability

The IBM PC;jr color graphic architecture is quite
different from that of the IBM Personal Computers.
The main difference (as previously discussed) is that
the video buffer is taken from main user memory rather
than having separate memory for video (as in the IBM
Personal Computers). Normally, this would be an
incompatibility since applications directly address the
color graphics buffer at hex B8000. However, the IBM
PCjr has special hardware to redirect hex B8000
addressing to any specific 16K-byte block of its user
memory. The IBM PCjr defaults the video buffer to
the high end 16K-byte block of user memory and
applications can continue to address the video buffer at
hex B800O0. In addition all IBM Personal Computers’
color graphics adapter modes are BIOS compatible and
memory structure (bit map) compatible. 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 IBM PC;jr provides some new enhanced
graphic modes which are not available to the IBM
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 IBM PCjr and IBM Personal Computers utilize the
6845 controller, but the hardware interface is not
completely the same. Hardware addresses hex 3D8 and
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hex 3D9 are not supported by the IBM PCjr video
interface. Requests using these two addresses are not
honored.

Also there are differences in the actual video used by
the hardware. BIOS maintains compatibility by using
the appropriate PCjr video parameters (addressed
through Interrupt hex 1D) and maintains all video calls
(through Interrupt hex 10). Application can still
specify video parameter overrides by modifying
Interrupt hex 1D to address their own parameters;
however, since there are hardware differences the
recommended approach is as follows:

1. Copy the original parameters from the BIOS of the
system.

2. Change only those parameters desired.

3. Consider the specific video differences between
systems.

Other differences to be aware of are:

« The IBM PCjr defaults the colorburst mode to be
off, whereas the IBM Personal Computers default
colorburst to on. Thus applications should not
assume either default but set colorburst mode
(through BIOS call) to the desired setting.

« The IBM PCjr video supports a full gray scale
capability which the IBM Personal Computers do
not.

e There can be some color differences between the
IBM Personal Computers and the IBM PCjr;
especially when color mixing techniques are used.
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Black and White Monochrome Display

The IBM PCjr does not support the IBM Personal
Computers black and white monochrome display.
Programs which directly address the IBM Personal
Computers monochrome display are not compatible.
For example, any direct addressing of the B&W video
buffer at hex B800O is not redirected by the IBM PCjr.
Applications should support Personal Computer video
capabilities through BIOS, and the video buffer address
is either transparent to the application or the address is
provided indirectly in the BIOS data area.

RS232 Serial Port and IBM PCjr Internal
Modem

The IBM PC;jr serial port address is hex 2F8 and is
associated with hardware Interrupt level 3. This is
compatible with a second Asynchronous
Communications Adapter on the IBM Personal
Computers. The Internal Modem address is hex 3F8
and is associated with Interrupt level 4. This is
compatible with the first Asynchronous
Communications Adapter on the IBM Personal
Computers. It is important to note that when the IBM
PCjr has the Internal Modem installed it is logically
COM1 and the RS232 serial port is logically COM2 in
BIOS, DOS, and BASIC. Without the Internal Modem
installed the RS232 serial port is logically addressed as
COML1 in BIOS, DOS, and BASIC even though its
address is still hex 2F8 using Interrupt level 3. Other
hardware differences on the PCjr serial devices are:

« A different frequency divisor is needed to generate
baud rate. This is transparent to applications using
BIOS to initialize the devices (Interrupt Hex 14).

o No ring indicate capability on the RS232 serial port.
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o Asynchronous communications input cannot be
overlapped with IBM PCjr diskette I/O. Since
diskette I/O operates in a non-DMA mode any
asynchronous data received during diskette activity
may be overrun (and lost). Thus, applications must
insure that no diskette activity is active while
receiving asynchronous communication data. This
can be done by pacing the asynchronous device (tell
it to hold from sending ). The ASCII characters
XOFF and XON are frequently used by some host
computers for this purpose.

Summary

In summary, the IBM PCjr is a member of the IBM
Personal Computer family by way of its strong
architecture compatibility. The highest degree of
application compatibility can be achieved by using a
common high level language, and/ or accessing the
system only through BIOS and DOS interrupts. It’s not
recommended to go below the BIOS level even though
there are other hardware compatibilities. When it is
necessary to design for particular computer differences,
the application should determine at execution time
which particular computer it is running on. This can be
done by inspecting the ROM memory location at

segment address hex FOOO and offset hex FFFE for the
following values
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hex FF = the IBM Personal Computer
hex FE = the IBM Personal Computer XT
hex FD = the IBM PCjr

Once determined, dual paths would handle any
differences.
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ROM BIOS

The basic input/output system (BIOS) resides in ROM
on the system board and provides device-level control
for the major I/O devices in the system. Additional
ROM modules may be located on option adapters to
provide device level control for that option adapter.
BIOS routines enable the assembly-language
programmer to perform block (diskette) or
character-level I/O-operations without concern for
device address and operating characteristics. System
services, such as time-of-day and memory-size
determination, are provided by the BIOS.

The goal is to provide an operational interface to the
system and relieve the programmer of the concern
about the characteristics of hardware devices. The
BIOS interface insulates the user from the hardware,
allowing new devices to be added to the system, yet
retaining the BIOS-level interface to the device. In this
manner, user programs become transparent to hardware
modifications and enhancements.

The IBM Personal Computer Macro Assembler manual
and the IBM Personal Computer Disk Operating System
(DOS) manual provide useful programming information
related to this section.
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BIOS Usage

Access to BIOS is through the software interrupts.
Each BIOS entry-point is available through its own
interrupt, which can be found in “Personal Computer
BIOS Interrupt Vectors”, later in this section.

The software interrupts, hex 10 through hex 1A, each
access a different BIOS-routine. For example, to
determine the amount of memory available in the
system,

INT hex 12

invokes the BIOS routine for determining memory size
and returns the value to the caller.

All parameters passed to and from the BIOS routines go
through the 8088 registers. The prologue of each BIOS
function indicates the registers used on the call and the
return. For the memory size example, no parameters
are passed. The memory size, in 1K byte increments, is
returned in the AX register.

If a BIOS function has several possible operations, the
AH register is used at input to indicate the desired
operation. For example, to set the time-of-day, the
following code is required:

MOV AH,1 ;function is to set time-of-day.
MOV CX,HIGH__COUNT ;establish the current
MOV DX,LOW__COUNT

INT 1AH ;set the time.
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To read time-of-day:
MOV AH,0 ;function is to read time of day.
INT 1AH ;read the timer.
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Generally, the BIOS routines save all registers except
for AX and the flags. Other registers are modified on
return, only if they are returning a value to the caller.
The exact register 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 D_EOI

4-7 1 Single Step D_EOI

8-B 2 Keyboard NMI KBDNMI

C-F 3 Breakpoint D_EOI

10-13 4 Overflow D_EOI

14-17 5 Print Screen PRINT_SCREEN

18-1B 6 Reserved D_EOI

1D-1F 7 Reserved D_EOI

20-23 8 Time of Day TIMER_INT

24-27 9 Keyboard KB_INT

28-2B A Reserved D_EOI

2C-2F B Communications | D_EOI

30-33 C Communications | D_EOI

34-37 D Vertical retrace D_EOI

38-3B E Diskette Error DISK_INT
Handler

3C-3F F Printer D_EOI

40-43 10 Video VIDEO_IO

44-47 11 Equipment Check | EQUIPMENT

48-4B 12 Memory MEMORY_SIZE_

DETERMINE

4C-4F 13 Diskette DISKETTE_IO

50-53 14 Communications | RS232_10

54-57 15 Cassette CASSETTE_IO

58-5B 16 Keyboard KEYBOARD_IO

5C-5F 17 Printer PRINTER_IO

60-63 18 Resident BASIC | F600:0000

64-67 19 Bootstrap BOOT_STRAP

68-6B 1A Time of Day TIME_OF_DAY

6C-6F 1B Keyboard Break | DUMMY_RETURN

70-73 1C Timer Tick DUMMY_RETURN

74-77 1D Video VIDEO_PARMS
Initialization

78-7B 1E Diskette DISK_BASE
Parameters

7C-7F 1F Video Graphics CRT_CHARH
Chars

Personal Computer BIOS Interrupt Vectors

BIOS USAGE 5-7
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Vectors with Special Meanings

The following are vectors with special meanings.

Interrupt Hex 1B - Keyboard Break Address

This vector points to the code to be executed when
Break is pressed on the keyboard. The vector is
invoked while responding to the keyboard interrupt,
and control should be returned through an IRET
instruction. The POWER-ON routines initialize this
vector to an IRET instruction, so that nothing occurs
when Break is pressed unless the application program
sets a different value.

Control may be retained by this routine, with the
following problem. The 'Break' may have occurred
during interrupt processing, so that one or more 'End
of Interrupt' commands must be issued in case an
operation was underway at that time.

Interrupt Hex 1C - Timer Tick

This vector points to the code to be executed on every
system-clock tick. This vector is invoked while
responding to the 'timer' interrupt, and control should
be returned through an IRET instruction. The
POWER-ON routines initialize this vector to point to
an IRET instruction, so that nothing occurs unless the
application modifies the pointer. It is the responsibility
of the application to save and restore all registers that
are modified.
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Interrupt Hex 1D - Video Parameters

This vector points to a data region containing the
parameters required for the initialization of the 6845
CRT Controller. Note that there are four separate
tables, and all four must be reproduced if all modes of
operation are to be supported. The POWER-ON
routines initialize this vector to point to the parameters
contained in the ROM video-routines. It is
recommended that if a programmer wishes to use a
different parameter table, that the table contained in
ROM be copied to RAM and just modify the values
needed for the application.

Interrupt Hex 1E - Diskette Parameters

This vector points to a data region containing the
parameters required for the diskette drive. The
POWER-ON routines initialize the vector to point to
the parameters contained in the ROM
DISKETTE-routine. These default parameters
represent the specified values for any IBM drives
attached to the machine. Changing this parameter
block may be necessary to reflect the specifications of
the other drives attached. It is recommended that if a
programmer wishes to use a different parameter table,
that the table contained in ROM be copied to RAM
and just modify the values needed for the application.
The motor start-up-time parameter (parameter 10) is
overridden by BIOS to force a 500-ms delay (value 04)
if the parameter value is less than 04.
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Interrupt Hex 1F and hex 44 - Graphics
Character Pointers

When operating in the graphics modes, the
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read/write-character interface forms the character from
the ASCII code-point, using a table of dot patterns
where each code 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 Hex 44 and the second table of 128
code-points contained in ROM is pointed to by
Interrupt Hex 1F. The user can change this vector to
point to his own table of dot patterns. It is the
responsibility of the user to restore these vectors to
point to the default code-point-tables at the termination
of the program.

Interrupt Hex 48 - Cordless Keyboard
Translation

This vector points to the code responsible for
translating keyboard scan-codes that are specific to the
Cordless Keyboard. The translated scan-codes are then
passed to the code pointed to by Interrupt Hex 9 which
then handles the 83-key Keyboard scan codes.

Interrupt Hex 49 - Non-Keyboard Scan-Code
Translation-Table Address

This interrupt contains the address of a table used to
translate non-keyboard scan-codes (scan codes greater
than 85 excluding 255.) If Interrupt hex 48 detects a
scan code greater than 85 (excluding 255) it translates
it using the table pointed to by Interrupt Hex 49. The
address that Interrupt Hex 49 points to can be changed
by users to point to their own table if different
translations are required.
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Note: It is recommended that a programmer save
default pointers and restore them to their original
values when the program has terminated.
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Other Read Write Memory Usage

The IBM BIOS routines use 256 bytes of memory
starting at absolute hex 400 to hex 4FF. Locations hex
400 to 407 contain the base addresses of any RS-232C
attachments to the system. This includes the optional
IBM PCjr Internal Modem and the standard RS232
serial-port. Locations hex 408 to 40F contain the base
addresses of any parallel printer attachments.

Memory locations hex 300 to 3FF are used as a stack
area during the power-on initialization, and bootstrap,
when control is passed to it from power-on. If the user
desires the stack in a different area, the area must be
set by the application.

The following is a list of the interrupts reserved for
BIOS, DOS, and BASIC.
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Address Interrupt

(Hex) (Hex) Function

80-83 20 DOS Program Terminate

84-87 21 DOS Function Call

88-8B 22 DOS Terminate Address

8C-8F 23 DOS Ctrl Break Exit Address

90-93 24 DOS Fatal Error Vector

94-97 25 DOS Absolute Disk Read

98-9B 26 DOS Absolute Disk Write

9C-9F 27 DOS Terminate, Fix in Storage

AO-FF 28-3F Reserved for DOS

100-115 40-43 Reserved for BIOS

116-119 44 First 128 Graphics Characters

120-131 45-47 Reserves for BIOS

132-135 48 Cordless-Keyboard Translation

136-139 49 Non-keyboard Scan-code
Translation Table

140-17F 50-5F Reserved for BIOS

100-17F 40-5F Reserved for BIOS

180-19F 60-67 Reserved for User Software
Interrupts

1A0-1FF 68-7F Reserved

200-217 80-85 Reserved for Basic

218-3C3 86-F0 Used by Basic Interpreter while
BASIC is running

3C4-3FF F1-FF Reserved

BIOS, BASIC, and DOS Reserved Interrupts

The following is a list of reserved memory locations.
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Address

(Hex) Mode Function

400-48F | ROM BIOS [ See BIOS Listing

490-4EF Reserved for System Usage

500-5FF Communication Area for any
application

500 DOS Reserved for DOS and BASIC,
Print Screen Status Flag Store,
O-Print Screen Not Active or
Successful
Print Screen Operation,
1-Print Screen In Progress,
255-Error Encountered During
Print
Screen Operation,

504 DOS Single Drive Mode Status Byte

510-511 | BASIC BASIC’s segment Address Store

512-515 | BASIC Clock Interrupt Vector Segment:
Offset Store

516-519 | BASIC Break key Interrupt Vector
Segment: Offset Store

51A-51D | BASIC Disk Error Interrupt Vector
Segment: Offset Store

Reserved Memory Locations

The following is a list of the BASIC workspace

variables.

Other Memory Usage 5-15
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If you do DEF SEG (Default workspace Offset -

segment): (Hex) | Length
Line number of current line being executed 2E 2
Line number of last error 347 2
Offset into segment of start of program text 30 2
Offset into segment of start of variables 358 2
(end of program text 1-1)

Keyboard buffer contents 6A |

if 0-no characters in buffer

if 1-characters in buffer
Character color in graphics mode 4E 1

Set to 1, 2, or 3 to get text in colors

1to 3.

Do not set to 0.

(Default = 3)

Example

100 Print Peek (&H2E) + 256*Peek (& H2F)
) L H
(

100 hex 64 hex 00

BASIC Workspace Variables

The following shows the mapping of the BIOS memory
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Starting Address in Hex

00000

BIOS
Interrupt
Vectors

00400

BIOS
Data
Area

00500

User
Read/Write
Memory

A0000

Reserved
for Future
Video

B800O

Reserved
for Video

C0000

Reserved
for Future
170 ROM

D0000

Reserved
for
Cartridges

E0000

Reserved
for
Cartridges

FO000

BIOS/
Diagnostics/
Cassette and
BASIC
Program
Area

BIOS System Map

Other Memory Usage 5-17
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BIOS Programming Guidelines

The BIOS code is invoked through software interrupts.
The programmer should not 'hard code' BIOS
addresses into applications. The internal workings and
absolute addresses within BIOS are subject to change
without notice.

If an error is reported by the diskette code, you should
‘reset' the drive adapter and retry the operation. A
specified number of retries should be required on
diskette 'reads' to insure the problem is not due to
motor start-up.

When altering I/O-port bit-values, the programmer
should change only those bits which are necessary to
the current task. Upon completion, the programmer
should restore the original environment. Failure to
adhere to this practice may be incompatible with
present and future systems.

Adapter Cards with System-Accessible
ROM-Modules

The ROM BIOS provides a facility to integrate adapter
cards with on-board ROM-code into the system.
During the Power-On Self-Test (POST), interrupt
vectors are established for the BIOS calls. After the
default vectors are in place, a scan for additional ROM
modules takes place. At this point, a ROM routine on
the adapter card may gain control. The routine may
establish or intercept interrupt vectors to hook
themselves into the system.

The absolute addresses hex C0000 through hex DO000

are scanned in 2K-byte blocks in search of a valid
adapter card ROM. A valid ROM is defined as follows:
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Byte 0: hex 55
Byte 1: hex AA

Byte 2: length (multiple of 2K bytes) - A length
indicator representing the number of
512-byte blocks in the ROM
(length/512). A checksum is also done to
test the integrity of the ROM module.
Each byte in the defined ROM is summed
modulo hex 100. This sum must be 0 for
the module to be deemed valid.

When the POST identifies a valid ROM, it does a 'far
call' to byte 3 of the ROM (which should be
executable code). The adapter card may now perform
its power-on initialization-tasks. The feature ROM
should return control to the BIOS routines by executing
a '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 ASCIL."

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
Cordiess Keyboard.
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The following are charts of the scan codes for the IBM
PCjr Cordless Keyboard.

Make Break
Key Keyboard Code Code
Position Characters (Hex) (Hex)
1 ESC 1 81
2 1/! 2 82
3 2/0 3 83
4 3/# 4 84
5 4/% 5 85
6 5/% 6 86
7 6/2 7 87
8 7/& 8 88
9 8/* 9 89
10 9/( A 8A
11 0/) B 8B
12 -/ — C 8C
13 =/+ D 8D
14 BS<__ E 8E
15 FN 54 D4
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 t/T 14 94
22 y/Y 15 95
23 u/U 16 96
24 i/l 17 97
25 0/0 18 98 =
26 p/P 19 99 '5'
27 [/{ 1A 9A wn
28 1/} 1B 9B =
29 ENTER 1C 9C 7o
30 CTRL 1D 9D ®
31 a/A 1E 9E

Cordless Keyboard Maxtrix Scan Codes (Part 1 of 2)
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Make Break
Key Keyboard Code Code
Position Characters (Hex) (Hex)
32 s/S 1F 9F
33 d/D 20 A0
34 f/F 21 Al
35 g/G 22 A2
36 h/H 23 A3
37 j/J 24 A4
38 k/K 25 AS
39 1/L 26 A6
40 3/ 27 A7
41 | 28 A8
42 CUR.UP 48 C8
43 LF.SHIFT 2A AA
44 z|Z 2C AC
45 x/X 2D AD
46 c/C 2E AE
47 v/V 2F AF
48 b/B 30 BO
49 n/N 31 Bl
50 m/M 32 B2
51 < 33 B3
52 > 34 B4
53 /]? 35 BS
54 RT.SHIFT 36 B6
55 CUR.LF. 4B CB
56 CUR.RT. 4D CD
57 ALT. 38 B8
58 SP.BAR 39 B9
59 CAPS LOCK | 3A BA
60 INSERT 52 D2
61 DELETE 53 D3
62 CUR.DWN. 50 DO
Phantom-Key Scan Code 55

Cordless Keyboard Matrix Scan Codes (Part 2 of 2)
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The Cordless Keyboard is unique to the PCjr. Even
though it does not possess all 83 keys of the IBM
Personal Computer keyboard, it does have a way in

which you can cause all of the scan codes of the 83-key
keyboard. The following chart shows the mapping of

functions between both keyboards:

IBM Personal Computers
83-key Keyboard Function

IBM PCjr
Cordless Keyboard Mapping

F1-F10

Ctrl Break

Ctrl PrtSc (Echo Print)
Shift PrtSc (Print Screen)
Ctrl NumLock (Pause)
Scroll Lock

Numeric keypad region:
Num Lock (Number
keypad 1 through 10
becomes key scan codes.)
PgUp key

PgDn key
Home key
End key

Numeric keypad - sign
Numeric keypad + sign
\ key

> key

! key

~ key

* with PrtSc

Numeric keypad .

All 256 extended codes:
Alt + numeric value
from numeric keypad

Function key + 1-0 (F1-F10)
Function key + B (Break)
Function key + E (Echo)
Function key + P (PrtSc)
Function key + Q (Pause)
Function key + S (ScLock)

Alt + Function key + N (1
through 0 becomes numeric-key
scan-codes)

Function key + cursor left
(PgUp)

Function key + cursor right
(PgDn)

Function key + cursor up
(Home)

Function key + cursor down
(End)

Function key plus the - sign
Function key + = sign

Alt +/

Alt +~

Alt +[

Alt +]

Alt +.

Shift + Del

NumLock then Alt + numeric
value (1 through 0)

83-key-Keyboard Function to Cordless-Keyboard Mapping
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Character Codes

The following character codes are passed through the
BIOS KEYBOARD-routine to the system or
application program. A -1 means the combination is
suppressed in the KEYBOARD routine. The codes are
returned in AL. See Appendix C, ‘“Characters,
Keystrokes,and Color” for the exact codes.
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Key Base Upper
Number Case Case Ctrl Alt Fn
1 Esc Esc Esc -1 **
2 l | _l *’***** (Fl) *’***
3 2 d Nul (000) | *¥***x [ (F2) * #%*
4 3 # -1 sk ok (F3)
5 4 $ -1 e skokskokok (F4) * #%*x
6 5 % _l *’***** (F5) *’***
7 6 L RSO (030) | * ***** | (F6) * ***
8 7 & _l *,***** (F7) *,***
9 8 * _I *’***** (F8) *,***
lO 9 ( _1 *’***** (Fg) *’***
11 0 ) 1 e skokok ko (F10) * ***
12 — - UsS (031) | * *oxk
13 = + _l * ¥ k%
14 Backspace | Backspace | DEL (127) | -1 -1
(008) (008)
15 Fn -1 -1 -1 -1 -1
16 —>{ (009) ||<— * -1 -1 -1
17 q Q DCI (017) | * *E kkx
(Pause)
18 w w ETB (023) -1
19 e E ENQ (005) | * A R
(Echo)
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
Mapping Chart.”
**#% _ Uppercase for cursor keys can be selected by pressing left or
right shift or entering the Numlock state (Alt + Fn + N).
ok kokk _

When Alt is pressed and the keyboard is in the Numlock
state, the upper row of digits is used to enter ASCII codes
for generating any character from the extended ASCII

character set.

Cordless-Keyboard Character Codes (Part 1 of 4)
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Key Base | Upper

Number | Case | Case Ctrl Alt Fn

22 y Y EM (025) * -1

23 u U NAK (021) |* -1

24 1 1 HT (009) * -1

25 o o SI(015) * -1

26 p P DLE (016) | * Hok kEk

(PrtScreen)

27 [ { Esc (027) [(])*** |[-1

28 1 } GS (029) (=) *** | -1

29 CR CR | LF (010) -1 -1

30 Ctrl -1 -1 -1 -1 -1

31 a A SOH (001) | * -1

32 S S DC3 (019) | * Hok Hkk

(Scroll Lock)

33 d D EOT (004) | * -1

34 f F ACK (006) | * -1

35 g G BELL (007) | * -1

36 h H BS (008) * -1

37 ] J LF (010) * -1

38 k K VT (011) * -1

39 1 L FF (012) * -1

40 ; : -1 -1 -1

41 ’ ” -1 (‘) *** |

* - Refer to “Extended Codes” in this scction.

** . Refer to “Special Handling” in this section.

*#%  _ Refer to “83-Key Keyboard functions to Cordless
Keyboard Mapping Chart.”

**x% _ [Jppercase for cursor keys can be selected by pressing
left or right shift or entering the Numlock state (Alt +
Fn + N).

*kx%k* _ When Alt is pressed and the keyboard is in the
Numlock state, the upper row of digits is used to enter
ASCII codes for generating any character from the
extended ASCII character set.

Cordless-Keyboard Character Codes (Part 2 of 4)
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Key Base Upper Alt +

Number | Case Case Ctrl Alt Fn Ctrl

42 Cur.Up* 8 kokock ok _1 * **’***

(Home)

43 Left | -1 -1 -1 1 -1

Shift

44 z Z SUB (026) | * -1

45 X X CAN (024) | * -1

46 c C EXT (003) | * -1

47 \ \% SYN (022) | * -1

48 b B STX (002) | * *k Rk

(Break)

49 n N SO (014) | * #kx | skxk

50 m M CR (013) |* -1

51 , < -1 -1 -1

52 . > -1 ** [-1

53 / ? -1 \ -1

54 Right | -1 -1 -1 -1

Shift

55 Cur.L * 4 ok k * * **’*** kK
Reverse (PgUp)
Word

56 Cur‘R * 6 kK kok * * **’*** k3%
Advance (PgDn)
Word *ok

k%
kkk

Hkkk

dokkkok _

Refer to “Extended Codes” in this section.
Refer to “Special Handling” in this section.

efer to “83-Key Keyboard functions to Cordless
Keyboard Mapping Chart.”
Uppercase for cursor keys can be selected by pressing
left or right 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

ASCII codes for generating any character from the

extended ASCII character set.

Cordless-Keyboard Character Codes (Part 3 of 4)
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Key Base Upper Alt +

Number | Case Case Ctrl Alt Fn Ctrl

57 Alt -1 -1 -1 -1 -1

58 Space Space | Space | Space | Space

59 Caps | -1 -1 -1 -1 -1 **

Lock

60 Ins. 0 *#*xk | _] * -1 *

61 Del. * CEERE ] * -1 *x

62 Cur'Dn k 2 skkockk _l * **’***

End

* - Refer to “Extended Codes” in this section.

** - Refer to “Special Handling” in this section.

**¥*  _ Refer to “83-Key Keyboard functions to Cordless
Keyboard Mapping Chart.”

**** . Uppercase for cursor keys can be selected by pressing
left or right 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
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 used for certain functions that
cannot be represented in the standard ASCII code. A
character code of 000 (Nul) is returned in AL. This
indicates that the system or application program should
examine a second code that indicates the actual
function. This code is returned in AH. This is the same
for both the Cordless Keyboard and 83-key keyboard.
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Second Code Function

3 Null Character

15 ~—

16 through 25 AltQ, W, E,R, T,Y,U,[,O, P

30 through 38 Alt A,S,D,F,G,H,J, K, L

44 through 50 AltZ,X,C,V,B,N, M

59 through 68 Fn+1,2,3,4,5,6,7,8,9, 0 (Functions 1
through 10)

71 Home

72 Up Arrow

73 Page Up

75 4—0 (Cursor Left)

77 —a (Cursor Right)

79 End

80 Down Arrow

81 Page Down

82 Ins (Insert)

83 Del (Delete)

84 through 93 F11 through F20 (Upper Case F1

through F10)
94 through 103 F21 through F30 (Ctrl F1 through F10)
104 through 113 F31 through F40 (Alt F1 through F10)

114 Fn/E or Ctrl/Fn/P (Start/Stop Echo to
Printer)

115 Ctrl 4 (Reverse Word)

116 Ctrl —= (Advance Word)

117 Ctrl/End [Erase End of Line (EOL)]

118 Ctrl/PgDn [Erase to End of Screen (EOS)]

119 Ctrl/ Home (Clear Screen and Home)

120 through 131 Alt/1,2,3,4,5,6,7,8,9,0, -, = (Keys 2
through 13)

132 Ctrl/PgUp (Top 25 Lines of Text and
Home Cur.)

133 through 149 Reserved

150 through 190 | Reserved for Non-Keyboard Scan Codes
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Cordless Keyboard Extended Functions

Shift States

Most shift states are handled within the KEYBOARD
routine, transparent to the system or application
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program. The current set of active shift states is
available by 'calling’ an entry point in the ROM
KEYBOARD-routine. The following keys result in
altered shift-states:

Shift

This key temporarily shifts keys 2 thru 13, 16 thru 28,
31 thru 41, and 44 thru 53 to upper case (base case if
in Caps Lock state). The Shift key temporarily reverses
the 'Num Lock' or '‘non-Num-Lock' state of keys 42,
55, 56, and 60 thru 62.

Cul

This key temporarily shifts keys 3, 7, 12, 14, 16 thru
28, 30 thru 38, 42, 44 thru 50, 55, and 56 to the Ctrl
state. The Ctrl key is used with the Alt and Del keys to
cause the 'System Reset' function, with the Scroll
Lock key to cause the 'Break' function, with the Num
Lock key to cause the 'Pause’ function, with the Alt
and Cursor Left or Right for 'screen adjustment’, with
Alt and Ins to 'activate diagnostics', and with Alt and
CapsLock to 'activate keyboard clicking'. These
functions are described in “Special Handling” on the
following pages.

Alt

The Alt key temporarily shifts keys 2 thru 13, 17 thru
26, 31 thru 39, and 44 thru 50 to the 'Alternate state'.
The Alt key is used with the Ctrl and Del keys to cause
the 'System Reset' function described in “Special
Handling” on the following pages. The Alt key is also
used with keys 27, 28, 41, and 53 to produce the
characters under the key.
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The Alt 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 'Num Lock' state (concurrently press,
first Alt then Fn + 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. If
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. Alt is handled internal to the KEYBOARD
routine.

Caps Lock

This key shifts keys 17 thru 25, 31 thru 39, and 44 thru
50 to 'upper case'. 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. Altkey
b. Ctrl key
c. Shift key

2. Interrupt Hex 9
a. Ctl
b. Alt
c. Shift
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Of the three keys listed, only Alt and Ctrl are a valid
combination. If any other combination of the three
keys is used, only the key with the higher priority is
recognized by the system.

Special Handling
System Reset

The combination of the Alt, Ctrl, and Del keys causes
the KEYBOARD routine to initiate the equivalent of a
'System Reset'.

Break

The combination of the Fn and B keys results in the
KEYBOARD routine signaling Interrupt Hex 1A. The
extended characters (AL = hex 00, AH = hex 00) are
returned.

Pause

The combination of the Fn and Q keys causes the
KEYBOARD-interrupt routine to loop, waiting for any
key to be pressed. This provides a system or
application-transparent method of temporarily
suspending an operation such as list or print and then
resuming the operation by pressing any other key. The
key pressed to exit the 'Pause' mode is unused
otherwise.

Print Screen

The combination of the Fn and P keys results in an
interrupt, invoking the PRINT SCREEN routine. This
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routine works in the alphanumeric or graphics mode,
with unrecognizable characters printing as blanks.

Scroll Lock

The combination of the Fn and S key is interpreted by
appropriate application programs to indicate that the
cursor-control keys should cause 'windowing' over the
text rather than cursor movement. Pressing the 'Scroll
Lock' combination a second time reverses the action.
The KEYBOARD routine simply records the current
shift state of 'Scroll Lock'. It is the responsibility of
the system or application program to perform the
function.

Functions 1 thru 10

The combination of the Fn key (15) and one of keys 2
thru 11 results in the corresponding 'Function' with
key 2 being 'F1' up to key 11 being 'F10°.

Function Lock

Concurrently pressing first the Fn key and Shift key,
and then pressing the Esc key causes keys 2 thru 11 to
shift to their 'Function' states and remain there until
the same combination is pressed again.

Screen Adjustment
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The combination of the Alt key, Ctrl key, and either the
Left or Right cursor movement key causes the screen to
shift one character in the corresponding direction, up to
a maximum of four.
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Enable/Disable Keyboard Click

The combination of the Alt, Ctrl, and Caps Lock keys
causes the keyboard audio feedback (click) to shift
between 'on' and 'off'. The Power-On default is
'off".

Run Diagnostics

The combination of the Alt, Ctrl, and Ins keys causes
the system diagnostics stored in ROM to be initiated.

Phantom-Key Scan-Code (Hex 55)

The Phantom-Key scan-code is generated by the
keyboard when an invalid combination of three or more
keys is pressed. The keys pressed that caused the
Phantom-Key scan-code are not put into the keyboard
buffer, and are ignored by the keyboard
microprocessor. The Phantom-Key scan-code is
transmitted to BIOS where it is ignored.

Other Characteristics

The keyboard buffer is large enough to support a fast
typist. If a key is pressed when the buffer is full, the
character generated is ignored and the 'bell’ is
sounded. A larger buffer can be specified by modifying
words at labels 'Buffer-Start' (hex 480) and
'Buffer-End' (hex 482) to point to another offset
within segment hex 40.

The KEYBOARD routine suppresses the typematic

action of the following keys: Ctrl, Shift, Alt, Caps
Lock, Insert, and Function.
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Function

Key
Combinations

Description

System Reset

Break

Pause

Print Screen

Function Lock

Screen
Adjustment

Keyboard Click

Run Diagnostics

Keyboard
Adventure
Game

Cassette
Autoload

Alt + Ctrl + Del

Fn+B
Fn+Q

Fn+P

Fn and Shift
then Esc (Held)
concurrently)

Alt + Ctrl +
cursor right or
cursor left

Alt + Ctrl +
CapsLock
Alt + Ctrl + Ins

Esc

Ctrl + Esc

Unconditional system
reset

Breaks program execution

Resumable pause in
program execution

Locks the number keys as
Function keys (F1-F10)
and B, Q, P, E, S, and the
cursor control keys to
their function states

Allows the user to adjust
the display’s image left or
right

Enables or disables the
keyboard audio feedback
click

Initiates system ROM
diagnostics

If the first key pressed
after the system comes up
in Cassette BASIC is Esc
(key #1) then the
Keyboard Adventure
Game will be activated.

If this is the first key
sequence after the system
comes up in Cassette
BASIC then the screen
will display ‘Load
“CASI1:”,R followed by a
Carriage Return. This
allows a cassette program
to be automatically
loaded.

Cordless Keyboard Special Handling
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Keyboard Usage

“Keyboard Usage” is a set of guidelines of key-usage
when performing commonly-used functions.

place cursor at end
of line

Function Keys Comment
Home Cursor Fn Home Editors; word processors
Return to Fn Home Menu driven applications
outermost menu
Move cursor up Up Arrow Full screen editor, word

processor

Page up, scroll Fn PgUp Editors; word processors
backwards 25 lines
Move cursor left _-— Text, command entry
Move cursor right — Text, command entry
Scroll to end of text | Fn End Editors; word processors

Move cursor down

Down Arrow

Full screen editor, word
processor

text at cursor, shift
text right in buffer

Page down, scroll Fn PgDn Editors; word processors
forwards 25 lines

and home

Start/Stop insert Ins Text, command entry

Keyboard - Commonly Used Functions (Part 1 of 3)
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Function Keys Comment
Delete character at Del Text, command entry
cursor
Destructive 4—— Key 14 | Text, command entry
backspace
Tab forward —_— Text entry
Tab reverse ~— Text entry
Clear screen and Ctrl Fn
home Home
Scroll up Up Arrow In scroll lock mode

Scroll down

Down Arrow

In scroll lock mode

Scroll left _ In scroll lock mode

Scroll right —_— In scroll lock mode

Delete from cursor Ctrl Fn Text, command entry

to EOL (end of line) | End

Exit/Escape Esc Editor, 1 level of menu
and so on

Start/Stop Echo Fn PrtSc Any time

screen to printer

Delete from cursor | Ctrl Fn Text, command entry

to EOS (end of PgDn

screen)

Advance word Ctr] — Text entry

Reverse word Ctrl &a— Text entry

Window Right Ctr]l =—a When text is too wide to

fit the screen

Keyboard - Commonly Used Functions (Part 2 of 3)
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Function Keys Comment
Window Left Ctrl e When text is too wide to
fit the screen
Enter insert mode | Ins Line Editor
Exit insert mode Ins Line Editor
Cancel current Esc Command entry, text
line entry
Suspend system Ctrl Fn Stop list, stop program,
(Pause) Pause and so on.
Resumes on any key.

Break interrupt Fn Break Interrupt current process
System reset Alt Ctrl Del | Reboot
Top of document Ctrl Fn Editors, word processors
and home cursor PgUp
Standard function | Shift Fn/Fl [ Primary function keys
keys through

Fn/F10
Secondary Shift FI-F10 | Extra function keys if 10
function keys Ctrl FI-F10 | are not sufficient.

Alt F1-F10
Extra function Alt keys Line Editor
keys 2 through 13

(1 through

9,0)

(_’ :)
Extra function Alt A Used when function starts
keys through Z with the same letter as one

of the alpha keys.

Keyboard - Commonly Used Functions (Part 3 of 3)
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Function

Key

Carriage return
Line feed

Bell

Home

Cursor up

Cursor down
Cursor left
Cursor right
Advance one word
Reverse one word
Insert

Delete

Clear screen
Freeze output
Tab advance

Delete current line
Delete to end of line

Stop Execution (break)

Position cursor to end of line

al (Enter)
Ctrl <l (Enter)
Ctrl G

Fn Home

Up Arrow
Down Arrow
P

—

Ctr]l e
Ctr] e——m
Ins

Del

Ctrl Fn Home
Fn Pause
—_—

Fn Break

Esc

Ctrl Fn End
Fn End

BASIC Screen Editor Special Functions
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Function Key
Suspend Fn Pause
Echo to printer Fn Echo
Stop echo to printer Fn Echo
Exit current function (break) Fn Break
Backspace. 4— Key 14
Line feed Ctrl ad (Enter)
Cancel line Esc
Copy character Fn Fl or —>
Copy until match Fn F2
Copy remaining Fn F3
Skip character Del
Skip until match Fn F4
Enter insert mode Ins
Exit insert mode Ins
Make new line the template Fn F5
String separator in REPLACE Fn F6
End of file in keyboard input Fn Fé6

DOS Special Functions

Non-Keyboard Scan-code Architecture

The architecture of the IBM PCjr BIOS is designed to
also receive scan codes above those generated by the
keyboard to accommodate any future device.

The keyboard generates scan codes from hex 1 to 55
and FF. Any scan codes above hex 55 (56 thru 7E for
'make' codes and D6 thru FE for 'break’' codes) are
processed by BIOS in the following manner:

1. If the incoming 'make' scan code falls within the
range of the translate table, whose address is
pointed to by BIOS Interrupt Hex 49, it is translated
into the corresponding scan code. Any incoming
'break’' codes above hex D5 are ignored.
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2. If the new translated scan code is less than hex 56,
it is processed by BIOS as a keyboard scan-code
and the same data is placed in the BIOS keyboard
buffer.

3. If the translated scan-code is greater than hex 55 or
the incoming scan-code is outside the range of the
translate table, hex 40 is added, creating a new
extended-scan-code. The new extended-scan-code
is then placed in the BIOS keyboard buffer with the
character code of 00(null). This utilizes the range
hex 96 thru BE for scan codes hex 56 thru 7E
respectively.

The default translate-table maps scan codes hex 56 thru
6A to existing keyboard-values. Scan codes hex 6B
thru BE are mapped (by adding hex 40) to extended
codes of hex AB thru FE, since these are out side the
range of the default translate-table.

Users can modify Interrupt Hex 49 to address their own
translate table if mapping differences are desired.

The translate table format is:
Description

0 Length - The number of non-keyboard
scan-codes that are mapped within the table
(from 1 to n).

1ton Word with low-order byte representing the
scan-code-mapped values relative to the input
values in the range of hex 56 thru 7E.
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—8&-Bits

Length =1 ton

High Byte - 0 (NUL)

Low Byte - Scan Code

High Byte - 0 (NUL)

Low Byte - Scan Code

High Byte - 0 (NUL)

Low Byte - Scan Code

High Byte - 0 (NUL)

Low Byte - Scan Code

Translate Table Format

With this architecture, all keyboard scan-codes can be
intercepted thru Interrupt Hex 9 and all non-keyboard
scan-codes can be intercepted thru Interrupt Hex 48.

The following is a chart showing the default values of

the translate table in BIOS.
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Length = 20 mapped values
Input Mapped Keyboard
Scan Code Value Character
86 72 (cursor up)
87 73 PgUp
88 77 (cursor right)
89 81 PgDn
90 80 (cursor down)
91 79 End
92 75 (cursor left)
93 71 Home
94 57 Space
95 28 Enter
96 17 W
97 18 E
98 31 S
99 45 X
100 44 Z
101 43 \
102 30 A
103 16 Q
104 15 Tab
105 1 Esc

Translate Table Default Values

Scan Codes

(Hex) Type of Scan Code 7
1-55 Normal Keyboard Scan Code (Make) g
56 - 7E Non-Keyboard Scan Code (Make) g
81 - D5 Normal Keyboard Scan Code (Break) -

D6 - FE Non-Keyboard Scan Code (Break)

FF Keyboard Buffer Full

Scan-Code Map
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BIOS Cassette Logic

Software Algorithms - Interrupt Hex 15

The CASSETTE routine is called by the request type in
AH. The address of the bytes to be 'read' from or
'written' to the tape is specified by DS:BX and the
number of bytes to be 'read’ or 'written' is specified
by CX. The actual number of bytes 'read' is returned
in DX. The read block and write block automatically
turn the cassette motor on at the start and off at the
end. The request types in AH and the cassette status
descriptions follow:

Request

Type Function

AH=0 Turn Cassette Motor On

AH =1 Turn Cassette Motor Off

AH =2 Read Tape Block
Read CX bytes into memory starting at
Address DS:BX
Return actual number of bytes read in DX
Return Cassette Status in AH

AH =3 Write Tape Block
Write CX bytes onto cassette starting at
Address DS:BX
Return Cassette Status in AH

AH Request Types

ages() SOIH
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Cassette

Status Description

AH =00 No Errors

AH =01 Cyclic Redundancy Check (CRC) Error in
Read Block

AH =02 No Data Transitions

AH =04 No Leader

AH =80 Invalid Command

Note: The carry flag will be set on any error.

AH Cassette Status

Cassette Write

The WRITE-BLOCK routine 'writes' a tape block
onto the cassette tape. The tape block is described in
“Data Record Architecture” later in this section.

The WRITE-BLOCK routine 'turns on' the cassette
drive motor and 'writes' the leader (256 bytes of all

1’s) to the tape, 'writes' a synchronization bit (0), and
then 'writes' a synchronization byte (ASCII character
hex 16). Next, the routine 'writes' the number of data
bytes specified by CX. After each data block of 256
bytes, a 2-byte cyclic redundancy check (CRC) is
'written'. The data bytes are taken from the memory
location 'pointed' at by DS:BX.

The WRITE-BLOCK routine 'disassembles' and
'writes' the byte a bit-at-a-time to the cassette. The
method used is to *set' Timer 2 to the period of the
desired data bit. The timer is 'set' to a period of 1.0
millisecond for a 1 bit and 0.5 millisecond for a 0 bit.
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The timer is 'set' 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 the fly for
each data byte 'written' to the cassette. If the number
of data bytes to be 'written' is not an integral multiple
of 256, then, after the last desired data byte from
memory has been 'written', the data block is extended
to 256 bytes of writing multiples of the last data byte.
The last block is closed with two CRC bytes as usual.
After the last data-block, a trailer consisting of four
bytes of all 1 bits is 'written'. Finally, the cassette
motor is 'turned off', if there are no errors reported by
the routine. All 8259 interrupts are 'disabled' during
cassette-write operations.

|<— 250 us —>
, Zero Bit

l¢——————500 us ———

- |‘One Bit

- 1000 us Ll

Cassette-Write Timing Chart

Cassette Read

The READ-BLOCK routine 'turns on' the cassette
drive motor and then delays for approximately 0.5
second to allow the motor to come up to speed.

ades() SOIA

The READ-BLOCK routine then searches for the
leader and must detect all 1 bits for approximately 1/4
of the leader length before it can look for the sync (0)
bit. After the sync bit is detected, the sync byte
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(ASCII character hex 16) is ‘read'. If the sync byte is
'read' correctly, the data portion can be 'read'. If a
correct sync byte is not found, the routine goes back
and searches for the leader again. The data is 'read’ a
bit-at-a-time and 'assembled' into bytes. After each
byte is 'assembled ', it is 'written' into memory at
location DS:BX and BX is incremented by 1.

After each multiple of 256 data bytes is 'read’, the
CRC is 'read' and 'compared’ to the CRC generated.
If a CRC error is detected, the routine exits with the
carry flag 'set' to indicate an error and the status of
AH 'set' to hex 01. DX contains the number of bytes
‘written' into memory.

All 8259 interrupts are 'disabled’ during the
cassette-'read' operations.

Data Record Architecture

The WRITE-BLOCK routine uses the following format
to record a tape block onto a cassette tape:

(CASSETTE TAPE BLOCK)

Leader | Sync | Sync | Data | CRC| Data | CRC
Bit Byte | Block Block

Motor Motor
On Off

Cassette Write-Block Format
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Component Description

Leader 256 Bytes (of All 1’s)

Sync Bit One 0 bit

Sync Byte ASCII Character hex 16
Data Blocks 256 Bytes in Length

CRC 2 Bytes for each Data Block

Data Record Components

Error Detection

Error detection is handled through software. A CRC is
used to detect errors. The polynomial used is G(X) =
X16 4+ X12 + X5 + 1, which is the polynomial used by
the synchronous data link control interface.
Essentially, as bits are 'written' to or 'read' from the
cassette tape they are passed through the CRC register
in software. After a block of data is 'written', the
complemented value of the calculated CRC register is
'written' on the tape. Upon reading the cassette data,
the CRC bytes are 'read' and 'compared’ to the
generated CRC value. If the read CRC does not equal
the generated CRC, the processor’s carry flag is 'set'
and the status of AH is 'set' to hex 01, which indicates
a CRC error has occurred. Also, the routine is exited
on a CRC error.
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HeatOutput: ....................... D-6

Power Cable: ....................... D-6
Signal Cable: ....................... D-6
Electrical: ............. ... ... ....... D-6
InternalModem ........................ D-7
Power: .......... ... ... ..., D-7
Interface .......................... D-7
Compact Printer ..................... .. D-8
SIZ€ ot e e D-8
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0060
0038
0007
0061
0062
0063
0089
0020
0021
0020
0040
0043
0040
0061
030A
00A0
0080
03DF
0060
4000
= 2000

00F2
0080

[IN]

0020
0040
0001

wnn

= 00F4
0020
0040
0080
= OOFS

<CAVEAT EMPTOR>:

THE  BIOS ROUTINES ARE MEANT TO BE ACCESSED THROUGH
SOFTWARE INTERRUPTS ONLY.

NOT FOR REFERENCE.

ANY

ADDRESSES PRESENT IN

APPLICATIONS WHICH REFERENCE

ABSOLUTE ADDRESSES WITHIN THIS CODE VIOLATE THE
STRUCTURE AND DESIGN OF BIOS

H
i
; THE LISTINGS ARE INCLUDED ONLY FOR COMPLETENESS,
i
i
i

EQUATES
PORT_A EQu 60H ; 8255 PORT A ADDR
CPUREG EQU 38H ; MASK FOR CPU REG BITS
CRTREG EQU 7 ; MASK FOR CRT REG BITS
PORT_B EQU 61H ; 8255 PORT B ADDR
PORT_C EQU 62H ; 8255 PORT C ADDR
CMD_PORT EQU 63H
MODE_8255 EQU 100010018
INTAOO EQU 20H ; 8259 PORT
INTAOL EQU 21H ; 8259 PORT
EOI EQU 20H
TIMER EQU 40H
TIM_CTL EQU 43H ; 8253 .TIMER CONTROL PORT ADDR
TIMERO EQU 40H ; 8253 TIMER/CNTER O PORT ADDR
KB_CTL EQU 61H ; CONTROL BITS FOR KEYBOARD
VGA_CTL EQU 3DAH ; VIDEO GATE ARRAY CONTROL PORT
NMI_PORT EQU 0AOH ; NMI CONTROL PORT
PORT_BO EQU OBOH
PAGREG EQU O3DFH ; CRT/CPU PAGE REGISTER
KBPORT EQU 060H ; KEYBOARD PORT
DIAG_TABLE_PTR EQU 4000H
MINI EQU 2000H

B

DISKETTE EQUATES

CONTROL PORT FOR THE DISKETTE
RESETS THE NEC (FLOPPY DISK
CONTROLLER). O RESETS,

1 RELEASES THE RESET

ENABLES WATCH DOG TIMER IN NEC
STROBES WATCHDOG TIMER

SELECTS AND ENABLES DRIVE

STATUS REGISTER FOR THE NEC

BIT = 0 AT END OF EXECUTION PHASE
INDICATES DIRECTION OF TRANSFER
REQUEST FOR MASTER

PORT FOR THE NEC

POINTER TO VIDEO PARMS

ENTRY POINT FOR CASSETTE BASIC
INTERRUPT 1EH

LOCATION OF POINTER
POINTER TO EXTENSION

POINTER TO DOT PATTERNS

POINTER TO 62 KEY KEYBOARD CODE

POINTER TO EXT. SCAN TABLE

ABSOLUTE LOCATION OF DATA SEGMENT

i
NEC_CTL EQU OF2H ;
FDC_RESET EQU 80H ;
WD_ENABLE EQu 20H i
WD_STROBE EQU 40H ;
DRTVE_ENABLE EQU O1H N
NEC_STAT EQU OF4H ;
BUSY_BIT EQU 20H i
DI0O EQU 40H i
RGM EQU 80H ;
NEC_DATA EQU OFSH ; DATA
; 8088 INTERRUPT LOCATIONS
i
ABSO  SEGMENT AT 0
ORG 2%4
NMI_PTR LABEL WORD
ORG 34
INT3_PTR LABEL  WORD
ORG s%4
INTS_PTR LABEL  WORD
ORG axa
INT_PTR LABEL  DWORD
RG 10H%4
VIDEO_INT LABEL  WORD
ORG 1CH® 4
INT1C_PTR LABEL  WORD
ORG 1DH*4
PARM_PTR LABEL  DWORD
O0RG 18H*4
BASIC_PTR LABEL  WORD ;
ORG O1EH®4 ;
DISK_POINTER LABEL DWORD
ORG O1FH*4 ;
EXT_PTR LABEL  DWORD ;
ORG 044K 4
CSET_PTR LABEL  DWORD ;
ORG 048H*4
KEV62_PTR LABEL  WORD i
ORG 049H#4
EXST LABEL WORD A
ORG 081H*4
INTBL  LABEL  WORD
ORG 082H* 4
INT82  LABEL  WORD
ORG 089H*4
INT89  LABEL  WORD
ORG 400H
DATA_AREA LABEL  BYTE ;
DATA_WORD LABEL WORD
ORG 7CO0H
BOOT_LOCN LABEL  FAR

ABSO ENDS

ROM BIOS A-3
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0000
0000

0100
0100

0000
0000

0008

0010
0012
0013
0015

0017 7?7?
0040
0020
0008
0004
0002
0001

018
0080
0040
0020
0010
0008
0004

[T - T

o

0002

0019 ??
001A
001C
001E

0045
0046
0038
001D
003A
002A
0036
0052
0053

[T T T T T TR T )

003E 7?7

003F

??

0040 7?7

0020
012¢C

0o

00AF

0003
0019
0004

80 C
??7?7

o4 C
7?2?77

04 C
27?7

2?7?77

?2227?
??7?

22?7
?77?

2?7?77

??

ROM BIOS

: STACK -- USED DURING INITIALIZATION ONLY

’
STACK

ADDRESSES OF RS232 ADAPTERS

ADDRESSES OF PRINTERS

INSTALLED HARDWARE
COUNT OF KEYBOARD TRANSMIT ERRORS

‘USABLE MEMORY SIZE IN K BYTES

SEGMENT AT 300

128 DUP(?)
108 LABEL  WORD
STACK  ENDS
: ROM B10S DATA AREAS
DATA  SEGMENT AT 40H
RS232_BASE oW 4 ouP(?)
PRINTER_BASE  DW 4 DUP(?)
EQUIF_FLAG oW 2 ;
KBD_ERR 08 2 :
MEMORY_S1ZE ow 2 :
TRUE_MEM oW 2 :

REAL MEMORY SIZE IN K BYTES

KEYBOARD DATA AREAS

. SCAN

CAPS LOCK STATE HAS BEEN TOGGLED
NUM LOCK STATE HAS BEEN TOGGLED
ALTERNATE SHIFT KEY DEPRESSED
CONTROL SHIFT KEY DEPRESSED

LEFT SHIFT KEY DEPRESSED

RIGHT SHIFT KEY DEPRESSED

SECOND BYTE OF KEYBOARD STATUS
INSERT KEY 1S DEPRESSED

CAPS .LOCK KEY 1S DEPRESSED

NUM LOCK KEY IS DEPRESSED

SCROLL LOCK KEY 1S DEPRESSED
SUSPEND KEY HAS BEEN TOGGLED
INDICATES THAT AUDIO FEEDBACK IS
ENABLED

OCURRNCE OF ALT-CTRL-CAPSLOCK HAS
OCCURED

STORAGE FOR ALTERNATE KEYPAD
ENTRY

POINTER TO HEAD OF KEYBOARD BUFF
POINTER TO TAIL OF KEYBOARD BUFF
; ROOM FOR 15 ENTRIES

lNDlCATES THAT THE BUFFER 1S EMPTY
K

'CAN CODE FOR NUMBER LOCK
SCROLL LOCK KEY

SHIFT KEY SCAN CODE
FOR CONTROL KEY
FOR SHIFT LOCK

FOR LEFT SHIFT

FOR RIGHT SHIFT
FOR INSERT KEY

FOR DELETE KEY

ALTERNATE
CODE
CODE
CODE
CODE
CODE
CODE

SCAN
SCAN
SCAN

SCAN
SCAN

KB_FLAG o8 ?
; SHIFT FLAG EQUATES WITHIN KB_FLAG
aps _STATE EQU i
NUM_STATE EQU 20H ;
ALT_SHIFT EQU 08H i
CTL_SHIFT EQu 04H ;
LEFT_SHIFT EQU 02H i
RIGHT_SHIFT EQU O1H i
KB_FLAG_1 0B ? i
INS_SHIFT EQU 80H i
CAPS_SHIFT EQU 40H H
NUM_SHIFT EQU 20H ;
SCROLL_SHIFT EQU 10H i
HOLD_STATE EQU 08H i
CLICK_ON EQU 0aH ;
i
CLICK_SEQUENCE EQU 02H i
ALT_INPUT -3 ? ;
i
BUFFER_HEAD oW ? ;
BUFFER_TAIL bW ? i
KB_BUFFER oW 16 DUP(?)
jmm———— HEAD = TAIL
NUM_KEY EQU ;
SCROLL_KEY EQU 7o i
ALT_KEV EQu 56 i
CTL_KEY EQU 29 i
CAPS_KEY EQU 58 ;
LEFT_KEY EQU a2 P
RIGHT_KEY EQU 54 ;
INS_KEY EQU 82 i
DEL_KEY EQU 83 ;

i DISKETTE DATA AREAS

SEEK_STATUS

e 2 ;
N
MOTOR_STATUS DB ? H
MOTOR_COUNT o8 2 :
H
MOTOR_WAIT EQu a7 ;
DISKETTE_STATUS DB 2 :
TIME_OUT £Qu 80H ;
BAD_SEEK Eau 40H :
BAD_NEC EQu 20H :
BAD_CRC £qu 10H :
DMAZBOUNDARY  EQU o9H :
H
BAD_DMA EQu 08H :
RECORD_NOT_FND EQU 04H :
WRITE_PROTECT  EQU 03H :
BAD_ADDR_MARK  EQU o2 :
BAD_CMD EQu O1H :
NEC_STATUS 0B 7 DUP(?)
SEEK_END EQu 20K
THRESHOLD EQU 300 ;
PARMO EQu OAFH
H
PARM 1 EQu 3 :
PARMS EQu 25 :
PARM 10 EQu a :

DRIVE RECALIBRATION STATUS

BIT 0 = DRIVE NEEDS RECAL BEFORE
NEXT SEEK IF BIT IS = 0

MOTOR STATUS

BIT O = DRIVE O IS CURRENTLY
RUNNING

TIME OUT COUNTER FOR DRIVE

TURN OFF

2 SECS OF COUNTS FOR MOTOR

TURN OFF

RETURN CODE STATUS BYTE

ATTACHMENT FAILED TO RESPOND

SEEK OPERATION FAILED

NEC CONTROLLER HAS FAILED

BAD CRC ON DISKETTE READ

ATTEMPT TO DMA ACROSS 64K

BOUNDARY

DMA OVERRUN ON OPERATION

REQUESTED SECTOR NOT FOUND

WRITE ATTEMPTED ON WRITE

PROTECTED DISK

ADDRESS MARK NOT FOUND

BAD COMMAND GIVEN TO DISKETTE 1/0
STATUS BYTES FROM NEC

NUMBER OF TIMER-0 TICKS TILL
ENABLE

PARAMETER
TABLE

PARAMETER
PARAMETER
PARAMETER

0 IN THE DISK_PARM

Q-



P

; VIDEO DISPLAY DATA AREA

0049 77 CRT_MODE o8

? ; CURRENT CRT MODE
CRT_COLS bW ? ; NUMBER OF COLUMNS ON SCREEN
CRT_LEN oW ? ; LENGTH OF REGEN IN BYTES
CRT_START bW ? ; STARTING ADDRESS IN REGEN BUFFER
0050 08 [ CURSOR_POSN oW 8 DUP(?) ; CURSOR FOR EACH OF UP TO 8 PAGES
??7?7?
b]
0060 1?7?77 CURSOR_MODE bW ? ; CURRENT CURSOR MODE SETTING
0062 ?? ACTIVE_PAGE []:} ? ; CURRENT PAGE BEING DISPLAYED
0063 1?7727 ADDR_6845 oW ? ; BASE ADDRESS FOR ACTIVE DISPLAY
; CARD
0065 7?7 CRT_MODE_SET DB ? : CURRENT SETTING OF THE
; CRT MODE REGISTER
; CURRENT PALETTE MASK SETTING

0066 7?7 CRT_PALLETTE DB ?

B CASSETTE DATA AREA

INDICATOR

i
0067 7777 EDGE_CNT ow > ; TIME COUNT AT DATA EDGE
0069 CRC_REG ow 2 . CRC REGISTER
0068 LAST_vaL 0B 2 . LAST INPUT VALUE
; TIMER DATA AREA
006C 2777 TIMER_LOW bW > ; LOW WORD OF TIMER COUNT
006E 2777 TIMER_HIGH oW 2 ; HIGH WORD OF TIMER COUNT
0070 22 TIMER_OFL o8 2 . TIMER HAS ROLLED OVER SINCE LAST
i READ
: SYSTEM DATA AREA
0071 27 BI0S_BREAK o8 2 ; BIT 7=1 IF BREAK KEY HAS BEEN HIT
0072 7772 RESET_FLAG oW 2 . WORD=1234H IF KEVBOARD RESET
. UNDERWAY
; EXTRA DISKETTE DATA AREAS
0074 77 TRACKO 0B 2
0075 77 TRACK1 o8 2
0076 2?72 TRACK2 08 ?
0077 27 o8 2
; PRINTER AND R§232 TIME-OUT VARIABLES
0078 oat PRINT_TIM_OUT DB 4 DuP(?)
22
3
o07¢C 04t RS232_TIM_OUT DB 4 DUP(?)
22
3
; ADDITIONAL KEVBOARD DATA AREA
0080 BUFFER_START  DW 2
0082 BUFFER_END oW 2
0084 INTR_FLAG o8 2 ; FLAG TO INDICATE AN INTERRUPT
HAPPENED
! 62 KEV KEYBOARD DATA AREA
o0ss 7?2 CUR_CHAR 0B > ; CURRENT CHARACTER FOR TYPAMATIC
0086 77 - VARLDELAY 0B 2 . DETERMINES WHEN INITIAL DELAY IS
i OVER
= 000F DELAY_RATE Equ OFH . INCREASES INITIAL DELAY
0087 77 CUR_FUNC o8 2 . CURRENT FUNCTION
0088 27 KB_FLAG_2 08 2 ! 3RD BYTE OF KEYBOARD FLAGS
= 0004 RANGE £Qu a . NUMBER OF POSITIONS TO SHIFT
. DISPLAY
. BIT ASSIGNMETS FOR KB_FLAG_2
= 0080 FN_FLAG EQu 80H
= 0040 FN_BREAK EQU 40H
= 0020 FN_PENDING EQu 20H
= 0010 FN_LOCK EQU 10H
= 0008 TYPE_OFF £Qu o8H
= 0004 HALF_RATE EQU 04H
= 0002 INIT_DELAY EQU o2H
= 0001 PUTCHAR EQu o1H
0089 27 HORZ_POS o8 B ; CURRENT VALUE OF HORIZONTAL
. START PARM
00sA 27 PAGDAT o8 2 ! IMAGE OF DATA WRITTEN TO PAGREG
008B DATA  ENDS
: EXTRA DATA AREA
0000 XXDATA SEGMENT AT SOH
0000 27 STATUS_BYTE o8 2
; THE FOLLOWING AREA 1S USED ONLY DURING DIAGNOSTICS
. (POST AND ROM'RESIDENT)
0001 77 DCP_MENU_PAGE DB 2 ; TO CURRENT PAGE FOR DIAG. MENU
0002 7777 DCP_ROW_COL ow 2 . CURRENT ROW/COLUMN COORD INATES
! FOR DIAG MENU
0004 27 WRAP_FLAG o8 2 . INTERNAL/EXTERNAL 8250 WRAP
i
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0005 7?72 MFG_TST [1:3 ? ; INITIALIZATION FLAG

0006 7777 MEM_TOT ow 2 ; WORD EQUIV. TO HIGHEST SEGMENT IN
; MEMORY

0008 7?7?77 MEM_DONES 1) ? ; CURRENT SEGMENT VALUE FOR
; BACKGROUND MEM TEST

000A 7777 MEM_DONEO ow 2 ; CURRENT OFFSET VALUE FOR
; BACKGROUND MEM TEST

000C 7777 INT1CO ow 2 ; SAVE AREA FOR INTERRUPT 1C
; ROUTINE

000E 27772 INT1CS [ 1] ?

0010 27 MENU_UP 0B ? ; FLAG TO INDICATE WHETHER MENU IS
; ON SCREEN (FF=VES, O=NO)

0011 77 DONE 128 bB 4 ; COUNTER TO KEEP TRACK OF 128 BYTE
; BLOCKS TESTED BY BGMEM

0012 7777 KBDONE bW 2 ; TOTAL K OF MEMORY THAT HAS BEEN
i

TESTED BY BACKGROUND MEM TEST

H POST DATA AREA

0014 7?7727 iO_ROH_lNIT oW ? ; POINTR TO OPTIONAL /0 ROM INIT

i
; ROUTINE

0016 1?7?77 10_ROM_SEG oW ? ; POINTER TO 10 ROM SEGMENT

0018 7?7 POST_ERR DB ? ; FLAG TO INDICATE ERROR OCCURRED
; DURING POST

0019 09 C MODEM_BUFFER 0B 9 DUP(?) ; MODEM RESPONSE BUFFER

27

(MAX 9 CHARS)

0022 MFG_RTN ow 2 i POINTER TO MFG. OUTPUT ROUTINE
0024 oW H
: SERIAL PRINTER DATA
0026 7777 SP_FLAG oW 2
0028 72 SP_CHAR 08 2

THE FOLLOWING SIX ENTRIES ARE
DATA PERTAINING TO NEW STICK

0029 ?77? NEW_STICK_DATA DW ? ; RIGHT STICK DELAY
?7? oW ? ; RIGHT BUTTON A DELAY
oW ? ; RIGHT BUTTON B DELAY
1) ? ; LEFT STICK DELAY.
oW ? ; LEFT BUTTON A DELAY
oW ? ; LEFT BUTTON B DELAY
oW ? ; RIGHT STICK LOCATION
oW ? ; UNUSED
oW ? i UNUSED
[T ? ; LEFT STICK POSTITON

003D XXDATA ENDS

; DISKETTE DATA AREA

i
0000 DKDATA SEGMENT AT 6OH
0000 27 NUM_DRIVE B ?
0001 ?? DUAL 0B ?
0002 77 OPERATION o8 ?
0003 7?7 DRIVE 08 ?
0004 77 TRACK ] ?
0005 27 HEAD 08 2
0006 77 SECTOR o8 ?
0007 77 NUM_SECTOR 08 ?
ooos 77 SEC o8 ?
i FORMAT 1D
0009 08 TK_HD_SC 1] 8 DUP(0,0,0,0) ;TRACK, HEAD, SECTOR, NUM OF
00
00
00
00
3
SECTOR
i BUFFER FOR READ AND WRITE OPERATION
= 0200 DK_BUF_LEN EQU 512 ; 512 BYTES/SECTOR
0029 0200 READ_BUF o8 DK_BUF_LEN DUP(0)
00
1
0229 0100 € WRITE_BUF 1] (DK_BUF_LEN/2) DUP(6DH, 0BH)
60
o8
1
; INFO FLAGS
0429 REQUEST_IN 1] 2 ;SELECTION CHARACTER
o424 DK_EXISTED 08 ?
0428 DK_FLAG 0B 2
042c RAN_NUM ow 2
042E SEED ow ?
i SPEED TEST VARIABLES
0430 DK_SPEED ow ?
0432 TIM_1 ow ?
0434 TIM_L_1 ow ?
0436 TIM_2 ow ?
0438 TIM_L_2 ow ?
0434 FRACT_H ow 2
043c FRACT_L ow ?
043E PART_CYCLE oW ?
0440 WHOLE_CYCLE oW ?
0442 HALF_CYCLE ow ?
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; ERROR PARAMETERS
0444 27 DK_ER_OCCURED DB

? ; ERROR HAS OCCURRED
0445 7?2 DK_ER_L1 [4:] ?
0446 7?7 DK_ER_L2 [1:3 ? ; SERVICE ERROR LEVEL
0447 7?7 ER_STATUS_BYTE DB ? ; STATUS BYTE RETURN FROM INT 13H
; LANGUAGE TABLE
0448 ?7? LANG_BYTE ] ? ; PORT BO TO DETERMINE WHICH
LANGAGE TO USE

0449 DKDATA ENDS

; VIDEO DISPLAY BUFFER

0000 QIDEO_RAH SEGMENT AT OBS8OOH

0000 4000 C . o 16384 DUP(?)
?? 3
4000 VIDEO_RAM ENDS
i ROM RESIDENT CODE
0000 (;IODE SEGMENT PAGE

ASSUME CS:CODE,DS: ABSO,ES: NOTHING, SS: STACK

0000 31 35 30 34 30 33 B ‘1504036 COPR. IBM 1981, 1983" ; COPYRIGHT NOTICE
36 20 43 4F 50 52
2E 20 49 42 4D 20
31 39 38 31 2C 31

MFG. ERROR CODE 0001iH

39 38 33
0018 0149 R 21 oW L12 ; RETURN POINTERS FOR RTNS CALLED
0010 0157 R oW L14 ; BEFORE STACK INITIALIZED
001F 016D R oW L16
0021 0186 R oW L19
0023 01BA R oW L24
0025 20 4B 42 F3B 0B ‘KB’
0028 0A47 R EX_0 oW OFFSET EBO
002A 0A47 R oW OFFSET EBO
002C 0ABB R oW OFFSET TOTLTPO
002E 0AB4 R EX1 oW OFFSET MOl
i
i MESSAGE AREA FOR POST
i
0030 45 52 52 4F 52 ERROR_ERR o8 ‘ERROR’ ; GENERAL ERROR PROMPT
0035 a1 MEM_ERR o8 ‘A ;MEMORY ERROR
0036 42 KEV_ERR 08 ‘8’ ;KEYBOARD ERROR MSG
0037 43 CASS_ERR o8 cr i CASSETTE ERROR MESSAGE
0038 44 COM1_ERR 08 ‘D’ ; ON-BOARD SERIAL PORT ERR. MSG
0039 45 COM2_ERR 0B ‘E’ ;SERIAL PORTION OF MODEM ERROR
003A 46 ROM_ERR 0B ‘F’ ;OPTIONAL GENERIC BI0S ROM ERROR
0038 47 CART_ERR 0B ‘G’ ; CARTRIDGE ERROR
003C 48 DISK_ERR pB ‘HY ;DISKETTE ERR
0030 Fa LABEL  WORD ; PRINTER SOURCE TABLE
0030 0378 oW 378H
003F 0278 ow 278H
0041 FaE LABEL  WORD
0041 IMASKS LABEL BYTE ; INTERRUPT MASKS FOR 8259
; INTERRUPT CONTROLLER
0041 EF 0B OEFH ; MODEM INTR MASK
0042 F7 08 OF7H ; SERIAL PRINTER INTR MASK
P
; SETUP
5 DISABLE NMI, MASKABLE INTS.
; SOUND CHIP, AND VIDEO.
; TURN DRIVE O MOTOR OFF
ASSUME  CS:CODE, DS: ABSO, ES: NOTHING, SS: STACK
0043 RESET LABEL FAR
0043 BO 00 START: MOV aL, 0
0045 EE AO out 0AOH, AL ; DISABLES NMI
0047 FE C8 DEC aL ; SEND FF TO MFG_TESTER
0049 E6 10 out 10H, AL
004B E4 A0 IN AL, OAOH ; RESET NMI F/F
004D FA cLt ; DISABLES MASKABLE INTERRUPTS
; DISABLE ATTENUATION IN SOUND CHIP
004E B8 108F MOV AX, 108FH ; REG ADDRESS IN AH, ATTENUATOR OFF
5 IN AL
0051 BA 00CO MOV DX, 00COH ; ADDRESS OF SOUND CHIP
0054 B9 0004 MOV cx, 4 ; 4 ATTENUATORS TO DISABLE
0057 OA C4 L1 OR AL, AH ; COMBINE REG ADDRESS AND DATA
0059 EE out DX, AL
005A 80 C4 20 ADD AH, 20H ; POINT TO NEXT REG
0050 E2 F8 LOOP L1
005F B0 AO MoV AL, WD_ENABLE+FDC_RESET ; TURN DRIVE O MOTOR OFF,
; ENABLE TIMER
0061 E6 F2 : out OF2H, AL
0063 BA 03DA MOV DX, VGA_CTL ; VIDEO GATE ARRAY CONTROL
0066 EC N AL, DX ; SYNC VGA TO ACCEPT REG
0067 BO 04 MOV AL, 4 ; SET VGA RESET REG
0069 EE out DX, AL ; SELECT IT
006A BO O1 MOV aL, 1 ; SET ASYNC RESET
006C EE out DX, AL ; RESET VIDEO GATE ARRAY
; TEST 1
; 8088 PROCESSOR TEST
; DESCRIPTION
i VERIFY 8088 FLAGS, REGISTERS :
; AND CONDITIONAL JUMPS :
P i
i :

>
o
=
&
=1
E.‘
x
>
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00C4 42
00C5 EE
00C6 FE
00C8 EE
00C9 F4
00CA

00CA BO
00CC E6
00CE BO
00D0 E6
00D2 2B
00D4 8A
00DE E6
oobpe E4
00DA E6
00DC E4
OODE 3A
O00EO0 75
00E2 FE
00E4 75
OOE6 EB

00E8 B3 0

00EA E9
00ED 32
O0EF E6
00F1 E4
00F3 24
00F5 BO
00F7 75
00F3 BO
00FB BA
OOFE EE
O00FF BO
0101 E6

ROM BIOS

MOV AH, ODSH

SAHF
JNC L4
INZ La
JNP L4
NS La
LAHF

MoV cL,s
SHR AH, CL
JNC La

MoV AL, 40H
SHL AL, 1

JNO L4
XOR AH, AH
SAHF

JBE La

Js La

JP L4
LAHF

MoV cL,5
SHR AH, CL

SET SF, CF, ZF, AND AF FLAGS ON

GO TO ERR ROUTINE IF CF NOT
GO TO ERR ROUTINE IF ZF NOT
GO TO ERR ROUTINE IF PF NOT
GO TO ERR ROUTINE IF SF NOT
LOAD FLAG IMAGE TO AH

LOAD CNT REG WITH SHIFT CNT
SHIFT AF INTO CARRY BIT POS
GO TO ERR ROUTINE IF AF NOT
SET THE OF FLAG ON

SETUP FOR TESTING

GO TO ERR ROUTINE IF OF NOT
SET AH = 0

CLEAR SF, CF, 2F, AND PF

GO TO ERR ROUTINE IF CF ON

GO TO ERR ROUTINE IF ZF ON

GO TO ERR ROUTINE IF SF ON

GO TO ERR ROUTINE IF PF ON

LOAD FLAG IMAGE TO AH

LOAD CNT REG WITH SHIFT CNT

SET
SET
SET
SET

SET

SET

SHIFT ‘AF’ INTO CARRY BIT POS

Jc L4 GO TO ERR ROUTINE IF ON

SHL AH, 1 CHECK THAT ‘OF‘ IS CLEAR

Jo La ; GO TO ERR ROUTINE IF ON
P READ/WRITE THE 8088 GENERAL AND SEGMENTATION REGISTERS

; WITH ALL ONE’'S AND ZEROES'’S.

AX, OFFFFH ; SETUP ONE’S PATTERN IN AX

STC

L2: MOV DS, AX ; WRITE PATTERN TO ALL REGS
MoV BX,DS
MOV ES, BX
MoV cX,ES
MOV ss,CX
MoV DX, SS
MOV SP,DX
MOV BP, SP
MoV s1,BP
MoV 01,SI
JNC L3
XOR AX,DI ; PATTERN MAKE IT THRU ALL REGS
INZ L4 ; NO - GO TO ERR ROUTINE
cLc
JMP L2

L3: OR AX, D1 ; ZERO PATTERN MAKE IT THRU?
Jz LS ; YES - GO TO NEXT TEST

L4: MoV DX, 00 10H ; HANDLE ERROR
MoV aL, o
out DX, AL ; ERROR 0001
INC DX
out DX, AL
INC AL
ouT DX, AL
HLT ; HALT

LS5:

TEST 2
8255 INITIALIZATION AND TEST
DESCRIPTION

PERIPHERAL INTERFACE.

ARE LATCHED OUTPUT

BUFFERS. C IS INPUT.
MFG. ERR. CODE =0002H

i

FIRST INITIALIZE 8255 PROG
PORTS A&B

MoV AL, OFEH
ouT 10H, AL
MoV AL, MODE_8255
out CMD_PORT, AL
suB AX, AX

L6: MOV AL, AH
out PORT_A, AL
IN AL, PORT_A
out PORT_B, AL
IN AL, PORT_B
cMP AL, AH
JNE L7
INC AH
INZ L6
JMP SHORT L8

L7: MoV 8L, 02H
NP E_MSG

L8: XOR AL, AL
ouT KBPORT, AL
N AL, PORT_C
AND AL, 000010008
MoV AL, 1BH
INZ LS
MOV AL, 3FH

L9: MoV DX, PAGREG
out DX, AL
MoV AL, 000011018
ouT PORT_B, AL

SEND FE TO MFG

CONFIGURES 1/0 PORTS
TEST PATTERN SEED = 0000

WRITE PATTERN TO PORT A
READ PATTERN FROM PORT A
WRITE PATTERN TO PORT B
READ OUTPUT PORT

DATA AS EXPECTED?

IF NOT, SOMETHING IS5 WRONG
MAKE NEW DATA PATTERN

LOOP TILL 255 PATTERNS DONE
CONTINUE IF DONE

SET ERROR FLAG (BH=00 NOW