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PREFACE

The|BM Personal Computer XT Technical Reference manual
describesthe hardware design and provides interface information
for the IBM Personal Computer X T. This publication aso has
information about the basic input/output system (BIOS) and
programming support.

Theinformationin this publicationis 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 specificationsfor power, timing, and
interface. Programming considerations are supported by coding
tables, command codes, and registers.

""Section 2 ROM BIOS and System Usage'" describesthe basic
input/output system and its use. This section also contains the
softwareinterrupt listing, a BIOS memory map, descriptions of
vectorswith 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 D:  Logic Diagrams

Appendix E:  Specifications

Appendix F:  Communications

Appendix G: Switch Settings

A glossary and bibliography are included.




Prerequidte Publication:

Guideto Operationsfor the IBM Personal Computer XT
Part Number 6936810

Suggested Reading:

BASIC for the IBM Personal Computer
Part Number 6025010

Disk Operating System (DOS) for the IBM Personal Computer
Part Number 6024061

Hardware Maintenance and Service for the IBM Personal
Computer XT
Part Number 6936809

MACRO Assembler for the | BM Personal Computer
Part Number 6024002

Related publicationsare listed in the bibliogr aphy.
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The system unit is the center of your IBM Personal Computer X T
system. The system unit contains the system board, which
features eight expansion slots, the 8088 microprocessor, 40K of
ROM (includesBASIC), 128K of base R/W memory, and an
audio speaker. A power supply islocated 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 8-1/2 by 12 inches. It is amultilayer,
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 connectorson the
board are for attaching the keyboard and speaker. Eight 62-pin
card edge-sockets are also mounted on the board. The I/O
channel is bussed across these eight 1/O slots. Slot J8 isdightly
different from the others in that any card placedin it is expected
to respond with a'card selected' signal whenever the card is
selected.

A dual-in-line package (DI1P) switch (one eight-switch pack) is
mounted on the board and can be read under program control.
The DI P switch provides the system software with information
about the installed options, how much storage the system board
has, what type of display adapter isinstalled, what operation
modes are desired when power is switched on (color or
black-and-white, 80- or 40-character lines), and the number of
diskettedrives 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 isthe 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 afeature. The processor operates at 4.77 MHz. This
frequency, which is derived from a 14.31818-MHz crystdl, 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. I/0 cycles take five 210-ns clocks or 1.05
microseconds.

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

Three of thefour DM A channels are available on the 1/O bus and
support high-speed data transfers between I/O devices and
memory without processor intervention. Thefourth DMA channel
is programmed to refresh the system dynamic memory. Thisis
done by programming a channel of the timer-counter deviceto
periodically request adummy DM A transfer. This action creates
amemory-read cycle, which is availableto refresh dynamic
storage both on the system board and in the system expansion
dots. All DMA data transfers, except the refresh channel, take
five processor clocks of 210 ns, or 1.05 us if the

processor-ready line is not deactivated. RefreshDM A cyclestake
four clocks or 840 ns.

The three programmable timer/counters are used by the system as
follows: Channel 0 is used as a general -purposetimer providing a
constant time base for implementing a time-of-day clock; Channel
1isused to time and request refresh cycles from the DM A
channel; and Channel 2 is used to support the tone generationfor
the audio speaker. Each channel has a minimum timing resolution
of 1.05 us.

Of the eight prioritizedlevels 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 timer/counter and provides a periodic
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interrupt for the time-of-day clock. Level 1 is attached to the
keyboard adapter circuitsand receives an interrupt for each scan
code sent by the keyboard. The non-maskableinterrupt (NM 1) of
the 8088 is used to report memory parity errors.
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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, 1/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 acycletime of 250 ns each.

The system board also has from 128K by 9to 256K by 9 of R/W
memory. A minimum system would have 128K of memory, with
module socketsfor 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 chipswith an accesstime of 200 ns and a cycle time of
345 ns. All R/W memory is parity checked.

The system board contains the adapter circuitsfor attaching the
seria interfacefrom the keyboard. These circuits generate an
interrupt to the processor when a complete scan codeis received.
The interface can request execution of a diagnostictest in the
keyboard.

The keyboard interfaceis a5-pin DIN connector on the system
board that extends through the rear panel of the system unit.

The system unit has a 2-1/4 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 alow the speaker to be driven three
different ways: 1.) adirect program control register bit may be
toggled to generate a pulsetrain; 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

modul ated with a program-controlled 1/O register bit. All three
methods may be performed simultaneously.
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Hex Range

Usage

000-00F
020-021
040-043
060063
080083
0AX™*
OCX
CEX
200-20F
210217
220-24F
278-27F
2F0-2F7
2F8-2FF
300-31F
320-32F
378-37F
380-38C**
380-389**
3A0-3A9
3B0-3BF
3C0-3CF
3D0-3DF
3EO-3E7
3F0-3F7
3F8-3FF

DMA Chip 8237A-5

Interrupt 8259A

Timer 8253-5

PPl 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)
IBM Monochrome Display/Printer

Reserved

Color/Graphics

Reserved

Diskette

Asynchronous Communications (Primary)

® At 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 I/O Address hex AQ (enable NMI)
Clear mask: Write hex 00 to |/O Address hex AQ (disable NMI)

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

1/0 Address Map
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Number

Usage

wl\JHog

~N O o

Parity

Timer

Keyboard

Reserved

Asynchronous Communications (Secondary)
SDLC Communications

BSC (Secondary)

Asynchronous Communications (Primary)
SDLC Communications

BSC (Primary)

Fixed DIsk

Diskette

Printer

8088 Hardware Interrupt Listing

System Unit
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Hex PAO | +Keyboard Scan Code E Diagnostic Qutputs ﬂ
Port 1 1 1
Number | ! 2 2 2
N[ 3 3 3
0060 [P| 4 4| or 4
Ui 5 5 5
T 6 6 6
7 7 L 7]
PBO | +Timer 2 Gate Speaker
0 1 | +Speaker Data
U 2 | Spare
0061 T 3 | Read High Switches Or Read Low Switches
P 4 | -Enable RAM Parity Check
Ul 5 | -Enable I/0 Channel Check
T 6 | -Hold Keyboard Clock Low
7 | -(Enable Keyhoard) Or - (Clear Keyboard)
PCO | Loop on POST Sw—1 Display 0 ""Sw—5
| 1 | +Co-Processor Installed Sw—2 Display 1 **Sw——b
N| 2 | +Planar RAM Size 0 *Sw—3| Or {#5-1/4 Drives 0 ***Sw—7
0062 P| 3| +Planar RAM Size 1 *Sw—4 #5-1/4 Drives 1 *"*Sw—8
U 4 | Spare
T 5 | +Timer Channel 2 Out
6 | +I/0 Channel Check
7 | +RAM Parity Check
0063 Command/Mode Register Hex 99
Mode Register Value |7 6 5 4 3 2 1 0
10011001
" Amount of Memory
Sw—4 Sw—3 On System Board
0 0 64K
0 1 128K
1 0 192K
1 256K
** Sw—6 Sw—5 Display at Power-Up Mode
0 0 Reserved
0 1 Color 40 X 25 (BW Mode)
1 0 Color 80 X 25 (BW Mode)
1 1 IBM Monochrome 80 X 25
o Number of 5-114" Drives
Sw—8 Sw—7 In System
0 0 1
0 1 2
1 0 3
1 1 4
Note: A plus (+) indicates a bit value of 1 performs the specified function.
A minus (-) indicates a bit value of @ performs the specified function.
PA Bit = 0 implies switch "ON." PA Bit=1 implies switch "OFF."

8255A 1/0 Bit Map
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Start Address
Decimal Hex Function -
0 00000 =
16K 04000 e
32K 08000 g
48K 0C000 2
64K 10000
80K 14000
96K 18000
112K 1C000 128-256K Read/Write Memory
128K 20000 on System Board
144K 24000
160K 28000
176K 2C000
192K 30000
208K 34000
224K 38000
240K 3C000
256K 40000
272K 44000
288K 48000
304K 4C000
320K 50000
336K 54000
352K 58000
368K 5C000
384K 60000
400K 64000
416K 68000 384K R/W Memory Expansion
432K 6C000 in 170 Channe
448K 70000
464K 74000
480K 78000
496K 7C000
512K 80000
528K 84000
544K 88000
560K 8C000
576K 90000
592K 94000
608K 98000
624K 9C000

System Memory Map (Part 1 of 2)
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Start Address
Decimal Hex Function
640K AOOOO
656K A4000
672K A8000
688K ACO0O 128K Reserved
704K BO0O0O Monochrome
720K B4000
736K B800O Color/Graphics
752K BCOOO
768K C0000
784K C4000
800K C8000 Fixed Disk Control
816K CCO0O
832K DO00O
848K D4000 192K Read Only Memory
864K D8000 Expansion and Control
880K DCOOO
896K EOO0O
912K E4000
928K EB000
944K ECOOO
960K FOOOO
976K F4000 64K Base System ROM
992K F8000 BIOS and BASIC
1008K FCOOO

System Memory Map (Part 2 of 2)
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System Board Component Diagram

System Board Switch Settings

All system board switch settings for total system memory, number
of diskette drives, and type of display are located in “Appendix
G: Switch Settings.”
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I/0 Channd

The I/0 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 (DM A) functions.

The I/O channel contains an 8-bit, bidirectional data bus, 20
addresslines, 6 levels of interrupt, control lines for memory and
I/0 read or write, clock and timing lines, 3 channelsof 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 I/O 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' lineisavailable on the I/O channel to alow operation
with dow I/O or memory devices. If the channel's ready lineis
not activated by an addressed device, al processor-generated
memory read and write cycles take four 210-ns clock or 840-ns/
byte. All processor-generatedI/O read and write cycles require
five clocksfor acycletime of 1.05 us/byte. All DMA transfers
requirefive clocks for acycletime of 1.05 us/byte. Refresh cycles
occur once every 72 clocks (approximately 15 us) and require
four clocks or approximately 7% of the bus bandwidth.

I/0O devices are addressed using I/O mapped address space. The
channel isdesigned so that 768 1/0 device addresses are available
to the I/O channel cards.

A 'channel check’ line existsfor reporting error conditionsto the
processor. Activating thisline resultsin 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 (JI through J8) expansion slots, assuming two low-power
Schottky (LS) loads per slot. The IBM 1/0 adapters typically use
only one load.

Timing requirementson slot J8 are much stricter than those on
dots JI through J7. Slot J8 also requiresthe card to provide a
signal designating when the card is selected. The following pages
describe the system board's 1/0 channel.
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Rear Panel

Signal Name Signal Name E
GND W . a1 —H -1/0 CH CK E’.
b
+RESET DRV 4 -t +07 o
-

+5V b4 — +06 e
+IR02 — — +05§

-5vDC — -1 +D4

+DRQO2 b — — +D3

-12v —— — +D2
-CARD SLCTD o - - 01

+12v p—— — +00

GND —— B10 A10 —4 +1/G CH ROY

—-MEMW 4 — +AEN

-MEMR I+ — +A19

-1ow —— —1 +A18

-I0R t— —H tA17

-DACK3 ot — +A16

+DRA3 —— —1 tA15

~DACK1 H— — +Al4

+DRAQ1 4 — +A13

-DACKD b — — +A12

CLOCK H— B20 A20 —1— +All

+IRQ7 o . — +A10

+IRQ6 = — +A9

+IRQS —— — +AB

+IR04 4 — +A7

+IR03 ot —t +A6

—DACK2 - — +A§

+T/C bt 4 ‘Al

+ALE +4— — +A3

+5v -1 — +A2

+0SC — — +Al

+GND — 831 A3l —{ +A0

Component Side

/O Channel Diagram
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1/0 Channd Description

Thefollowing is a description of the IBM Personal Computer X T
I/O Channel. All lines are TTL-compatible.

Signal I/0 Description

0oSsC O  Oscillator: High-speed clock with a 70-ns
period (14.31818 MHZz). It has a 50%
duty cycle.

CLK 0] System clock: It is adivide-by-threeof the

oscillator and has a period of 210 ns (4.77
MHZz). The clock has a 33% duty cycle.

RESET DRV O Thislineis used to reset or initialize
system logic upon power-up or during a
low line voltage outage. Thissignal is
synchronizedto the falling edge of clock
and is active high.

AG-A19 O  Address hits0 to 19: These lines are used
to address memory and I/O devices within
the system. The 20 addresslines alow
access of up to 1 megabyte of memory. A0
isthe least significant bit (LSB) and A19is
the most significant bit (MSB). These lines
are generated by either the processor or
DMA controller. They are active high.

DO-D7 I/0 DataBits0to 7: These lines provide data
bus bits 0 to 7 for the processor, memory,
and I/O devices. DO is the least significant
bit (LSB) and D7 isthe most significant bit
(MSB). These lines are active high.

ALE O  AddressLatch Enable: Thislineis
provided by the 8288 Bus Controller and is
used on the system board to latch vaid
addresses from the processor. It is
availableto the I/0 channel as an indicator
of avalid processor address (when used
with AEN). Processor addresses are
latched with the failing edge of ALE.

1-16 System Unit




Signal

I/0 CH CK

1/0 CH RDY

IRQ2-IRQ7

I0W

1/0 Description

-I/0 Channel Check: This line provides
the processor with parity (error)
information on memory or devicesin the
I/0 channel. When thissignal is active
low, a parity error is indicated.

I/0 Channel Ready: This line, normally
high (ready), is pulled low (not ready) by a
memory or I/0 device to lengthen I/O or
memory cycles. It allows slower devicesto
attach to the I/O 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 (I/O or memory) are
extended by an integral number of CLK
cycles (210 ns).

Interrupt Request 2 to 7: These lines are
used to signal the processor that an 1/0
device requires attention. They are
prioritized with IRQ2 as the highest
priority and IRQ7 asthe 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).

-I/0 Read Command: This command line
instructs an I/O device to drive its data
onto the data bus. It may be driven by the
processor or the DM A controller.
Thissigna is active low.

-I/0 Write Command: This command line
instructs an 1/O device to read the data on
the data bus. It may be driven by the
processor or the DM A controller. This
signal is active low.
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Signal I/0 Description

MEMR 0
MEMW 0
DRQI1-DRQ3 |
DACKO- 0
DACK3

AEN o)
TIC o)

1-18 System Unit

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 DM A controller. This
signal is activelow.

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 DM A controller.
This signal is activelow.

DMA Reqguest 1to 3. Theselinesare
asynchronous channel requests used by
peripheral devicesto gain DM A service.
They are prioritizedwith DRQ3 being the
lowest and DRQ1 being the highest. A
request is generated by bringingaDRQ
lineto an activelevel (high). A DRQline
must be held high until the corresponding
DACK line goes active.

-DMA AcknowledgeO to 3: These lines
are used to acknowledge DM A requests
(DRQ1-DRQ3) and to refresh system
dynamic memory (DACKO). They are
activelow.

Address Enable: Thislineisused to
de-gate the processor and other devices
from the I/0O channel to alow DMA
transfersto take place. When thislineis
active (high), the DM A controller has
control of the address bus, data bus, read
command lines (memory and 1/0), and the
write command lines (memory and I/0O).

Terminal Count: Thisline provides a pulse
when the terminal count for any DMA
channel isreached. Thissigna is active
high.




Signal 1/0 Description

CARD SLCTD | -Card Selected: Thislineis activated by
cardsin expansion slot J8. It signalsthe
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 J8.
Connectors JI through J8 aretied together
at thispin, but the system board does not
usetheir signal. This line should be driven
by an open collector device.

The following voltages are available on the system board I/O
channel:

+5 Vdc £5%, located on 2 connector pins
—5 Vdc £10%, located on 1 connector pin
+12 Vdc +5%, located on 1 connector pin
—12 Vdc £10%, 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 drivenfrom one or both of two

sources:

® An 8255A-5 PPl output bit. The address and bit are defined

in the “I/O Address Map."

e A timer clock channel, the output of which is programmable

within the functions of the 8253-5 timer when using a

1.19-MHz clock input. The timer gate also is controlled by an
8255A-5 PPI output-port bit. Address and bit assignment are

in the “I/O Address Map."

PPI Bit 1, I/O Address Hex 0061
1.19 MHz

—]

e

Clock
In2 Timer Clock Out 2

Gate 2

AND

8

Driver

Low
Pass
Filter

To
i Speaker

PPI Bit 0, 1/O Address Hex 0061

Speaker Drive System Block Diagram

Gate 2

Channel 2 (Tone generation for speaker)
— Controlled by 8255A-5 PPI Bit
(Seel/O Map)
ClockIn2 - 1.19318-MHz OSC
Clack Out 2— Used to drive speaker

Speaker Tone Generation

The speaker connectionis a 4-pin Berg connector. See ™’ System
Board Component Diagram,”* earlier in this section, for speaker
connectionor placement.

Pin Function
1 Data
2 Key
3 Ground
4 +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 isintegrated into the system unit and
supplies power for the system unit, its options, and the keyboard.
The supply provides 15 A of +5 Vdc, plusor minus 5%, 4.2 A o
+12 Vdc, plusor minus 5%, 300 mA of —5 Vdc, plusor minus
10%, and 250 mA of —12 Vdc, plus or minus 10%. All power
levels are regulated with over-voltage and over-current protection.
Theinput is 120 Vac and fused. If dc over-load or over-voltage
conditionsexist, the supply automatically shuts down until the
conditionis corrected. The supply isdesigned for continuous
operation at 130 watts.
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The system board takes approximately 2to 4 A of +5 Vdc, thus
alowing approximately 11 A of +5 Vdc for the adaptersin the
system expansionslots. The +12vdc power level isdesignedto
power the internal 5-1/4 inch diskette drive and the 10 M fixed
disk drive. The —5 Vdc level is used for analog circuitsin the
diskette adapter phase lock loop. The +12 VVdc and —12 Vdc are
used for poweringthe EIA driversfor the communications
adapters. All four power levels are bussed across the eight system
expansion slots.

The IBM MonochromeDisplay 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 islocated at the right rear area of the system
unit. It supplies operating voltagesto the system board, and IBM
MonochromeDisplay, and provides two separate connectionsfor
power to the 5-1/4 inch diskette drive and the fixed disk drive.

The nominal power requirementsand output voltages are listed in
the followingtables:

Voltage @ 50/60 Hz

Nominal Vac

Minimum Vac

Maximum Vac

110

90

137

Input Requirements

Freguency: 50/60 Hz +/— 3 Hz

Current: 4.1 A max @ 90 Vac

Voltage (Vdc) Current (Amps) Regulation (Tolerance)
Nominal Minimum Maximum + % %
+5.0 2.3 15.0 5 4
-5.0 0.0 0.3 10 8
+12.0 0.4 4.2 5 4
-12.0 0.0 0.25 10 9
Vdc Output

Voltage (Vac)

Current (Amps)

Voltage Limits (Vac)

Nominal Minimum | Maximum | Minimum|Maximum
120 0.0 1.0 88 137
Vac Output
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Power Supply Connectors and Pin

Assignments

Hardware

supply connectors. The pin

The power connector on the system board is a 12-pin male
own below:

connector that plugs into the power-
configurations and locations are sh

(PayolIMg Ajjeusdiu|)

10128UUO0D) JaMOJ

Aeidsig Wa1 - 98A 0L

103193UU0Y 1aMOd
U WalsAg }0/uUQ 10moy
PO0D) Jmd | uld
Ae 'z uid Aayy /
OPA ZL+ ‘E Uld $10193UUO] JaMO

9PA ZL- ‘P uld ° Emom_ § ®© © S
punoip ‘g ulg m WalsAg

puno.o ‘g uig
punoin ‘| ulg
punoUn) ‘gz uig
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9PA G+ °G Utd —X 1
9PA G+ ‘9 Uid

PAZL+ "L uld
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IPA G+ P Uid
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Power Supply and Connectors
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Over-Voltage/Over-Current Protection

Voltage Nominal Vac Type Protection Rating Amps

110 Fuse 5

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

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

Thissignal isthe logical AND of the dc output-voltage sense
signal and the ac input voltagefail signal. Thissignal is
TTL-compatible up-level for normal operation or down-level for
fault conditions. The ac fail signal causes power-goodto goto a
down-level when any output voltage falls below the regulation
limits.

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

The sense levels of the dc outputs are:

Output Minimum Sense Voltage Nominal Maximum
{Vdc} {vdc) (vdc) {Vdc)
+5 +4.56 +5.0 +5.5
-5 -4.3 -5.0 —55
+12 +10.8 +12.0 +13.2
-12 -10.2 -12.0 —13.2
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|BM Personal Computer Math
Copr ocessor

The IBM Personal Computer Math Coprocessor enablesthe 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 alowing the coprocessor to
do mathematical calculationswhile the processor continuesto do
other functions.

Thefirst five bits of every instruction opcodefor the coprocessor
areidentical (11011 binary). When the processor and the
coprocessor see this instruction opcode, the processor calculates
the address, of any variablesin memory, while the coprocessor
checks the instruction. The coprocessor will then take the memory
address from the processor if necessary. To access locationsin
memory, the coprocessor takes the local busfrom 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 I nterface

The coprocessor extends the data types, registers, and instructions
to the processor.

The coprocessor has eight 80-bit registerswhich provide the
equivalent capacity of 40 16-bit registersfound in the processor.
This register space alows constants and temporary resultsto be
held in registers during cal culations, thus reducing memory access
and improving speed as well as bus availability. The register space
can be used as a stack or as afixed register set. When used as a
stack, only the top two stack elements are operated on: when used
as afixed register set, al registers are operated on. The Figure
below shows representations of large and small numbersin each
datatype.

Data Type Bits Significant Approximate Range (decimal)
Digits (Decimal)

Word Integer 16 4 -32,768 SX<+32,767
Short Integer 32 9 -2x10°% <X<+2x10°
Long Integer 64 18 9x10'8 <X<+9x10'8
Packed Decimal 80 18 -89...99 <X<+99...99 (18 digits)
Short Real* 32 67 8.43x107%7 <iXi<3.37x10%
Long Real* 64 15-16 4.19x10° %7 <X i< 1.67x10%®
Temporary Real | 80 19 3.4x107%82 <X < 1.2x10%%2

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

Data Types
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Hardware | nterface

The coprocessor utilizesthe same clock generator and system bus
interface components as the processor. The coprocessor iswired
directly into the processor, as shown in the coprocessor
interconnection diagram. The processor's queue status lines (QSO
and QSI1) enable the coprocessor to obtain and decode
instructionssimultaneously with the processor. The coprocessor's
busy signal informsthe 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).
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When an incorrect instruction is sent to the coprocessor (for
example; divide by zero or load afull register), the coprocessor
can signal the processor with an interrupt. There are three
conditionsthat will disable the coprocessor interrupt to the
processor:

1. Exception and Interrupt Enable bits of the control word are
setto 1’s.

2. System board switch block 1 switch 2 set in the On position.
3. NMI Mask REG isset to zero.

At power-ontimethe NM1 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 duringthe
operation of the softwareor an " Endless Wait"* will occur. An
"Endless Wait" will have the processor waitingfor 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 NM I line, the program should check that a parity error did
not occur (by readingthe 8255 port), then clear exceptions by
executingthe FNSAVE or the FNCL EX instruction. In most
cases, the status word would be looked at, and the exception
would be identified and acted upon.
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The NMI Mask REG and the coprocessors interrupt are tied to
the NMI line through the NMI interrupt logic. Minor conversions
of software designed for use with an 8087 must be made before
existing software will be compatible with the IBM Personal
Computer Math Coprocessor.

Coprocessor Interconnection

1-28 Coprocessor

Memory NMIL NMI
and NM§ INT
System ma Logic cLk Bose
Board CPU 8088
o RQ/GT1 Family Multimaster
Bus —. System
aso 0s1 TEST \nterfaca Bus
Components
8284 Qaso as1  BUSY
Clock RO/GTO
Generator
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Control Unit

The control unit (CU) of the coprocessor and the processor fetch
all instructions at the same time, as well as every byte of the
instruction stream at the same time. The simultaneous fetching
allows the coprocessor to know what the processor is doing at all
times. This is necessary to keep a coprocessor instruction from
going unnoticed. Coprocessor instructions are mixed with
processor instructions in a single data stream. To aid the
coprocessor in tracking the processor, nine status lines are
interconnected (QSO0, QS1, and SO through S6).
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Cnn(mI*Unit__ - Numemx;mnm A Y __]
‘ | Exponent Fraction |
l l Bus Bus |
| Exponent Programmable |

| Control Word Module Shifter
| Status Word | Interface |
| | 16 |

NEU Instruction Microcode Arithmetic
I Control Unit Module |
Data I 55/ < ‘
Data Buffer ) % |
| .

Queue , Temporary |
| 1 1) Registers |
| |

T n
l A (6) |
| ° 2 |
Addressing & w| [— Register Stack —{!4!
Status H" Bus ':"rsl::rnu : 0 " - ::; |
Excepti R
e G | : i |
I_ L f— 80 8is —| J

Coprocessor Block Diagram
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Register Stack

Each of the eight registers in the coprocessor's register stack is 80
bitswide, and each is divided into the "' fidlds" shown in the figure
below. The format in the figure below correspondsto the
coprocessor's temporary real datatype 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 valueinto 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.
Instructionsthat 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 addressingis''top-relative.” The expression, ST,
denotes the current stack top, and ST(i) refersto the ith register
fromthe ST in the stack. If ST contains binary 011" (register 3
isthetop of the stack), the instruction, FADD ST,ST(2), would
add registers 3 and 5.

Passing subroutine parameters to the register stack eliminatesthe
need for the subroutine to know which registers actually contain
the parameters. This alowsdifferent routinesto call the same
subroutine without having to observe a conventionfor passing
parameters in dedicated registers. Aslong as the stack is not full,
each routine smply loads the parameters to the stack and callsthe
subroutine.

79 64 63 0

Exponent Significand

N

Sign

Register Structure
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Status Word

The status word reflects the overall condition of the COprocessor.
It may be stored in memory with a coprocessor instruction then
inspected with a processor code. The status word is divided into
the fields shown in the figure below. Bit 15 (BUSY) indicates
when the coprocessor is executing an instruction (B=1) or when it
is idle (B=0).

dIeMpIeH

Several instructions (for example, the comparison instructions)
post their results to the condition code (bits 14 and 10 through 8
of the status word). The main use of the condition code is for
conditional branching. This may be accomplished by first
executing an instruction that sets the condition code, then storing
the status word in memory, and then examining the condition code
with processor instructions.

Bits 13 through 11 of the status word point to the coprocessor
register that is the current stack top (ST). Bit 7 is the interrupt
request field, and bits 5 through O are set to indicate that the
numeric execution unit has detected an exception while executing
the instruction.

[8c3[ st_Tee[c1[co[wm[ [re]uefoefzeloe]ie |

I_ Exception Flags (1 = Exception Has Occurred)
lavalid Qperation
Denormalized Operand

Zerodivide

Overflow

Underflow

Precision
{Reserved)

Interrupt Request
Condition Code
Stack Top Pointer (1)
Busy

(1} ST values:
000 = register 0 is stack top
001 = register 1 is stack top

111 = register 7 is stack top

Status Word Format
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Control Word

The coprocessor provides several options that, are selected by

loading a control word register.

15 7 0

LL e rc [ ec Jiew]  Temumfom|zm]om|m|

Zerodivide
Dverflow
Underflow

Pracic;
P

(Reserved)

(Reserved)

(1) Interrupt-Enable Mask:
0 = Interrupts Enabled
1 = Interrupts Disabled {Masked)

{2) Precision Control:
00 = 24 bits
01 = (reserved)
10 = 53 bits
11 = 64 hits
(3) Rounding Control:
00 = Round to Nearest or Even
01 = Round Down (toward <}
10 = Round Up (toward o3
11 = Chop (Truncate Toward Zero)

{4) Infinity Control:
0 = Projective
1= Affine

Control Word Format
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Interrupt-Enable Mask (1)
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Tag Word

The tag word marks the content of each register, as shown in the
Figure below. The main function of the tag word is to optimize the
coprocessor’s performance under certain circumstances, and
programmers ordinarily need not be concerned with it.
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15 ? 0
TA?(7) TAG(6) TAIG(5) TAG(4) [ TAG(3) TA(?(Z) TA('i(U TA(li(O)

Tag values:
00 = Valid (Normal or Unnormal)
01 = Zero (True)
10 = Special (Not-A-Number, 2, or Denormal)
11 = Empty

Tag Word Format

Exception Pointers

The exception pointers in the figure below are provided for
user-written exception handlers. When the coprocessor executes
an instruction, the control unit saves the instruction address and
the instruction opcode in the exception pointer registers. An
exception handler subroutine can store these pointers in memory
and determine which instruction caused the exception.

OPERAND ADDRESS(!)
INSTRUCTION oPcopE(2)

INSTRUCTION ADDRESS(1)
10 0

(1)20-bit physical address

(2)11 least significant bits of opcode: 5 most significant bits are always
COPROCESSOR HOOK (11011B)

Exception Pointers Format
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Number System

The figure below shows the basic coprocessor real number system
on a real number line (decimal numbers are shown for clarity,
although the coprocessor actually represents numbers in binary).
The dots indicate the subset of real numbers the coprocessor can
represent as data and final results of calculations. The
coprocessor’s range is approximately £4.19x10*” to
+1.67x10%%.

The coprocessor can represent a great many of, but not all, the
real numbers in its range. There is always a “gap” between two
adjacent coprocessor numbers, and the result of a calculation may
fall within this space. When this occurs, the coprocessor rounds
the true result to a number it can represent.

The coprocessor actually uses a number system that is a superset
of that shown in the figure below. The internal format (called
temporary real) extends the coprocessor’s range to about

+3.4x 10432 to +1.2x10%%, and its precision to about 19
(equivalent decimal) digits. This format is designed to provide
extra range and precision for constants and intermediate results,
and is not normally intended for data or final results.

) Nepgative Range ! 3 Positive Range I
I — (Normalized) ! | (Normalized) * !
] 1

| |

| -5 -4 -3 -2 -1

' ‘HG##?:UL—JO@?vL—?-—H—G—#—F—O——-
L 1L |

+ + + S

-1.67x10*% -4,19x10° %7 4.19x107%7 1.67x10%®

l— 2.00000000000000000
‘—— (Not Representable)
1.99999999999999999

Precision: |«— 18 Digits —»{

Coprocessor Number System
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I nstruction Set

On the following pages are descriptionsof the operation for the
coprocessor's 69 instructions.
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An instruction has two basic types of operands - sources and
destinations. A source operand simply suppliesone 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 isthe destination is replaced by the result.

The operands of any instructionscan 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
explicitoperands. The operands for FADD are thus described as:

// source/destination, source
This meansthat FADD may be written in any of three ways:
FADD
FADD source
FADD destination,source

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

Coprocessor 1-35




FABS

FABS (absolute value) changes the top stack element to its

absolute value by making its sign positive.

FABS (no operands) Exceptions: 1
Operands Execution Clocks Trans- | Bytes
fors Coding Example
Typical Range 80838
(no opsrands) 14 1017 0 2 |FABS

FADD
Addition

FADD / / source/destination,source

FADDP destination,source

FIADD source

The addition instructions (add real, add real and pop, integer add)
add the source and destination operands and return the sum to the
destination. The operand at the stack top may be doubled by

coding FADD ST,ST(0).

FADD Exceptions: I,D,0, U, P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
/IST.STG)M/ST(i),ST] 85 70-100 0 2 FADD ST,ST(4)
short-real 105+EA| 90-120+EA | 4 24 | FADD AIR_TEMP {Si]
long-real 110+EA | 95-125+EA | 8 24 | FADD [BX] ,MEAN
FADDP Exceptions: 1,D,0,U,P
Operands Execution Clecks Trans- | Bytss
fers Coding Example
Typical Range 8088
ST(1),ST 90 75-105 0 2 FADD ST(2), ST
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FIADD

Exceptions: {,D, 0, P

Operands Execution Clocks Trans- | Bytes
feors Coding Example
Typical Range 8088
word-integer 120+EA | 102-137+EA | 2 24 | FIADD DISTANCE_TRAVELLED
short-integer 125+EA | 108-143+EA | 4 24 | FIADD PULSE_COUNTISI]
FBLD

FBLD Source

FBLD (packed decimal BCD) load)) converts the content of the
source operand from packed decimal to temporary real and loads
(pushes) the result onto the stack. The packed decimal digits of
the source are assumed to be in the range X ‘0-9H’.

FBLD Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 80838
packed-decimal 300+EA |290-310+EA| 10 24 | FBLD YTD_SALES
FBSTP
FBSTP destination

FBSTP (packed decimal (BCD) store and pop) performs the
inverse of FBLD, where the stack top is stored to the destination
in the packed-decimal data type.

FBSTP Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
packed-decimal 530+EA | 520-542+EA | 12 24 | FBSTP [BX!.FORCAST
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FCHS

FCHS (change sign) complements (reverses) the sign of the top
stack element.

FCHS (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands) 15 10-17 0 2 | FCHS
FCLEX/FNCLEX

FCLEX/FNCLEX (clear exceptions) clears all exception flags,

the interrupt request flag, and the busy flag in the status word.

FCLEX/FNCLEX (no operands)

Exceptions: None

Operands Execution Clocks Trans- | Bytes
fars Coding Example
Typical Range 8088
{no operands) 5 2-8 0 2 | FNCLEX
FCOM
FCOMY/ /source

FCOM (compare real) compares the stack top to the source
operand. This results in the setting of the condition code bits.

FCOM Exceptions: 1, D
Oparands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
/IST(i) 45 40-50 0 2 FCOM ST(1)
short-real 65+EA | 60-70+EA 4 24 | FCOM [BP.] UPPER_LIMIT
long-real 70+EA | 65-75+EA 8 24 | FCOM WAVELENGTH
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c3 co Order

0 0 ST > source E
0 1 ST <source ~
1 0 ST = source 9.
1 1 ST ? source é
"
[¢)

NANS and o {projective) cannot be compared
and return C3=C0=1 as shown above.

FCOMP
FCOMP/ /source

FCOMP (compare real and pop) operates like FCOM, and in
addition pops the stack.

FCOMP Exceptions: 1, D
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088

/ST 47 42.52 0 2 FCOMP ST(2)

short-real BB+EA 63-73+EA 4 2-4 | FCOMP [BP] .N_READINGS

long-real T72¢EA | 67-77+EA 8 24 | FCOMP DENSITY
FCOMPP
FCOMPP/ /source

FCOMPP (compare real and pop twice) operates like FCOM
and, additionally, pops the stack twice, discarding both operands.
The comparison is of the stack top to ST(1); no operands may be
explicitly coded.

FCOMPP (no operands) Exceptions: I, D
Operands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

{no operands) 50 45-55 0 2 FCcomep
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FDECSTP

FDECSTP (decrement stack pointer) subtracts 1 from ST, the
stack top pointer in the status word.

FDECSTP (no operands) Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands) 9 612 0 2 FDECSTP
FDISI/FNDISI

FDISI/FNDISI (disable interrupts) sets the interrupt enable
mask in the control word.

FDISI/FNDISI {no operands) Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example o

Typical Range B083

{no operands) 5 2-8 0 2 FDISI
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FDIV
Normal division

FDIV / /source/ destination,source

AJeMpIel

FDIVP destination,source

FIDIV source

The normal division instructions (divide real, divide real and pop,
integer divide) divide the destination by the source and return the
quotient to the destination.

FDIV Exceptions: 1,D,2,0, U, P
Operands Execution Clocks Trans- | Bytes
fars Coding Example
Typical Range 8088
/ISTi).ST 198 193-203 0 2 FDIV
short-real 220+EA |215-225+EAl 4 24 1 FOIV DISTANCE
long-real 225+EA |220-230+E 8 24 | FDIV ARC[DI]
FDIVP Exceptions: 1,D0,2,0,U,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
ST(i),ST 202 197-207 0 2 FDIVP ST(4), ST
FIDIV Exceptions: 1,0,2,0,U,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
word-integer 230+EA | 224-238+EA| 2 24 | FIDIV SURVEY.OBSERVATIONS
short-integer 236+EA | 230-243+EA| 4 24 | FIDIV RELATIVE_ANGLE[DI]
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FDIVR

Reversed Division

FDIVR / /source/ destination,source

FDIVRP destination,source

FIDIVR source

The reversed division instructions (divide real reversed, divide
real reversed and pop, integer divide reversed) divide the source

operand by the destination and return the quotient to the

destination.
FDIVR Exceptions: 1,0,2,0, U, P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
//ST,ST(i)/ST(i),ST| 199 194-204 0 2 FDIVR ST(2), ST
short-real 221+EA | 216-226+EA| 6 24 | FDIVR [BX].PULSE_RATE
long-real 226+EA | 221-231+EA| 8 24 | FDIVR RECORDER.FREQUENCY
FDIVRP Exceptions: |,D,Z,0, U, P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
STG),ST 203 198-208 0 2 FDIVRP ST(1), ST
FIDIVR Exceptions: 1,D0,2,0,U,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
word-integer 230+EA | 225-239+EA| 2 2-4 | FIDIVR [BP].X_COORD
short-integer 237+EA | 231-245+EA| 4 244 | FIDIVR FREQUENCY
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FENI/FNENI

FENI/FNENI (enable interrupts) clear the interrupt enable mask E
in the control word. g-
5
n
FENI/FNENI (no operands) Exceptions: None
Operands Execution Clocks Trans- | Bytes
fors Coding Example
Typical Range 8088
(no operands) 5 28 0 2 FNENI
FFREE
FFREE destination

FFREE (free register) changes the destination register’s tag to
empty; the content of the register is not affected.

o FFREE Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
STHi) 1 9-16 ] 2 FFREE ST(1)
FICOM
FICOM source

FICOM (integer compare) compares the source to the stack top.

FICOM Exceptions: |, D
- Operands Exscution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
word-integer 80+EA | 72-86+EA 2 24 | FICOM TOOL.N_PASSES
short-integer 85+EA | 78-91+EA 2 24 | FICOM [BP+41] .PARM_COUNT
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FICOMP
FICOMP source

FICOMP (integer compare and pop) operates the same as
FICOM and additionally pops the stack.

FICOMP Exceptions: |,D
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088

word-integer 82+EA | 74-88+EA 2 244 | FICOMP [BP].LIMIT [SI]

short-integer 87+EA | 80-93+EA 4 24 | FICOMP N_SAMPLES
FILD
FILD source

FILD (integer load) loads (pushes) the source onto the stack.

FILD Exceptions: |
Operands Exacution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
word-integer 50+EA | 46-54+EA 2 24 | FILD [BX].SEQUENCE
short-integer 56+EA | 52-80+EA 4 2-4 | FILD STANDOFF(OI]
long-integer 64+EA 60-68+EA 8 24 1§ FILD RESPONSE.COUNT
FINCSTP

FINCSTP (increment stack pointer) adds 1 to the stack top
pointer (ST) in the status word.

FINCSTP (no operands) Exceptions: None
Qperands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

{no operands) 9 6-12 0 2 FINCSTP
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FINIT/FNINIT

FINIT/FNINIT (initialize processor) performs the functional
equivalent of a hardware RESET.

FINIT/FNINIT (no operands) Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands) 5 2-8 0 2 FINIT
Field Value Interpretation
Control Word
Infinity Control 0 Projective
Rounding Control 0o Round to nearest
Precision Control 1 64 bits
Interrupt-gnable Mask 1 Interrupts disabled
Exception Masks mim All exceptians masked
Status Word
Busy 0 Not Busy
Condition Code k¥eqd {Indeterminate)
Stack Top 000 Empty stack
Interrupt Request 1] No interrupt
Exception Flags 000000 No exceptions
Tag Word
Tags 1 Empty
Registers N.C. Not changed
Exception Pointers
Instruction Code N.C. Not changed
Instruction Address N.C. Not changed
Operand Address N.C. Not changed
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FIST
FIST destination

FIST (integer store) stores the stack top to the destination in the
integer format.

FIST Exceptions: |, P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088

word-integer 86+EA | 80-90+EA 4 244 1 FIST OBS.COUNT(SI]
short-integer 88+EA | 82-92+EA (] 24 | FIST [BP].FACTORED_PULSES
FISTP
FISTP destination

FISTP (integer store and pop) operates like FIST and also pops
the stack following the transfer. The destination may be any of the —
binary integer data types.

FISTP Exceptions: |, P
Operands Execution Clocks Trans- | Bytes
fers Coading Example
Typical Range 8088
word-integer 88+EA | 82-92+EA 4 24 | FISTP [BX].ALPHA_COUNT(SI}
short-integer 90+EA | B4-94+EA 6 24 |[FISTP CORRECTED_TIME
long-integer 100+EA  |94-105+EA 10 24 | FISTP PANEL.N_READINGS
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FLD
FLD source

FLD (load real) loads (pushes) the source operand onto the top of
the register stack.

FLD Exceptions: 1, D
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 80838

ST(i) 20 17-22 0 2 FLD ST(0)

short-real 43+EA  [38-56+EA 4 24 | FLD READINGI[SI] .PRESSURE

long-real 46+EA  [40-60+EA 8 24 | FLD [BP).TEMPERATURE

temp-real 57+EA  |53-65+EA 10 24 | FLD SAVEREADING
FLDCW
FLDCW source

FLDCW (load control word) replaces the current processor
control word with the word defined by the source operand.

FLDCW Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

2-bytes 10+EA T1-14+EA 2 2-4 |FLDCW CONTROL_WORD
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FLDENYV
FLDENY source
FLDENY (load environment) reloads the coprocessor

environment from the memory area defined by the source
operand.

FLDENV Exceptions: None
Operands Exacution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
14-bytes 40+EA  |35-45+EA 14 24 |FLDENV [BP+6]
FLDLG2
FLDLG?2 (load log base 10 of 2) loads (pushes) the value of
LOG,,2 onto the stack.
FLDLGZ (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands) 21 18-24 0 2 FLDLG2

FLDLN?2
FLDLNZ2 (load log base e of 2) loads (pushes) the value of
LOG:.2 onto the stack.
FLDLN2 (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands} 20 17-23 0 2 | FLDLN2
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FLDL2E

FLDL2E (load log base 2 of e) loads (pushes) the value LOG,e
onto the stack.

FLDL2E (no operands)

Exceptions: |

Trans- | Bytes

Operands Execution Clocks
fers Coding Example
Typical Range 8088
(no operands) 18 15-21 0 2 FLDL2E

FLDL2T
FLDL2T (load log base 2 of 10) loads (pushes) the value of
LOG,10 onto the stack.
FLDL2T (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands) 19 16-22 0 2 FLDL2T

FLDPI

FLDPI (load m) loads (pushes) m onto the stack.

FLDPI (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fars Coding Example
Typical Range 8088
(no operands) 19 16-22 0 2 | FLDPI
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FLDZ
FLDZ (load zero) loads (pushes) +0.0 onto the stack.

FLDZ (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands) 14 117 0 2 FLDZ
FLDI

FLDI1 (load one) loads (pushes) +1.0 onto the stack.

FLD1 (no operands) Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

{no operands} 18 15-21 0 2 | FLDY
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FMUL

Multiplication

FMUL / /source/destination,source

—
ot
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T

FMULP destination,source
FIMUL source

The multiplication instructions (multiply real, multiply real and
pop, integer multiply) multiply the source and destination
operands and return the product to the destination. Coding FMUL
ST,ST(0) square the content of the stack top.

FMUL Exceptions: 1,D,0, U, P

Operands Execution Clocks Trans- | Bytes

fors Coding Example

Typical Range 8088

/ISTG),ST/ST,ST()!| 97 90-105 0 2 FMUL ST,ST(3)
//STGi),ST/ST,STG) | 138 130-145 0 2 FMUL ST,ST(3)
short-real 118+EA |110-125+EA| 4 2-4 | FMUL SPEED_FACTOR
long-real’ 120+EA |112-1264EA| 8 24 | FMUL [BP].HEIGHT
long-real 161+EA |154-168+EA| 8 24 | FMUL [BP].HEIGHT

! occurs when one or both operands is “short” - it has 40 trailing zeros in its fraction.

FMULP Exceptions: 1,D,0, U, P
Operands Execution Clocks Trans- | Bytes
fors Coding Example
Typical Range 8088
ST(),ST! 100 94-108 (] 2 FMULP ST(1) ST
ST(i),ST 142 134-148 ] 2 FMULP ST(1),ST

Yoccurs when one or both operands is “short” - it has 40 trailing zeros in its fraction.

FIMUL Exceptions: |,D, 0, P
Operands Exscution Clocks Trans- | Bytes
fars Coding Example
Typical Range 8088
word-integer 130+EA [124-138+EA| 2 24 | FIMUL BEARING
short-integer 136+EA | 130-144+EA]| 4 24 | FIMUL POSITION.Z_AXIS
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FNOP

FNOP (no operation) stores the stack to the stack top (FST

ST,ST((0)) and thus effectively performs no operation.

FNOP (no operands) Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands) 13 10-16 0 2 FNOP

FPATAN

FPATAN (partial arctangent) computes the function § =
ARCTAN (Y/X). X is taken from the top stack element and Y
from ST(1). Y and X must observe the inequality 0<Y<X <,
The instruction pops the stack and returns 8 to the (new) stack

top, overwriting the Y operand.

FPATAN (no operands)

Exceptions: U, P (operands not checked)

Opsrands Execution Clocks Trans- | Bytes
fors Coding Example
Typical Range [ 11:1]
(no operands) 650 250-800 0 2 FPATAN

FPREM

FPREM (partial remainder) performs modulo division on the top
stack element by the next stack element, that is, ST(1) is the

modulus.
FPREM (no operands) Exceptions: {,D, U
Operands Execution Clocks Trans- | Bytes
fars Coding Example
Typical Range 8088
{no operands) 125 16-190 0 2 FPREM
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FPTAN

FPTAN (partial tangent) computes the function Y/X = TAN ().
§ is taken from the top stack element; it must lie in the range
0<f<n/4. The result of the operation is a ratio; Y replaces 8 in
the stack and X is pushed, becoming the new stack top.

dremMpIey

FPTAN Exceptions: |, P (operands not checked)
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands) 450 30-540 0 2 | FPTAN
FRNDINT
FRNDINT (round to integer) rounds the top stack element to an
integer.
FRNDINT (no operands) Exceptions: [, P
Dperands Execution Clacks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands} 45 16-50 0 2 |FRNDINT
FRSTOR
FRSTOR source

FRSTOR (restore state) reloads the coprocessor from the 94-byte
memory area defined by the source operand.

FRSTOR Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typicat Range 8088
94-bytes 210+EA | 205-215+EA| 96 24 |FRSTOR (BP]
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FSAVE/FNSAVE
FSAVE/FNSAVE destination
FSAVE/FNSAVE (save state) writes the full coprocessor state —

environment plus register stack — to the memory location defined
by the destination operand.

FSAVE/FNSAVE Exceptions: None
Operands Execution Clacks Trans- | Bytes
fers Coding Example

Typical Range 8088

94-bytes 210+EA | 205-215+EA| 94 24 |FSAVE (BP]

FSCALE

FSCALE (scale) interprets the value contained in ST(1) as an
integer, and adds this value to the exponent of the number in ST.
This is equivalent to:

ST+ STe25T0

Thus, FSCALE provides rapid multiplication or division by
integral powers of 2.

FSCALE (no operands) Exceptions: (,0,U
Operands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

(no operands) 35 32-38 0 2 FSCALE
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FSQRT

FSQRT (square root) replaces the content of the top stack
element with its square root.

as
-~
=
o
g
&
)
~

Note: the square root of —0 is defined to be —0.

FSQRT (no operands) Exceptions: 1, D, P
Qperands Execution Clocks Trans- | Bytes
feors Coding Example
Typical Range 8088
(no operands) 183 180-186 0 2 FSQRT
FST
FST destination

FST (store real) transfers the stack top to the destination, which
may be another register on the stack or long real memory operand.

FST Exceptions: 1,0, U, P
Operands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

STG) 8 15-22 0 2 FST ST(3)
short-real 87+EA | 84-90+EA 6 2-4 | FST CORRELATION [DI]
long-real 100+EA [96-104+EA( 10 244 | FST MEAN_READING
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FSTCW/FNSTCW
FSTCW/FNSTCW destination
FSTCW/FNSTCW (store control word) writes the current

processor control word to the memory location defined by
the destination.

FSTCW/FNSTCW Exceptions: None
Operands Execution Clocks Trans- | Bytes
fors Coding Example
Typical Range 8088
2-bytes 15+EA | 12-18+EA 4 24 | FSTCW SAVE_CONTROL
FSTENV/FNSTENV

FSTENV/FNSTENYV destination

FSTENV/FNSTENV (store environment) writes the coprocessor’s
basic status — control, status and tag words, and exception pointers
— to the memory location defined by the destination operand.

FSTENV/FNSTENV Exceptions: None
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
14-bytes 45+EA | 40-50+EA 16 244 | FSTENV [BP]
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FSTP
FSTP destination

FSTP (store real and pop) operates the same as FST, except that
the stack is popped following the transfer.

<
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FSTP Exceptions: 1,0, U, P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
ST(i) 20 17-24 0 2 FSTP ST(2)
short-real 89+EA | B6-92+EA 6 24 | FSTP [BX].ADJUSTED_RPM
long-real 102+EA |98-106+EA 10 24 | FSTPTOTAL_DOSAGE
temp-real 55+EA | 52.58+EA 12 24 | FSTP REG_SAVE(SI]
FSTSW/FNSTSW

FSTSW/FNSTSW destination

FSTSW/FNSTSW (store status word) writes the current value of
the coprocessor status word to the destination operand in memory.

FSTSW/FNSTSW Exceptions: None
Dperands Execution Clocks Trans- | Bytes
fers Coding Example

Typical Range 8088

2-bytes 14+EA | 12-18+EA 4 2-4 | FSTSW SAVE_STATUS
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FSUB

Subtraction

FSUB / /source/destination,source

FSUBP destination,source

FISUB source

The normal subtraction instructions (subtract real, subtract real

and pop, integer subtract) subtract the source operand from the
destination and return the difference to the destination.

FSUB Exceptions: 1,D,0,U,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
//ST,STIi)/STG(),ST| 85 70-100 0 2 FSUB ST,ST(2)
short-real 105+EA | 90-120+EA| 4 24 | FSUB BASE_VALUE
long-real 110+EA | 95-126+EA| 8 24 | FSUB COORDINATE.X
FSUBP Exceptions: 1,D,0,U,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
ST(i),ST 90 75-105 0 2 FSUBP ST(2),ST
FISUB Exceptions: 1,D,0,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
word-integer 120+EA [ 102-137+EA| 2 24 | FISUB BASE_FREQUENCY
short-integer 125+EA | 108-143+EA| 4 24 | FISUB TRAIN_SIZE[DI]
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FSUBR
Reversed Subtraction
FSUBR / /source/destination,source

FSUBRP destination,source

FISUBR source

The reversed subtraction instructions (subtract real reversed,
subtract real reversed and pop, integer subtract reversed) subtract
the destination from the source and return the difference to the
destination.

FSUBR Exceptions: 1,0,0,U,P
Operands Execution Clocks Trans- | Bytss
fors Coding Example
Typical Range 8088
/ST ST(i)/ST(i},ST| 87 70-100 0 2 FSUBR ST,ST(1)
short-real 105+EA | 90-120+EA 4 24 | FSUBR VECTOR[SI]
long-real 110+EA | 95-125+EA) 8 244 | FSUBR [BX].INDEX
FSUBRP Exceptions: (,D,0,U,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
ST(i).ST 90 75-105 0 2 FSUBRP ST(1),ST
FISUBR Exceptions: 1,D,0,P
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
word-integer 120+EA | 103-139+EA] 2 24 | FISUBR FLOOR([BX](SI]
short-integer 125+EA | 109-144+EA| 4 24 § FISUBR BALANCE
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FTST

FTST (test) tests the top stack element by comparing it to zero.

The result is posted to the condition codes.

FTST (no operands) Exceptions: |, D
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands) 42 3848 0 2 FTST
C3 co Result
0 0 ST is positive and nanzero
0 1 ST is negative and nonzero
1 0 ST is zera (+or -}
1 1 ST is not comparable (that
is, it isa NAN ar projective =2}
FWAIT

FWAIT (processor instruction)

FWAIT is not actually a coprocessor instruction, but an alternate
mnemonic for the processor WAIT instruction. The FWAIT
mnemonic should be coded whenever the programmer wants to
synchronize the processor to the coprocessor, that is, to suspend
further instruction decoding until the coprocessor has completed

the current instruction.

FWAIT (no operands)

Exceptions: Non (CPU instruction)

Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
(no operands) 345n 3+6n 0 1 FWAIT
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FXAM

FXAM (examine) reports the content of the top stack element as
positive/negative and NAN/unnormal/denormal/normal/zero, or
empty.

FXAM Exceptions: None

Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands) 17 12-23 0 2 FXAM
Condition Code Interpretation

c3jc2jci|co

0 0 0 0 + Unnormal

0 0 0 1 + NAN

0 0 1 0 — Unnormal

0 0 1 1 — NAN

0 1 0 0 + Normal

o1 o1 +o0

0 1 1 0 — Normal

0 1 1 1 ~ 00

1 0 0 0 +0

1o o[ Empty

1 0 1 0 -0

1 0 1 1 Empty

1 1 0 0 + Denormal

1 1 0 {1 Empty

1 1 1 0 — Denormal

1 1 1 1 Empty
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FXCH

FXCHY/ /destination

FXCH (exchange registers) swaps the contents of the destination
and the stack top registers. If the destination is not coded

explicitly, ST(1) is used.

FXCH Exceptions: |
Operands Execution Clocks Trans- | Bytes
fers Coding Examgple
Typical Range 8088
{/STHi) 12 10-15 0 2 FXCH ST(2)
FXTRACT

FXTRACT (extract exponent and significant) “‘decomposes” the
number in the stack top into two numbers that represent the actual
value of the operand’s exponent and significand fields contained in

the stack top and ST(1).

FXTRACT Exceptions: |
Operands Execution Clocks Trans: | Bytes
fers Coding Example
Typical Range 8088
(no operands) 50 27-65 0 2 FXTRACT
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FYL2X

FYL2X (Y log base 2 of X) calculates the functiori Z=Y+LOG,.
X is taken from the stack top and Y from ST(1). The operands
must be in the ranges 0<X< e« and — <Y< + . The
instruction pops the stack and returns Z at the (new) stack top,
replacing the Y operand.

I—
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~

LOG,2.LOG,X
FYL2X Exceptions: P (operands not checked)
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 2083
(no operands) 950 900-1100 0 2 FYL2X
FYL2XPl1

FYL2XP1 (Y log base 2 of (X + 1)) calculates the function

Z = Y.LOG,(X+1). X is taken from the stack top and must be
in the range 0< |IX| <(1-1/2/2)). Y is taken from ST(1) and
must be in the range — = <Y<« , FYL2XP1 pops the stack and
returns Z at the (new) stack top, replacing Y.

FYL2XP1 Exceptions: P (operands not checked)
Operands Execution Clocks Trans- | Bytes
fers Coding Example
Typical Range 8088
{no operands) 850 700-1000 0 2 | FYL2XP1
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F2XM1

F2XM1 (2 to the X minus 1) calculates the function Y=2—1.
X is taken from the stack top and must be in the range 0<X<0.5.
The result Y replaces the stack top.

This instruction is designed to produce a very accurate result even
when X is close to zero. To obtain Y=2%, add 1 to the result

delivered by F2XM1.
F2XM1 Exceptions: U, P (operands not checked)
Operands Execution Clocks Trans- | Bytes

Typical Range

fers
8088

Coding Example

{no operands)

500 310-630

0

F2XM1
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|IBM Keyboard

alemplieH

The keyboard has a permanently attached cable that connectsto 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,
likethat of atelephone 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 I/O
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. Thistest checksthe microcomputer ROM, tests
memory, and checksfor stuck keys. Additional functions are:
keyboard scanning, buffering of up to 16 key scan codes,
maintaining bidirectional serial communicationswith the system
unit, and executing the hand-shake protocol required by each
scan-codetransfer.

The following pages have figuresthat show the keyboard, the scan
codes, and the keyboard interface connector specifications.
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Key Position Scan Code in Hex Key Position Scan Code in Hex
1 01 43 28
2 02 44 2C
3 03 15 20
4 04 46 2E
5 05 47 2F
6 06 48 30
7 07 49 3
8 08 50 32
9 09 51 33

10 0A 52 3
n 08 53 35
12 oc 54 36
13 oD 55 37
14 0E 56 38
15 0F 57 39
16 10 58 3A
17 1 59 3B
18 12 60 3C
19 13 61 3D
20 14 62 3E
21 15 63 3F
22 16 64 40
23 17 65 41
24 18 66 42
25 19 67 43
26 1A 68 44
27 1B 69 45
28 1C 70 46
29 1D 71 47
30 1E 72 48
31 1F 13 49
32 20 74 4A
33 21 15 4B
34 22 76 aC
35 23 11 4D
36 24 78 AE
37 25 79 4F
38 26 80 50
39 27 81 51
40 28 82 52
Y| 29 83 53
42 2A

Keyboard Scan Codes
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Rear Panel

Keyboard
Connector
5-Pin DIN Connector
Pin TTL Signal Signal Level
1 + Keyboard Clock +5 Vde
+ Keyboard Data +5 Vde
3 — Keyboard Reset (Not used by
keyboard)
Power Supply Voltages Voltage
Ground o
+5 Volts +5 Vdc

Keyboard Interface Connector Specifications
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Expansion Unit
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The expansion unit option upgrades the IBM Personal Computer
XT by adding expansion slots in a separate unit. This option
consists of an 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 dots 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/0
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
14.31818-MHz signal is generated on the expansion board. This
signa may not bein phase with the ‘osc’ signal in the system unit.

Decoupling capacitors provided on the expansion board aid in
noise filtering.
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Expansion Channel

All signals found on the system unit’s I/O channel will be
provided to expansion slots in the expansion unit, with the
exception of the ‘osc’ signal and the voltages mentioned
previously.
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A ‘ready’ line on the expansion channel makes it possible to
operate with slow I/O or memory devices. If the channel’s ‘I/0O
ch rdy’ line is not activated by an addressed device, all
processor-generated memory cycles take five processor clock
cycles per byte for memory in the expansion unit.

The following table contains a list of all the signals that are
redriven by the extender and receiver cards, and their associated
time delays. The delay times include the delay due to signal
propagation in the expansion cable. Assume a nominal cable
delay of 3 ns. As such, device access will be less than 260 ns.

Nominal Maximum
Delay Delay
Signal (ns) {ns) Direction (*)
AO - A19 27 39 Qutput
AEN 27 39 Output
DACKO - DACK3 27 39 Output
MEMR 27 39 Output
MEMW 51 75 Output
IOR 51 75 Output
IOW 27 39 Output
ALE 27 39 Output
CLK 27 39 Output
T/C 27 39 Output
RESET 27 39 Output
IRQ2 - IRQ7 36 (**) Input
DRQ1 - DRQ3 36 (**) Input
170 CH RDY 36 51 Input
170 CH CK 36 51 Input
DO - D7 (Read) . 84 133 Input
DO - D7 (Write) 19 27 Output
(*) With respect to the system unit.
(**) Asynchronous nature of interrupts and other requests are more dependent on
processor recognition than electrical signal propagation through expansion
logic.
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Extender Card

The extender card is afour-plane card. The extender card redrives
the I/O channel to providesufficient power to avoid capacitive
effects of the cable. The extender card presentsonly one load per
line of the I/O channel.

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

The DI P switch on the extender card should be set to indicate the
maximum contiguous read/write memory housed in the system
unit. The extender card switch settingsare 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 writ€e
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 (segmentF).
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Extender Card Programming Considerations

Several registers associated with the expansion option are
programmable and readable for diagnostic purposes. The
following figure indicates the locations and functions of the
registers on the extender card.
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Location Function
Memory FXXXX(*) Write to memory to latch address bits
Port 210 Write to latch expansion bus data (EDO-ED7)
Port 210 Read to verify expansion bus data (EDQO-ED7)
Port 211 Read high-order address bits (A8 - A15)
Port 211 Write to clear wait test tatch
Port 212 Read low-order address bits (AQ - A7)
Port 213 Write 00 to disable expansion unit
Port 213 Write 01 to enable expansion unit
Port 213 Read status of expansion unit

DO = enable/disable
D1 = wait-state request flag
D2-D3 = not used
D4-D7 = switch position
1 = Off
0=0n

(*) Example:  Write to memory location F123:4=00
Read Port 211 =12
Read Port 212 = 34

{All values in hex)

The expansion unit is automatically enabled upon power-up. The
extender card and receiver card will both be written to, if the
expansion unit is not disabled when writing to FXXXX. However,
the system unit and the expansion unit are read back separately.
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Extender Card Block Diagram
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Receiver Card

The receiver card is a four-plane card that fits in expansion slot 8
of the expansion unit. The receiver card redrives the I/O channel
to provide sufficient power for additional options and to avoid
capacitive effects. Directional control logic is contained on the
receiver card to resolve contention and direct data flow on the I/O
channel. Steering signals are transmitted back over the expansion
cable for use on the extender card.
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Receiver Card Programming Considerations

Several registers associated with the expansion option are
programmable and readable for diagnostic purposes. The
following figure indicates the locations and functions of the
registers on the receiver card.

Location Function
Memory FXXXX(*) Write to memory to latch address bits
Port 214 Write to latch data bus bits (DO - D7)
Port 214 Read data bus bits (DO - D7)
Port 215 Read high-order address bits (A8 - A15)
Port 215 Read low-order address bits (AQ - A7)

(*) Example:  Write to memory location F123:4=00
Read Port 215 =12
Read Port 216 =34

{All values in hex)

The expansion unit is automatically enabled upon power-up. The
expansion unit and the system unit will be written to, if the
expansion unit is not disabled when writing to FXXXX. However,
the system unit and the expansion unit are read back separately.
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Expansion Unit Interface Information

The extender card and receiver card rear-panel connectors are the
same. Pin and signal assignments for the extender and receiver
cards are shown below.
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21 (@ooooooooooooooooooo@)ﬂ
42 @eocses0cs000000000eee® [[22
GZQO..‘.'............'O 43
Pin Signal Pin Signal Pin Signal
1 +E IRQ6 22 | +EDS 43 | +E IRQ7
2 | +EDRQ2 23 | +E DRQ1 44 | +E D6
3 | +EDIR 24 | +EDRQ3 45 | +E1/0 CH RDY
4 | +E ENABLE 25 RESERVED 46 | +EIRQ3
5 | +ECLK 26 +E ALE 47 | +E D7
6 | -EMEMINEXP | 27 +ET/C 48 | +E D1
7 | +tEA17 28 | +E RESET 49 -E1/0 CH CK
8 | +tEA16 29 | +E AEN 50 | +EIRQ2
9 | +tEAS 30 | +tEA19 51 +E DO
10 | -E DACKO 31 +E A14 52 +E D2
11 +E A15 32 | +EA12 53 +E D4
12 +E A11 33 | +tEA18 54 | +EIRQ5
13 | +EA10 34 | -E MEMR 55 | +E IRQ4
14 | +E A9 35 | -E MEMW 56 | +tED3
15 | +E A1 36 | +tEAQ 57 GND
16 | +EA3 37 -E DACKS3 58 GND
17 | -E DACK1 38 | +E A6 59 GND
18 | +E A4 39 |-EIOR 60 GND
18 | -E DACK2 40 | +E A8 61 GND
20 | -EIOW 41 +E A2 62 GND
21 +E A13 42 | +E A7
E = Extended

Connector Specifications
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Notes:
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IBM 80 CPS Printers
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The IBM 80 CPS (characters-per-second) Printers are
self-powered, stand-alone, tabletop units. They attach to the
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 a9 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 ASCI I, 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 cableis 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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(1) Print Method: Serial-impact dot matrix

{2) Print Speed: 80 cps
{3) Print Direction: Bidirectional with logical seeking
{4) Number of Pins in Head: 9
(6} Line Spacing: 1/16 inch (4.23 mm) or programmable
{6} Printing Characteristics
Matrix: 9x9
Character Set: Full 96-character ASCI! with descenders
plus 9 international characters/symbols.
Graphic Character: See “Additional Printer Specifications”
(7) Printing Sizes
Maximum
Characters characters
per inch per inch
Normal: 10 80
Double Width: 5 40
Compressed: 16.5 132
Double Width-Compressed: 8.25 66
(8) Media Handling:
Paper Feed: Adjustable sprocket pin feed
Paper Width Range: 4 inch (101.6 mm) to 10 inch (254 mm)
Copies: One original plus two carbon copies (total
thickness not to exceed 0.012 inch (0.3 mm)).
Minimum paper thickness is 0.0025 inch
{0.064 mm}.
Paper Path: Rear
(9} Interfaces:
Standard: Parallel 8-bit

Data and Control Lines
(10) Inked Ribbon:

Color: Black
Type: Cartridge
Life Expectancy: 3 miilion characters

{11) Environmental Conditions
Operating Temperature Range: 41 to 95°F (5 to 35°C)

Operating Humidity: 10 to 80% non-condensing
(12) Power Requirement:
Voltage: 120 Vac, 60 Hz
Current: 1 A maximum
Power Consumption: 100 VA maximum
{13) Physical Characteristics:
Height: 4.2 inches (107 mm)
Width: 14.7 inches (374 mm)
Depth: 12.0 inches (305 mm)
Weight: 12 pounds (5.5 kg)

Printer Specifications
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(6) Printing Characteristics:
1BM 80 CPS Matrix Printer
Graphics
IBM 80 CPS Graphics Printer

{6) Printing Characteristics:
Extra Character Set.

Graphics

(7) Printing Sizes:

Subscript:
Superscript:

64 block characters.

Set 1

Additional ASCil numbers 160 to 175
contain European characters. Numbers 176
to 223 contain graphic characters.,Numbers
224 to 239 contain selected Greek
characters. Numbers 240 to 255 contain
math and extra symbols.

Set 2

The difference in set 2 are ASCIl numbers 3,
4,5,6, and 21. ASCIl numbers 128 to 175
contain European characters.

There are 20 block characters and
programmable graphics.

Maximum
Characters characters
per inch per line
10 80
10 80

Additional Printer Specifications

Printers 1-83

arempley




Setting the DIP Switches

There are two DIP switches on the control circuit board. In order
to satisfy the user’s specific requirements, desired control modes
are selectable by the DIP switches. The functions of the switches
and their preset conditions at the time of shipment are as shown in
the following figures.

DIP Switch 2 DIP Switch 1

M=) @Il T

) h

= 00 oo
10 l° 77l o

Location of Printer DIP Switches

Switch Factory-Set
Number Function On Off Condition
1-1 Not Applicable — — On
1-2 CR Print Only | Print & On

Line Feed
1-3 Buffer Full Print Only | Print & Off
Line Feed
1-4 Cancel Code Invalid Valid Off
1-5 Delete Code Invalid Valid On
1-6 Error Sounds Does Not On
Sound
1-7 Character Generator N.A. Graphic Off
(Graphic Pattern Select) Patterns
Select
1-8 SLCT IN Signal Fixed Fixed Not Fixed On
Internally

Functions and Conditions of DIP Switch 1 (Matrix)
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Switch Factory-Set
Number Function On Off | Condition =
2-1 Not Applicable — — On i
2-2 Not Applicable — — On b
o
2-3 Auto Feed XT Signal Fixed Not Fixed Off =
Internally Internally
2-4 | Coding Table Select N.A. Standard Off
Functions and Conditions of DIP Switch 2 (Matrix)
Switch Factory-Set
Number Function On Off Condition
1-1 Not Applicable — — On
1-2 CR Print Only | Print & On
Line Feed
1-3 Buffer Fuli Print Only | Print & Off
Line Feed
1-4 Cancel Code Invalid Valid Off
1-5 Not Applicable — — On
1-6 Error Buzzer Sound Does Not On
Sound
1-7 Character Generator Set 2 Set 1 Off
1-8 SLCT IN Signal Fixed Not Fixed On
Internally | Internaily

Functions and Conditions of DIP Switch 1 (Graphics)

Switch Factory-Set
Number Function On Off Condition
2-1 Form Length 12 Inches | 11 Inches Off
2-2 Line Spacing 1/8 Inch 1/6 Inch Off
2-3 Auto Feed XT Signal Fixed Not Fixed Off
Internally | Internally
2-4 1 Inch Skip Over Perforation Valid Not Valid Off

Functions and Conditions of DIP Switch 2 (Graphics)

Printers
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Parallel Interface Description

Specifications:

® Data transfer rate: 1000 cps (maximum)

® Synchronization: By externally-supplied STROBE pulses.
® Handshaking ACKNLG or BUSY signals.

® Logic level: Input data and all interface control signals are
compatible with the TTL level.

Connector: Plug: 57-30360 (Amphenol)

Connector pin assignment and descriptions of respective interface
signals are provided on the following pages.

Data transfer sequence:

BUSY
ACKNLG
| . 0.5 us (Minimum) | I
Approximately

5 us I l

DATA

STROBE _l_
\ 0.5 us (Minimum)

0.5 us (Minimum)

Parallel Interface Timing Diagram
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Signal Return

Pin No. Pin. No. Signal Direction Description
1 19 STROBE In STROBE pulse to read

data in. Pulse width must
be more than 0.5 us at
receiving terminal. The
signal level is normally
“high”’; read-in of ddta is
performed at the “low’’
level of this signal.

s
)
-
[=¥
b3
o
ot
o

2 20 DATA 1 In These signals represent
3 21 DATA 2 In information of the 1st to
4 22 DATA 3 In 8th bits of parallel data

5 23 DATA 4 In respectively. Each signal
6 24 DATA 5 In is at “"high”’ level when

7 25 DATA 6 In data is logical “1" and

8 26 DATA 7 In “low" when logical “0.”
9 27 DATA 8 In

10 28 ACKNLG Out Approximately 5 us pulse;

“low” indicates that data
has been received and
the printer is ready to
accept other data.

" 29 BUSY Out A "high" signal indicates

that the printer cannot

receive data. The signal

becomes “high” in the

following cases:

1. During data entry.

2. During printing
operation.

3. In “offline” state.

4. During printer error
status.

Connector Pin Assignment and Descriptions of Interface Signals (Part 1 of 3)
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Signal Return

Pin No. Pin No. Signal Direction Description

12 30 PE Out A “high” signal indicates
that the printer is out of
paper.

13 — SLCT Out This signal indicates that

the printer is in the
selected state.

14 — AUTO In With this signal being at
FEED XT “low" level, the paper is
automatically fed one line
after printing. (The signal
level can be fixed to
“low’" with DIP SW pin
2-3 provided on the
control circuit board.)

15 — NC Not used.

16 — ov Logic GND level.

17 — CHASSIS- — Printer chassis GND. In
GND the printer, the chassis

GND and the logic GND
are isolated from each

other.

18 — NC — Not used.

19-30 — GND — “Twisted-Pair Return’
signal; GND level.

31 — INT In When the level of this

signal becomes “low” the
printer controller is reset
to its initial state and the
print buffer is cleared.
This signal is normally at
“high” level, and its
pulse width must be
more than 50 us at the
receiving terminal.

Connector Pin Assignment and Descriptions of Interface Signals (Part 2 of 3)
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Signal

Pin No.

Return
Pin No. Signal Direction Description

32

ERROR Out The ievel of this signal
becomes “low’’ when the
printer is in “'Paper End”’
state, “‘Offline’’ state and
“Error” state.

arempliey

33

— GND — Same as with pin
numbers 19 to 30.

34

— NC — Not used.

35

Pulled up to +5 Vdc
through 4.7 k-ohms
resistance.

36

— SLCTIN In Data entry to the printer
is possible only when the
level of this signal is
“low”. {Internal fixing can
be carried out with DIP
SW 1-8. The condition at
the time of shipment is
set “'low” for this signal.)

Notes: 1.

2.

“Direction” refers to the direction of signal flow as viewed from
the printer.

“Return” denotes ‘"Twisted-Pair Return” and is to be connected at
signal-ground level.

When wiring the interface, be sure to use a twisted-pair cable for
each signal and never fail to complete connection on the return
side. To prevent noise effectively, these cables should be shielded
and connected to the chassis of the system unit and printer,
respectively.

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

Data transfer must not be carried out by ignoring the ACKNLG or
BUSY signal. (Data transfer to this printer can be carried out only
after confirming the ACKNLG signal or when the level of the
BUSY signal is “’low.”)

Connector Pin Assignment and Descriptions of Interface Signals (Part 3 of 3)

Printers
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Printer Modes for the IBM 80 CPS
Printers

The IBM 80 CPS Graphics Printer can use any of the
combinations listed below, and the print mode can be changed at
any place within a line.

The IBM 80 CPS Matrix Printer cannot use the Subscript,
Superscript, or Underline print modes. The Double Width print
mode will affect the entire line with the matrix printer.

The allowed combinations of print modes that can be selected are
listed in the following table. Modes can be selected and combined
if they are in the same vertical column.

Printer Modes

Normal XXX
Compressed XXX
Emphasized XXX
Double Strike X X X
Subscript X X X
Superscript X X X
Double Width XXX X XX XXX
Underline X{X|X X X
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Printer Control Codes

On the following pages you will find complete codesfor printer
characters, controls, and graphics. You may want to keep them
handy for future reference. The printer codes are listed in ASCI|
decimal numeric order (from NUL whichis0 to DEL whichis
127). The examples given in the Printer Function descriptions are
written in the BASIC language. The ™" input'* description is given
when more informationis needed for programming considerations.

0
o
=
oo
=
[g°]

ASCII decimal valuesfor the printer control codes can be found
under ** Printer Character Sets."

The descriptionsthat follow assume that the printer DIP switches
have not been changed from their factory settings.
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Printer
Code

Printer Function

NUL

BEL

HT

LF

FF

CR

Null

Used with ESC B and ESC D as a list terminator. NUL is also used
with other printer control codes to select options {for example,
ESC S).

Example:

LPRINT CHRS$ (O);

Beli

Sounds the printer buzzer for 1 second.
Example:

LPRINT CHRS$ (7);

Horizontal Tab

Tabs to the next horizontal tap stop. Tab stops are set with ESC D.
No tab stops are set when the printer is powered on. (Graphics
Printer sets a tab stop every 8 columns when powered on.}
Example:

LPRINT CHRS$ (9);

Line Feed

Spaces the paper up one line. Line spacing is 1/6-inch unless
reset by ESC A, ESCO, ESC1,ESC20r ESC 3.

Example:

LPRINT CHR$(10);

Vertical Tab

Spaces the paper to the next vertical tab position. (Graphics Printer
does not allow vertical tabs to be set; therefore, the VT code is
treated as LF.)

Example:

LPRINT CHRs$ (11);

Form Feed

Advances the paper to the top of the next page.

Note: The location of the paper, when the printer is powered on,
determines the top of the page. The next top of page is 11
inches from that position. ESC C can be used to change the
page length.

Example:

LPRINT CHRS {12);

Carriage Return

Ends the line that the printer is on and prints the data remaining in

the printer buffer. (No Line Feed operation takes place.)

Note: IBM Personal Computer BASIC adds a Line Feed unless
128 is added [for example, CHRS {14 1)].

Example:

LPRINT CHRS (13});

1-92 Printers




Printer
Code

Printer Function

SO

Sl

DC1

DC2

DC3

DC4

CAN

ESC

Shift Out (Double Width)

Changes the printer to the Double Width print mode.

Note: A Carriage Return, Line Feed or DC4 cancels Double Width
print mode.

Example:

LPRINT CHR$(14);

Shift In (Compressed)

Changes the printer to the Compressed Character print mode.
Example:

LPRINT CHR$(15);

Device Control 1 (Printer Selected)

{Graphics Printer ignores DC1)

Printer accepts data from the system unit. Printer DIP switch 1-8
must be set to the Off position.

Example:

LPRINT CHR$(17);

Device Control 2 (Compressed Off)

Stops printing in the Compressed print mode.
Example:

LPRINT CHR(18);

Device Control 3 (Printer Deselected)

(Graphics Printer ignores DC3)

Printer does not accept data from the system unit. The system unit
must have the printer select line low, and DIP switch 1-8 must be in
the Off position.

Example:

LPRINT CHR$(19);

Device Control 4 (Double Width Off)

Stops printing in the Double Width print mode.
Example:

LPRINT CHR$(20);

Cancel

Clears the printer buffer. Control codes, except SO, remain in effect.
Example:

LPRINT CHRS (24);

Escape

Lets the printer know that the next data sent is a printer command.
(See the following list of commands.)

Example:

LPRINT CHR$(27);

Printers 1-93
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Printer
Code

Printer Function

ESC -

ESCO

ESC1

ESC 2

ESC3

ESC 6

ESC 7

ESC8

Escape Minus {Underline)

Format: ESC -;n;

{Graphics Printer only)

ESC - followed by a 1, prints all of the following data with an
underline.

ESC - followed by a O (zero), cancels the Underline print mode.
Example:

LPRINT CHR$(27);CHR$(45),CHRs(1);

Escape Zero (1/8-Inch Line Feeding)
Changes paper feeding to 1/8 inch.
Example:

LPRINT CHR$({27);CHR$(48);

Escape One (7/72-Inch Line Feeding)
Changes paper feed to 7/72 inch.
Example:

LPRINT CHR$(27);,CHR$(49);

Escape Two (Starts Variable Line Feeding)

ESC 2 is an execution command for ESC A. If no ESC A command
has been given, line feeding returns to 1/6-inch.

Example:

LPRINT CHR$({27);CHR$(50);

Escape Three (Variable Line Feeding)

Format: ESC 3;n;

{Graphics Printer only)

Changes the paper feeding to n/216-inch. The example below sets
the paper feeding to 54/216 (1/4) inch. The value of n must be
between 1 and 255.

Example:

LPRINT CHR$(27);CHR$(51),CHR$(54);

Escape Six (Select Character Set 2)

(Graphics Printer only)

Selects character set 2. (See "Printer Character Set 2.”)
Example:

LPRINT CHR$(27);,CHR$(54);

Escape Seven (Select Character Set 1.)

(Graphics Printer only)

Selects character set 1. (See ""Printer Character Set 1.”)

Character set 1 is selected when the printer is powered on or reset.
Example:

LPRINT CHR$(27);CHR$(55);

Escape Eight (lgnore Paper End)

Allows the printer to print to the end of the paper. The printer
ignores the Paper End switch.

Example:

LPRINT CHR$(27).CHR$(56),
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Printer
Code

Printer Function

ESCS

ESC <

ESCA

ESCB

Escape Nine (Cancel Ignore Paper End)

Cancels the Ignore Paper End command. ESC 9 is selected when
the printer is powered on or reset.

Example:

LPRINT CHR$(27);CHR$(57);

Escape Less Than (Home Head)

{Graphics Printer only)

The print head will return to the left margin to print the line
following ESC <. This will occur for one line only.

Example:

LPRINT CHR$(27);CHR$(80);

Escape A (Sets Variable Line Feeding)

Format: ESC A;n;

Escape A sets the line-feed to n/72-inch. The example below tells
the printer to set line feeding to 24/72-inch. ESC 2 must be sent to
the printer before the line feeding will change. For example, ESC
A;24 (text) ESC 2 (text). The text following ESC A:24 will space at
the previously set line-feed increments. The text following ESC 2
will be printed with new line-feed increments of 24/72-inch. Any
increment between 1/72 and 85/72 may be used.

Example:

LPRINT CHR$(27);CHR$(65);,CHR$(24);CHR$(27); CHR$(50);

Escape B (Set Vertical Tabs)

Format: ESC Biny.ng...n NUL;

(Graphics Printer ignores ESC B)

Sets vertical tab stop positions. Up to 64 vertical tab stop positions
are recognized by the printer. The n’s, in the format above, are used
to indicate tab stop positions. Tab stop numbers must be received in
ascending numeric order. The tab stop numbers will not become
valid until the NUL code is entered. Once vertical tab stops are
established, they will be valid until new tab stops are specified. (If
the printer is reset or powerad Off, set tab stops are cleared.) If no
tab stop is set, the Vertical Tab command behaves as a Line Feed
command. ESC B followed only by NUL will cancel tab stops. The
form length must be set by the ESC C command prior to setting
tabs.

Example:

LPRINT CHR$(27),CHR$(66); CHR$(10); CHR$(20); CHR$(40);CHR$(0);
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Printer
Code Printer Function
ESCC Escape C (Set Lines per Page)
Format: ESC C;n;
Sets the page length. The ESC C command must have a value
following it to specify the length of page desired. (Maximum form
length for the printer is 127 lines.)
The example below sets the page length to 55 lines. The printer
defauits to 66 lines per page when powered on ar reset.
Example:
LPRINT CHR$(27),CHRS(67),CHR$(55);
Escape C (Set Inches per Page)
Format: ESC C;n;m;
(Graphics Printer only)
Escape C sets the length of the page in inches. This command
requires a value of O (zero) for n, and a value between 1 and 22 for
m.
Example:
LPRINT CHR$(27);CHR$(67);CHR$(0);CHR$(12);
ESCD Escape D (Set Horizontal Tab Stops)
Format: ESC D;n,:n,;..n:NUL;
Sets the horizontal tab stop positions. The example below shows
the horizontal tab stop positions set at printer column positions of
10, 20, and 40. They are followed by CHR$(0), the NUL code. They
must also be in ascending numeric order as shown. Tab stops can
be set between 1 and 80. When in the Compressed print mode, tab
stops can be set up to 132.
The maximum number of tabs that can be set is 112. The Graphics
Printer can have a maximum of 28 tab stops. The HT (CHR$(9)) is
used to execute a tab operation.
Example:
LPRINT CHR$(27);CHR$(68),CHRS$(10)CHR${20)CHR$(40);CHRS(0);
ESCE Escape E (Emphasized)
Changes the printer to the Emphasized print mode. The speed of the
printer is reduced to half speed during the Emphasized print mode.
Example:
LPRINT CHR$({27);,CHR$(69);
ESCF Escape F (Emphasized Off)
Stops printing in the Emphasized print mode.
Example:
LPRINT CHR$(27);CHR$(70);
ESCG Escape G (Double Strike)
Changes the printer to the Double Strike print mode. The paper is
spaced 1/216 of an inch before the second pass of the print head.
Example:
LPRINT CHR$(27);CHR$(71);
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Printer
Code

Printer Function

ESCH

ESCJ

ESCK

Escape H (Double Strike Off)

Stops printing in the Double Strike mode.
Example:

LPRINT CHR$(27);CHR$(72);

Escape J (Set Variable Line Feeding)

Format: ESC J;n;

(Graphics Printer only)

When ESC J is sent to the printer, the paper will feed in increments
of n/216 of an inch. The value of n must be between 1 and 255.
The example below gives a line feed of 50/216-inch. ESC J is
canceled after the line feed takes place.

Example:

LPRINT CHR$(27);CHR$(74),CHR$(50);

Escape K (480 Bit-Image Graphics Mode)

Format ESC K;n,;nz;v1;v2;...vk;

(Graphics Printer only)

Changes from the Text mode to the Bit-Image Graphics mode. n,
and n, are one byte, which specify the number of bit-image data
bytes to be transferred. v, through v, are the bytes of the bit-image
data. The number of bit-image data bytes (k) is equal to n, +256n,
and cannot exceed 480 bytes. At every horizontal position, each
byte can print up to 8 vertical dots. Bit-image data may be mixed
with text data on the same line.

Note: Assign values to n, and n, as follows:
n, represents values from O - 255,
n, represents values from 0 - 1 x 256.

MSB is most significant bit and LSB is least significant bit.

MSB LS8 |

15 14 13 12 1 10 9 8
2 2 2 2 2 2 2 2

Ny

Ny
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Data sent to the printer.
|Text(20 characters) l ESCI K l n=360 I Bit-image data I Next data l

In text mode, 20 characters in text mode correspond to 120 bit-image
positions (20 x 6 = 120). The printable portion left in Bit-Image mode is 360
dot positions (480 - 120 = 360).

Data sent to the printer.

NN, NN,
[ pataafesck | n, [ n, [ Datag | Datac [ Esc[K | n, | n, [ DataD |
Bit- Bit-
Text Length of image Text Length of image
data data data data data data
| 480 bit-image dot positions >
Example:

TYPE B:GRAPH.TXT

1 'OPEN PRINTER IN RANDOM MODE WITH LENGTH OF 255

2 OPEN “LPT1:” AS #1

3 WIDTH “LPT1:",255

4 PRINT #1,CHR$(13);CHR$(10);

5 SLASH$=CHR$(1}+CHR${02)+CHR$(04)+CHR$(08)

6 SLASH$=SLASH$+CHR$(16)+CHR$(32)+CHR$(64)+CHR$(128)+CHRS(0)

7 GAP$=CHR$(0)+CHR$(0)+CHR$(0)

8 NDOTS=480

9 'ESCK N1 N2

10 PRINT #1,CHR$(27);"K"”;CHRS(NDOTS MOD 256);CHRS$(FIX (NDOTS/256));

11 ° SEND NDOTS NUMBER OF BIT IMAGE BYTES

12 FOR I=1 TO NDOTS/12 ‘NUMBER OF SLASHES TO PRINT USING
GRAPHICS

13 PRINT #1,SLASHS;GAPS;

14 NEXT |

16 CLOSE

16 END

This example will give you a row of slashes printed in the 480 Bit-Image mode.
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Printer
Code

Printer Function

ESCL

ESCN

ESCO

ESCS

ESCT

ESCU

Escape L (960 Bit-lmage Graphics Mode)

Format: ESC Lin,;nyv,ivy..v,,

(Graphics Printer only)

Changes from the Text mode to the Bit-Image Graphics mode. The
input is similar to ESC K. The 960 Bit-lmage mode prints at half the
speed of the 480 Bit-lmage Graphics mode, but can produce a
denser graphic image. The number of bytes of bit-image Data (k) is
n, +256n, but cannot exceed 960. n, is in the range of O to 255.

Escape N (Set Skip Perforation)

Format ESC N;n;

(Graphics Printer only)

Sets the Skip Perforation function. The number following ESC N
sets the value for the number of lines of Skip Perforation. The
example shows a 12-line skip perforation. This will print 54 lines
and feed the paper 12 lines. The value of n must be between 1 and
127. ESC N must be reset anytime the page length (ESC C)is
changed.

Example:

CHR$(27);CHRS(78),CHR$(12);

Escape O {Cancel Skip Perforation)
(Graphics Printer only)

Cancels the Skip Perforation function.
Example:

LPRINT CHR$(27),CHR$(79);

Escape S (Subscript/Superscript)

Format: ESC S;n;

(Graphics Printer only)

Changes the printer to the Subscript print mode when ESC S is
followed by a 1, as in the example below. When ESC S is followed
by a O (zero), the printer will print in the Superscript print mode.
Example:

LPRINT CHR$(27);,CHR$(83);CHRS(1);

Escape T (Subscript/Superscript Off)

(Graphics Printer only)

The printer stops printing in the Subscript or Superscript print
mode.

Example:

LPRINT CHR$(27);CHR$(84);

Escape U (Unidirectional Printing)

Format: ESC U;n;

(Graphics Printer only)

The printer will print from left to right following the input of ESC
U:1. When ESC U is followed by a O (zero), the left to right printing
operation is canceled. The Unidirectional print mode (ESC U)
ensures a more accurate print-start position for better print quality.
Example:

LPRINT CHR$(27);,CHR${85);CHR$(1);

Printers 1-99




Printer

Code Printer Function

ESCW Escape W (Double Width)
Format: ESC W;n;
{Graphics Printer only)
Changes the printer to the Double Width print mode when ESC W is
followed by a 1. This mode is not canceled by a line-feed operation
and must be canceled with ESC W followed by a O (zero).
Example:
LPRINT CHR$(27);CHR$(87);CHRS(1);

ESCY Escape Y (960 Bit-lmage Graphics Mode Normal Speed)
Format: ESC Y NNV Vga Vs
(Graphics Printer only)
Changes from the Text mode to the 960 Bit-Image Graphics mode.
The printer prints at normal speed during this operation and cannot
print dots on consecutive dot positions. The input of data is similar to
ESCL.

ESC2Zz Escape Z (1920 Bit-lmage Graphics Mode)
Format: ESC Z,'n1;n2;v1;v2;mvk;
{Graphics Printer only)
Changes from the Text mode to the 1920 Bit-Image Graphics mode.
The input is similar to the other Bit-image Graphics modes. ESC Z
can print only every third dot position.

DEL Delete (Clear Printer Buffer)
(Graphics Printer ignores DEL}
Clears the printer buffer. Control codes, except SO, still remain in
effect. DIP switch 1-5 must be in the Off position.
Example:
LPRINT CHRS$(127);
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4] 1 2 3 4 5 6 7 8 9
NUL BEL| |HT
10 11 12 13 14 15 16 17 18 19
LF (VT |FF|CR[S0| S | |bc1{pc2|bes
20 21 22 23 24 25 26 27 28 29
DCa CAN ESC
30 31 32 33 34 35 36 37 38 39
IV RIS % &|’
40 41 42 43 44 45 46 47 48 49
() [*|+].|—|-|7]0[1
50 51 52 53 54 55 56 57 58 59
2(3/4/5|6/7|8|9 ;
60 61 62 63 64 65 66 87 68 69
<|={>|?|9|A|B|C|D|E
70 71 72 73 74 75 76 77 78 79
FIGIH| I |J|K|LIM/N|O
80 81 82 83 84 85 86 87 88 89
PIQ/R|S|T|UVIWX|Y
90 91 92 93 94 95 96 97 98 99
ZI[IN|]I*l_|*la|blec
100 109 102 103 104 105 106 107 108 109
die|f|(g|lh|i|j|k[l|m
110 111 112 1‘13 114 116 116 117 118 119
niojlp|q|r|s|t|lu{v|w
120 121 122 123 124 125 126 127 128 129
x(ylz|{|[I|}|~ DEL’NUL

Matrix Printer Character Set (Part 1 of 2)
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130 131 132 133 134 1356 136 137 138 139

BEL HT|| LF

140 141 142 143 144 145 146 147 148 . 149

FF[|CR||SO|[ SI DC1|{DC2| (DC3||DCA

150 1561 162 153 154 155 156 167 168 159

ESC

CA

= |

Matrix Printer Character Set (Part 2 of 2}
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0 1 2 3 4 5 6 7 8 9
NUL BEL HT
10 1112 13 14 1616 17 __18__19
LF | VT | FF| CR] SO | SI DC2
20 21 22 23 24 25 26 27 28 29
DC4 CAN ESC
30 31 32 33 34 35 36 37 38 39
ST #8|% &’
40 41 42 43 4445 46 47 48 49
(Y| *|+|.|—|.|7]0]|1
B0 61 62 53 54 55 56 57 58 59
2!3/4(5/6|7|8(9/|:|;
60 61 62 63 64 65 66 67 68 63
<|[=|>|?|9|A|B|C|D|E
70 71 72 73 74 75 76 77 78 79
FIGIHI I |J/ KILIMIN|O
80 81 82 83 B4 85 86 87 88 89
PIQR|S TIUVWX|Y
90 91 92 93 94 95 96 87 98 89
ZI[I\|]I*l_||a|b|e
100__101 102 103 104105 106_ 107 108 109
die|{f|glh|ilj|k|[l|m
110111112 113114115 _116__117_ 118_ 119
nojplq|r|s|tju|viw
120121122 123 124 125 126 127 128 199
X|ylz { : } ~ NUL

Graphics Printer Character Set 1 (Part 1 of 2)

Printers

1-103

Jrempley




130 131 132 133 134 135 136 137 138 139

BEL HT {LF | VT

140 141 142 143 144 145 146 147 148 149

FF | CR | SO | St Dc2 Dc4

150 151 152 153 164 156 156 1567 158 159

CAN ESC

160 161 162 163 164 165 166 167 168

170 171 172 173 174 175

o AMAN R

180 181 182 183 184 185

190 191 192 193 194 195 196 197 198 199
‘]7'702 203204

210 211 212 213 214 215 216 217 218 19

| f—r

S
=

220 221 222 223 224 225 226 227 228 229

_
S
=
—
—
M
Q

N
|
©
N
w
=
N,
W)
N

233 234 235 236 237 238 239

0 |0F|€ N

240 241 242 243 244 245 246 247 248 243

J+z°.

50 251 252 253 254 255

~(Jd[" |2 || s

r
S
HOH
O
-

Il
H
IV
IA

N

Graphics Printer Character Set 1 (Part 2 of 2)
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0 1 2 3 4 5 6 yi 8 9
NUL ' Q .y. Q BEL HT
10 11 12 13 14 15 16 17 18 19
LF{vT| FF|cR|S0|SI 0c2
20 21 22 23 24 25 26 27 28 29
oc4| § CAN ESC
30 31 32 33 34 35 36 37 38 39
SPIT|"(H#|8|% &
40 41 42 43 44 45 46 47 48 49
(1) |*|+]., [— /1011
50 51 52 53 54 55 56 57 58 59
2|3|4/5(6|7|8|9]|:]|:
60 61 62 63 64 65 66 67 8
<|[=[>|?|d|A|B|C|D|E
70 71 72 73 74 75 76 77 78 79
FIGIHII |J|K|LIMIN|O
80 81 82 83 84 85 86 87 i‘ 89
PIQRISIT|UIVIWIXI|Y
90 91 92 93 94 95 96 97 98 9
Zi[I\|]1I*| _|~lalble
100 101 102 103 104 105 106 107 108 109
die{f{glh|i|j|lk|Il|m
110 111 112 113 114 116 116 117 118 119
njojplalr|s|tiu(v|w
120 121 122 123 124 125 126 127 128 129
| ~ an
x|ylz|{|}|] Glu

Graphics Printer Character Set 2 (Part 1 of 2)
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130 131 132 133 134 135 136 137 138 139
I 4

o>
j+})
-
o
L Y]
o
4]
(0]

140 141 142 143 144 145 146 147 148 149

150 151 162 153 154 156 166 157 168 1569

167 168 169

10
~-
1

170 171172 173 174 175 179

H

180 181 182 183 184 1856

-
1]
©

L

i
N
b=
=

196 197 198

|
©|
"]

203 204 205 206 207

N3]
O
0|

-

210 211 212 213 214 216 217 218

N
-
(1]

220 221 222 223 224 225 226 227 228

N
N
IQ«:.

230 231 232 233 234 235 236 237 238

~n
W
<D

T

®

HOA

240 241 242 243 244 245 246 247 248 249

50 251 252 253 254 256

={J "2 |m|sp

IV

N

Graphics Printer Character Set 2 {Part 2 of 2)
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|BM Printer Adapter
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The printer adapter is specifically designed to attach printers with
a parallel port interface, but it can be used as a general
input/output port for any device or applicationthat matchesits
input/output 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 aso 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 deviceto receive a
power-on reset when the processor is reset.

The input/output signalsare 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, dataor printer
commands are loaded into an 8-bit, latched, output port, and the
strobe line s 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 interfacefor
diagnostic loop functions. This allowsfaultsto be isolated
between the adapter and the attaching device.

This samefunctionis aso part of the combination|BM

MonochromeDisplay and Printer Adapter. A block diagram of
the printer adapter is on the next page.
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25-Pin

D-Shell
Bus Buffer Data Latch Connector
. 8 8
r—® Enable —» Clock
8 | Trans- 8
¥ ceiver v
E DIR
DIR
Read
—» Data
AEN
Write Data
Write Control
Read Status
Read
[Control
Command
Decoder Bus Control  g.C.
Buffers Latch Drivers SLCTIN
Enable | 5 L Clock STROBE
FD XT
—» INTT
Enable
ERROR
|'—ﬂ > Clear SLCT
PE _
ACK
Reset BUSY

Printer Adapter Block Diagram
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Programming Considerations

The printer adapter responds to five I/O instructions: two output
and three input. The output instructions transfer data into 2
latches whose outputs are presented on pins of a 25-pin D-shell
connector,

arempieH

Two of the three input instructions allow the processor to read
back the contents of the two latches. The third allows the
processsor to read the real time status of a group of pins on the
connector.

A description of each instruction follows.

IBM Monochrome Display &
Printer Adapter Printer Adapter

Output to address hex 3BC Output to address hex 378
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO
Pin 9 Pin 8 Pin 7 Pin 6 Pin 5 Pin 4 Pin 3 Pin 2

The instruction captures data from the data bus and is present on
the respective pins. These pins are each capable of sourcing
2.6 mA and sinking 24 mA.

It is essential that the external device not try to pull these lines to
ground.
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1BM Monochrome Display &

Printer Adapter Printer Adapter
Output to address hex 3BE Output to address hex 37A
Bit4 | Bit3 | Bit2 Bit 1 BitO

IRQ Pin17 | Pin16 | Pin14 | Pin1
Enable

This instruction causes the latch to capture the five least
significant bits of the data bus. The four least significant bits
present their outputs, or inverted versions of their outputs, to the
respective pins shown above. If bit 4 is written as 1, the card will
interrupt the processor on the condition that pin 10 transitions
high to low.

These pins are driven by open collector drivers pulled to +5 Vdc
through 4.7 k-ohm resistors. They can each sink approximately
7 mA and maintain 0.8 volts down-level.

IBM Monochrome Display &
Printer Adapter Printer Adapter

Input from address Hex 3BC Input from address hex 378

This command presents the processor with data present on the
pins associated with the out to hex 3BC. This should normally
reflect the exact value that was last written to hex 3BC. If an
external device should be driving data on these pins (in violation
of usage groundrules) at the time of an input, this data will be
ORed with the latch contents.
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IBM Monochrome Display &
Printer Adapter

Printer Adapter

Input from address hex 3BD

Input from address hex 379

This command presents realtime status to the processor from the
pins as follows.

dremplely

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Pin 11

Pin 10

Pin 12

Pin 13

Pin 15

I1BM Monochrome Display &
Printer Adapter

Printer Adapter

Input from address hex 3BE

Input from address hex 37A

This instruction causes the data present on pins 1, 14, 15, 17, and
the IRQ bit to read by the processor. In the absence of external
drive applied to these pins, data read by the processor will exactly
match data last written to hex 3BE in the same bit positions. Note
that data bits 0-2 are not included. If external drivers are dotted

to these pins, that data will be ORed with data applied to the pins
by the hex 3BE latch.

Bit 7

Bit 6

Bit 5

Bit4

IRQ
Enable

Por=0

Bit 3

Pin17

Por=1

Bit 2
Pin 16

Por=0

Bit 1
Pin 14

Por=1

Bit O

Pin 1

Por=1

These pins assume the states shown after a reset from the
processor.

Printer Adapter
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Rear Panel

{not latched).

Printer

25-Pin D-Shell
Connector

Jo

14

25

Connector
Note: All outputs are software-generated,
and all inputs are real-time signals
At Standard TTL Levels
Signal Adapter
Name Pin Number
- Strobe 1
+Data Bit 0 2
+Data Bit 1 3
+Data Bit 2 4
+Data Bit 3 5
+Data Bit 4 6
+Data Bit 5 7
+Data Bit 6 8
_+Data Bit 7 9
DIE Acknowledge 10
+Busy 11
+P.End (out of paper) 12
+Select 13
- Auto Feed 14
- Error 16
- Initialize Printer 16
- Select Input 17
Ground 18-25

Connector Specifications
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|BM Monochrome Display and
Printer Adapter
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This chapter has two functions. The first is to provide the
interface-tothe IBM MonochromeDisplay. The second provides
aparalel interfacefor 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 df 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 arefetched from the display buffer in 553 ns, providing
adatarate 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 alight pen.

Where possible, only one low-power Schottky (LS) load is
present on any 1/0 slot. Some of the address bus lines have two
LSloads. No signd has more than two L S loads.
Characteristics of the monitor adapter are listed below:

® 80 by 25 screen

® Direct-driveoutput

e 9by 14 character box

® 7 by 9 character

® 18 kHz monitor

® Character attributes
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(10)1

(10)‘

12)
Processor
Memory 2K Memory
Address  (91) | Address Character iﬁmﬂg‘"y
——» Multiplexer Code
8}
Processor __| » Data (
Data Bus (8)
Gating  fa Character
Clock
BDO-7 (8)
Octal Octal
MA Latch Latch
RA Character Attribute
Generator Decode
(4)
. AD - MC6845
Chip  —»{ CRTC
Select DOTCLK
Timing -
Signals Shift
Register
. Video
Serial Dots Process
—_— .
Logic
HSYNC, VSYNC, CURSOR, DISPEN"
Character
Clock | i
Monitor

I1BM Monochrome Adapter Block Diagram
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Programming Considerations

The following table summarizes the 6845