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PREFACE 

- 
The IBM Personal Computer XT Technical Reference manual 
describes the hardware design and provides interface information 
for the IBM Personal Computer XT. This publication also has 
information about the basic inputloutput system (BIOS) and 
programming support. 

The information in this publication is both introductory and for 
reference, and is intended for hardware and software designers, 
programmers, engineers, and interested persons who need to 
understand the design and operation of the computer. 

You should be familiar with the use of the Personal Computer 
XT, and you should understand the concepts of computer 
architecture and programming. 

This manual has two sections: 

"Section 1: Hardware" describes each functional part of the 
system. This section also has specifications for power, timing, and 
interface. Programming considerations are supported by coding 
tables, command codes, and registers. 

"Section 2: ROM BIOS and System Usage" describes the basic 
inputloutput system and its use. This section also contains the 
software interrupt listing, a BIOS memory map, descriptions of 
vectors with special meanings, and a set of low memory maps. In 
addition, keyboard encoding and usage is discussed. 

The publication has seven appendixes: 

Appendix A: ROM BIOS Listings 
Appendix B: 8088 Assembly Instruction Set Reference 

. Appendix C: Of Characters, Keystrokes, and Color 
Appendix I3 Logic Diagrams 
Appendix E: Specifications 
Appendix F: Communications 
Appendix G: Switch Settings 

A glossary and bibliography are included. 

iii 
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The system unit is the center of your IBM Personal Computer XT 
system. The system unit contains the system board, which 
features eight expansion slots, the 8088 microprocessor, 40K of 
ROM (includes BASIC), 128K of base R/W memory, and an 
audio speaker. A power supply is located in the system unit to 
supply dc voltages to the system board and internal drives. 

System Board 
The system board fits horizontally in the base of the system unit 
and is approximately 8-112 by 12 inches. It is a multilayer, 
single-land-per-channel design with ground and internal planes 
provided. DC power and a signal from the power supply enter the 
board through two six-pin connectors. Other connectors on the 
board are for attaching the keyboard and speaker. Eight 62-pin 
card edge-sockets are also mounted on the board. The 110 
channel is bussed across these eight 110 slots. Slot J8 is slightly 
different from the others in that any card placed in it is expected 
to respond with a 'card selected' signal whenever the card is 
selected. 

A dual-in-line package (DIP) switch (one eight-switch pack) is 
mounted on the board and can be read under program control. 
The DIP switch provides the system software with information 
about the installed options, how much storage the system board 
has, what type of display adapter is installed, what operation 
modes are desired when power is switched on (color or 
black-and-white, 80- or 40-character lines), and the number of 
diskette drives attached. 

The system board consists of five functional areas: the processor 
subsystem and its support elements, the read-only memory 
(ROM) subsystem, the read/write (R/W) memory subsystem, 
integrated I/O adapters, and the I/O channel. All are described in 
this section. 
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The heart 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. Thus, 
the 8088 supports 16-bit operations, including multiply and 
divide, and supports 20 bits of addressing (1 megabyte of storage). 
It also operates in maximum mode, so a co-processor can be 
added as a feature. The processor operates at 4.77 MHz. This 
frequency, which is derived from a 14.3 18 18-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. 

At the 4.77-MHz clock rate, the 8088 bus cycles are four clocks 
of 210 ns, or 840 ns. I10 cycles take five 210-ns clocks or 1.05 
microseconds. 

The processor is supported by a set of high-function support 
devices providing four channels of 20-bit direct-memory access 
(DMA), three 16-bit timer-counter channels, and eight prioritized 
interrupt levels. 

Three of the four DMA channels are available on the I10 bus and 
support high-speed data transfers between I10 devices and 
memory without processor intervention. The fourth DMA channel - 

is programmed to refresh the system dynamic memory. This is 
done by programming a channel of the timer-counter device to 
periodically request a dummy DMA transfer. This action creates 
a memory-read cycle, which is available to refresh dynamic 
storage both on the system board and in the system expansion 
slots. All DMA data transfers, except the refresh channel, take 
five processor clocks of 2 10 ns, or 1.05 ,us if the 
processor-ready line is not deactivated. Refresh DMA cycles take 
four clocks or 840 ns. 

The three programmable timerlcounters are used by the system as 
follows: 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 time and request refresh cycles from the DMA 
channel; and Channel 2 is used to support the tone generation for 
the audio speaker. Each channel has a minimum timing resolution - 
of 1.05 ,us. 

Of the eight prioritized levels of interrupt, six are bussed to the 
system expansion slots for use by feature cards. Two levels are 
used on the system board. Level 0, the highest priority, is attached 
to Channel 0 of the timerlcounter and provides a periodic 
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interrupt for the time-of-day clock. Level 1 is attached to the 
keyboard adapter circuits and receives an interrupt for each scan 
code sent by the keyboard. The non-maskable interrupt (NMI) of 
the 8088 is used to report memory parity errors. 

The system board supports both ROM and R/W memory. It has 
space for 64K'by 8 of ROM or EPROM. Two module sockets are 
provided, each of which can accept a 32K or 8K device. One 
socket has 32K by 8 of ROM, the other 8K by 8 bytes. This 
ROM contains the power-on self-test, I/O drivers, dot patterns for 
128 characters in graphics mode, and a diskette bootstrap loader. 
The ROM is packaged in 28-pin modules and has an access time 
and a cycle time of 250 ns each. 

The system board also has from 128K by 9 to 256K by 9 of R/W 
memory. A minimum system would have 128K of memory, with 
module sockets for an additional 128K. Memory greater than the 
system board's maximum of 256K is obtained by adding memory 
cards in the expansion slots. The memory consists of dynamic 
64K by 1 chips with an access time of 200 ns and a cycle time of 
345 ns. All R/W memory is parity checked. 

The system board contains the adapter circuits for attaching the 
serial interface from the keyboard. These circuits generate an 
interrupt to the processor when a complete scan code is received. 
The interface can request execution of a diagnostic test in the 
keyboard. 

The keyboard interface is a 5-pin DIN connector on the system 
board that extends through the rear panel of the system unit. 

The system unit has a 2-114 inch audio speaker. The speaker's 
control circuits and driver are on the system board. The speaker 
connects through a 2-wire interface that attaches to a 3-pin 
connector on the system board. 

The speaker drive circuit is capable of approximately 1/2 watt of 
power. The control circuits allow the speaker to be driven three 
different ways: 1 .) a direct program control register bit may be 
toggled to generate a pulse train; 2.) the output from Channel 2 of 
the timer counter may be programmed to generate a waveform to 
the speaker; 3.) the clock input to the timer counter can be 
modulated with a program-controlled I/O register bit. All three 
methods may be performed simultaneously. 
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I/O Address Map 

Hex Range 

000-OOF 
020-02 1 
040-043 
060063 
080083 
OAX* 
OCX 
OE X 
200-20F 
210217 
220-24F 
278-27F 
2FO-2F7 
2F8-2F F 
3W31F 
320-32F 
378-37F 
380-38C" 
38@389" 
3AO-3A9 
3BO-3BF 
3CO-3C F 
3D03DF 
3EO-3E7 
3FO-3F7 
3F8-3FF 

1-8 System Unit 

Usage 

DMA Chip 8237A-5 
Interrupt 8259A 
Timer 8253-5 
PPI 8255A-5 
DMA Page Registers 
NMI Mask Register 
Reserved 
Reserved 

Game Control 
Expansion Unit 
Reserved 
Reserved 
Reserved 
Asynchronous Communications (Secondary) 
Prototype Card 
Fixed Disk 
Printer 
SDLC Communications 
Binary Synchronous Communications (Secondary) 
Binary Synchronous Communications (Primary) 
I BM Monochrome DisplayIPrinter 
Reserved 
ColorlGraphics 
Reserved 
Diskette 
Asynchronous Communications (Primary) 

- 

A t  power-on time, the Non Mask Interrupt into the 8088 is masked off. 
This mask bit  can be set and reset through system software as follows: 

Set mask: Write hex 80 to I10 Address hex A0 (enable NMI) 

Clear mask: Write hex 00 to I10 Address hex A0 (disable NMI) 

* *  SDLC Communications and Secondary Binary Synchronous 
Communications cannot be used together because their hex 
addresses overlap. 



- 

8088 Hardware Interrupt Listing 

System Unit 1-9 

Number 

NMI 
0 
1 
2 
3 

4 

5 
6 
7 

Usage 

Parity 
Timer 
Keyboard 
Reserved 

Asynchronous Communications (Secondary) 
SDLC Communications 
BSC (Secondary) 
Asynchronous Communications (Primary) 
SDLC Communications 
BSC (Primary) 
Fixed Dlsk 
Diskette 
Printer 



8255A 110 Bit Map 

1-10 System Unit 

+Keyboard Scan Code 

+Timer 2 Gate Speaker 
+Speaker Data 
Spare 
Read High Switches Or Read Low Switches 
-Enable RAM Parity Check 
-Enable I10 Channel Check 
-Hold Keyboard Clock Low 
-(Enable Keyboard) Or + (Clear Keyboard) 

Loop on POST "Sw-5 
+Co-Processor Installed **Sw-6 
+Planar RAM Size 0 
+Planar RAM Size 1 
Spare 
+Timer Channel 2 Out 
+I10 Channel Check 
+RAM Parity Check 

Register H~~ 99 

Hex 
Port 
Number 

0060 

0061 

0062 

0063 

1 
N 
P 
U 
T 

0 
U 
T 
P 
U 
T 

I 
N 
P 
U 
T 

Mode Register Value 

1 0 0 1 1 0 0 1  

PA0 
1 
2 
3 
4 
5 
6 
7 

PBO 
1 
2 
3 
4 
5 
6 
7 

PC0 
1 
2 
3 
4 
5 
6 
7 

CommandIMode 

. 
Sw-4 Sw-3 

0 0 
0 1 
1 0 
1 1 

" Sw-6 Sw-5 
0 0 
0 1 
1 0 
1 1 

***  

Sw-8 Sw-7 
0 0 
0 1 
1 0 
1 1 

Amount of Memory 
On System Board 

6dK 
128K 
192K 
256K 

Display at Power-Up Mode 
Reserved 
Color 40 X 25 (BW Mode) 
Color 80 X 25 (BW Mode) 
IBM Monochrome 80 X 25 

Number of 5-1 14" Drives 
In System 

1 
2 
3 
4 

Note: A plus (+) indicates a bit value of 1 performs the specified function. 
A minus (-) indicates a bit value of 0 performs the specified function. 
PA Bit = 0 implies switch "ON." PA Bit= 1 implies switch "OFF." 



- 

- 

- 
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System Memory Map (Part 1 of 2) 

Start Address 
Decimal Hex 

0 00000 
16K 04000 
32K 08000 
48K OCO00 

64K 1 0000 
80K 1 4000 
96K 1 8000 

112K 1 COO0 

128K 20000 
144K 24000 
160K 28000 
176K 2C000 

192K 30000 
208K 34000 
224K 38000 
240K 3C000 

256K 40000 
272K 44000 
288K 48000 
304K 4COOO 

320K 50000 
336K 54000 
352K 58000 
368K 5C000 

384K 60000 
400K 64000 
41 6K 68000 
432K 6C000 

448K 70000 
464K 74000 
480K 78000 
496K 7C000 

51 2K 80000 
528K 84000 
544K 88000 
560K 8COOO 

576K 90000 
592K 94000 
608K 98000 
624K 9C000 

Function 

128-256K Read/Write Memory 
on System Board 

384K R/W Memory Expansion 
in I/O Channel 



System Memory Map (Part 2 of 2) 

Start  Address 
Decimal Hex 

640K AOOOO 
656K A4000 
672K A8000 
688K ACOOO 

704K BOO00 

720K 84000 

736K 88000 

752K BCOOO 

768K COO00 
784K C4000 

800K CEO00 

81 6K CCOOO 
832K DO000 
848K D4000 
864K D8000 
880K DCOOO 
896K €0000 
91 2K €4000 
928K E8000 
944K ECOOO 

960K FOOOO 
976K F4000 
992K F8000 

1008K FCOOO 
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Function 

128K Reserved 

Monochrome 

Color/Graphics 

F~xed Disk Control 

192K Read Only Memory 
Expansion and Control 

64K Base System ROM 
BlOS and BASIC 





110 Channel 
The I/O channel is an extension of the 8088 microprocessor bus. 
It is, however, demultiplexed, repowered, and enhanced by the 
addition of interrupts and direct memory access (DMA) functions. - 

The 110 channel contains an &bit, bidirectional data bus, 20 
address lines, 6 levels of interrupt, control lines for memory and 
110 read or write, clock and timing lines, 3 channels of DMA 
control lines, memory refresh timing control lines, a 
channel-check line, and power and ground for the adapters. Four 
voltage levels are provided for 110 cards: +5 Vdc, -5 Vdc, + 12 
Vdc, and - 12 Vdc. These functions are provided in a 62-pin 
connector with 100-mil card tab spacing. 

A 'ready' line is available on the I/O channel to allow operation 
with slow 110 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 clock or 840-ns/ 
byte. All processor-generated 110 read and write cycles require 
five clocks for a cycle time of 1.05 &byte. All DMA transfers 
require five clocks for a cycle time of 1.05 psbyte. Refresh cycles - 
occur once every 72 clocks (approximately 15 ps) and require 
four clocks or approximately 7% of the bus bandwidth. 

110 devices are addressed using 110 mapped address space. The 
channel is designed so that 768 110 device addresses are available 
to the 110 channel cards. 

A 'channel check' line exists for reporting error conditions to the 
processor. Activating this line results in a Non-Maskable Interrupt 
(NMI) to the 8088 processor. Memory expansion options use this 
line to report parity errors. 

The I/O channel is repowered to provide sufficient drive to power 
all eight (J l  through J8) expansion slots, assuming two low-power 
Schottky (LS) loads per slot. The IBM 110 adapters typically use 
only one load. 

Timing requirements on slot J8 are much stricter than those on 
slots J l  through 57. Slot 58 also requires the card to provide a 
signal designating when the card is selected. The following pages 
describe the system board's 110 channel. 
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1 / 0  Channel Description 
The following is a description of the IBM Personal Computer XT 
110 Channel. All lines are TTLcompatible. 

- 
Signal I/O Description 

OSC 0 Oscillator: High-speed clock with a 70-ns 
period (14.3 18 18 MHz). It has a 50% 
duty cycle. 

CLK 0 System clock: It is a divide-by-three of the 
oscillator and has a period of 210 ns (4.77 
MHz). The clock has a 33% duty cycle. 

RESET DRV 0 This line is used to reset or initialize 
system logic upon power-up or during a 
low line voltage outage. This signal is 
synchronized to the falling edge of clock 
and is active high. 

AO-A 1 9 0 Address bits 0 to 19: These lines are used - 
to address memory and 110 devices within 
the system. The 20 address lines allow 
access of up to 1 megabyte of memory. A0 
is the least significant bit (LSB) and A19 is 
the most significant bit (MSB). These lines 
are generated by either the processor or 
DMA controller. They are active high. 

ALE 

I10 Data Bits 0 to 7: These lines provide data 
bus bits 0 to 7 for the processor, memory, 
and 110 devices. DO is the least significant 
bit (LSB) and D7 is the most significant bit 
(MSB). These lines are active high. 

0 Address Latch Enable: This line is 
provided by the 8288 Bus Controller and is -- 
used on the system board to latch valid 
addresses from the processor. It is 
available to the I10 channel as an indicator 
of a valid processor address (when used 
with AEN). Processor addresses are 
latched with the failing edge of ALE. 
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Signal 1 / 0  Description 

I -110 Channel Check: This line provides 
the processor with parity (error) 
information on memory or devices in the 
110 channel. When this signal is active 
low, a parity error is indicated. 

I10 CH RDY I 110 Channel Ready: This line, normally 
high (ready), is pulled low (not ready) by a 
memory or I10 device to lengthen 110 or 
memory cycles. It allows slower devices to 
attach to the 110 channel with a minimum 
of difficulty. Any slow device using this 
line should drive it low immediately upon 
detecting a valid address and a read or 
write command. This line should never be 
held low longer than 10 clock cycles. 
Machine cycles (110 or memory) are 
extended by an integral number of CLK 
cycles (2 10 ns). 

A 

IRQ2-IRQ7 I Interrupt Request 2 to 7: These lines are 
used to signal the processor that an 110 
device requires attention. They are 
prioritized with IRQ2 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). 

- 
IOR 0 -110 Read Command: This command line 

instructs an 110 device to drive its data 
onto the data bus. It may be driven by the 
processor or the DMA controller. 
This signal is active low. 

- IOW 0 -110 Write Command: This command line 
instructs an I10 device to read the data on 
the data bus. It may be driven by the 
processor or the DMA controller. This 
signal is active low. 
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Signal 110 Description 

MEMR 0 Memory Read Command: This command 
line instructs the memory to drive its data 
onto the data bus. It may be driven by the 
processor or the DMA controller. This 
signal is active low. 

MEMW 0 Memory Write Command: This command 
line instructs the memory to store the data 
present on the data bus. It may be driven 
by the processor or the DMA controller. 
This signal is active low. 

DRQ1-DRQ3 I DMA Request 1 to 3: These lines are 
asynchronous channel requests used by 
peripheral devices to gain DMA service. 
They are prioritized with DRQ3 being the 
lowest and DRQl being the highest. A 
request is generated by bringing a DRQ 
line to an active level (high). A DRQ line 
must be held high until the corresponding 
DACK line goes active. - 

DACKO- 
DACK3 

AEN 

TIC 

0 -DMA Acknowledge 0 to 3: These lines 
are used to acknowledge DMA requests 
(DRQ1-DRQ3) and to refresh system 
dynamic memory (DACKO). They are 
active low. 

0 Address Enable: This line is used to 
de-gate the processor and other devices 
from the 110 channel to allow DMA 
transfers to take place. When this line is 
active (high), the DMA controller has 
control of the address bus, data bus, read 
command lines (memory and IIO), and the 
write command lines (memory and 110). 

-- 
0 Terminal Count: This line provides a pulse 

when the terminal count for any DMA 
channel is reached. This signal is active 
high. 
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Signal 110 Description 

CARD SLCTD I -Card Selected: This line is activated by 
cards in expansion slot J8. It signals the 
system board that the card has been 
selected and that appropriate drivers on the 
system board should be directed to either 
read from, or write to, expansion slot 58. 
Connectors J l  through ~8 are tied together 
at this pin, but the system board does not 
use their signal. This line should be driven 
by an open collector device. 

The following voltages are available on the system board 110 
channel: 

+5 Vdc k5%, located on 2 connector pins 
-5 Vdc f lo%, located on 1 connector pin + 12 Vdc f 5%, located on 1 connector pin 
- 12 Vdc + lo%, located on 1 connector pin 
GND (Ground), located on 3 connector pins 
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Speaker Interface 
The sound system has a small, permanent-magnet, 2-% inch 
speaker. The speaker can be driven from one or both of two 
sources: 

An 8255A-5 PPI output bit. The address and bit are defined 
in the "110 Address Map." 

A timer clock channel, the output of which is programmable 
within the functions of the 825 3-5 timer when using a 
1.1 %MHz clock input. The timer gate also is controlled by an 
8255A-5 PPI output-port bit. Address and bit assignment are 
in the ''110 Address Map." 

C 

PPI Bit 1, I/O Address Hex 0061 

1.19 MHz 

Clock 
In 2 Timer Clock Out 2 Speaker 

Filter 
Gate 2 

PPI Bit 0, I/O Address Hex 0061 - 

Speaker Drive System Block Diagram 

Gate 2 - Controlled by 8255A-5 PPI Bit 
(See I10 Map) 

Clock In 2 - 1.19318-MHz OSC 
Clock Out 2- Used to drive speaker 

Speaker Tone Generation 

The speaker connection is a 4-pin Berg connector. See "System 
Board Component Diagram," earlier in this section, for speaker 
connection or placement. 

Function 

Ground 
+5 Volts 

Speaker Connector 
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Power Supply 
The system dc power supply is a 130-watt, 4 voltage level 
switching regulator. It is integrated into the system unit and 
supplies power for the system unit, its options, and the keyboard. 

- The supply provides 15 A of + 5 Vdc, plus or minus 5%, 4.2 A of + 12 Vdc, plus or minus 5%, 300 rnA of -5 Vdc, plus or minus 
lo%, and 250 mA of - 12 Vdc, plus or minus 10%. All power 
levels are regulated with over-voltage and over-current protection. 
The input is 120 Vac and fused. If dc over-load or over-voltage 
conditions exist, the supply automatically shuts down until the 
condition is corrected. The supply is designed for continuous 
operation at 130 watts. 

The system board takes approximately 2 to 4 A of +5 Vdc, thus 
allowing approximately 1 1 A of +5 Vdc for the adapters in the 
system expansion slots. The + 12 Vdc power level is designed to 
power the internal 5-114 inch diskette drive and the 10 M fixed 
disk drive. The -5 Vdc level is used for analog circuits in the 
diskette adapter phase lock loop. The + 12 Vdc and - 12 Vdc are 
used for powering the EIA drivers for the communications 
adapters. All four power levels are bussed across the eight system 

-- expansion slots. 

The IBM Monochrome Display has its own power supply, 
receiving its ac power from the system unit power system. The ac 
output for the display is switched on and off with the power switch 
and is a nonstandard connector, so only the IBM Monochrome 
Display can be connected. 
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Operating Characteristics 

The power supply is located at the right rear area of the system 
unit. It supplies operating voltages to the system board, and IBM 
Monochrome Display, and provides two separate connections for 
power to the 5-1/4 inch diskette drive and the fixed disk drive. - 
The nominal power requirements and output voltages are listed in 
the following tables: 

Voltage @ 50/60 Hz 

Nominal Vac 1 MinimumVac 1 Maximum Vac 
110 I 90  I 137 

Input Requirements 

Frequency: 50/60 Hz +/- 3 Hz 

Current: 4.1 A max @ 90 Vac 

Vdc Output 

Voltage (Vdc) 

Nominal 

+5.0 
-5.0 

+12.0 
-1 2.0 

Vac Output 

Voltage (Vac) 

Nominal 

120 
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Current (Amps) Regulation (Tolerance) 

Minimum 

2.3 
0.0 
0.4 
0.0 

+ % 

5 
10 
5 

10 

Maximum 

15.0 
0.3 
4.2 
0.25 

Current (Amps) 

-% 

4 
8 
4 
9 

Minimum 

0.0 

Voltage Limits (Vac) 

Maximum 

1 .O 

Minimum 

88 

Maximum 

137 





Over-Voltage/Over-Current Protection 

Power On/Off Cycle: When the supply is turned off for a 
minimum of 1.0 second, and then turned on, the power-good 
signal will be regenerated. 

Voltage Nominal Vac 

110 

The power-good signal indicates that there is adequate power to 
continue processing. If the power goes below the specified levels, 
the power-good signal triggers a system shutdown. 

This signal is the logical AND of the dc output-voltage sense 
signal and the ac input voltage fail signal. This signal is 
TTLcompatible up-level for normal operation or down-level for 
fault conditions. The ac fail signal causes power-good to go to a 
down-level when any output voltage falls below the regulation 
limits. 

Type Protection 

Fuse 

The dc output-voltage sense signal holds the power-good signal at - 
a down level (during power-on) until all output voltages have 
reached their respective minimum sense levels. The power-good 
signal has a turn-on delay of at least 100 ms but no greater than 
500 ms. 

Rating Amps 

5 

The sense levels of the dc outputs are: 

Maximum 

-4.3 -5.0 -5.5 
+12 +10.8 +12.0 +13.2 
-12 -10.2 -1 2.0 -13.2 
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IBM Personal Computer Math 
Coprocessor 

The IBM Personal Computer Math Coprocessor enables the IBM 
Personal Computer to perform high speed arithmetic, logarithmic 
functions, and trigonometric operations with extreme accuracy. 

The coprocessor works in parallel with the processor. The parallel 
operation decreases operation time by allowing the coprocessor to 
do mathematical calculations while the processor continues to do 
other functions. 

The first five bits of every instruction opcode for the coprocessor 
are identical (1 101 1 binary). When the processor and the 
coprocessor see this instruction opcode, the processor calculates 
the address, of any variables in memory, while the coprocessor 
checks the instruction. The coprocessor will then take the memory 
address from the processor if necessary. To access locations in 
memory, the coprocessor takes the local bus from the processor 
when the processor finishes its current instruction. When the 
coprocessor is finished with the memory transfer, it returns the 
local bus to the processor. 

The IBM Math Coprocessor works with seven numeric data types 
divided into the three classes listed below. 

Binary integers (3  types) 

Decimal integers ( 1  type) 

Real numbers (3  types) 
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Programming Interface 
The coprocessor extends the data types, registers, and instructions 
to the processor. 

The coprocessor has eight 80-bit registers which provide the - 
equivalent capacity of 40 16-bit registers found in the processor. 
This register space allows constants and temporary results to be 
held in registers during calculations, thus reducing memory access 
and improving speed as well as bus availability. The register space 
can be used as a stack or as a fixed register set. When used as a 
stack, only the top two stack elements are operated on: when used 
as a fured register set, all registers are operated on. The Figure 
below shows representations of large and small numbers in each 
data type. 

*The short and long real data types correspond to the single and double precision 
data types 

Data Type 

Word Integer 
Short Integer 
Long Integer 
Packed Decimal 
Short Real* 
Long Real* 
Temporary Real 

Data Types 
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Bits 

16 
32 
64 
80 
32 
64 
80 

Significant 
Digits (Decimal) 

4 
9 

18 
18 
6-7 

15-16 
19 

Approximate Range (decimal) 

-32,768 <X9+32,767 
-2xlo9 < X G + ~ X ~ O ~  
-9x1018 9 ~ 9 + 9 x 1 0 ~ ~  
-99...99 <XG+99 ... 99 (1 8 digits) 
8 . 4 3 x l 0 - ~ ~  9 1 X ;  9 3 . 3 7 ~ 1 0 ~ '  
4 . 1 9 x 1 0 - ~  9 1 ~ 1 9 1 . 6 7 ~ 1 0 ~  
3 . 4 ~ 1  0-4932 9 1 X  1 < 1 . 2 ~ 1 0 ~ ~ ~ ~  



Hardware Interface 
The coprocessor utilizes the same clock generator and system bus 
interface components as the processor. The coprocessor is wired 
directly into the processor, as shown in the coprocessor 
interconnection diagram. The processor's queue status lines (QSO 
and QS 1) enable the coprocessor to obtain and decode 
instructions simultaneously with the processor. The coprocessor's 
busy signal informs the processor that it is executing; the 
processor's WAIT instruction forces the processor to wait until 
the coprocessor is finished executing (WAIT for NOT BUSY). 

When an incorrect instruction is sent to the coprocessor (for 
example; divide by zero or load a full register), the coprocessor 
can signal the processor with an interrupt. There are three 
conditions that will disable the coprocessor interrupt to the 
processor: 

1. Exception and Interrupt Enable bits of the control word are 
set to 1's. 

2. System board switch block 1 switch 2 set in the On position. 

3. NMI Mask REG is set to zero. 

At power-on time the NMI Mask REG is cleared to disable the 
NMI. Any software using the coprocessor's interrupt capability 
must ensure that conditions 2 and 3 are never met during the 
operation of the software or an "Endless Wait" will occur. An 
"Endless Wait" will have the processor waiting for the "Not 
Busy" signal from the coprocessor while the coprocessor is 
waiting for the processor to interrupt. 

Because a memory parity error may also cause an interrupt to the 
8088 NMI line, the program should check that a parity error did 
not occur (by reading the 8255 port), then clear exceptions by 
executing the FNSAVE or the FNCLEX instruction. In most 
cases, the status word would be looked at, and the exception 

- would be identified and acted upon. 
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Register Stack 
Each of the eight registers in the coprocessor's register stack is 80 
bits wide, and each is divided into the "fields" shown in the figure 
below. The format in the figure below corresponds to the 
coprocessor's temporary real data type that is used for all 
calculations. 

The ST field in the status word identifies the current top-of-stack 
register. A load ("push") operation decreases ST by 1 and loads a 
new value into the top register. A store operation stores the value 
from the current top register and then increases ST by 1. Thus, 
the coprocessor's register stack grows "down" toward 
lower-addressed registers. 

Instructions may address registers either implicitly or explicitly. 
Instructions that operate at the top of the stack, implicitly address 
the register pointed to by ST. The instruction, FSQRT, replaces 
the number at the top with its square root; this instruction takes no 
operands, because the top-of-stack register is implied as the 
operand. Other instructions specify the register that is to be used. 
Explicit register addressing is "top-relative." The expression, ST, 
denotes the current stack top, and ST(i) refers to the ith register - 

from the ST in the stack. If ST contains "binary 01 1" (register 3 
is the top of the stack), the instruction, FADD ST,ST(2), would 
add registers 3 and 5. 

Passing subroutine parameters to the register stack eliminates the 
need for the subroutine to know which registers actually contain 
the parameters. This allows different routines to call the same 
subroutine without having to observe a convention for passing 
parameters in dedicated registers. As long as the stack is not full, 
each routine simply loads the parameters to the stack and calls the 
subroutine. 

79 64 63 0 

Exponent I Significand 

2 -. 

Sign 

Register Structure 
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Instruction Set 
On the following pages are descriptions of the operation for the 
coprocessor's 69 instructions. 

- An instruction has two basic types of operands - sources and 
destinations. A source operand simply supplies one of the 
"inputs" to an instruction; it is not altered by the instruction. A 
destination operand may also provide an input to an instruction. It 
is distinguished from a source operand, however, because its 
content can be altered when it receives the result produced by that 
operation; that is the destination is replaced by the result. 

The operands of any instructions can be coded in more than one 
way. For example, FADD (add real) may be written without 
operands, with only a source, or with a destination and a source 
operand. The instruction descriptions use the simple convention of 
separating alternative operand forms with slashes; the slashes, 
however, are not coded. Consecutive slashes indicate there are no 
explicit operands. The operands for FADD are thus described as: 

- // source/destination, source 

This means that FADD may be written in any of three ways: 

FADD 

FADD source 

FADD destination,source 

It is important to bear in mind that memory operands may be 
coded with any of the processor's memory addressing modes. 
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IBM Keyboard 

The keyboard has a permanently attached cable that connects to a 
DIN connector at the rear of the system unit. This shielded 
four-wire cable has power (+5 Vdc), ground, and two bidirectional 
signal lines. The cable is approximately 6-feet long and is coiled, 
like that of a telephone handset. 

The keyboard uses a capacitive technology with a microcomputer 
(Intel 8048) performing the keyboard scan function. The keyboard 
has three tilt positions for operator comfort ( 5 ,  7-, or 15-degree 
tilt orientations). 

The keyboard has 83 keys arranged in three major groupings. The 
central portion of the keyboard is a standard typewriter keyboard 
layout. On the left side are 10 function keys. These keys are 
user-defined by the software. On the right is a 15-key keypad. 
These keys are also defined by the software, but have legends for 
the functions of numeric entry, cursor control, calculator pad, and 
screen edit. 

The keyboard interface is defined so that system software has 
maximum flexibility in defining certain keyboard operations. This 
is accomplished by having the keyboard return scan codes rather 
than American Standard Code for Information Interchange 
(ASCII) codes. In addition, all 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 make codes. The keyboard 110 
driver can define keyboard keys as shift keys or typematic, as 
required by the application. 
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The microcomputer (Intel 8048) in the keyboard performs several 
functions, including a power-on self-test when requested by the 
system unit. This test checks the microcomputer ROM, tests 
memory, and checks for stuck keys. Additional functions are: 
keyboard scanning, buffering of up to 16 key scan codes, 
maintaining bidirectional serial communications with the system - 
unit, and executing the hand-shake protocol required by each 
scan-code transfer. 

The following pages have figures that show the keyboard, the scan 
codes, and the keyboard interface connector specifications. 
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Expansion Unit 

consists of &extender card, an expansion cable, and the 
expansion unit. The expansion unit contains a power supply, an 
expansion board, and a receiver card. This option utilizes one 
expansion slot in the system unit to provide seven additional 
expansion slots in the expansion unit. 

Expansion Unit Cable 
The expansion unit cable consists of a 56-wire, foil-shielded cable 
terminated on each end with a 62-pin D-shell male connector. 
Either end of the expansion unit cable can be plugged into the 
extender card or the receiver card. 

Power Supply 
The expansion unit power supply provides +5, -5, + 12, and 
- 12 Vdc to the expansion board. The expansion unit power 
supply has the same specifications as the system unit power 
supply. 

Expansion Board 
The expansion board is a support board that carries the I/O 
channel signals from the option adapters and receiver card. These 
signals, except 'osc,' are carried over the expansion cable. 
Because 'osc' is not sent over the expansion cable, a 
14.3 18 18-MHz signal is generated on the expansion board. This 
signal may not be in phase with the 'osc' signal in the system unit. 

Decoupling capacitors provided on the expansion board aid in 
noise filtering. 
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Extender Card 
The extender card is a four-plane card. The extender card redrives 
the 110 channel to provide sufficient power to avoid capacitive 
effects of the cable. The extender card presents only one load per 
line of the 110 channel. - 

The extender card has a wait-state generator that inserts a 
wait-state on 'memory read' and 'memory write' operations 
(except refreshing) for all memory contained in the expansion 
unit. The address range for wait-state generation is controlled by 
switch settings on the extender card. 

The DIP switch on the extender card should be set to indicate the 
maximum contiguous readlwrite memory housed in the system 
unit. The extender card switch settings are located in "Appendix 
G: Switch Settings." Switch positions 1 through 4 correspond to 
address bits hex A 19 to hex A16, respectively. 

The switch settings determine which address segments have a wait 
state inserted during 'memory read' and 'memory write' 
operations. Wait states are required for any memory, including - 
ROM on option adapters, in the expansion unit. Wait states are 
not inserted in the highest segment, hex addresses FOOOO to 
FFFFF (segment F). 
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IBM 80 CPS Printers 

system unit through a parallel signal cable, 6 feet in length. The 
units obtain ac power from a standard wall outlet (120 Vac). The 
printers are 80 cps, bidirectional, wire-matrix devices. They print 
characters in a 9 by 9 dot matrix with a 9-wire head. They 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. The printers can print double-size 
characters and double-strike characters. The printers print the 
standard ASCII, 96-character, uppercase and lowercase character 
sets. A printer without an extended character set also has a set of 
64 special block graphic characters. 

The IBM 80 CPS Graphics Printer has additional capabilities 
including: an extended character set for international languages, 
subscript, superscript, an underline mode, and programmable 
graphics. 

The printers can also accept commands setting the line-feed 
control desired for the application. They attach to the system unit 
through the printer adapter or the combination monochrome 
display and printer adapter. The cable is a 25-lead shielded cable 
with a 25-pin D-shell connector at the system unit end, and a 
36-pin connector at the printer end. 
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Printer Control Codes 
On the following pages you will find 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. 
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IBM Printer Adapter 

inputloutput port for any device or application that matches its 
inputloutput capabilities. It has 12 TTL-buffer output points, 
which are latched and can be written and read under program 
control using the processor In or Out instruction. The adapter also 
has five steady-state input points that may be read using the 
processor's In instructions. 

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. 

The inputloutput signals are made available at the back of the 
adapter through a right-angled, PCB-mounted, 25-pin, D-shell 
connector. This connector protrudes through the rear panel of the 
system or expansion unit, where a cable may be attached. 

When this adapter is used to attach a printer, data or printer 
commands are loaded into an 8-bit, latched, output port, and the 
strobe line is activated, writing data to the printer. The program 
then may read the input ports for printer 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 may also be read at the card's interface for 
diagnostic loop functions. This allows faults to be isolated 
between the adapter and the attaching device. 

This same function is also part of the combination IBM 
Monochrome Display and Printer Adapter. A block diagram of 
the printer adapter is on the next page. 
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IBM Monochrome Display and 
Printer Adapter 

This chapter has two functions. The first is to provide the 
interface-to the IBM Monochrome Display.   he second provides 
a parallel interface for the IBM CPS Printer. This second function 
is fully discussed in the "IBM Printer Adapter" section. 

The monitor adapter is designed around the Motorola 6845 CRT 
controller module. There are 4K bytes of static memory on the 
adapter which is used for the display buffer. This buffer has two 
ports and may be accessed directly by the processor. No parity is 
provided on the display buffer. 

Two bytes are fetched from the display buffer in 553 ns, providing 
a data rate of 1.8M bytes/second. 

The monitor adapter supports 256 different character codes. An 
8K-byte character generator contains the fonts for the character 
codes. The characters, values, and screen characteristics are given 
in "Appendix C: Of Characters, Keystrokes, and Color." 

This monitor adapter, when used with a display containing P39 
phosphor, will not support a light pen. 

Where possible, only one low-power Schottky (LS) load is 
present on any I/O slot. Some of the address bus lines have two 
LS loads. No signal has more than two LS loads. 

Characteristics of the monitor adapter are listed below: 

80 by 25 screen 

Direct-drive output 

9 by 14 character box 

7 by 9 character 

18 kHz monitor 

Character attributes 
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Notes: 
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IBM Monochrome Display 

- 

The high-resolution IBM Monochrome Display attaches to the 
system unit through two cables approximately 3 feet (914 
millimeters) in length. One cable is a signal cable that contains the 
direct drive interface from the IBM Monochrome Display and 
Printer Adapter. 

The second cable provides ac power to the display from the 
system unit. This allows the system-unit power switch to also 
control the display unit. An additional benefit is a reduction in the 
requirements for wall outlets to power the system. The display 
contains an 1 I-% inch (283 millimeters), diagonal 90" deflection 
CRT. The CRT and analog circuits are packaged in an enclosure 
so the display may either sit on top of the system unit or on a 
nearby tabletop or desk. The unit has both brightness and contrast 
adjustment controls on the front surface that are easily accessible 
to the operator. 
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Operating Characteristics 
Screen 

High-persistence green phosphor (P 39). 

Etched surface to reduce glare. 

Size is 80 characters by 25 lines. 

Character box is 9 dots wide by 14 dots high. 

Video Signal 

Maximum bandwidth of 16.257 MHz. 

Vertical Drive 

Screen refreshed at 50 Hz with 350 lines of vertical resolution 
and 720 lines of horizontal resolution. 

Horizontal Drive 

Positive-level, TTLcompatibility at a frequency of 
18.432 kHz. 
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IBM Color/Graphics Monitor 
Adapter 

The IBM ColorIGraphics Monitor Adapter is designed to attach 
to the IBM Color Display, to a variety of television-frequency 
monitors, or to home television sets (user-supplied RF modulator 
is required for home television sets). The adapter is capable of 
operating in black-and-white or color. It provides three video 
interfaces: a composite-video port, a direct-drive port, and a 
connection interface for driving a user-supplied RF modulator. In 
addition, a light pen interface is provided. 

The adapter has two basic modes of operation: alphanumeric 
( A m )  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 monitor or home television, or 
in 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 for lowercase characters. Both uppercase and lowercase 
characters are supported in all modes. 

The character attributes of reverse video, blinking, and 
highlighting are available in the black-and-white mode. In the 
color mode, sixteen foreground and eight background colors are 
available for each character. In addition, blinking on a 
per-character basis is available. 

The monitor adapter contains 16K bytes of storage. As an 
example, a 40-column by 25-row display screen uses 1000 bytes 
to store character information, and 1000 bytes to store 
attributelcolor information. This would mean that up to eight 
display screens can be stored in the adapter memory. Similarly, in 
an 80-column by 25-row mode, four display screens may be 
stored in the adapter. The entire 16K bytes of storage on the 
display adapter are directly addressable by the processor, which 
allows maximum software flexibility in managing the screen. 
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In A/N color modes, it is also possible to select the color of the 
screen's border. One of sixteen colors can be selected. 

In the APA mode, there are two resolutions available: a 
medium-resolution color graphics mode (320 PELs by 200 rows) 
and a high-resolution black-and-white graphics mode (640 PELS - 
by 200 rows). In the medium-resolution mode, each picture 
element (PEL) may have one of four colors. The background 
color (color 0) may be any of the 16 possible colors. The 
remaining three colors come from one of the two 
software-selectable palettes. One palette contains greenlredl 
brown; the other contains cyanlmagentalwhite. 

The high-resolution mode is available only in black-and-white 
because the entire 16K bytes of storage in the adapter is used to 
define the on or off state of the PELs. 

The adapter operates in noninterlace mode at either 7 or 14 MHz, 
depending on the mode of operation selected. 

In the A/N mode, 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 

15 characters for word-processing editing support 

96 characters for the standard ASCII graphics set 

48 characters for foreign-language support 

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

16 selected Greek characters 

15 selected scientific-notation characters 
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The color/graphics monitor adapter function is packaged on a 
single card. The direct-drive and composite-video ports are 
right-angle mounted connectors on the adapter, and extend 
through the rear panel of the unit. The direct-drive video port is a 
9-pin D-shell female connector. The composite-video port is a 
standard female phono-jack. 

1 The display adapter is implemented using a Motorola 6845 CRT 
controller device. This adapter is highly programmable with 
respect to raster and character parameters. Therefore, many 
additional modes are possible with clever programming of the 
adapter. 

A block diagram of the color/graphics adapter is on the following 
page. 
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Descriptions of Major Components 

Motorola 6845 CRT Controller 

This device provides the necessary interface to drive a raster-scan 
CRT. 

Mode Set Register 

This is a general-purpose, programmable, 110 register. It has 110 
ports that may be individually programmed. Its function in this 
attachment is to provide mode selection and color selection in the 
medium-resolution color-graphics mode. 

Display Buffer 

The display buffer resides in the processor-address space, starting 
at address hex B8000. It provides 16K bytes of dynamic 
readlwrite memory. A dual-ported implementation allows the 
processor and the graphics control unit to access the buffer. The 
processor and the CRT control unit have equal access to this 
buffer during all modes of operation, except in the high-resolution 
alphanumeric mode. In this mode, only the processor should 
access this buffer during the horizontal-retrace intervals. While 
the processor may write to the required buffer at any time, a small 
amount of display interference will result if this does not occur 
during the horizontal-retrace intervals. 

Character Generator 

This attachment utilizes a ROM character generator. It consists of 
8K bytes of storage that cannot be read from or written to under 
software control. This is a general-purpose ROM character 
generator with three different character fonts. Two character fonts 
are used on the color/graphics adapter: a 7-high by 7-wide 
double-dot font and a 5-wide by 7-high single-dot font. The font is 
selected by a jumper (P3). The single-dot font is selected by 
inserting the jumper; the double-dot font is selected by removing 
the jumper. 
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The attribute byte definitions are: 

7 6 5 4 3 2 1 0  

Foreground Color 

I 1 - Intensity 

I , Background Color 

I Blinking 

In the alphanumeric mode, the display mode can be operated in 
either a low-resolution mode or a high-resolution mode. 

The low-resolution alphanumeric mode has the following features: 

Supports home color televisions or low-resolution monitors 

Displays up to 25 rows of 40 characters each 

ROM character generator that contains dot patterns for a 
maximum of 256 different characters 

I Requires 2,000 bytes of readlwrite memory (on the adapter) 

Character box is 8-high by 8-wide 

Two jumper-controlled character fonts are available: 
5-wide by 7-high single-dot character font with one descender 
7-wide by 7-high double-dot character font with one descender 

One character attribute for each character 
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The high-resolution alphanumeric mode has the following 
features: 

Supports the IBM Color Display or other color monitor with 
direct-drive input capability 

Supports a black-and-white composite-video monitor 

Displays up to 25 rows of 80 characters each 

ROM displays generator that contains dot patterns for a 
maximum of 256 different characters 

Requires 4,000 bytes of readlwrite memory (on the adapter) 

Character box is 8-high by 8-wide 

Two jumper-controlled character fonts are available: 
5-wide by 7-high single-dot character font with one descender 
7-wide by 7-high double-dot character font with one descender 

One character attribute for each character 

Monochrome vs Color/Graphics 
Character Attributes 
Foreground and background colors are defined by the attribute 
byte of each character, whether using the IBM Monochrome 
Display and Printer Adapter or the IBM ColorIGraphics Monitor 
Adapter. The following table describes the colors for each 
adapter: 
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Color/Graphics 
Monitor Adapter 

Attribute Byte 
7 6 5 4 3 2 1 0  

Monochrome 
Dlsplay Adapter 

Background 
Color 

Black 
White 
Black 
White 

B I R G B 
FG Background 

B O O O l l l l  

B 1 1 1 1 1 1 1  

Background 
Color 

Black 
White 
Black 
White 

Character 
Color 

White 
Black 
Black 
White 

I I R G B 
Foreground 

B 1 1 1 1 0 0 0  
B O O O I O O O  

Character 
Color 

White 
Black 
Black 
White 



The monochrome display adapter will produce white characters 
on a white background with any other code. The color/graphics 
adapter will change foreground and background colors according 
to the color value selected. The color values for the various red, 
green, blue, and intensity bit settings are given in the table below. 

I I 
Code written with an underline attribute for the IBM 
Monochrome Display, when executed on a color/graphics monitor 
adapter, will result in a blue character where the underline 
attribute is encountered. Also, code written on a color/graphics 
monitor adapter with blue characters will be displayed as white 
characters on a black background, with a white underline on the 
IBM Monochrome Display. 

Remember that not all monitors recognize the intensity (I) bit. 

Color 

Black 
Blue 
Green 
Cyan 
Red 
Magenta 
Brown 
White 
Gray 
Light Blue 
Light Green 
Light Cyan 
Light Red 
Light Magenta 
Yellow 
White (High Intensity) 

R G B l  

0 0 0 0  
0 0 1 0  
0 1 0 0  
0 1 1 0  

0 0 0 1  
0 0 1 1  
0 1 0 1  
0 1 1 1  
1 0 0 1  
1 0 1 1  
1 1 0 1  
1 1 1 1  
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1 0 1 0  
1 1 0 0  
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Graphics Mode 
The IBM Color/Graphics Monitor Adapter has three modes 
available within the graphics mode. They are low-resolution color 
graphics, medium-resolution color graphics, and high-resolution 
color graphics. However, only medium- and high-resolution 
graphics are supported in ROM. The following table summarizes 
the three modes. 

Low-Resolution Color-Graphics Mode 

Low Resolution 

Medium 
Resolution 

High Resolution 

The low-resolution mode supports home television or color 
monitors. This mode is not supported in ROM. It has the 
following features: 

Contains a maximum of 100 rows of 160 PELS, with each 
PEL being 2-high by Zwide 

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

Number of Colors Available 
(Includes Background Color) 

16 (Includes black-and-white) 

4 Colors Total 
1 of 16 for Background and 
1 of Green, Red, or Brown or 
1 of Cyan, Magenta, or White 

Black-and-white only 

Horizontal 
(PELS) 

1 6 0  

320 

640 

Requires 16,000 bytes of readlwrite memory (on the adapter) 

Vertical 
(Rows) 

100 

200 

200 

Uses memory-mapped graphics 
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Medium-Resolution Color-Graphics Mode 

The medium-resolution mode supports home televisions or color 
monitors. It has the following features: 

Contains a maximum of 200 rows of 320 PELs, with each 

1 PEL being 1-high by 1-wide 

Preselects one of four colors for each PEL 

Requires 16,000 bytes of readlwrite memory (on the adapter) 

Uses memory-mapped graphics 

Formats 4 PELs per byte in the following manner: 

Fourth 

I Organizes graphics storage in two banks of 8,000 bytes, using 
the following format: 

Memory 
Address 
(in hex) Function 

B8000 

B9F3F 

BAOOO 

BBFFF 

Even Scans 
(0.2.4 ,... 198) 
8,000 bytes 

Not Used 

Odd Scans 
(1.3.5 ... 199) 
8.000 Bytes 

Not Used 

Address hex B8000 contains PEL instruction for the upper-left 
comer of the display area. 
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I Color selection is determined by the following logic: 

C 1 and CO will select 4 of 16 preselected colors. This 
color selection (palette) is preloaded in an I/O port. 

The two colors are: 

Function 

Dot takes on the color of 1 of 16 preselected background colors 

Selects first color of preselected Color Set 1 or Color Set 2 

Selects second color of preselected Color Set 1 or Color Set 2 

Selects t h ~ r d  color of preselected Color Set 1 or Color Set 2 

C1 

0 

0 

1 

1 

Color 1 is Green Color 1 is Cyan 
Color 2 is Red Color 2 is Magenta 
Color 3 is Brown Color 3 is White 

CO 

0 

1 

0 

1 

The background colors are the same basic 8 colors as defined 
for low-resolution graphics, plus 8 alternate intensities defined 
by the intensity bit, for a total of 16 colors, including black 
and white. 
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Bit 0 A 1 selects 80  by 25 alphanumeric mode 
A 0 selects 40 by 25 alphanumeric mode 

Bit 1 A 1 selects 320 by 200 graphics mode 
A 0 selects alphanumeric mode 

Bit 2 A 1 selects black-and-white mode 
A 0 selects color mode 

Bit 3 A 1 enables the video signal at certain times when modes 
are being changed. The video signal should be disabled 
when changing modes. 

Bit 4 A 1 selects the high-resolution (640 by 200) 
black-and-white graphics mode. One color of 8 can be 
selected on direct-drive sets in this mode by using register 
hex 3D9. 

Bit 5 When on, this bit will change the character background 
intensity to the blinking attribute function for 
alphanumeric modes. When the high-order attribute bit is 
not selected, 16 background colors (or intensified colors) 
are available. For normal operation, this bit should be set - 
to 1 to allow the blinking function. 
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Bit 0 This bit, when active, indicates that a regen buffer memory 
access can be made without interfering with the display. 

Bit 1 This bit, when active, indicates that a positive-going edge 
from the light-pen has set the light pen's trigger. This 
trigger is reset upon power-on and may also be cleared by - 
performing an 110 Out command to hex address 3DB. No 
specific data setting is required; the action is 
address-activated. 

Bit 2 The light-pen switch status is reflected in this status bit. 
The switch is not latched or debounced. A 0 indicates 
that the switch is on. 

Bit 3 This bit, when active, indicates that the raster is in a 
vertical retrace mode. This is a good time to perform 
screen-buffer updating. 

Sequence of Events for Changing Modes 

1. Determine the mode of operation. 

2. Reset 'video enable' bit in mode-select register. 

3. Program 6845 to select mode. 

4. Program mode/color select registers including re-enabling 
video. 
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Memory Requirements 
The memory used by this adapter is self-contained. It consists of 
16K bytes of memory without parity. This memory is used as 
both a display buffer for alphanumeric data and as a bit map for 

- graphics data. The regen buffer's address starts at hex B8000. 

Read/Write Memory 

System 
Read/Write 
Memory 

Display Buffer 
(1 6K Bytes) 

- 

Address Space (in hex) 
0 1 0 0 0  

AOOOO 

0 8 0 0 0  

BCOOO 

COOOO 

128K Reserved 
' Regen Area 
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Notes: 
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IBM Color Display 

- 

( The IBM Color Display attaches to the system unit by a signal 
cable that is approximately 5 feet (1.5 meters) in length. This ! 
signal cable provides a direct-drive interface from the IBM 
Color/Graphics Monitor Adapter. 

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, or 220-volt 50-Hz 
power. The power supply in the display automatically switches to 
match the applied power. 

The display has a 13-inch (340 millimeters) CRT. The CRT and 
analog circuits are packaged in an enclosure so the display may sit 
either on top of the system unit or on a nearby tabletop or desk. 
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 I Size controls. 
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1 Operating Characteristics 
1 Screen 

I High contrast (black) screen. 

1 . Displays up to 16 colors, when used with the IBM 
Color/Graphics Monitor Adapter. 

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

Video Signal 

Maximum video bandwidth of 14 MHz. 

Red, green, and blue video signals and intensity are all 
independent. 

Vertical Drive 

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

Horizontal Drive 

Positive-level, TTLcompatibility, at a frequency of 
15.75 kHz. 
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IBM 5- 114" Diskette Drive Adapter 

The 5-114 inch diskette drive adapter fits into one of the 
expansion slots in the system unit. It attaches to one or two 
diskette drives through i n  internal, daisy-chained flat cable that 
connects to one end of the drive adapter. The adapter has a 
connector at the other end that extends through the rear panel of 
the system unit. This connector has signals for two additional 
external diskette drives; thus, the 5-114 inch diskette drive adapter 
can attach four 5-114 inch drives - two internal and two external. 

The adapter is designed for double-density, MFM-coded, diskette 
drives and uses write precompensation with an analog phase-lock 
loop for clock and data recovery. The adapter is a general-purpose 
device using the NEC pPD765 compatible controller. Therefore, 
the diskette drive parameters are programmable. In addition, the 
attachment supports the diskette drive's write-protect feature. The 
adapter is buffered on the 110 bus and uses the system board's 
direct memory access (DMA) for record data transfers. An 
interrupt level is also used to indicate when an operation is 
complete and that a status condition requires processor attention. 

In general, the 5-114 inch diskette drive adapter presents a 
high-level command interface to software 110 drivers. A block 
diagram of the 5-114 inch diskette drive adapter is on the 
following page. 
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Functional Description 
From a programming point of view, this attachment consists of an 
8-bit digital-output register in parallel with an NEC yPD765 or 
equivalent floppy disk controller (FDC). 

In the following description, drive numbers 0, 1, 2, and 3 are 
equivalent to drives A, B, C, and D. 

Digital-Output Register 

The digital-output register (DOR) is an output-only register used 
to control drive motors, drive selection, and feature enable. All 
bits are cleared by the 1/0 interface reset line. The bits have the 
following functions: 

Bits 0 and 1 These bits are decoded by the hardware to 
select one drive if its motor is on: 

Bit 1 0 Drive 

0 0 0 (A) 
0 1 1 (B) 
1 0 2 (C) 
1 1  3 (Dl 

Bit 2 

Bit 3 

The FDC is held reset when this bit is clear. 
It must be set by the program to enable the 
FDC. 

This bit allows the FDC interrupt and DMA 
requests to be gated onto the I/O interface. If 
this bit is cleared, the interrupt and DMA 
request 110 interface drivers are disabled. 

Bits 4, 5, 6, and 7 These bits control, respectively, the motors of 
drives 0, 1, 2 (A, B, C), and 3 (D). If a bit is 
clear, the associated motor is off, and the 
drive cannot be selected. 
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The FDC is capable of performing 15 different commands. Each 
command is initiated by a multi-byte transfer from the processor, 
and the result after execution of the command may also be a 
multi-byte transfer back to the processor. Because of this 
multi-byte interchange of information between the FDC and the 
processor, it is convenient to consider each command as - 
consisting of three phases: 

Command Phase 

The FDC receives all information required to perform a particular 
operation from the processor. 

Execution Phase 

The FDC performs the operation it was instructed to do. 

Result Phase 

1 After completion of the operation, status and other housekeeping 
information is made available to the processor. 
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, FDC Constants (in hex) 

' N: 02 GPL Format: 05 
SC: 08 GPLR/W: 2A 
HUT: F HLT: 0 1 

i SRT: C (6 ms track-to-track) 

Drive Constants 

Head Load 35 ms 
Head Settle 15 ms 
Motor Start 250 ms 

Comments 

Head loads with drive select, wait HD load before R/W 

Following access, wait HD settle time before R/W. 

Drive motors should be off when not in use. Only A or B and - 
C or D may run sirnultaneously. Wait motor start time before 
R/W. 

Motor must be on for drive to be selected. 

Data errors can occur while using a home television as the 
system display. Locating the TV too close to the diskette area 
can cause this to occur. To correct the problem, move the TV 
away from, or to the opposite side of the system unit. 

System 110 Channel Interface 
All signals are TTGcompatible: 

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 
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The following lines are used by this adapter. 

+DO-7 (Bidirectional, load: 1 74LS, driver: 74LS 3-state). 
These eight lines form a bus by which all commands, 
status, and data are transferred. Bit 0 is the low-order 

- bit. 

I +AO-9 (Adapter input. load: 1 74LS) 
These ten lines form an address bus by which a 
register is selected to receive or supply the byte 
transferred through lines DO-7. Bit 0 is the low-order 
bit. 

+AEN (Adapter input, load: 1 74LS) 
The content of lines AO-9 is ignored if this line is 
active. 

-1OW (Adapter input, load: 1 74LS) 
The content of lines DO-7 is stored in the register 
addressed by lines AO-9 or DACK2 at the trailing 
edge of this signal. 

-1OR (Adapter input, load: 1 74LS) 
The content of the register addressed by lines AO-9 
or DACK2 is gated onto lines DO-7 when this line is 
active. 

-DACK2 (Adapter input, load: 2 74LS) 
This line being active degates output DRQ2, selects 
the FDC data register as the sourceldestination of 
bus DO-7, and indirectly gates TIC to IRQ6. 

+TIC (Adapter input, load: 4 74LS) 
This line and DACK2 being active indicates that the 
byte of data for which the DMA count was initialized 
is now being transferred. 

+RESET (Adapter input, load: 1 74LS) 
An up level aborts any operation in process and 
clears the digital output register (DOR). 
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+DRQ2 (Adapter output, driver: 74LS 3-state) 
This line is made active when the attachment is ready 
to transfer a byte of data to or from main storage. 
The line is made inactive by DACK2 becoming 
active or an 110 read of the FDC data register. 

+IRQ6 (Adapter output, driver: 74LS 3-state) 
This line is made active when the FDC has 
completed an operation. It results in an interrupt to a 
routine which should examine the FDC result bytes 
to reset the line and determine the ending condition. 

Drive A and B Interface 
All signals are TTLcompatible: 

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 open-collector gates. The 
drive(s) must provide termination networks to Vcc (except motor 
enable, which has a 2000-ohm resistor to Vcc). 

Each adapter input is terminated with a 150-ohm resistor to Vcc. 

Adapter Outputs 

-Drive Select A and B (Driver: 7438) 
These two lines are used by drives A 
and B to degate all drivers to the 
adapter and receivers from the 
attachment (except motor enable) when 
the line associated with a drive is 
inactive. 
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-Motor Enable A and B (Driver: 7438) 
The drive associated with each of these 
lines must control its spindle motor 
such that it starts when the line 
becomes active and stops when the line 
becomes inactive. 

(Driver: 7438) 
The selected drive moves the 
read/write head one cylinder in or out 
per the direction line for each pulse 
present on this line. 

-Head Select 

-Write Data 

-Write Enable 

(Driver: 7438) 
For each recognized pulse of the step 
line, the read/write head moves one 
cylinder toward the spindle if this line 
is active, and away from the spindle if 
inactive. 

(Driver: 7438) 
Head 1 (upper head) will be selected 
when this line is active (low). 

(Driver: 7438) 
For each inactive to active transition of 
this line while write enable is active, 
the selected drive causes a flux change 
to be stored on the diskette. 

(Driver: 7438) 
The drive disables write current in the 
head unless this line is active. 
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Adapter Inputs 

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

-Write Protect The selected drive makes this line 
active if a write-protected diskette is 
mounted in the drive. 

-Track 0 The selected drive makes this line 
active if the read/write head is over 
track 0. 

-Read Data The selected drive supplies a pulse on 
this line for each flux change 
encountered on the diskette. 
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IBM 5-114" Diskette Drive 

40 tracks for each side, is fully self-contained, and consists of a 
spindle drive system, a read positioning system, and a 
readlwritelerase system. 

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 raises the latch at the front of the 
diskette drive and inserts the diskette into the slot. Plastic guides 
in the slot ensure the diskette is in the correct position. Closing the 
latch centers the diskette and clamps it to the drive hub. After 250 
milliseconds, the servocontrolled dc drive motor starts and drives 
the hub at a constant speed of 300 rpm. The head positioning 
system, which consists of a 4-phase stepper-motor and band 
assembly with its associated electronics, moves the magnetic head 
so it comes in contact with the desired track of the diskette. The 
stepper-motor and band assembly uses one-step rotation to cause 
a one-track linear movement of the magnetic head. No operator 
intervention is required during normal operation. During a write 
operation, a 0.01 3-inch (0.33 millimeter) data track is recorded, 
then tunnel-erased to 0.012 inch (0.030 millimeter). 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 an adapter card. 

The diskette drive also has the following sensor systems: 

1. The track 00  switch, which senses when the headlcarriage 
assembly is at track 00. 
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IBM Fixed Disk Drive Adapter 

(data/control cable). Each system supports a maximum of one 
fixed disk drive adapter and two fixed disk drives. 

The adapter is buffered on the 110 bus and uses the system board 
direct memory access (DMA) for record data transfers. An 
interrupt level also is used to indicate operation completion and 
status conditions that require processor attention. 

The fixed disk drive adapter provides automatic 1 1-bit burst error 
detection and correction in the form of 32-bit error checking and 
correction (ECC). 

The device level control for the fixed disk drive adapter is 
contained on a ROM module on the adapter. A listing of this 

- device level control can be found in "Appendix A: ROM BIOS 
Listings." 

WARNING: The last cylinder on the fixed disk drive is 
reserved for diagnostic use. Diagnostic write 
tests will destroy any data on this cylinder. 

Fixed Disk Controller 
The disk controller has two registers that may be accessed by the 
main system processor: a status register and a data register. The 
8-bit status register contains the status information of the disk 
controller, and can be accessed at any time. The 8-bit data 
register (actually consisting of several registers in a stack with 
only one register presented to the data bus) stores data, 
commands, parameters, and provides the disk controller's status 
information. Data bytes are read from, or written to the data 
register in order to program or obtain the results after a particular 
command. The status register is a read-only register, and is used 
to help the transfer of data between the processor and the disk 
controller. The controller-select pulse is generated by writing to 
port address hex 322. 
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Programming Considerations 

Status Register 

At the end of all commands from the system board, the disk 
controller returns a completion status byte back to the system 
board. This byte informs the system unit if an error occurred I 
during the execution of the coknand. The following shows the 
format of this byte. 

Bits 0, 1, 2, 3, 4 , 6 ,  7 These bits are set to zero. 

Bit 

Bit 1 

7 6 5 4 3 2 7 0  

O O d O O O e O  

Bit 5 

When set, this bit shows an error has 
occurred during command execution. 

This bit shows the logical unit number of 
the drive. 

If the interrupts are enabled, the controller sends an interrupt 
when it is ready to transfer the status byte. Busy from the disk 
controller is unasserted when the byte is transferred to complete 
the command. 

Sense Bytes 

If the status register receives an error (bit 1 is set), then the disk 
controller requests four bytes of sense data. The format for the 
four bytes is as follows: 

Remarks 

d = drive 

Bits 

Byte 0 

Byte 1 

Byte 2 

Byte 3 
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7 6 5 4 3 2 1 0 

Address 
Valid 

0 

0 

0 

Cylinder High 

Error Type 

Sector Number 

Error Code 

Cylinder Low 

d Head Number 



( Byte 0 Bits 0, 1, 2, 3 Error code. 

Byte 0 Bits 4, 5 Error type. 

Byte 0 Bit 6 Set to 0 (spare). 

1 Byte 0 Bit 7 The address valid bit. Set only when 
the previous command required a disk 
address, in which case it is returned 
as a 1; otherwise, it is a 0. 

The following disk controller tables list the error types and error 
codes found in byte 0: 
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0 0 

0 0 

0 0 

0 1 1 0 

0 1 1 1 

1 0 0 0 

After stepping the maximum number of 
cylinders, the controller did not receive the 
track 00 signal from the drive. 

Not used. 

The drive is still seeking. This status is 
reported by the Test Drive Ready command 
for an overlap seek condition when the 
drive has not completed the seek. No 
time-out is measured by the controller for 
the seek to complete. 
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Bits 

1 - 184 Fixed Disk Adapter 

Error Type 

5 4  

1 0 

1 0 

Bits 

Error Code 

3 2 1 0  

0 0 0 0 

0 0 0 1 

0 0 1 0 

Error Type 

5 4  

1 1 

1 1 

1 1 

Error Code 

3 2 1 0  

0 0 0 0 

0 0 0 1 

Description 

RAM Error: The controller detected a data 
error during the RAM sector-buffer 
diagnostic test. 

Program Memory Checksum Error: During 
this internal diagnostic test, the controller 
detected a program-memory checksum 
error. 

ECC Polynominal Error: During the 
controller's internal diagnostic tests, the 
hardware ECC generator failed its test. 

Description 

Invalid Command: The controller has 
received an invalid command from the 
system unit. 

Illegal Disk Address: The controller 
detected an address that is beyond the 
maximum range. 



Data Register 

The processor specifies the operation by sending the 6-byte device 
control block (DCB) to the controller. The figure below shows the 
composition of the DCB, and defines the bytes that make up the 
DCB. 

Byte 0 - Bits 7,6,  and 5 identify the class of the command. 
Bits 4 through 0 contain the Opcode command. 

Bits 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 1 - Bit 5 identifies the drive number. 
Bits 4 through 0 contain the disk head number to be 
selected. 
Bits 6 and 7 are not used. 

Byte 2 - Bits 6 and 7 contain the two most significant bits of the 
cylinder number. 
Bits 0 through 5 contain the sector number. 

7 6 5 4 3 2 1 0 

Byte 3 - Bits 0 through 7 are the eight least significant bits of the 
cylinder number. 

Byte 4 - Bits 0 through 7 specify the interleave or block count. 

Opcode 

Head Number 

Command Class 

Byte 5 - Bits 0 through 7 contain the control field. 

0 
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Cylinder High Sector Number 

0 

Cylinder Low 

Interleave or Block Count 

Control Field 

d 



Control Byte 

Byte 5 is the control field of the DCB and allows the user to select 
options for several types of disk drives. The format of this byte is 
as follows: 

Remarks Bits 

r = retries 
s = step option 
a = retry option on data ECC 

error 

7 6 5 4 3 2 1  0 

r a O O O s s s  

Bit 7 Disables the four retries by the controller on all 
disk-access commands. Set this bit only during the 
evaluation of the performance of a disk drive. 

Bit 6 If set to 0 during read commands, a reread is 
attempted when an ECC error occurs. If no error 
occurs during reread, the command will complete 
with no error status. If this bit is set to 1, no reread is 
attempted. 

Bits 5, 4, 3 Set to 0. 

Bits 2, 1,0 These bits define the type of drive and select the step 
option. See the following figure. 
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Bits 2. 1, 0 

0 0  0 

0  0  1 

0  1 0 

0  1 1  

1 0  0  

1 0  1 

1 1 0  

1 1 1 

This drive is not specified and defaults to 3 milliseconds per 
step. 

N/A 

N/A 

N/A 

200 microseconds per step. 

70 microseconds per step (specified by BIOS). 

3 milliseconds per step. 

3 milliseconds per step. 











Programming Summary 

The two least-significant bits of the address bus are sent to the 
system board's I10 port decoder, which has two sections. One 
section is enabled by the I10 read signal (-IOR) and the other by 

, the I10 write signal (-IOW). The result is a total of four 
readlwrite ports assigned to the disk controller board. 

The address enable signal (AEN) is asserted by the system board 
when DMA is controlling data transfer. When AEN is asserted, 
the 110 port decoder is disabled. 

The following figure is a table of the four read/write ports: 
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R/W 

Read 
Write 

Read 
Write 

Read 
Write 

Read 
Write 

Port Address 

320 
320 

32 1 
32 1 

322 
322 

323 
323 

Function 

Read data (from controller to system unit). 
Write data (from system unit to controller). 

Read controller hardware status. 
Controller reset. 

Reserved. 
Generate controller-select pulse. 

Not used. 
Write pattern to DMA and interrupt mask 
register. 



I System I/O Channel Interface 
The following lines are used by the disk controller: 

AO-A19 Positive true 20-bit address. The least-significant 10 
bits contain the 110 address within the range of hex 
320 to hex 323 when an 110 read or write is 
executed by the system unit. The full 20 bits are 
decoded to address the read-only storage (ROS) 
between the addresses of hex C8000 and C9FFF. 

DO-D7 Positive 8-bit data bus over which data and status 
information is passed between the system board and 
the controller. 

- 
IOR Negative true signal that is asserted when the system 

board reads status or data from the controller under 
either programmed 110 or DMA control. 

raw Negative true signal that is asserted when the system 
board sends a command or data to the controller 
under either programmed 110 or DMA control. 

- 
AEN Positive true signal that is asserted when the DMA in 

the system board is generating the I10 Read (-IOR) 
or 110 Write (-IOW) signals and has control of the 
address and data buses. 

RESET Positive true signal that forces the disk controller to 
its initial power-up condition. 

IRQ 5 Positive true interrupt request signal that is asserted 
by the controller when enabled to interrupt the 
system board on the return ending status byte from 
the controller. 

DRQ 3 Positive true DMA-request signal that is asserted by 
the controller when data is available for transfer to or 
from the controller under DMA control. This signal 
remains active until the system board's DMA 
channel activates the DMA-acknowledge signal 
(-DACK 3) in response. 

DACK 3 This signal is true when negative, and is generated by 
the system board DMA channel in response to a 
DMA request (DRQ 3). 
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IBM lOMB Fixed Disk Drive 

-- 
The disk drive is a random-access storage device that uses two 
non-removable 5-114 inch disks for storage. Each disk surface 
employs one movable head to service 305 cylinders. The total 
formatted capacity of the four heads and surfaces is 10 megabytes 
(1 7 sectors per track with 5 12 bytes per sector and a total of 
1224 tracks). 

An impact-resistant enclosure provides mechanical and 
contamination protection for the heads, actuator, and disks. A 
self-contained recirculating system supplies clean air through a 
0.3-micron filter. Thermal isolation of the stepper and spindle 
motor assemblies from the disk enclosure results in a very low 
temperature rise within the enclosure. This isolation provides a 
greater off-track margin and the ability to perform read and write 
operations immediately after power-up with no thermal 
stabilization delay. 

Scrubbing / ~ i l t e r  
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IBM Memory Expansion Options 

- 

Three memory expansion options and a memory module kit are 
available for the IBM Personal Computer XT. They are the I 
32KB, 64KB, and 641256KB Memory Expansion Options and 
the 64KB Memory Module Kit. The base system has a standard 
128K of RAM on the system board. One or two memory module 
kits can be added, providing the system board with 192K or 256K 
of RAM. The base 64125613 option has a standard 64K of RAM. 
One, two, or three 64K memory module kits may be added, 
providing the 641256K option with 128K, 192K, or 256K of 
RAM. A maximum of 256K or RAM can be installed on the 
system board as modules without using any of the system unit 
expansion slots or expansion options. The system board must be 
populated to the maximum 256K of RAM before any memory 
expansion options can be installed. 

An expansion option must be configured to reside at a sequential 
32K or 64K memory address boundary within the system address 
space. This is done by setting DIP switches on the option. 

The 32K and 64K options both use 16K by 1 bit memory 
modules, while the 641256K option uses 64K by 1 bit memory 
modules. On the 32K and 641256K options, 16-pin 
industry-standard parts are used. On the 64K option, stacked 
modules are used resulting in a 32K by 1 bit, 18-pin module. This 
allows the 32K and 64K options to have approximately the same 
physical size. 

All memory expansion options are parity checked. If a parity 
error is detected, a latch is set and an 110 channel check line is 
activated, indicating an error to the processor. 

In addition to the memory modules, the memory expansion 
- options contain the following circuits: bus buffering, dynamic 

' 

memory timing generation, address multiplexing, and card-select 
decode logic. 

Dynamic-memory refresh timing and address generation are 
functions that are performed on the system board and made 
available in the I/O channel for all devices. 
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To allow the system to address 32K, 64K, or 641256K memory 
expansion options, refer to "Appendix G: Switch Settings" for the 
proper memory expansion option switch settings. 

Operating Characteristics 
The system board operates at a frequency of 4.77 MHz, which 
results in a clock cycle of 210 ns. 

Normally four clock cycles are required for a bus cycle so that an 
840-11s memory cycle time is achieved. Memory-write and 
memory-read cycles both take four clock cycles, or 840 ns. 

General specifications for memory used on all cards are: 

Memory Module Description 
Both the 32K and the 64K options contain 18 dynamic memory 
modules. The 32K memory expansion option utilizes 16K by 1 
bit modules, and the 64K memory expansion option utilizes 32K 
by I bit modules. 

Access 

Cycle 

The 641256K option has four banks of 9 pluggable sockets. Each 
bank will accept a 64K memory module kit, consisting of 9 (64K 
by I )  modules. The kits must be installed sequentially into banks 
1, 2, and 3.  The base 64/256K option comes with modules 
installed in bank 0, providing 64K of memory. One, two, or three 
64K bits may be added, upgrading the option to 128K, 192K, or 
256K of memory. 

3 2 K  by 1 Bit 

250 ns 

410 ns 

16K by 1 Bit 

250 ns 

410 ns 

1 - 198 Memory Expansion Options 

64K by 1 Bit 

200 ns 

345 ns 











IBM Game Control Adapter 

-- 
The game control adapter allows up to four paddles or two joy 
sticks to be attached to the svstem. This card fits into one of the 
system board's or expansioneboard's expansion slots. The game 
control interface cable attaches to the rear of the adapter. In 
addition, four inputs for switches are provided. Paddle and joy 
stick positions are determined by changing resistive values sent to 
the adapter. The adapter plus system software converts the 
present resistive value to a relative paddle or joy stick 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 position can be determined. 
This adapter could be used as a general purpose 110 card with 
four analog (resistive) inputs plus four digital input points. 

=-I Instruction 
Decode I 

Convert 
Resistance 
Digital 
Pulse 

Resistive Input m 

Typical Frequency 

D7-DO 833 Hz 
Data Bus 
Buffer/ 
Driver 

Digital Inputs 

Game Control Adapter Block Diagram 
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Functional Description 

Address Decode 
The select on the game control adapter is generated by two - 

74LS 138s as an address decoder. AEN must be inactive while 
the address is hex 201 in order to generate the select. The select 
allows a write to fire the one-shots or read to give the values of the 
trigger buttons and one-shot outputs. 

Data Bus BufferIDriver 
The data bus is buffered by a 74LS244 bufferidriver. For an In 
from address hex 201, the game control adapter will drive the data 
bus; at all other times, the buffer is left in the high impedance 
state. 

Trigger Buttons 
The trigger button inputs are read by an In from address hex 201. - 
A trigger button is on each joy stick or paddle. 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. 
Software should be aware that these buttons are not debounced in 
hardware. 

Joy Stick Positions 
The joy stick position is indicated by a potentiometer for each 
coordinate. Each potentiometer has a range from 0 to 100 k-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 at once by an Out to address hex 201. - 
All four one-shot outputs 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. 
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110 Channel Description 
A9-AO: Address lines 9 through 0 are used 

to address the game control adapter. 

. D7-DO: Data lines 7 through 0 are the data 
bus. 

IOR, IOW: 

AEN: 

110 read and I10 write are used 
when reading from or writing to an 
adapter (In, Out). 

When active, the adapter must be 
inactive and the data bus driver 
inactive. 

+5 Vdc: Power for the game control adapter. 

GND: Common ground. 

A19-A10: Unused. 

MEMR, MEMW: Unused. 

DACKO-DACK3: Unused. 

IRQ7-IRQ2: Unused. 

DRQ3-DRQ 1 : Unused. 

ALE, TIC: Unused. 

CLK, OSC: Unused. 

110 CHCK: Unused. 

110 CH RDY: Unused. 

RESET DRV: Unused. 

-5 Vdc, + 12 Vdc, - 12 Vdc: Unused. 
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IBM Prototype Card 

The prototype card is 4.2 inches (106.7 millimeters) high by 13.2 
inches (335.3 millimeters) long and plugs into an expansion unit 
or system unit expansion slot. All system control signals and 
voltage requirements are provided through a 2 by 3 1 position 

I 
card-edge tab. 

The card contains a voltage bus (+5 Vdc) and a ground bus (0 
Vdc). Each bus borders the card, with the voltage bus on the back 
(pin side) and the ground bus on the front (component side). A 
system interface design is also provided on the prototype card. 

The prototype card can also accommodate a D-shell connector if 
it is needed. The connector size can range from a 9 to a 37 
position connector. 

Note: Install all components on the component side of the 
prototype card. The total width of the card including components 
should not exceed 0.500 inch (12.7 millimeters). If these 
specifications are not met, components on the prototype card may 
touch other cards plugged into adjacent slots. 

Prototype Card 1-209 









Each card-edged tab is connected to a plated through-hole by a 
0.012-inch (0.3-millimeter) land. There are three ground tabs 
connected to the ground bus by three 0.012-inch (0.3 millimeter) 
lands. Also, there are two +5 Vdc tabs connected to the voltage 
bus by two 0.01 2-inch (0.3 millimeter) lands. 

\ 

For additional interfacing information, refer to "110 Channel 
Description" and "110 Channel Diagram" in this manual. Also, 
the ' ' ~ r o t o t ~ ~ e  Card Interface ~ o ~ i c ~ i a g r a m "  is in Appendix D 
of this manual. If the recommended interface logic is used, the list 
of TTL type numbers listed below will help you select the 
necessary components. 

System Loading and Power Limitations 

Component 

U 1 

U2, U5 

U4 

U3 

U 6 

U7 

C 1 

C2. C3. C4 

Because of the number of options that may be installed in the 
system, the I10 bus loading should be limited to one Schottky 
TTL load. If the interface circuitry on the card is used, then this 
requirement is met. 

Refer to the power supply information in this manual for the 
power limitations to be observed. 

- 

TTL Number 

74LS245 

74LS244 

74LS04 

74LS08 

74LS02 

7411521 
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Description 

Octal Bus Transceiver 

Octal Buffers Line Driver/Line Receivers 

Hex Inverters 

Quadruple 2 - Input 
Positive - AND Gate 

Quadruple 2 - Input 
Positive - NOR Gate 

Dual 4 - Input 
Positive - AND Gate 

10.0pF Tantalum Capacitor 

0.047 pF Ceramic Capacitor 





IBM Asynchronous 
Communications Adapter 

The asynchronous communications adapter system control signals 
and voltage requirements are provided through a 2 by 3 1 position 
card edge tab. Two jumper modules are provided on the adapter. 
One jumper module selects either RS-232C or current-loop 
operation. The other jumper module selects one of two addresses 
for the adapter, so two adapters may be used in one system. 

The adapter is hlly 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 9600 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, error, line 
status and data set interrupts. Diagnostic capabilities provide 
loopback functions of transmit/receive and inputloutput signals. 

The heart of the adapter is a INS8250 LSI chip or functional 
equivalent. Features in addition to those listed above are: 

Full double buffering eliminates need for precise 
synchronization. 

Independent receiver clock input. 

Modem control functions: clear to send (CTS), request to 
send (RTS), data set ready (DSR), data terminal ready 
(DTR), ring indicator (RI), and carrier detect. 

False-start bit detection. 

- 
Line-break generation and detection. 

All communications protocol is a function of the system 
microcode 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. The following figure is a block 
diagram of the asynchronous communications adapter. 
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Chip 
Address Select 
Decode 

Data Bus 

Interrupt 
- 

8250 
4 ' Asynchronous 

Oscillator Communications 
1.8432 MHz ) Element - 

I- 

25-Pin D-Shell 
Connector 

Asynchronous Communications Adapter Block Diagram 

Modes of Operation 
The different modes of operation are selected by programming the 
8250 asynchronous communications element. This is done by 
selecting the 110 address (hex 3F8 to 3FF primary, and hex 2F8 
to 2FF secondary) and writing data out to the card. Address bits 
AO, A l ,  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. 
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Bit 2: This bit specifies the number of stop bits in each 
transmitted or received serial character. If bit 2 is a logical 0, one 
stop bit is generated or checked in the transmit or receive data, 
respectively. If bit 2 is logical 1 when a 5-bit word length is 
selected through bits 0 and 1, 1-112 stop bits are generated or 
checked. If bit 2 is logical 1 when either a 6-, 7-, or 8-bit word 
length is selected, two stop bits are generated or checked. 

Bit 3: This bit is the parity enable bit. When bit 3 is a logical 1, 
a parity bit is generated (transmit data) or checked (receive data) 
between the last data word bit and stop bit of the serial data. (The 
parity bit is used to produce an even or odd number of 1's when 
the data word bits and the parity bit are summed.) 

Bit 4: This bit is the even parity select bit. When bit 3 is a 
logical 1 and bit 4 is a logical 0, an odd number of logical 1's is 
transmitted or checked in the data word bits and parity bit. When 
bit 3 is a logical 1 and bit 4 is a logical 1, an even number of bits 
is transmitted or checked. 

Bit 5: This bit is the stick parity bit. When bit 3 is a logical 1 
and bit 5 is a logical 1, the parity bit is transmitted and then 
detected by the receiver as a logical 0 if bit 4 is a logical 1, or as a - 
logical 1 if bit 4 is a logical 0. 

Bit 6: This bit is the set break control bit. When bit 6 is a logical 
1, the serial output (SOUT) is forced to the spacing (logical 0) 
state and remains there regardless of other transmitter activity. 
The set break is disabled by setting bit 6 to a logical 0. This 
feature enables the processor to alert a terminal in a computer 
communications system. 

Bit 7: This bit is the divisor latch access bit (DLAB). It must be 
set high (logical 1) to access the divisor latches of the baud rate 
generator during a read or write operation. It must be set low 
(logical 0) to access the receiver buffer, the transmitter holding 
register, or the interrupt enable register. 
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Programmable Baud Rate Generator 

The INS8250 contains a programmable baud rate generator that 
is capable of taking the clock input (1.8432 MHz) and dividing it 
by any divisor from 1 to (216- 1). The output frequency of the 
baud generator is 16 x the baud rate [divisor # = (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. 

Divisor Latch Least Significant Bit (DLL) 

- 
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Hex Address 3F8 DLAB = 1 

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

Bit 3 
Bit 4 

b Bit 5 

* Bit 6 

b Bit 7 



















, Modem Status Register 

This eight-bit register provides the current state of the control 
lines from the modem (or peripheral device) to the processor. In 
addition to this current-state information, four bits of the modem 
status register provide change information. These bits are set to a 
logical 1 whenever a control input from the modem changes state. 
They are reset to logical 0 whenever the processor reads the 
modem status register. 

The content of the modem status register are indicated and 
described below: 

Hex Address 3FE 

Bit 7 6 5 4 3 2 1 0  1 1 I'l: Delta Clear to Send (DCTS) 

Delta Data Set Ready (DDSR) 

Trailing Edge Ring 
Indicator (TERI) 

Delta Rx Line Signal 
Detect (DRLSD) 

Clear to  Send (CTS) 

Data Set Ready (DSR) 

> Ring Indicator (RI) 

* Receive Line Signal 
Detect (RLSD) 

Modem Status Register (MSR) 
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Notes: 
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Data Bus Buffer 

The system unit's data bus interfaces the 825 1A through the data 
bus buffer. Data is transferred or received by the buffer upon 
execution of input or output instructions from the system unit. 
Control words, command words, and status information are also 
transferred through the data bus buffer. 

ReadIWrite Control Logic 

The read/write control logic controls the transfer of information 
between the system unit and the 825 1A. It consists of pins 
designated as RESET, CLK, WR, RD, CID, and CS. 

RESET: The Reset pin is gated by Port B, bit 4 of the 8255, 
and performs a master reset of the 825 1 A. The minimum reset 
pulse width is 6 clock cycles. Clock-cycle duration is determined 
by the oscillator speed of the processor. 

CLK (Clock): The clock generates internal device timing. No 
external inputs or outputs are referenced to CLK. The input is the 
system board's bus clock of 4.77 MHz. 

WR (Write): An input to WR informs the 825 1A that the 
system unit is writing data or control words to it. The input is the 
WR signal from the system-unit bus. 

R D  (Read): An input to RD informs the 825 1A that the 
processing unit is reading data or status information from it. The 
input is the RD signal from the system-unit bus. 

C/D (ControlIData): An input on this pin, in conjunction with 
the WR and RD inputs, informs the 825 1A that the word on the 
data bus is either a data character, a control word, or status 
information. The input is the low-order address bit from the 
system board's address bus. 

_ CS (Chip Select): A low on the input selects the 8251A. No 
reading or writing will occur unless the device is selected. An 
input is decoded at the adapter from the address information on 
the system-unit bus. 
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i Modem Control 

The 825 1A has the following input and output control signals 
which are used to interface the transmission equipment selected 
by the user. 

DSR (Data Set Ready): The DSR input port is a 
general-purpose, 1-bit, inverting input port. The 825 1A can test 
its condition with a Status Read operation. 

CTS (Clear to Send): A low on this input enables the 825 1A 
to transfer serial data if the TxEnable bit in the command byte is 
set to 1. If either a TxEnable off or CTS off condition occurs 
while the transmitter is in operation, the transmitter will send all 
the data in the USART that was written prior to the TxDisable 
command, before shutting down. 

DTR (Data Terminal Ready): The DTR output port is a 
general-purpose, 1-bit, inverting output port. It can be set low by 
programming the appropriate bit in the command instruction 
word. 

RTS (Request to Send): The RTS output signal is a - 
general-purpose, 1-bit, inverting output port. It can be set low by 
programming the appropriate bit in the Command Instruction 
word. 

Transmitter Buffer 

The transmitter buffer accepts parallel data from the data-bus 
buffer, converts it to a serial bit stream, and inserts the 
appropriate characters or bits for the BSC protocol. The output 
from the transmit buffer is a composite serial stream of data on the 
falling edge of Transmit Clock. The transmitter will begin 
transferring data upon being enabled, if CTS = 0 (active). The 
transmit data (TxD) line will be set in the marking state upon 
receipt of a master reset, or when transmit enable/CTS is off and 
the transmitter is empty (TxEmpty). 
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Transmitter Control 

Transmitter Control manages all activities associated with the 
transfer of serial data. It accepts and issues the following signals, 
both externally and internally, to accomplish this function: 

TxRDY (Transmitter Ready): This output signals the system 
unit that the transmitter is ready to accept a data character. The 
TxRDY output pin is used as an interrupt to the system unit 
(Level 4) and is masked by turning off Transmit Enable. TxRDY 
is automatically reset by the leading edge of a WR input signal 
when a data character is loaded from the system unit. 

TxE (Transmitter Empty): This signal is used only as a status 
register input. 

TxC (Transmit Clock): The Transmit Clock controls the rate 
at which the character is to be transmitted. In synchronous mode, 
the bit-per-second rate is equal to the TxC frequency. The falling 
edge of TxC shifts the serial data out of the 825 1A. 

Receiver Buffer 

The receiver accepts serial data, converts it to parallel format, 
checks for bits or characters that are unique to the communication 
technique, and sends an "assembled" character to the system unit. 
Serial data input is received on the RxD (Receive Data) pin, and 
is clocked in on the rising edge of RxC (Receive Clock). 

Receiver Control 

This control manages all receiver-related activites. The 
parity-toggle and parity-error flip-flop circuits are used for 
parity-error detection, and set the corresponding status bit. 
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RxRDY (Receiver Ready): This output indicates that the 
825 1A has a character that is ready to be received by the system 
unit. RxRDY is connected to the interrupt structure of the system 
unit (Interrupt Level 3). With Receive Enable off, RxRDY is 
masked and held in the reset mode. To set RxRDY, the receiver 
must be enabled, and a character must finish assembly and be 
transferred to the data output register. Failure to read the received 

- 

character from the RxRDY output register before the assembly of 
the next Rx Data character will set an overmn-condition error, 
and the previous character will be lost. 

RxC (Receiver Clock): The receiver clock controls the rate at 
which the character is to be received. The bit rate is equal to the 
actual frequency of RxC. 

SYNDET (Synchronization Detect): This pin is used for 
synchronization detection and may be used as either input or 
output, programmable through the control word. It is reset to 
output-mode-low upon reset. When used as an output (internal 
synchronization mode), the SYNDET pin will go to 1 to indicate 
that the 825 1A has found the synchronization character in the 
receive mode. If the 825 1A is programmed to use double 
synchronization characters (bisynchronization, as in this 
application), the SYNDET pin will go to 1 in the middle of the 
last bit of the second synchronization character. SYNDET is 
automatically reset for a Status Read operation. 

8255A-5 Programmable Peripheral Interface 

The 8255A-5 is used on the BSC adapter to provide an expanded 
modem interface and for internal gating and control functions. It 
has three 8-bit ports, which are defined by the system during 
initialization of the adapter. All levels are considered plus active 
unless otherwise indicated. A detailed description of the ports is in 
"Programming Considerations" in this section. 
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8253-5 Programmable Interval Timer 

The 8253-5 is driven by a divided-by-two system-clock signal. Its 
outputs are used as clocking signals and to generate inactivity 
timeout interrupts. These level 4 interrupts occur when either of 

- the timers reaches its programmed terminal counts. The 8253-5 
has the following outputs: 

Timer 0: Not used for synchronous-mode operation. 

Timer 1: Connected to port A, bit 7 of the 8255 and Interrupt 
Level 4. 

Timer 2: Connected to port A, bit 6 of the 8255 and Interrupt 
Level 4. 

Operation 
The complete functional definition of the BSC adapter is 
programmed by the system software. Initialization and control 

-. words are sent out by the system to initialize the adapter and 
program the communications format in which it operates. Once 
programmed, the BSC Adapter is ready to perform its 
communication functions. 

Transmit 

In synchronous transmission, the TxD output is continuously at a 
mark level until the system sends its first character, which is a 
synchronization character to the 825 1A. When the CTS line goes 
on, the first character is serially transmitted. All bits are shifted 
out on the falling edge of TxC. When the 825 1A is ready to 
receive another character from the system for transmission, it 
raises TxRDY, which causes a level-4 interrupt. 
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Once transmission has started, the data stream at the TxD output 
must continue at the TxC rate. If the system does not provide the 
825 1A with a data character before the 825 1A transmit buffers 
become empty, the synchronization characters will be 
automatically inserted in the TxD data stream. In this case, the 
TxE bit in the status register is raised high to signal that the 

-. 

825 1A is empty and that synchronization characters are being 
sent out. (Note that this TxE bit is in the status register, and is not 
the TxE pin on the 825 1A). TxE does not go low when SYNC is 
being shifted out. The TxE status bit is internally reset by a data 
character being written to the 825 1A. 

Receive 

In synchronous reception, the 825 1A will achieve character 
synchronization, because the hardware design of the BSC adapter 
is intended for internal synchronization. Therefore, the SYNDET 
pin on the 825 1A is not connected to the adapter circuits. For 
internal synchronization, the Enter Hunt command should be 
included in the first command instruction word written. Data on 
the RxD pin is then sampled in on the rising edge of RxC. The 
content of the RxD buffer is compared at every bit boundary with - 
the first SYNC character until a match occurs. Because the 
825 1A has been programmed for two synchronization characters 
(bisynchronization), the next received character is also compared. 
When both SYNC characters have been detected, the 825 1A 
ends the hunt mode and is in character synchronization. The 
SYNDET bit in the status register (not the SYNDET pin) is then 
set high, and is reset automatically by a Status Read. 

Once synchronization has occurred, the 825 1A begins to 
assemble received data bytes. When a character is assembled and 
ready to be transferred to memory from the 825 1 A, it raises 
RxRDY, causing an interrupt level 3 to the system. 

If the system has not fetched a pevious character by the time 
another received character is assembled (and an interrupt-level 3 
issued by the adapter), the old character will be overwritten, and - 
the overrun error flag will be raised. All error flags can be reset by 
an error reset operation. 
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Programming Considerations 
Before starting data transmission or reception, the BSC adapter 
is programmed by the system unit to define control and gating 
ports, timer functions and counts, and the communication 

_ environment in which it is to operate. I 
Typical Programming Sequence 

The 8255A-5 programmable peripheral interface (PPI) is 
initialized for the proper mode by selecting address hex 3A3 and 
writing the control word. This defines port A as an input, port B 
as an output for modem control and gating, and port C for 4-bit 
input and 4-bit output. The bit descriptions for the 8255A-5 are 
shown in the following figures. Using an output to port C, the 
adapter is then set to wrap mode, disallow interrupts, and gate 
external clocks (address=3A2H7 data=ODH). The adapter is 
now isolated from the communication interface, and initialization 
continues. 

Through bit 4 of 8255 Port B, the 825 1A reset pin is brought 
high, held, then dropped. This resets the internal registers of the 
825 1A. 

BSC Adapter 1-253 















' Bit 0 See the Note in the preceding figure. 

Bit 1 An output on this bit means a character is ready to be 
received by the computer's 8088 microprocessor. 

Bit 2 A 1 on this bit indicates the 825 1A has no characters to 
I - 

transmit. 

Bit 3 The Parity Error bit sets a flag when errors are 
detected. It is reset by the error reset in the command 
instruction. 

Bit 4 This bit sets a flag when the computers 8088 
microprocessor does not read a character before another 
one is presented. The 825 1A operation is not inhibited 
by this flag, but the overrun character will be lost. 

Bit 5 Not used 

Bit 6 SYNDET goes to 1 when the synchronization character 
is found in receive mode. For BSC, SYNDET goes 
high in the middle of the last bit of the second 
synchronization character. 

Bit 7 The Data Set Ready bit is a one bit inverting input. It 
is used to check modem conditions, such as data-set 
ready . 

Interface Signal Information 
The BSC adapter conforms to interface signal levels standardized 
by the Electronics Industry Association (EIA) RS232C Standard. 
These levels are shown in the following figure. 

Additional lines, not standardized by the EIA, are pins 1 1, 18, 
and 25 on the interface connector. These lines are designated as 
Select Standby, Test, and Test Indicate. Select Standby is used to 
support the switched network backup facility of a modem that 
provides this option. Test and Test Indicate support a modem 
wrap function on modems that are designated for 
business-machine, controlled-modem wraps. 
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I Notes: 
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The 8273 SDLC protocol control module has the following key 
features: 

Automatic frame check sequence generation and checking. 

Automatic zero bit insertion and deletion. 

TTL compatibility. 

Dual internal processor architecture, allowing frame level 
command structure and control of data channel with minimal 
system processor intervention. 

The 8273 SDLC protocol controller operations, whether 
transmission, reception, or port read, are each comprised of three 
phases: 

Command Commands and/or parameters for the required 
operation are issued by the processor. 

Execution Executes the command, manages the data link, and 
may transfer data to or from memory utilizing direct 
memory access (DMA), thus freezing the processor - 
except for minimal interruptions. 

Result Returns the outcome of the command by returning 
interrupt results. 

Support of the controller operational phases is through internal 
registers and control blocks of the 8273 controller. 
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8273 Control/Read/Write Registers 

Command Operations are initialized by writing the 
appropriate command byte into this register. 

Status This register provides the general status of 
the 8273. The status register supplies the 
processor/adapter handshaking necessary 
during various-phases of the 8273 operation. 

Parameter Additional information that is required to 
process the command is written into this 
register. Some commands require more than 
one parameter. 

Immediate Result Commands that execute immediately 
(Result) produce a result byte in this register, to be 

read by the processor. 

Transmit Interrupt Results of transmit operations are passed to 
Results (TxI/R) the processor from this register. This result 

generates an interrupt to the processor when 
the result becomes available. 

Receiver Interrupt Results of receive operations are passed to 
Results (Rx/I/R) the processor from this register. This result 

generates an interrupt to the processor when 
the result becomes available. 

Reset This register provides a software reset 
function for the 8273. 

The other elements of the C/R/W logic are the interrupt lines 
(RxINT and TxINT). Interrupt priorities are listed in the 
"Interrupt Information" table in this section. These lines signal 
the processor that either the transmitter or the receiver requires 
service (results should be read from the appropriate register), or a 
data transfer is required. The status of each interrupt line is also 

+ reflected by a bit in the status register, so non-interrupt driven 
operation is also possible by the communication software 
examining these bits periodically. 
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Data Interfaces 

The 8273 supports two independent data interfaces through the 
data transfer logic: received data and transmitted data. These 
interfaces are programmable for either DMA or non-DMA data 
transfers. Speeds below 9600 bits-per-second may or may not 
require DMA, depending on the task load and interrupt response 
time of the processor. The processor DMA controller is used for 
management of DMA data transfer timing and addressing. The 
8273 handles the transfer requests and actual counts of data-block 
lengths. DMA level 1 is used tb transmit and receive data 
transfers. Dual DMA support is not provided. 

Elements of Data Transfer Interface 

TxDRQIRxDRQ This line requests a DMA to or from 
memory and is asserted by the 8273. 

TxDACKIRxDACK This line notifies the 8273 that a request 
has been granted and provides access to 
data regions. This line is returned by the - 
DMA controller (DACK1 on the system 
unit control bus is connected to 
TxDACKIRxDACK on the 8273). 

RD (Read) This line indicates data is to be read from 
the 8273 and placed in memory. It is 
controlled by the processor DMA 
controller. 

WR (Write) This line indicates if data is to be written to 
the 8273 from memory and is controlled 
by the processor DMA controller. 

To request a DMA transfer, the 8273 raises the DMA request 
line. Once the DMA controller obtains control of the system bus, 
it notifies the 8273 that the DRQ is granted by returning DACK, 
and WR or RD, for a transmit or receive operation, respectively. - 

The DACK and WR or RD signals transfer data between the 
8273 and memory, independent of the 8273 chip-select pin (CS). 
This "hard select" of data into the transmitter or out of the 
receiver alleviates the need for the normal transmit and receive 
data registers, addressed by a combination of address lines, CS, 
and WR or RD. 
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Bit 3 

Bit 4 

This bit is the receiver interrupt (RxINT) bit and is 
identical to the TxINT, except action is initiated based 
on receiver interrupt-sources. 

This bit is the command result buffer full (CRBF) bit. 
It is set when the 8273 places a result from an 
immediate-type command in the result register, and 
reset when the processor reads the result or performs 
the data transfer. 

Bit 5 This bit is the command parameter buffer full (CPBF) 
bit and indicates that the parameter register contains a 
parameter. It is set when the processor deposits a 
parameter in the parameter register, and reset when the 
8273 accepts the parameter. 

Bit 6 This bit is the command buffer full (CBF) bit and, when 
set, it indicates that a byte is present in the command 
register. This bit is normally not used. 

Bit 7 This bit is the command busy (CBSY) bit and indicates 
when the 8273 is in the command phase. It is set when 
the processor writes a command into the command 
register, starting the command phase. It is reset when 
the last parameter is deposited in the parameter register 
and accepted by the 8273, completing the command 
phase. 
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Initializing the Adapter (Typical Sequence) 

Before initialization of the 8273 protocol controller, the support 
devices on the card must be initialized to the proper modes of 
operation. 

- 
Configuration of the 8255A-5 programmable peripheral interface 
is accomplished by selecting the mode-set address for the 8255 
(see the "SDLC Communications Adapter Device Addresses" 
table later in this section) and writing the appropriate control word 
to the device (hex 98) to set ports A, B, and C to the modes 
described previously in this section. 

Next, a bit pattern is output to port C which disallows interrupts, 
sets wrap mode on, and gates the external clock pins (address = 
hex 382, data = hex OD). The adapter is now isolated from the 
communications interface. 

Using bit 4 of port B, the 8273 reset line is brought high, held and 
then dropped. This resets the internal registers of the 8273. 

The 8253-5's counter 1 and 2 terminal-count values are now set 
to values which will provide the desired time delay before a level ~ -. 

4 interrupt is generated. These interrupts may be used to indicate 
to the communication software that a pre-determined period of 
time has elapsed without a result interrupt (interrupt level 3). 
The terminal count-values for these counters are set for any time 
delay which the programmer requires. Counter 0 is also set at this 
time to mode 3 (generates square wave signal, used to drive 
counter 2 input). 

To setup the counter modes, the address for the 8253 counter 
mode register is selected (see the "SDLC Communications 
Adapter Device Addresses" table, later in this section), and the 
control word for each individual counter is written to the device 
separately. The control-word format and bit definitions for the 
8253 are shown below. Note that the two most-significant bits of 
the control word select each individual counter, and each counter 
mode is defined separately. 

Once the support devices have been initialized to the proper 
modes and the 8273 has been reset, the 8273 protocol controller 
is ready to be configured for the operating mode that defines the 
communications environment in which it will be used. 
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Bit 0 If bit 0 is set to a 1, flags are sent immediately if the 
transmitter was idle when the bit was set. If a transmit 
or transmit-transparent command was active, flags are 
sent immediately after transmit completion. This mode 
is ignored if loop transmit is active or the one-bitdelay 
mode register is set for one-bit delay. If bit 0 is reset (to 
O), the transmitter sends idles on the next character 
boundary if idle or, after transmission is complete, if the 
transmitter was active at bit-0 reset time. 

Bit 1 If bit 1 is set to a 1, the 8273 sends two characters 
before the first flag of a frame. These characters ai-e hex 
00 if NRZI is set or hex 55 if NRZI is not set. (See 
"Serial I/O Mode Register," for NRZI encoding mode 
format.) 

Bit 2 If bit 2 is set to a 1, the 8273 buffers the first two bytes 
of a received frame (the bytes are not passed to 
memory). Resetting this bit (to 0)  causes these bytes to 
be passed to and from memory. 

Bit 3 This bit indicates to the 8273 when to generate an 
end-of-frame interrupt. If bit 3 is set, an early interrupt 
is generated when the last data character has been 
passed to the 8273. If the processor responds to the 
early interrupt with another transmit command before 
the final flag is sent, the final-flag interrupt will not be 
generated and a new frame will begin when the current 
frame is complete. Thus, frames may be sent separated 
by a single flag. A reset condition causes an interrupt to 
be generated only following a final flag. 

Bit 4 This is the EOP-interrupt-mode function and is not used 
on the SDLC communications adapter. This bit should 
always be in the reset condition. 

Bit 5 This bit is always reset for SDLC operation, which 
causes the 8273 protocol controller to recognize eight 
ones (0 1 1 1 1 1 1 1 1) as an abort character. 
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Command Phase 

Although the 8273 is a full duplex device, there is only one 
command register. Thus, the command register must be used for 
only one command sequence at a time and the transmitter and 
receiver may never be simultaneously in a command phase. 

The system software starts the command phase by selecting the 
8273 command register address and writing a command byte into 
the register. The following table lists command and parameter 
information for the 8273 protocol controller. If further information 
is required by the 8273 prior to execution of the command, the 
system software must write this information into the parameter 
register. 
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Execution Phase 

During the execution phase, the operation specified by the 
command phase is performed. If DMA is utilized for data 
transfers, no processor involvement is required. 

- 

For interrupt-driven transfers the 8273 raises the appropriate INT 
pin (TxINT or RxINT). When the processor responds to the 
interrupt, it must determine the cause by examining the status 
register and the associated IRA (interrupt result available) bit of 
the status register. If IRA = 0, the interrupt is a data transfer 
request. If IRA = 1, an operation is complete and the associated 
interrupt result register must be read to determine completion 
status. 

I 
Result Phase 

During the result phase, the 8273 notifies the processor of the 
outcome of a command execution. This phase is initiated by 
either a successful completion or error detection during execution. 

- 
Some commands such as reading or writing the 1/0 ports provide 
immediate results. These results are made available to the 
processor in the 8273 result register. Presence of a valid 
immediate result is indicated by the CRBF (command result 
buffer full) bit of the status register. 

Non-immediate results deal with the transmitter and receiver. 
These results are provided in the TxI/R (transmit interrupt result) 
or RxI/R (receiver interrupt result) registers, respectively. The 
8273 notifies the processor that a result is available with the 
TxIRA and RxIRA bits of the status register. Results consist of 
one-byte result interrupt code indicating the condition for the 
interrupt and, if required, one or more bytes supplying additional 
information. The "Result Code Summary" table later in this 
section provides information on the format and decode of the 

- transmitter and receiver results. 

The following are typical frame transmit and receive sequences. 
These examples assume DMA is utilized for data transfer 
operations. 

SDLC Adapter 1-287 



I Transmit 
' Before a frame can be transmitted, the DMA controller is 

supplied, by the communication software, the starting address for 
the desired information field. The 8273 is then commanded to 
transmit a frame (by issuing a transmit frame command). 

After a command, but before transmission begins, the 8273 needs 
some more information (parameters). Four parameters are 
required for the transmit frame command; the frame address field 
byte, the frame control field byte, and two bytes which are the 
least significant and most significant bytes of the information field 
byte length. Once all four parameters are loaded, the 8273 makes 
RTS (request to send) active and waits for CTS (clear to send) to 
go active from the modem interface. Once CTS is active, the 8273 
starts the frame transmission. While the 8273 is transmitting the 
opening flag, address field, and control field, it starts making 
transmitter DMA requests. These requests continue at character 
(byte) boundaries until the pre-loaded number of bytes of 
information field have been transmitted. At this point, the requests 
stop, the FCS (frame check sequence) and closing flag are 
transmitted, and the TxINT line is raised, signaling the processor 
the frame transmission is complete and the result should be read. 
Note that after the initial command and parameter loading, no 
processor intervention was required (since DMA is used for data 
transfers) until the entire frame was transmitted. 

General Receive 

Receiver operation is very similar. Like the initial transmit 
sequence, the processor's DMA controller is loaded with a 
starting address for a receive data buffer and the 8273 is 
commanded to receive. Unlike the transmitter, there are two 
different receive commands; a general receive, where all received 
frames are transferred to memory, and selective receive, where 
only frames having an address field matching one of two 
preprogrammed 8273 address fields are transferred to memory. 
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(This example covers a general receive operation.) After the 
receive command, two parameters are required before the receiver 
becomes active; the least significant and most significant bytes of 
the receiver buffer length. Once these bytes are loaded, the 
receiver is active and the processor may return to other tasks. The 
next frame appearing at the receiver input is transferred to 
memory using receiver DMA requests. When the closing flag is 
received, the 8273 checks the FCS and raises its RxINT line. The 
processor can then read the results, which indicate if the f r h e  
was error-free or not. (If the received frame had been longer than 
the pre-loaded buffer length, the processor would have been 
notified of that occurrence earlier with a receiver error interrupt). 
Like the transmit example, after the initial command, the 
processor is free for other tasks until a frame is completely 
received. 

Selective Receive 

In selective receive, two parameters (A I and A2) are required in 
addition to those for general receive. These parameters are two 
address match bytes. When commanded to selective receive, the 
8273 passes to memory or the processor only those frames having 
an address field matching either Al or A2. This command is 
usually used for secondary stations with A1 designating the 
secondary address and A2 being the "all parties" address. If only 
one match byte is needed, A1 and A2 should be equal. As in 
general receive, the 8273 counts the incoming data bytes and 
interrupts the processor if the received frame is larger than the 
preset receive buffer length. 
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Address and Interrupt Information 
The following tables provide address and interrupt information for 
the SDLC adapter: 

SDLC Communications Adapter Device Addresses 

lnterrupt Level 3 Transmit/Receive lnterrupt 

lnterrupt Level 4 Timer 1 lnterrupt 
Timer 2 lnterrupt 
Clear to Send Changed 
Data Set Ready Changed 

DMA Level One is used for Transmit and Receive 

Hex Code 

380 
38 1 
382 
383 
384 
384 
385 
385 
386 
386 
387 
388 
389 
3 8A 
388 
38C 

lnterrupt Information 

Register Name 

Port A Data 
Port B Data 
Port C Data 
Mode Set 
Counter 0 LSB 
Counter 0 MSB 
Counter 1 LSB 
Counter 1 MSB 
Counter 2 LSB 
Counter 2 MSB 
Mode Register 
Command/Status 
Parameter/ResuIt 
Transmit INT Status 
Receive INT Status 
Data 

Device 

8255 
8255 
8255 
8255 
8253 
8253 
8253 
8253 
8253 
8253 
8253 
8273 
8273 
8273 
8273 
8273 
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Function 

Internal/External Sensing 
External Modem Interface 
Internal Control 
8255 Mode Initialization 
Square Wave Generator 
Square Wave Generator 
Inactivity Time-outs 
Inactivity Time-outs 
Inactivity Time-outs 
Inactivity Time-outs 
8253 Mode Set 
Out=Command In=Status 
Out=Parameter In=Status 
DMA/INT 
DMA/INT 
DPC (Direct Program Control) 



Interface Information 
The SDLC communications adapter conforms to interface signal 
levels standardized by the Electronics Industries Association 
RC-232C Standard. These levels are shown in the figure below. 

Additional lines used but not standardized by EIA are pins 1 1, 
18, and 25. These lines are designated as select standby, test and 
test indicate, respectively. Select Standby is used to support the 
switched network backup facility of a modem providing this 
option. Test and test indicate support a modem wrap function on 
modems which are designed for business machine controlled 
modem wraps. Two jumpers on the adapter (PI and P2) are used 
to connect test and test indicate to the interface, if required (see 
Appendix D for these jumpers). 
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Drivers Rece~vers 

+15 Vdc 

I 
+25 Vdc 

Active Level. Data = 0 

+5 Vdc +3 Vdc 

Invalid Level 

-5 Vdc -3 Vdc 

Inactive Level: Data = 1 

-1 5 Vdc -25 Vdc 

-- 





I Notes: 
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IBM Communications Adapter Cable 

The IBM Communications Adapter Cable is a ten foot cable for 
connection of an IBM communications adavter to a modem or 
other RC-232C DCE (data communicatio~s equipment). It is 
fully shielded and provides a high quality, low noise channel for 
interface between the communications adapter and DCE. 

The connector ends are 25-pin D-shell connectors. All pin 
connections conform with the EIA RS-232C standard. In 
addition, connection is provided on pins 1 1, 18 and 25. These 
pins are designated as select standby, test and test indicate, 
respectively, on some modems. Select standby is used to support 
the switched network backup facility, if applicable. Test and test 
indicate support a modem wrap function on modems designed for 
business machine controlled modem wraps. 
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SECTION 2: ROM BIOS AND 
SYSTEM USAGE 
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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 110 
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 (disk and diskette) or character-level 110 
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, thus 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. A complete listing of the BIOS is given in Appendix A. 

Use of BIOS 
Access to BIOS is through the 8088 software interrupts. Each 
BIOS entry point is available through its own interrupt, which can 
be found in the "8088 Software Interrupt Listing." 

The software interrupts, hex 10 through hex 1 A, each access a 
different BIOS routine. For example, to determine the amount of 
memory available in the system, 

INT 12H 
will invoke the BIOS routine for determining memory size and 
will return the value to the caller. 
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Parameter Passing 
All parameters passed to and from the BIOS routines go through 
the 8088 registers. The prolog 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 C X , H I G H C O U N T  ;establish the current time. 
MOV DX,LOW___COUNT 
INT IAH :set the time. 

To read the time of day: 

MOV AH,O 

INT IAH 

;function is to read time of 
day. I 

;read the timer. 
I 

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 prolog of each BIOS function. 
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Vectors with Special Meanings 

Interrupt Hex 1 B - Keyboard Break Address 
-- 

This vector points to the code to be exercised when the Ctrl and 
Break keys are pressed on the keyboard. The vector is invoked 
while responding to the keyboard intermpt, 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 will occur when the Ctrl and Break keys are pressed 
unless the application program sets a different value. 

Control may be retained by this routine, with the following 
problems. The Break may have occurred during interrupt 
processing, so that one or more End of Interrupt commands must 
be sent to the 8259 controller. Also, all 110 devices should be 
reset in case an operation was underway at that time. 

Interrupt Hex 1 C - 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 
intermpt, 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 will occur unless the 
application modifies the pointer. It is the responsibility of the 
application to save and restore all registers that will be modified. 

Interrupt Hex 1 D - Video Parameters 

This vector points to a data region containing the parameters 
required for the initialization of the 6845 on the video card. 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. 

ROM BIOS 2-5 



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. 

Interrupt Hex 1F - Graphics Character Extensions 
I 
I 
1 When operating in the graphics modes of the IBM ColorIGraphics 
i 

Monitor Adapter (320 by 200 or 640 by 200), the readlwrite 
character interface will form the character from the ASCII code 
point, using a set of dot patterns. The dot patterns for the first 128 
code points are contained in ROM. To access the second 128 
code points, this vector must be established to point at a table of 
up to 1K bytes, where each code point is represented by eight 
bytes of graphic information. At power-on, this vector is 
initialized to 000:0, and it is the responsibility of the user to 
change this vector if the additional code points are required. 

Interrupt Hex 40 - Reserved 

When an IBM Fixed Disk Drive Adapter is installed, the BIOS 
routines use interrupt hex 40 to revector the diskette pointer. 

Interrupt Hex 41 - Fixed Disk Parameters 

This vector points to a data region containing the parameters 
required for the fixed disk drive. The power-on routines initialize 
the vector to point to the parameters contained in the ROM disk 
routine. These default parameters represent the specified values 
for any IBM Fixed Disk Drives attached to the machine. 
Changing this parameter block may be necessary to reflect the 
specifications of the other fixed disk drives attached. 
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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 cards attached to the system. 

- Locations hex 408 to 40F contain the base addresses of the 
printer adapter. 

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. 

BASIC and DOS Reserved Interrupts 

Address 

(Hex) 

80-83 
84-87 
88-88 
8C-8F 
90-93 
94-97 
98-98 
9C-9F 
AO-FF 
100-1 7F 
180-1 9F 
1AO-I FF 
200-2 17 
218-303 

3C4-3FF 
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Interrupt 
(Hex) 

20 
21 
22 
23 
24 
25 
26 
27 
28-3F 
40-5F 
60-67 
68-7F 
80-85 
86-FO 

F1 -FF 

Function 

DOS Program Terminate 
DOS Function Call 
DOS Terminate Address 
DOS Ctrl Break Exit Address 
DOS Fatal Error Vector 
DOS Absolute Disk Read 
DOS Absolute Disk Write 
DOS Terminate, Fix In Storage 
Reserved for DOS 
Reserved 
Reserved for User Software Interrupts 
Not Used 
Reserved by BASIC 
Used by BASIC Interpreter while BASIC is 
running 
Not Used 





Starting Address in Hex 

FOOOO 

FEOOO 

BlOS 
lnterrupt 
Vectors 

Available 
lnterrupt 
Vectors 

BlOS 
Data 
Area 

User 
Read/Write 
Memory 

Disk 
Adapter 

Read 
Only 
Memory 

BIOS 
Program 
Area 

BlOS Memory Map 

BIOS Programming Hints 
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 disk or diskette code, you should 
reset the drive adapter and retry the operation. A specified 
number of retries should be required on diskette reads to ensure 
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 applications. 
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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 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 C8000 through hex F4000 are 
scanned in 2K blocks in search of a valid adapter card ROM. 
A valid ROM is defined as follows: 

Byte 0: Hex 55 
Byte 1: Hex AA 
Byte 2: A length indicator representing the number of 5 12 byte 

blocks in the ROM (length15 12). 
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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Shift States 

Most shift states are handled within the keyboard routine, 
transparent to the system or application program. In any case, the 
current set of active shift states are 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 2-1 3, 15-27, 30-41,43-53, 55, 
and 59-68 to upper case (base case if in Caps Lock state). Also, 
the Shift key temporarily reverses the Num Lock or non-Num-Lock 
state of keys 71-73, 75, 77, and 79-83. 

Ctrl 

This key temporarily shifts keys 3, 7, 12, 14, 16-28, 30-38,43-50, 
55, 59-71, 73, 75, 77, 79, and 81 to the Ctrl state. Also, 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, 
and with the Num Lock key to cause the "pause" function. The 
system reset, break, and pause functions are described in "Special 
Handling" on the following pages. 

Alt 

This key temporarily shifts keys 2-13, 16-25, 30-38, 44-50, and 
59-68 to the Alt state. Also, 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 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 holds down the Alt key and types the decimal value of 
the characters desired using the numeric keypad (keys 71-73, 
75-77, and 79-82). 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. 
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Caps Lock 

This key shifts keys 16-25, 30-38, and 44-50 to upper case. A 
second depression of the Caps Lock key reverses the action. Caps 
Lock is handled internal to the keyboard routine. 

Scroll Lock 

This key is interpreted by appropriate application programs as 
indicating use of the cursor-control keys should cause windowing 
over the text rather than cursor movement. A second depression 
of the Scroll Lock key reverses the action. The keyboard routine 
simply records the current shift state of the Scroll Lock key. It is 
the responsibility of the system or application program to perform 
the function. 

Shift Key Priorities and Combinations 

If combinations of the Alt, Ctrl, and Shift keys are pressed and 
only one is valid, the precedence is as follows: the Alt key is first, - 
the Ctrl key is second, and the Shift key is third. The only valid 
combination is Alt and Ctrl, which is used in the "system reset" 
function. 

Special Handling 

System Reset 

The combination of the Alt, Ctrl, and Del keys will result in the 
keyboard routine initiating the equivalent of a "system reset" or 
"reboot." System reset is handled internal to the keyboard. 

Break 

The combination of the Ctrl and Break keys will result in the 
keyboard routine signaling interrupt hex 1A. Also, the extended 
characters (AL = hex 00, AH = hex 00) will be returned. 
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The combination of the Ctrl and Num Lock keys will cause the 
keyboard interrupt routine to loop, waiting for any key except the 
Num Lock key to be pressed. This provides a system- or 
application-transparent method of temporarily suspending list, 
print, and so on, and then resuming the operation. The "unpause" 
key is thrown away. Pause is handled internal to the keyboard 
routine. 

Print Screen 

The combination of the Shift and PrtSc (key 55) keys will result 
in an interrupt invoking the print screen routine. This routine 
works in the-alphanumeric dr graphics mode, with unrecognizable 
characters printing as blanks. 

Other Characteristics 
The keyboard routine does its own buffering. The keyboard buffer 
is large enough to support a fast typist. However, if a key is 
entered when the buffer is full, the key will be ignored and the 
"bell" will be sounded. 

Also, the keyboard routine suppresses the typematic action of the 
following keys: Ctrl, Shift, Alt, Num Lock, Scroll Lock, Caps 
Lock, and Ins. 

Keyboard Encoding 2- 17 



























































































































































































































Notes: 

A-106 Fixed Disk BIOS 



APPENDIX B: 8088 ASSEMBLY 
INSTRUCTION SET REFERENCE 

8088 Instruction Reference B- 1 



































































































































































































































Notes: 

D-84 Logic Diagrams 





























Notes: 

F- 10 Communications 



APPENDIX G: SWITCH 
SETTINGS 

. . . . . . . . . . . . . . . . . . . . . .  System Board Switch Settings G-3 
........................... System Board Switch G-3 

................ Math Coprocessor Switch Setting G-3 
............ System Board Memory Switch Settings G-4 

.................... Monitor Type Switch Settings G-4 
5-114'' Diskette Drive Switch Settings . . . . . . . . . . . .  G-5 

Extender Card Switch Settings 

Memory Option Switch Settings 
288K Total Memory ...... 
320K Total Memory ...... 

...... 352K Total Memory 

. . . . . .  
. 

384K Total Memory 
416K Total Memory . . . . . .  
448K Total Memory . . . . . .  

........................... 4 8 0 ~  ~ o t a l  ~ e m o j  G- 13 

........................... 5 12K Total Memory G- 14 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  544K Total Memory G-15 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  576K Total Memory G-16 

........................... 608K Total Memory G- 17 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  640K Total Memory G- 18 

Switch Settings G-1 





































GLOSSARY 

ps: Microsecond. 

adapter: An auxiliary system or unit used to extend the operation 
of another system. 

address bus: One or more conductors used to cany the binary- 
coded address from the microprocessor throughout the rest of the 
system. 

all points addressable (APA): A mode in which all points on a 
displayable image can be controlled by the user. 

alpanumeric (AIN): Pertaining to a character set that contains 
letters, digits, and usually other characters, such as punctuation 
marks. Synonymous with alphanumeric. 

- American Standard Code for Information Interchange 
(ASCII): The standard code, using a coded character set 
consisting of 7-bit coded characters (8 bits including parity 
check), used for information interchange among data processing 
systems, data communication systems and associated equipment. 
The ASCII set consists of control characters and graphic 
characters. 

AIN: Alphanumeric. 

analog: ( I )  pertaining to data in the form of continuously variable 
physical quantities. (2) Contrast with digital. 

AND: A logic operator having the property that if P is a 
statement, Q is a statement, R is a statement, ..., then the AND of 
P, Q, R, ... is true if all statements are true, false if any statement is 

.- false. 

APA: All points addressable. 

ASCII: American Standard Code for Information Interchange. 
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assembler: A computer program used to assemble. Synonymous 
with assembly program. 

asynchronous communications: A communication mode in 
which each single byte of data is synchronized, usually by the 
addition of startlstop bits. 

BASIC: Beginner's all-purpose symbolic instruction code. 

basic inputloutput system (BIO S): Provides the device level 
control of the major I10 devices in a computer system, which 
provides an operational interface to the system and relieves the 
programmer from concern over hardware device characteristics. 

baud: (1) A unit of signaling speed equal to the number of 
discrete conditions or signal events per second. For example, one 
baud equals one-half dot cycle per second in Morse code, one bit 
per second in a train of binary signals, and one 3-bit value per 
second in a train of signals each of which can assume one of eight 
different states. (2) In asynchronous transmission, the unit of 
modulation rate corresponding to one unit of interval per second; 
that is, if the duration of the unit interval is 20 milliseconds, the 
modulation rate is 50 baud. -- 

BCC: Block-check character. 

beginner's all-purpose symbolic instruction code (BASIC): A 
programming language with a small repertoire of commands and a 
simple syntax, primarily designed for numerical application. 

I 

I binary: ( I )  Pertaining to a selection, choice, or condition that has 
1 two possible values or states. (2) Pertaining to a fixed radix 

numeration system having a radix of two. 

binary digit: ( I )  In binary notation, either of the characters 0 or 
1. (2) Synonymous with bit. 

binary notation: Any notation that uses two different characters, 
usually the binary digits 0 and 1. 

-- 

binary synchronous communications (BSC): A standardized 
procedure, using a set of control characters and control character 
sequences for synchronous transmission of binary-coded data 
between stations. 
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BIOS: Basic input/output system. 

bit: In binary notation, either of the characters 0 or 1. 

bits per second (bps): A unit of measurement representing the 
number of discrete binary digits which can be transmitted by a 
device in one second. 

block-check character (BCC): In cyclic redundancy checking, a 
character that is transmitted by the sender after each message 
block and is compared with a block-check character computed by 
the receiver to determine if the transmission was successful. 

boolean operation: ( I )  Any operation in which each of the 
operands and the result take one of two values. (2) An operation 
that follows the rules of boolean algebra. 

bootstrap: A technique or device designed to bring itself into a 
desired state by means of its own action; that is, a machine routine 
whose first few instructions are sufficient to bring the rest of itself 
into the computer from an input device. 

bps: Bits per second. 

B SC: Binary synchronous communications. 

buffer: (1) An area of storage that is temporarily reserved for use 
in performing an input/output operation, into which data is read or 
from which data is written. Synonymous with I/O area. (2) A 
portion of storage for temporarily holding input or output data. 

bus: One or more conductors used for transmitting signals or 
power. 

byte: (1) A binary character operated upon as a unit and usually 
shorter than a computer word. (2) The representation of a 
character. 

- CAS: Column address strobe. 

cathode ray tube (CRT): A vacuum tube display in which a 
beam of electrons can be controlled to form alphanumeric 
characters or symbols on a luminescent screen, for example by 
use of a dot matrix. 
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cathode ray tube display (CRT display): (I)  A device that 
presents data in visual form by means of controlled electron 
beams. (2) The data display produced by the device as in (1). 

CCITT: Comite Consultatif International Telegrafique et 
Telephonique. - 
central processing unit (CPU): A functional unit that consists 
of one or more processors and all or part of internal storage. 

channel: A path along which signals can be sent; for example, 
data channel or 110 channel. 

characters per second (cps): A standard unit of measurement 
for printer output. 

code: ( I )  A set of unambiguous rules specifying the manner in 
which data may be represented in a discrete form. Synonymous 
with coding scheme. (2) A set of items, such as abbreviations, 
representing the members of another set. (3) Loosely, one or more 
computer programs, or part of a computer program. (4) To 
represent data or a computer program in a symbolic form that can 
be accepted by a data processor. -. 

column address strobe (CAS): A signal that latches the column 
addresses in a memory chip. 

Comite Consultatif International Telegrafique et Telephonique 
(CCITT): Consultative Committee on International Telegraphy 
and Telephony. 

computer: A functional unit that can perform substantial 
computation, including numerous arithmetic operations, or logic 
operations, without intervention by a human operator during the 
run. 

configuration: ( I )  The arrangement of a computer system or 
network as defined by the nature, number, and the chief 
characteristics of its fbnctional units. More specifically, the term - 
configuration may refer to a hardware configuration or a software 
configuration. (2) The devices and programs that make up a 
system, subsystem, or network. 
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conjunction: (1) The boolean operation whose result has the 
boolean value 1 if, and only if, each operand has the boolean 
value 1. (2) Synonymous with AND operation. 

contiguous: (I) Touching or joining at the edge or boundary. 
- (2) Adjacent. 

CPS: Characters per second. 

CPU: Central processing unit. 

CRC: Cyclic redundancy check. 

CRT: Cathode ray tube. 

CRT display: Cathode ray tube display. 

CTS: Clear to send. Associated with modem control. 

cyclic redundancy check (CRC): (1) A redundancy check in 
which the check key is generated by a cyclic algorithm. (2) A 
system of error checking performed at both the sending and 
receiving station after a block-check character has been 
accumulated. 

cylinder: (1) The set of all tracks with the same nominal distance 
from the axis about which the disk rotates. (2) The tracks of a 
disk storage device that can be accessed without repositioning the 
access mechanism. 

daisy-chained cable: A type of cable that has two or more 
connectors attached in series. 

data: (1) A representation of facts, concepts, or instructions in a 
formalized manner suitable for communication, interpretation, or 
processing by humans or automatic means. (2) Any 
representations, such as characters or analog quantities, to which 
meaning is, or might be assigned. 

-- 
decoupling capacitor: A capacitor that provides a low- 
impedance path to ground to prevent common coupling between 
states of a circuit. 

Deutsche Industrie Norm (DIN): (1) German Industrial 
Norm. (2) The committee that sets German dimension standards. 
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digit: (1) A graphic character that represents an integer, for 
example, one of the characters 0 to 9. (2) A symbol that 
represents one of the non-negative integers smaller than the radix. 
For example, in decimal notation, a digit is one of the characters 
from 0 to 9. 

- 
digital: (1) Pertaining to data in the form of digits. (2) Contrast 
with analog. 

DIN: Deutsche Industrie Norm. 

DIN connector: One of the connectors specified by the DIN 
standardization committee. 

DIP: Dual in-line package. 

direct memory access (DMA): A method of transferring data 
between main storage and I10  devices that does not require 
processor intervention. 

disk: Loosely, a magnetic disk unit. 

diskette: A thin, flexible magnetic disk and a semi-rigid 
protective jacket, in which the disk is permanently enclosed. 
Synonymous with flexible disk. 

DMA: Direct memory access. 

DSR: Data set ready. Associated with modem control. 

DTR: Data terminal ready. Associated with modem control. 

dual in-line package (DIP): A widely used container for an 
integrated circuit. DIPS are pins usually in two parallel rows. 
These pins are spaced 1/10 inch apart and come in different 
configurations ranging from 14-pin to 40-pin configurations. 

EBCDIC: Extended binary-coded decimal interchange code. 

ECC: Error checking and correction. 

edge connector: A terminal block with a number of contacts 
attached to the edge of a printed circuit board to facilitate plugging 
into a foundation circuit. 
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EIA: Electronic Industries Association. 

E I A I C C I m  Electronics Industries Association/Consultative 
Committee on International Telegraphy and Telephony. 

end-of-text-character (ETX): A transmission control character 
used to terminate text. 

end-of-transmission character (EOT): A transmission control 
character used to indicate the conclusion of a transmission, 
which may have included one or more texts and any associated 
mess age headings. 

EOT: End-of-transmission character. 

EPROM: Erasable programmable read-only memory. 

erasable programmable read-only memory (EPROM): A 
storage device whose contents can be changed by electrical 
means. EPROM information is not destroyed when power is 
removed. 

error checking and correction (ECC): The detection and 
correction of d l  single-bit, doublk-bit, A d  some multiple-bit 
errors. 

ETX: End-of-text character. 

extended binary-coded decimal interchange code 
(EBCDIC): A set of 256 characters, each represented by eight 
bits. 

flexible disk: Synonym for diskette. 

firmware: Memory chips with integrated programs already 
incorporated on the chip. 

gate: (1) A device or circuit that has no output until it is triggered 
- into operation by one or more enabling signals, or until an input 

signal exceeds a predetermined threshold amplitude. (2) A signal 
that triggers the passage of other signals through a circuit. 

graphic: A symbol produced by a process such as handwriting, 
drawing, or printing. 
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hertz (Hz): A unit of frequency equal to one cycle per second. 

hex: Abbreviation for hexadecimal. 

hexadecimal: Pertaining to a selection, choice, or condition that 
has 16 possible values or states. These values or states usually - 
contain 10 digits and 6 letters, A through F. Hexadecimal digits 
are equivalent to a power of 16. 

high-order position: The leftmost position in a string of 
characters. 

Hz: Hertz. 

interface: A device that alters or converts actual electrical signals 
between distinct devices, programs, or systems. 

k: An abbreviation for the prefix kilo; that is, 1,000 in decimal 
notation. 

K: When referring to storage capacity, 2 to the tenth power; 
1,024 in decimal notation. 

KB: Kilobyte; 1,024 bytes. 

kHz: A unit of frequency equal to 1,000 hertz. 

kilo (k): One thousand. 

latch: (1) A feedback loop in symmetrical digital circuits used to 
maintain a state. (2) A simple logic-circuit storage element 
comprising two gates as a unit. 

LED: Light-emitting diode. 

light-emitting diode (LED): A semi-conductor chip that gives 
off visible or infrared light when activated. 

low-order position: The rightmost position in a string of 
characters. 

m: (1) Milli; one thousand or thousandth part. (2) Meter 
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M: Mega; 1,000,000 in decimal notation. When referring to 
storage capacity, 2 to the twentieth power; 1,048,576 in decimal 
notation. 

mA: Milliampere. 
~.--~. 

machine language: (1 )  A language that is used directly by a 
machine. (2) Another term for computer instruction code. 

main storage: A storage device in which the access time is 
effectively independent of the location of the data. 

MB: Megabyte, 1,048,576 bytes. 

mega (M): 10 to the sixth power, 1,000,000 in decimal notation. 
When referring to storage capacity, 2 to the twentieth power, 
1,048,576 in decimal notation. 

megabyte (MB): 1,048,576 bytes. 

megahertz (MHz): A unit of measure of frequency. 1 megahertz 
equals 1,000,000 hertz. 

MFM: Modified frequency modulation. 

MHz: Megahertz. 

microprocessor: An integrated circuit that accepts coded 
instructions for execution; the instructions may be entered, 
integrated, or stored internally. 

microsecond (ps): One-millionth of a second. 

milli (m): One thousand or one thousandth. 

milliampere (rnA): One thousandth of an ampere. 

millisecond (ms): One thousandth of a second. 
-- 

mnemonic: A symbol chosen to assist the human memory; for 
example, an abbreviation such a "mpy" for "multiply." 

mode: (1) A method of operation; for example, the binary mode, 
the interpretive mode, the alphanumeric mode. (2) The most 
frequent value in the statistical sense. 
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modem: (Modulator-Demodulator) A device that converts serial 
(bit by bit) digital signals from a business machine (or data 
terminal equipment) to analog signals which are suitable for 
transmission in a telephone network. The inverse function is also 
performed by the modem on reception of analog signals. 

- 
modified frequency modulation (MFM): The process of 
varying the amplitude and fiequency of the "write" signal. MFM 
pertains to the number of bytes of storage that can be stored on 
the recording media. The number of bytes is twice the number 
contained in the same unit area of recording media at single 
density. 

modulo check: A calculation performed on values entered into a 
system. This calculation is designed to detect errors. 

monitor: (1) A device that observes and verifies the operation of 
a data processing system and indicates any specific departure 
from the norm. (2) A television type display, such as the IBM 
Monochrome Display. (3) Software or hardware that observes, 
supervises, controls, or verifies the operations of a system. 

ms: Millisecond; one thousandth of a second. 

multiplexer: A device capable of interleaving the events of two or 
more activities, or capable of distributing the events of an 
interleaved sequence to the respective activities. 

NAND: A logic operator having the property that if P is a 
statement, Q is a statement, R is a statement, ..., then the NAND 
of P,Q,R, ... is true if at least one statement is false, false if all 
statements are true. 

nanosecond (ns): One-thousandth-millionth of a second. 

nonconjunction: The dyadic boolean operation the result of 
which has the boolean value 0 if, and only if, each operand has 
the boolean value 1. 

- 
non-return-to-zero inverted (NRZI): A transmission encoding 
method in which the data terminal equipment changes the signal 
to the opposite state to send a binary 0 and leaves it in the same 
state to send a binary 1. 
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NOR: A logic operator having the property that if P is a 
statement, Q is a statement, R is a statement, ..., then the NOR of 
P,Q,R, ... is true if all statements are false, false if at least one 
statement is true. 

NOT: A logical operator having the property that if P is a 
statement, then the NOT of P is true if P is false, false if P is true. 

NRZI: Non-return-to-zero inverted. 

ns: Nanosecond; one-thousandth-millionth of a second. 

operating system: Software that controls the execution of 
programs; an operating system may provide services such as 
resource allocation, scheduling, inputloutput control, and data 
management. 

OR: A logic operator having the property that if P is a statement, 
Q is a statement, R is a statement ,..., then the OR of P,Q,R ,... is 
true if at least one statement is true, false if all statements are 
false. 

output: Pertaining to a device, process, or channel involved in an 
output process, or to the data or states involved in an output 
process. 

output process: (1) The process that consists of the delivery of 
data from a data processing system, or from any part of it. (2) The 
return of information from a data processing system to an end 
user, including the translation of data from a machine language 
to a language that the end user can understand. 

overcurrent: A current of higher than specified strength. 

overvoltage: A voltage of higher than specified value. 

parallel: ( I )  Pertaining to the concurrent or simultaneous 
operation of two or more devices, or to the concurrent 
performance of two or more activities. (2) Pertaining to the - concurrent or simultaneous occurrence of two or more related 
activities in multiple devices or channels. (3) Pertaining to the 
simultaneity of two or more processes. (4) Pertaining to the 
simultaneous processing of the individual parts of a whole, such as 
the bits of a character and the characters of a word, using separate 
facilities for the various parts. (5) Contrast with serial. 
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PEL: Picture element. 

personal computer: A small home or business computer that has 
a processor and keyboard that can be connected to a television or 
some other monitor. An optional printer is usually available. 

picture element (PEL): (1) The smallest displayable unit on a - 

display. (2) Synonymous with pixel, PEL. 

pinout: A diagram of functioning pins on a pinboard. 

pixel: Picture element. 

polling: (1) Interrogation of devices for purposes such as to avoid 
contention, to determine operational status, or to determine 
readiness to send or receive data. (2) The process whereby 
stations are invited, one at a time, to transmit. 

port: An access point for data entry or exit. 

printed circuit board: A piece of material, usually fiberglass, 
that contains a layer of conductive material, usually metal. 
Miniature electronic components on the fiberglass transmit 
electronic signals through the board by way of the metal layers. 

program: (1) A series of actions designed to achieve a certain 
i result. (2) A series of instructions telling the computer how to 

handle a problem or task. (3) To design, write, and test computer 1 programs. 

I 
i programming language: (1) An artificial language established 

for expressing computer programs. (2) A set of characters and 
rules, with meanings assigned prior to their use, for writing 
computer programs. 

PROM: Programmable read-only memory. 

propagation delay: The time necessary for a signal to travel from 
one point on a circuit to another. 

radix: (1) In a radix numeration system, the positive integer by 
which the weight of the digit place is multiplied to obtain the 
weight of the digit place with the next higher weight; for example, 
in the decimal numeration system, the radix of each digit place is 
10. (2) Another term for base. 
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radix numeration system: A positional representation system in 
which the ratio of the weight of any one digit place to the weight 
of the digit place with the next lower weight is a positive integer. 
The permissible values of the character in any digit place range 
from zero to one less than the radix of the digit place. 

- RAS: Row address strobe. 

RGB I: Red-green-blue-intensity . 

read-only memory (ROM): A storage device whose contents 
cannot be modified, except by a particular user, or when operating 
under particular conditions; for example, a storage device in which 
writing is prevented by a lockout. 

readlwrite memory: A storage device whose contents can be 
modified. 

red-green-blue-intensity (RGBI): The description of a direct- 
drive color monitor which accepts red, green, blue, and intensity 
signal inputs. 

register: ( I )  A storage device, having a specified storage 
capacity such as a bit, a byte, or a computer word, and usually 
intended for a special purpose. (2) On a calculator, a storage 
device in which specific data is stored. 

R F  modulator: The device used to convert the composite video 
signal to the antenna level input of a home TV. 

ROM: Read-only memory. 

ROMIBIOS: The ROM resident basic inputloutput system, 
which provides the device level control of the major 110 devices in 
the computer system. 

row address strobe (RAS): A signal that latches the row 
addresses in a memory chip. 

RS-232C: The standard set by the EIA for communications 
between computers and external equipment. 

RTS: Request to send. Associated with modem control. 

run: A single continuous performance of a computer program 
or routine. 
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scan line: The use of a cathode beam to test the cathode ray tube 
of a display used with a personal computer. 

schematic: The description, usually in diagram form, of the 
logical and physical structure of an entire data base according to a 
conceptual model. 

SDLC: Synchronous Data Link Control. 

sector: That part of a track or band on a magnetic drum, a 
magnetic disk, or a disk pack that can be accessed by the magnetic 
heads in the course of a predetermined rotational displacement of 
the particular device. 

serdes: Serializer/deserializer. 

serial: (I)  Pertaining to the sequential performance of two or 
more activities in a single device. In English, the modifiers serial 
and parallel usually refer to devices, as opposed to sequential and 
consecutive, which refer to processes. (2) Pertaining to the 
sequential or consecutive occurrence of two or more related 
activities in a single device or channel. (3) Pertaining to the 
sequential processing of the individual parts of a whole, such as 
the bits of a character or the characters of a word, using the same 
facilities for successive parts. (4) Contrast with parallel. 

sink: A device or circuit into which current drains. 

software: (1) Computer programs, procedures, rules, and 
possibly associated documentation concerned with the operation 
of a data processing system. (2) Contrast with hardware. 

source: The origin of a signal or electrical energy. 

source circuit: (1) Generator circuit. (2) Control with sink. 

S S: Start-stop transmission. 

start bit: Synonym for start signal. 

start-of-text character (STX): A transmission control character 
that precedes a text and may be used to terminate the message 
heading. 
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start signal: (1) A signal to a receiving mechanism to get ready 
to receive data or perform a function. (2) In a start-stop system, a 
signal preceding a character or block that prepares the receiving 
device for the reception of the code elements. Synonymous with 
start bit. 

- start-stop (SS) transmission: Asynchronous transmission such 
that a group of signals representing a character is preceded by a 
start signal and followed by a stop signal. (2) Asynchronous 
transmission in which a group of bits is preceded by a start bit that 
prepares the receiving mechanism for the reception and 
registration of a character and is followed by at least one stop bit 
that enables the receiving mechanism to come to an idle condition 
pending the reception of the next character. 

stop bit: Synonym for stop signal. 

stop signal: (1) A signal to a receiving mechanism to wait for the 
next signal. (2) In a start-stop system, a signal following a 
character or block that prepares the receiving device for the 
reception of a subsequent character or block. Synonymous with 
stop bit. 

strobe: (1) An instrument used to determine the exact speed of 
circular or cyclic movement. (2) A flashing signal displaying an 
exact event. 

STX: Start-of-text character. 

Synchronous Data Link Control (SLDC): A protocol for the 
management of data transfer over a data communications link. 

synchronous transmission: Data transmission in which the 
sending and receiving devices are operating continuously at the 
same frequency and are maintained, by means of correction, in a 
desired phase relationship. 

text: In ASCII and data communication, a sequence of characters 
treated as an entity if preceded and terminated by one STX and 

- one ETX transmission control, respectively. 
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track: (1) The path or one of the set of paths, parallel to the 
reference edge on a data medium, associated with a single reading 
or writing component as the data medium moves past the 
component. (2) The portion of a moving data medium such as a 
drum, tape, or disk, that is accessible to a given reading head 
position. 

transistor-transistor logic (TTL): A circuit in which the 
multiple-diode cluster of the diode-transistor logic circuit has been 
replaced by a multiple-emitter transistor. 

TTL: Transistor-transistor logic. 

TX Data: Transmit data. Associated with modem control. 
External connections of the RS-232C asynchronous 
communications adapter interface. 

video: Computer data or graphics displayed on a cathode ray 
tube, monitor or display. 

write precompensation: The varying of the timing of the head 
current from the outer tracks to the inner tracks of the diskette to 
keep a constant write signal. --- 
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