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Preface 

This manual describes the various units of the IBM 753117532 Industrial Computer and how they 
interact. It also has information about the basic input/output system (BIOS) and about 
programming support. 

The information in this publication is for reference, and is intended for hardware and program 
designers, programmers, engineers, and anyone else who needs to understand the design and 
operation of the IBM 7531/7532 Industrial Computer. 

This manual consists of nine chapters, four of which describe the hardware aspects of the IBM 
7531/7532 Industrial Computer including signal charts and register information. Chapter 5 
contains information about the usage of BIOS and a system BIOS listing. Chapter 6 contains 
instruction sets for the Intel 80286 Microprocessor and the Intel 80287 Math 
Coprocessor. Chapter 7 provides information about characters, keystrokes, and 
color. Chapter 8 has general communications information. Chapter 9 contains information 
about the compatibility of the IBM 7531/7532 Industrial Computer and the IBM Personal 
Computer family. 

A glossary of terms and a bibliography of related publications are included. 
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Prerequisite Publications 

iv System Unit 

Guide to Operations for the IBM 7531/7532 Industrial Computer. 

Suggested Reading 

• BASIC for the IBM Personal Computer 

• Disk Operating System (DOS) 

• Hardware Maintenance and Service for the IBM 7531/7532 Industrial Computer. 

• MA CRO Assembler for the IBM Personal Computer. 
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Memory 

Chapter 1 . System Board 

The system board is approximately 30.5 by 33 centimeters (12 by 13 inches) and uses very large 
scale integration (VLSI) technology. It has the following components: 

• Intel 80286 Microprocessor 
• System support function: 

-7-Channel Direct Memory Access (DMA) 
- 16-level interrupt 
- System clock 
- Three programmable timers 

• 64Kb read-only memory (ROM) subsystem, expansible to 128Kb 
• 512Kb random-access memory (RAM) subsystem 
• Speaker attachment 
• Complementary metal oxide semiconductor (CMOS) memory RAM to maintain 

system configuration 
• Realtime clock 
• Battery backup for CMOS configuration table and Realtime Clock 
• Keyboard attachment 
• Eight input/output (I/O) slots: 

- Six slots with a 36- and a 62-pin card-edge socket. 
- Two slots with only the 62-pin card-edge socket. 

The system board has two banks of memory sockets, each supporting eighteen 128K by 1 
modules for a total maximum memory size of 512Kb with parity checking. 
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System Board 
Microprocessor 

Real-Address Mode 

1-2 System Unit 

The Intel 80286 Microprocessor has a 24-bit address, 16-bit memory interface 1 , an extensive 
instruction set, DMA and interrupt support capabilities, a hardware fixed-point multiply and 
divide, integrated memory management, four-level memory protection, one-gigabyte 
(1,073,741,824 bytes) of virtual address space for each task, and two operating modes: the 8086-
compatible real-address mode and the protected virtual-address mode. More detailed 
descriptions of the microprocessor may be found in the publications listed in the Bibliography of 
this manual. 

In the real-address mode, the microprocessor's physical memory is a contiguous array of 
up to one megabyte. The microprocessor addresses memory by generating 20-bit 
physical addresses. 

The selector portion of the pointer is interpreted as the upper 16 bits of a 20-bit segment 
address. The lower four bits of the 20-bit segment address are always zero. Therefore, segment 
addresses begin on multiples of 16 bytes. 

All segments in the real-address mode are 64Kb in size and may be read, written, or 
executed. An exception or interrupt can occur if data operands or instructions attempt to wrap 
around the end of a segment; for example, a word with its low-order byte at offset FFFF and its 
high-order byte at 0000. If, in the real-address mode, the information contained in the segment 
does not use the full 64Kb, the unused end of the segment may be overlayed by another segment 
to reduce physical memory requirements. 

In this manual, the term interface refers to a device that carries signals between 
functional units. 



Microprocessor (continued) 

Protected Mode 

The protected mode offers extended physical and virtual memory address space, memory 
protection mechanisms, and new operations to support operating systems and virtual memory. 

The protected mode provides a I-gigabyte virtual address space per task mapped into a 16-
megabyte physical address space. The virtual address space may be larger than the physical 
address space, because any use of an address that does not map to a physical memory location 
will cause a restartable exception. 

As in the real-address mode, the protected mode uses 32-bit pointers, consisting of 16-bit selector 
and offset components. The selector, however, specifies an index into a memory resident table 
rather than the upper 16 bits of a real memory address. The 24-bit base address of the desired 
segment is obtained from the tables in memory. The 16-bit offset is added to the segment base 
address to form the physical address. The tables are automatically referenced by the 
microprocessor whenever a segment register is loaded with a selector. All instructions that load 
a segment register will refer to the memory- based tables without additional program 
support. The memory-based tables contain 8-byte values called descriptors. 
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System Performance 

The 80286 Microprocessor operates at 6 MHz, which results in a clock cycle time of 167 
nanoseconds. 

A bus cycle requires three clock cycles (which includes one wait state) so that a 500-nanosecond, 
16-bit, microprocessor cycle time is achieved. Eight-bit bus operations to eight-bit devices take 
six clock cycles (which include four wait states), resulting in a 1000-nanosecond microprocessor 
cycle. Sixteen-bit bus operations to eight-bit devices take 12 clock cycles (which include 10110 
wait states) resulting in a 2000-nanosecond microprocessor cycle. 

The refresh controller operates at 6 MHz. Each refresh cycle requires five clock cycles to 
refresh all of the system's dynamic memory; 256 refresh cycles are required every 4 
milliseconds. The following formula determines the percent of bandwidth used for refresh. 

0,10 Bandwidth used 
for Refresh 

5 cycles x 256 1280 
= ------- = ---- = 5.30,10 

4 ms/167 ns 24000 

The DMA controller operates at 3 MHz, which results in a clock cycle time of 333 
nanoseconds. All DMA data-transfer bus cycles are five clock cycles or 1.66 
microseconds. Cycles spent in the transfer of bus control are not included. 

DMA channels 0,1,2, and 3 are used for 8-bit data transfers, and channels 5, 6, and 7 process 
16-bit transfers. Channel 4 is used to cascade channels 0 through 3 to the microprocessor. 
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System Board 
System Performance (continued) 

The following figure is a system memory map. 

Address Name Function 

000000 to 512Kb system System board memory 
07FFFF board 

080000 to 128Kb I/O channel memory - 128Kb Memory 
09FFFF Expansion Option 

OAOOOOto 128Kb video Reserved for graphics display buffer 
OBFFFF RAM 

OCOOOOto 128Kb I/O Reserved for ROM on I/O adapters 
ODFFFF expansion ROM 

OEOOOOto 64Kb Reserved Duplicated code assignment at 
OEFFFF on system board address FEOOOO 

OFOOOOto 64Kb ROM on Duplicated code assignment at 
OFFFFF the system board address FFOOOO 

100000 to Maximum I/O channel memory - 512Kb Memory 
FDFFFF memory 3Mb Expansion Option 

FEOOOOto 64Kb Reserved Duplicated code assignment at 
FEFFFF on system board address OEOOOO 

FFOOOOto 64Kb ROM on Duplicated code assignment at 
FFFFFF the system board address OFOOOO 

System Memory Map 

System Timers 

1-6 System Unit 

The system has three programmable timer/counters controlled by an Intel 8254-2 timer/counter 
chip and defined as Channels 0 through 2 as follows: 

Channel 0 System Timer 

GATE 0 Tied on 

CLKINO 1.190 MHz OSC 

CLK OUT 0 8259AIRQO 

Channell Refresh Request Generator 

GATE I Tied on 

CLKIN I 1.190 MHz OSC 





System Board 
System Interrupts 

1-8 System Unit 

The 80286 Microprocessor NMI and two 8259A Interrupt Controller chips provide 16 levels of 
system interrupts. The following shows the interrupt-level assignments in decreasing priority. 

Note: Any or all interrupts may be masked (including the microprocessor's NMI). 

Level 

MicroProcessor NMI 

Interrupt Controllers 
CTlR 1 CTlR2 

IROO 
IRO 1 
IR02 

IR03 
IR04 
IR05 
IR06 
IRO? 

IROB 
IR09 
IRO 10 
IRO 11 
IRO 12 
IRO 13 
IRO 14 
IRO 15 

Function 

Parity or 1/0 Channel Check 

Timer Output 0 
Keyboard (Output Buffer Full) 
Interrupt from CTlR 2 
Realtime Clock Interrupt 
Software Redirected to INT OAH (IRO 2) 
Reserved 
Reserved 
Reserved 
Coprocessor 
Fixed Disk Controller 
Reserved 
Serial Port 2 
Serial Port 1 
Parallel Port 2 
Diskette Controller 
Parallel Port 1 



ROM Subsystem 

The system board's ROM subsystem consists of two 32K by 8-bit ROM/EPROM modules or 
four 16K by 8-bit ROM/EPROM modules in a 32K by 16-bit arrangement. The code for odd 
and even addresses resides in separate modules. ROM is assigned at the top of the first and last 
1M address space (hex OFOOOO and hex FFOOOO). ROM is not parity-checked. Its access time is 
150 nanoseconds and its cycle time is 230 nanoseconds. 

RAM Subsystem 

The system board's RAM subsystem starts at address hex 000000 of the 16M address space. It 
consists of 512Kb of 128K by I-bit RAM modules. Memory access time is 150 nanoseconds and 
the cycle time is 275 nanoseconds. 

Memory-refresh requests one memory cycle every 15 microseconds through the timer/counter 
(channell). The RAM initialization program performs the following functions: 

• Initializes channell of the timer/counter to the rate generation mode, with a period 
of 15 microseconds. 

• Performs a memory write operation to any memory location. 

Note: The memory must be accessed or refreshed eight times before it can be used. 
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System Board 
Direct Memory Access (DMA) 

1-10 System Unit 

The system supports seven DMA channels. Two Intel 8237 A-5 DMA Controller Chips are used, 
with four channels for each chip. The DMA channels are assigned as follows: 

Ctlr 1 Ctlr 2 

Ch 0 - Spare Ch 4 - Cascade for Ctlr 1 
Ch 1 - SDLC Ch 5 - Spare 
Ch 2 - Diskette Ch 6 - Spare 
Ch 3 - Spare Ch 7 - Spare 

DMA Channels 

DMA controller 1 contains channels 0 through 3. These channels support 8-bit data transfers 
between 8-bit liD adapters and 8- or 16-bit system memory. Each channel can transfer data 
throughout the 16-megabyte system-address space in 64Kb blocks. 

DMA controller 2 contains channels 4 through 7. Channel 4 is used to cascade channels 0 
through 3 to the microprocessor. Channels 5, 6, and 7 support 16-bit data transfers between 16-
bit liD adapters and 16-bit system memory. These DMA channels can transfer data throughout 
the 16-megabyte system-address space in 128Kb blocks. Channels 5, 6, and 7 cannot transfer 
data on odd-byte boundaries. 

The following figure shows the addresses for the page register. 

Page Register I/O Hex Address 

DMA Channel a 0087 
DMA Channel 1 0083 
DMA Channel 2 0081 
DMA Channel 3 0082 
DMA Channel 5 0088 
DMA Channel 6 0089 
DMA Channel 7 008A 
Refresh 008F 

Page Register Addresses 



Direct Memory Access (DMA) (continued) 

The following figures show address generation for the DMA channels. 

Source DMA Page Registers 8237A-5 

Address A23<---------->A16 A15<---------->AO 
Address Generation for DMA Channels 3 through o. 

Note: The addressing signal, 'byte high enable' (BHE), is generated by inverting address 
lineAO. 

Source DMA Page Registers 8237A-5 

Address A23<---------->A17 A16<---------->A1 
Address Generation for DMA Channels 7 through 5 

Note: The addressing signals, 'BHE' and 'AO', are forced to a logic o. 

Addresses for all DMA channels do not increase or decrease through page boundaries (64Kb for 
channels 0 through 3 and 128Kb for channels 5 through 7). 
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System Board 
Direct Memory Access (DMA) (continued) 

Programming the 16-Bit DMA Channels 

1-12 System Unit 

DMA channels 5 through 7 perform 16-bit data transfers. Access can be gained only to 16-bit 
devices (1/0 or memory) during the DMA cycles of channels 5 through 7. Access to the DMA 
controller (8237 A-5), which controls these channels, is through 110 addresses OCO through 
ODF. The command codes for the DMA controller are as follows: 

Hex Command Codes 
Address 

OCO CHO base and current address 
OC2 CHO base and current word count 
OC4 C H 1 base and current address 
OC6 CH1 base and current word count 
OC8 CH2 base and current address 
DCA CH2 base and current word count 
OCC CH3 base and current address 
OCE CH3 base and current word count 

000 Read Status Register/Write Command Register 
002 Write Request Register 
004 Write Single Mask Register Bit 
006 Write Mode Register 
008 Clear Byte Pointer Flip- Flop 
OOA Read Temporary Register/Write Master Clear 
DOC Clear Mask Register 
ODE Write All Mask Register Bits 

DMA Controller Registers 

All DMA memory transfers made with channels 5 through 7 must occur on even-byte 
boundaries. When the base address for these channels is programmed, the real address divided 
by 2 is the data that is written to the base address register. Also, when the base word count for 
channels 5 through 7 is programmed, the count is the number of 16-bit words to be 
transferred. Therefore, DMA channels 5 through 7 can transfer 65,536 words or 128Kb 
maximum for any selected page of memory. These DMA channels divide the 16Mb memory 
space into 128Kb pages. When the DMA page registers for channels 5 through 7 are 
programmed, data bits D7 through D 1 should contain the high-order seven address bits (A23 
through A17) of the desired memory space. Data bit DO of the page registers for channels 5 
through 7 is not used in the generation of the DMA memory address. 

After power-up time, all internal locations, especially the mode registers, should be loaded with 
some valid value. This should be done even if some channels are unused. 





System Board 
1/0 Channel (continued) 

The following figure shows the pin numbering for 1/0 channel connectors 11 through 18. 

Rear Panel 

r-- ,.....-- r--

81 I I Al 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

810 I I Al0 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

820 I I A20 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

831 I I A31 
'-- '----- I--

Component Side 

1/0 Channel Pin Numbering (J1-J8) 
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System Board 
1/0 Channel (continued) 

The following figures summarize pin assignments for the I/O channel connectors. 

I/O Pin Signal Name I/O 
A1 -I/O CH CK I 
A2 S07 I/O 
A3 S06 I/O 
A4 S05 I/O 
A5 S04 I/O 
A6 S03 I/O 
A7 S02 I/O 
A8 S01 I/O 
A9 SOO I/O 
A10 -I/O CH ROY I 
A 11 AEN 0 
A 12 SA19 I/O 
A13 SA18 I/O 
A14 SA17 I/O 
A 15 SA16 I/O 
A16 SA15 I/O 
A 17 SA14 I/O 
A18 SA13 I/O 
A19 SA12 I/O 
A 20 SA11 I/O 
A 21 SA10 I/O 
A22 SA9 I/O 
A23 SA8 I/O 
A24 SA7 I/O 
A 25 SA6 I/O 
A26 SA5 I/O 
A 27 SA4 I/O 
A28 SA3 I/O 
A29 SA2 I/O 
A30 SA1 I/O 
A 31 SAO I/O 

I/O Channel (A-Side, Jl through J8) 

1-16 System Unit. 



1/0 Channel (continued) 

I/O Pin Signal Name I/O 
8 1 GND Ground 
82 RESET DRV 0 
83 +5Vdc Power 
84 IRQ9 I 
85 -5Vdc Power 
86 DRQ2 I 
87 -12 Vdc Power 
88 OWS I 
89 +12 Vdc Power 
810 GND Ground 
8 11 -SMEMW 0 
812 -SMEMR 0 
813 -lOW I/O 
814 -lOR I/O 
815 -DACK3 0 
8 16 DRQ3 I 
8 17 -DACK1 0 
818 DRQ1 I 
8 19 -Refresh I/O 
820 ClK 0 
821 IRQ7 I 
822 IRQ6 I 
823 IRQ5 I 
824 IRQ4 I 
825 IRQ3 I 
826 -DACK2 0 
827 T/C 0 
828 8AlE 0 
829 +5Vdc Power 
830 OSC 0 
831 GND Ground 

I/O Channel (8-Side J1 , through J8) 
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System Board 

1/0 Channel (continued) 

I/O Pin Signal Name I/O 

C 1 SBHE /0 
C2 LA23 /0 
C3 LA22 /0 
C4 LA21 /0 
C5 LA20 /0 
C6 LA19 /0 
C7 LA18 /0 
C8 LA17 /0 
C9 -MEMR /0 
C10 -MEMW /0 
C 11 SD08 /0 
C12 SD09 /0 
C13 SD10 /0 
C14 SD11 I/O 
C15 S012 I/O 
C16 SD13 I/O 
C 17 SD14 I/O 
C18 SD15 I/O 

1/0 Channel (C-Side J1 0 through J14 and J16) 

I/O Pin Signal Name I/O 

D 1 -MEM CS16 I 
D2 -I/O CS16 I 
D3 IR010 I 
D4 IR011 I 
D5 IR012 I 
D6 IR015 I 
D7 IR014 I 
D8 -DACKO 0 
D9 DROO I 
D10 -DACK5 a 
D 11 DR05 I 
D12 -OACK6 a 
D13 OR06 I 
014 -DACK7 a 
D15 DR07 I 
D16 +5 Vdc Power 
D17 -MASTER I 
D18 GND Ground 

1/0 Channel (O-Side, J10 through J14 and J16) 

1-18 System Unit 



1/0 Channel (continued) 

I/O Channel Signal Description 

The following is a description of the system board's 1/0 channel signals. All signal lines are 
TTL-compatible. I/O adapters should be designed with a maximum of two low-power Shottky 
(LS) loads per line. 

SAO through SA 19 (liD) 

Address bits 0 through 19 are used to address memory and I/O devices within the system. These 
20 address lines, in addition to LA17 through LA23, allow access of up to 16Mb of 
memory. SAO through SA19 are gated on the system bus when 'BALE' is high and are latched 
on the falling edge of 'BALE.' These signals are generated by the microprocessor or DMA 
Controller. They also may be driven by other microprocessors or DMA controllers that reside 
on the I/O channel. 

LA 17 through LA23 (/10) 

These signals (unlatched) are used to address memory and 1/0 devices within the system. They 
give the system up to 16Mb of addressability. These signals are valid when 'BALE' is 
high. LA17 through LA23 are not latched during microprocessor cycles and therefore do not 
stay valid for the whole cycle. Their purpose is to generate memory decodes for 1 wait-state 
memory cycles. These decodes should be latched by I/O adapters on the falling edge of 
'BALE.' These signals also may be driven by other microprocessors or DMA controllers that 
reside on the 110 channel. 

CLK(O) 

This is the 6-MHz system clock. It is a synchronous microprocessor cycle clock with a cycle time 
of 167 nanoseconds. The clock has a 50070 duty cycle. This signal should only be used for 
synchronization. It is not intended for uses requiring a fixed frequency. 

RESET ORV (0) 

'Reset drive' is used to reset or initialize system logic at power-up time or during a low line
voltage outage. This signal is active high. 

SOO through SO 15 (liD) 

These signals provide bus bits 0 through 15 for the microprocessor, memory, and I/O 
devices. DO is the least-significant bit and DIS is the most-significant bit. All8-bit devices on 
the 1/0 channel should use DO through D7 for communications to the microprocessor. The 16-
bit devices will use DO through DIS. To support 8-bit devices, the data on D8 through DIS will 
be gated to DO through D7 during 8-bit transfers to these devices; 16-bit microprocessor transfers 
to 8-bit devices will be converted to two 8-bit transfers. 

BALE (0) (buffered) 

'Address latch enable' is provided by the 82288 Bus Controller and is used on the system board to 
latch valid addresses and memory decodes from the microprocessor. It is available to the 1/0 
channel as an indicator of a valid microprocessor or DMA address (when used with 
'AEN'). Microprocessor addresses SAO through SA19 are latched with the falling edge of 
'BALE.' 'BALE' is forced high during DMA cycles. 
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System Board 
1/0 Channel (continued) 

1-20 System Unit 

-I/O CH CK (I) 

'-1/0 channel check' provides the system board with parity (error) information about 
memory or devices on the 1/0 channel. When this signal is active, it indicates an uncorrectable 
system error. 

I/O CH RD Y (I) 

'1/0 channel ready' is pulled low (not ready) by a memory or I/O device to lengthen 110 or 
memory cycles. Any slow device using this line should drive it low immediately upon detecting 
its valid address and a Read or Write command. Machine cycles are extended by an integral 
number of clock cycles (167 nanoseconds). This signal should be held low for no more than 2.5 
microseconds. 

IRQ3-IRQ7, IRQ9-IRQ 12 and IRQ 14 through 15 (I) 

Interrupt Requests 3 through 7,9 through 12, and 14 through 15 are used to signal the 
microprocessor that an 1/0 device needs attention. The interrupt requests are prioritized, with 
IRQ9 through IRQ12 and IRQ14 through IRQ15 having the highest priority (IRQ9 is the highest) 
and IRQ3 through IRQ7 having the lowest priority (lRQ7 is the lowest). An interrupt request is 
generated when an IRQ line is raised from low to high. The line must be held high until the 
microprocessor acknowledges the interrupt request (Interrupt Service routine). Interrupt 13 is 
used on the system board and is not available on the I/O channel. Interrupt 8 is used for the 
real-time clock. 

-lOR (I/O) 

'-110 Read' instructs an I/O device to drive its data onto the data bus. It may be driven by the 
system microprocessor or DMA controller, or by a microprocessor or DMA controller resident 
on the 1/0 channel. This signal is active low. 

-lOW (I/O) 

'-1/0 Write' instructs an I/O device to read the data on the data bus. It may be driven by any 
microprocessor or DMA controller in the system. This signal is active low. 

-SMEMR (0) -MEMR (I/O) 

These signals instruct the memory devices to drive data onto the data bus. '-SMEMR' is active 
only when the memory decode is within the low 1Mb of memory space. '-MEMR' is active on 
all memory read cycles. '-MEMR' may be driven by any microprocessor or DMA controller in 
the system. '-SMEMR' is derived from '-MEMR' and the decode of the low 1Mb of 
memory. When a microprocessor on the I/O channel wishes to drive '-MEMR', it must have the 
address lines valid on the bus for one system clock period before driving' -MEMR' active. Both 
signals are active LOW. 
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-SMEMW (0) -MEMW (I/O) 

These signals instruct the memory devices to store the data present on the data bus. '-SMEMW' 
is active only when the memory decode is within the low 1Mb of the memory space. '-MEMW' 
is active on all memory read cycles. '-MEMW' may be driven by any microprocessor or DMA 
controller in the system. '-SMEMW' is derived from '-MEMW' and the decode of the low 1Mb 
of memory. When a microprocessor on the 110 channel wishes to drive '-MEMW', it must have 
the address lines valid on the bus for one system clock period before driving' -MEMW' 
active. Both signals are active low. 

DRQO-DRQ3 and DRQ5-DRQ 7 (I) 

DMA Requests 0 through 3 and 5 through 7 are asynchronous channel requests used by 
peripheral devices and the 110 channel microprocessors to gain DMA service (or control of the 
system). They are prioritized, with 'DRQO' having the highest priority and 'DRQ7' having the 
lowest. A request is generated by bringing a DRQ line to an active level. A DRQ line must be 
held high until the corresponding 'DMA Request Acknowledge' (DACK) line goes active. 
'DRQO' through 'DRQ3' will perform 8-bit DMA transfers; 'DRQ5' through 'DRQ7' will 
perform 16-bit transfers. 'DRQ4' is used on the system board and is not available on the 
110 channel. 

-DACKO to -DACK3 and -DACK5 to -DACK7 (0) 

-DMA Acknowledge 0 to 3 and 5 to 7 are used to acknowledge DMA requests (DRQO through 
DRQ7). They are active low. 

AEN(O) 

'Address Enable' is used to degate the microprocessor and other devices from the 110 channel to 
allow DMA transfers to take place. When this line is active, the DMA controller has control of 
the address bus, the data-bus Read command lines (memory and 110), and the Write command 
lines (memory and 1/0). 

-REFRESH (110) 

This signal is used to indicate a refresh cycle and can be driven by a microprocessor on the 
110 channel. 
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TIC (0) 

'Terminal Count' provides a pulse when the terminal count for any DMA channel is reached. 

SBHE(IIO) 

'Bus High Enable' (system) indicates a transfer of data on the upper byte of the data bus, SD8 
through SDI5. Sixteen-bit devices use 'SBHE' to condition data bus buffers tied to SD8 
through SDI5. 

-MASTER (I) 

This signal is used with a DRQ line to gain control of the system. A processor or DMA 
controller on the I/O channel may issue a DRQ to a DMA channel in cascade mode and receive a 
'-DACK'. Upon receiving the '-DACK', an I/O microprocessor may pull '-MASTER' low, 
which will allow it to control the system address, data, and control lines (a condition known as 
tri-state). After '-MASTER' is low, the I/O microprocessor must wait one system clock period 
before driving the address and data lines, and two clock periods before issuing a Read or Write 
command. If this signal is held low for more than 15 microseconds, system memory may be lost 
because of a lack of refresh. 

-MEM CS 16 (I) 

'-MEM 16 Chip Select' signals the system board if the present data transfer is a 1 wait-state, 16-
bit, memory cycle. It must be derived from the decode of LA17 through LA23. '-MEM CSI6' 
should be driven with an open collector or tri-state driver capable of sinking 20 rnA. 

-lID CS 16 (I) 

'-I/O 16 bit Chip Select' signals the system board that the present data transfer is a 16-bit, 1 wait
state, I/O cycle. It is derived from an address decode. '-110 CSI6' is active low and should be 
driven with an open collector or tri-state driver capable of sinking 20 rnA. 
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OSC(O) 

'Oscillator' (OSC) is a high-speed clock with a 70-nanosecond period (14.31818 MHz). This 
signal is not synchronous with the system clock. It has a 500/0 duty cycle. 

OWS(I) 

The 'Zero Wait State' (OWS) signal tells the microprocessor that it can complete the present bus 
cycle without inserting any additional wait cycles. In order to run a memory cycle to a 16-bit 
device without wait cycles, 'OWS' is derived from an address decode gated with a Read or Write 
command. In order to run a memory cycle to an 8-bit device with a minimum of two wait states, 
'OWS' should be driven active one system clock after the Read or Write command is active gated 
with the address decode for the device. Memory Read and Write commands to an 8-bit device 
are active on the falling edge of the system clock. 'OWS' is active low and should be driven with 
an open collector or tri-state driver capable of sinking 20 rnA. 

The following figure is an 110 address map. 

Hex Range* Usage 

000-01F DMA controller 1, 8237 A-5 
020-03F Interrupt controller 1, 8259A, Master 

02E1 GPIB (Adapter 0) 
02E2 & 02E3 Data Acquisition (Adapter 0) 

040-05F Timer 8254.2 
060-06F 8042 (Keyboard) 

06E2 & 06E3 Data Acquisition (Adapter 1) 
070-07F Real-time clock, NMI (non-maskable interrupt) mask 
080-09F DMA page registers, 74LS612 
OAO-OBF Interrupt controller 2, 8259A 

OAE2 & OAE3 Data Acquisition (Adapter 2) 
OCO-ODF DMA controller 2,8237 A-5 

OEE2 & OEE3 Data Acquisition (Adapter 3) 
OFO Clear Math Coprocessor Busy 
OF1 Reset Math Coprocessor 

OF8-0FF Math Coprocessor 

1 FO-1 F8 Fixed Disk 
200-207 Game I/O 

22E1 G PI B (Adapter 1) 
278-27F Parallel printer port 2 
2BO-2DF Alternate Enhanced Graphics Adapter 
2F8-27F Serial port 2 

Note: I/O addresses, hex 000 to OFF, are reserved for the system 
board I/O. Hex 100 to 3FF are available on the I/O channel. The base 
addresses for GPIB and Data Acquisition are shown. 

1/0 Address Map (Part 1 of 2) 
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Hex Range* Usage 

300-31 F Prototype card 
360-36F PC Network 
378-37F Parallel printer port 1 
380-38F SDLC bisynchronous 2 
390-393 Cluster 
3AO-3AF Bisynchronous 1 
3BO-3BF Monochrome Display and Printer Adapter 
3CO-3CF Enhanced Graphics Adapter 
3DO-3DF Color/Graphics Monitor Adapter 
3FO-3F7 Diskette controller 
3F8-3FF Serial port 1 

42E1 GPIB (Adapter 2) 
62E1 GPIB (Adapter 3) 

790-793 Cluster (Adapter 1) 
82E1 GPIB (Adapter 4) 
A2E1 GPIB (Adapter 5) 

B90-B93 Cluster (Adapter 2) 
C2E1 GPIB (Adapter 6) 
E2E1 GPIB (Adapter 7) 

1390-1393 Cluster (Adapter 3) 
2390-2393 Cluster (Adapter 4) 

Note: I/O addresses, hex 000 to OFF, are reserved for the system 
board I/O. Hex 100 to 3FF are available on the I/O channel. The base 
addresses for GPIB and Data Acquisition are shown. 

1/0 Address Map (Part 2 of 2) 

At power-on time, the non-maskable interrupt (NMI) into the 80286 is masked off. The mask 
bit can be set and reset with system programs as follows: 

Mask On Write to 110 address hex 070, with data bit 7 equal to a logic ° 
Mask Off Write to 1/0 address hex 070, with data bit 7 equal to a logic 1 

Note: At the end of POST, the system sets the NMI mask on (NMI enabled). 
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The following is a description of the Math Coprocessor controls. 

OFO An 8-bit Out command to port FO will clear the latched Math Coprocessor busy signal. 
'Busy' will be latched if the coprocessor asserts its error signal while it is busy. The data 
output should be zero. 

OFt An 8-bit Out command to port F1 will reset the Math Coprocessor. The data output 
should be zero. 

110 address hex 080 is used as a diagnostic-checkpoint port or register. This port corresponds to 
a readlwrite register in the DMA page register (74LS612). 

The '-110 channel check signal' (-110 CH CK) is used to report uncorrectable errors on RAM 
adapters on the 110 channel. This check will create a non-maskable interrupt (NMI) if enabled 
(see "110 Address Map" for enable control). At power-on time, the NMI is masked off and 
check is disabled. Before check or NMI is enabled, the following steps should be taken. 

1. Write data in all 1/0 RAM-adapter memory locations; this will establish good parity at all 
locations. 

2. Enable 1/0 channel check. 

3. Enable NMI. 

Note: All three of these functions are performed by POST. 

When a check occurs, an interrupt (NMI) will result. Check the status bits to determine the 
source of the NMI (see "I/O Address Map"). To determine the location of the failing adapter, 
write to any memory location within a given adapter. If the parity check was from that adapter, 
'-1/0 CH CK' will be inactive. 
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Speaker 

Jumper 

The system unit has a 2-1/4 inch permanent-magnet speaker, which can be driven from: 

• The I/O-port output bit 

• The timer/counter's clock out 

• Both. 

The system board has a three-pin, Berg-strip connector. The placement of a jumper across the 
pins of the connector determines whether the system board's second 256Kb of RAM is enabled or 
disabled. Following are the pin assignments for the connector. 

Pin Assignments 

1 No connection 
2 Ground 
3 A8 (28542) 

RAM Jumper Connector(J18) 

The following shows how the jumper affects RAM. 

Jumper Positions Function 

1 and 2 Enable 2nd 256Kb of system board ram 
2 and 3 Disable 2nd 256Kb of system board ram 

RAM Jumper 

Note: The normal mode is the enable mode. The disable mode permits the second 256Kb 
of RAM to reside on adapters plugged into the I/O bus. 

Type of Display Adapter Switch 

1-26 System Unit 

The system board has a slide switch, the purpose of which is to tell the system to which display 
adapter the primary display is attached. Its positions are assigned as follows: 

On (toward the front of the system unit) 

The primary display is attached to Color /Oraphics Monitor Adapter. 

Off (toward the rear of the system unit) 

The primary display is attached to the Monochrome Display and Printer Adapter. 

Note: The primary display is activated when the system is turned on. 
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Variable Capacitor 

The system board has a variable capacitor. Its purpose is to adjust the 14.31818 MHz oscillator 
(OSC) signal that is used to obtain the color burst signal required for color televisions. 

Keyboard Controller 

The keyboard controller is a single-chip microcomputer (Intel 8042) that is programmed to 
support the IBM 7531/7532 Industrial Computer Keyboard serial interface. The keyboard 
controller receives serial data from the keyboard, checks the parity of the data, translates scan 
codes, and presents the data to the system as a byte of data in its output buffer. The controller 
will interrupt the system when data is placed in its output buffer. The status register contains 
bits that indicate if an error was detected while receiving the data. Data may be sent to the 
keyboard by writing to the keyboard controller's input buffer. The byte of data will be sent to 
the keyboard serially with an odd parity bit automatically inserted. The keyboard is required to 
acknowledge all data transmissions. No transmission should be sent to the keyboard until 
acknowledgment is received for the previous byte sent. 

Receiving Data from the Keyboard 

The keyboard sends data in a serial format using an II-bit frame. The first bit is a start bit, and 
is followed by eight data bits, an odd parity bit, and a stop bit. Data sent is synchronized by a 
clock supplied by the keyboard. At the end of a transmission, the keyboard controller disables 
the interface until the system accepts the byte. If the byte of data is received with a parity error, 
a Resend command is automatically sent to the keyboard. If the keyboard controller is unable 
to receive the data correctly, a hex FF is placed in its output buffer, and the parity bit in the status 
register is set to 1, indicating a receive parity error. The keyboard controller will also time a byte 
of data from the keyboard. If a keyboard transmission does not end within two milliseconds, a 
hex FF is placed in the keyboard controller's output buffer, and the receive time-out bit in the 
status register is set. No retries will be attempted on a receive time-out error. 

Scan Code Translation 

Scan codes, which are received from the keyboard, are converted by the keyboard controller 
before they are put into the controller's output buffer. 

This section describes the interface from the keyboard to the keyboard controller on the system 
board. The scan codes that are described are not necessarily the same scan codes that are 
returned when doing a direct 1/0 from port 60, or when issuing the "Interrupt 16" keyboard 
service to BIOS. For direct 1/0 port 60 and "Interrupt 16" scan code information, refer to 
System BIOS (character codes). 
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The following figure shows the keyboard layout with key numbers. 

1-28 System Unit 
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The following figure is the scan-code translation table. 

Keyboard Scan Code Key System Scan Code 

00 FF 
76 110 01 
16 2 02 
1E 3 03 
26 4 04 
25 5 05 
2E 6 06 
36 7 07 
3D 8 08 
3E 9 09 
46 10 OA 
45 11 08 
4E 12 OC 
55 13 00 
66 15 OE 
00 16 OF 
15 17 10 
10 18 11 
24 19 12 
20 20 13 
2C 21 14 
35 22 15 
3C 23 16 
43 24 17 
44 25 18 
40 26 19 
54 27 1A 
58 28 18 
5A 43 1C 
14 58 10 
1C 31 1E 
18 32 1F 
23 33 20 
28 34 21 
34 35 22 
33 36 23 
38 37 24 

(Part 1 of 3). Scan-Code Translation Table 
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Keyboard Scan Code Key System Scan Code 

42 38 25 
4B 3.9 26 
4C 40 27 
52 41 28 
OE 1 29 
12 44 2A 
50 29 (U.S. only) 2B 

42 (except U.S.) 
1A 46 2C 
22 47 20 
21 48 2E 
2A 49 2F 
32 50 30 
31 51 31 
3A 52 32 
41 53 33 
49 54 34 
4A 55 35 
59 57 36 
7C 106 37 
11 60 38 
29 61 39 
58 30 3A 
05 112 3B 
06 113 3C 
04 114 3D 
OC 115 3E 
03 116 3F 
OB 117 40 
02 or 83 118 41 
OA 119 42 
01 120 43 
09 121 44 
77 - 45 
7E 125 46 
6C 91 47 
75 96 48 

--

(Part 2 of 3). Scan-Code Translation Table 
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Keyboard Scan Code Key System Scan Code 

70 101 49 
78 107 4A 
68 92 48 
73 97 4C 
74 102 4D 
79 106 4E 
69 93 4F 
72 98 50 
7A 103 51 
70 99 52 
71 104 53 
7F or 84 - 54 
F060 45 (except U.S.) 05 
FOOF 122 D9 
FO 17 123 DA 
00 - FF 
127C 124 2A37 
77 FO 77 90 45C5 
FO 47 5A 108 EO 1C 
FO 47 14 64 EO 1D 
FO 47 4A 95 E035 
FO 47 7C 100 E037 
FO 47 11 62 E038 
FO 47 6C 80 E047 
FO 4775 83 E048 
FO 47 7D 85 E049 
FO 4768 79 E048 
FO 4774 89 E040 
FO 4769 81 E04F 
FO 4772 84 EO 50 
FO 47 7A 86 EO 51 
FO 4770 75 EO 52 
FO 4771 76 EO 53 
14 FO 4777 126 1 D EO 45 EO C5 90 
FO 47 FO 77 
FO 14 

(Part 3 of 3). Scan-Code Translation Table 
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The following scan codes are reserved. 

Keyboard Scan Code Key System Scan Code 
60 R 55 
61 R 56 
78 R 57 
07 R 58 
OF R 59 
17 R 5A 
1F R 58 
27 R 5C 
2F R 50 
37 R 5E 
3F R 5F 
47 R 60 
4F R 61 
56 R 62 
5E R 63 
08 R 64 
10 R 65 
18 R 66 
20 R 67 
28 R 68 
30 R 69 
38 R 6A 
40 R 68 
48 R 6C 
50 R 60 
57 R 6E 
6F R 6F 
13 R 70 
19 R 71 
39 R 72 
51 R 73 
53 R 74 
5C R 75 
5F R 76 
62 R 77 
63 R 78 
64 R 79 
65 R 7A 
67 R 78 
68 R 7C 
6A R 70 
60 R 7E 
6E R 7F 

Scan-Code Translation Table for Reserved Scan Codes 
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Sending Data to the Keyboard 

Inhibit 

Data is sent to the keyboard in the same serial format used to receive data from the keyboard. A 
parity bit is automatically inserted by the keyboard controller. If the keyboard does not start 
clocking the data out of the keyboard controller within 15 milliseconds or complete that clocking 
within 2 milliseconds, a hex FE is placed in the keyboard controller's output buffer, and the 
transmit time-out error bit is set in the status register. The keyboard is required to respond to all 
transmissions. If the response contains a parity error, a hex FE is placed in the keyboard 
controller's output buffer, and the transmit time-out and parity error bits are set in the status 
register. The keyboard controller is programmed to set a time limit for the keyboard to 
respond. If 25 milliseconds are exceeded, the keyboard controller places a hex FE in its output 
buffer and sets the transmit and receive time-out error bits in the status register. No retries will 
be made by the keyboard controller for any transmission error. 

The keyboard interface may be inhibited by a key-controlled hardware switch, although all 
transmissions to the keyboard will be allowed, regardless of the state of the switch. The 
keyboard controller tests data received from the keyboard to determine if the byte received is a 
command response or a scan code. If the byte is a command response, it is placed in the 
keyboard controller's output buffer. If the byte is a scan code, it is ignored. 
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Status-Register Bit Definition 

Bit 0 Output Buffer Full-A 0 indicates that the keyboard controller's output buffer has no 
data. A 1 indicates that the controller has placed data into its output buffer but the 
system has not yet read the data. When the system reads the output buffer (I/O address 
hex 60), this bit will return to a o. 

Bit 1 Input Buffer Full-A 0 indicates that the keyboard controller's input buffer (1/0 
address hex 60 or 64) is empty. A 1 indicates that data has been written into the buffer 
but the controller has not read the data. When the controller reads the input buffer, 
this bit will return to o. 

Bit 2 System Flag-This bit may be set to 0 or 1 by writing to the system's flag bit in the 
keyboard controller's command byte. It is set to 0 after a power on reset. 

Bit 3 Command/Data-The keyboard controller's input buffer may be addressed as either I/O 
address hex 60 or 64. Address hex 60 is defined as the data port, and address hex 64 is 
defined as the command port. Writing to address hex 64 sets this bit to 1; writing to 
address hex 60 sets this bit to O. The controller uses this bit to determine if the byte in its 
input buffer should be interpreted as a command byte or a data byte. 

Bit 4 Inhibit Switch-This bit is updated whenever data is placed in the keyboard controller's 
output buffer. It reflects the state of the keyboard-inhibit switch. A 0 indicates the 
keyboard is inhibited. 

Bit 5 Transmit Time-Out-A 1 indicates that a transmission started by the keyboard 
controller was not properly completed. If the transmit byte was not clocked out within 
the specified time limit, this will be the only error. If the transmit byte was clocked out 
but a response was not received within the programmed time limit, the transmit time-out 
and receive time-out error bits are set On. If the transmit byte was clocked out but the 
response was received with a parity error, the transmit time-out and parity error bits are 
set On. 

Bit 6 Receive Time-Out-A 1 indicates that a transmission was started by the keyboard but 
did not finish within the programmed receive time-out delay. 

Bit 7 Parity Error-A 0 indicates the last byte of data receved from the keyboard had odd 
parity. A 1 indicates the last byte had even parity. The keyboard should send with 
odd parity. 
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Output Buffer 

Input Buffer 

The output buffer is an 8-bit read-only register at I/O address hex 60. The keyboard controller 
uses the output buffer to send scan codes received from the keyboard, and data bytes requested 
by command to the system. The output buffer should be read only when the output buffer's full 
bit in the status register is 1. 

The input buffer is an 8-bit write-only register at I/O address hex 60 or 64. Writing to address 
hex 60 sets a flag, that indicates a data write; writing to address hex 64 sets a flag, indicating a 
command write. Data written to I/O address hex 60 is sent to the keyboard, unless the keyboard 
controller is expecting a data byte following a controller command. Data should be written to 
the controller's input buffer only if the input buffer's full bit in the status register is equal to 
O. The following are valid keyboard controller commands. 

Commands (1/0 Address hex 64) 
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20 Read Keyboard Controller's Command Byte-The controller sends its current command 
byte to its output buffer. 

60 Write Keyboard Controller's Command Byte-The next byte of data written to I/O 
address hex 60 is placed in the controller's command byte. Bit definitions of the 
command byte are as follows: 

Bit 7 Reserved-Should be written to a O. 

Bit 6 IBM Industrial Computer Compatibility Mode-Writing a 1 to this bit causes the 
controller to convert the scan codes received from the keyboard to those used by 
the IBM Industrial Computer. This includes converting a two-byte break 
sequence to the one-byte IBM Industrial Computer format. 



Other Circuits (continued) 

Bit 5 IBM Industrial Computer Mode-Writing a 1 to this bit programs the keyboard 
to support the IBM Industrial Computer keyboard interface. In this mode the 
controller does not check parity or convert scan codes. 

Bit 4 Disable Keyboard-Writing a 1 to this bit disables the keyboard interface by 
driving the 'clock' line low. Data is not sent or received. 

Bit 3 Inhibit Override-Writing a 1 to this bit disables the keyboard inhibit function. 

Bit 2 System Flag-The value written to this bit is placed in the system flag bit of the 
controller's status register. 

Bit 1 Reserved-Should be written to a O. 

Bit 0 Enable Output-Buffer-Full Interrupt-Writing a 1 to this bit causes the controller 
to generate an interrupt when it places data into its output buffer. 

AA Self-Test-This commands the controller to perform internal diagnostic tests. A hex 55 
is placed in the output buffer if no errors are detected. 

AB Interface Test-This commands the controller to test the keyboard clock and data 
lines. The test result is placed in the output buffer as follows: 

00 No error detected. 

01 The 'keyboard clock' line is stuck low. 

02 The 'keyboard clock' line is stuck high. 

03 The 'keyboard data' line is stuck low. 

04 The 'keyboard data' line is stuck high. 

AC Diagnostic Dump-Sends 16 bytes of the controller's RAM, the current state of the 
input port, the current state of the output port, and the controller's program status word 
to the system. All items are sent in scan-code format. 
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1/0 Ports 
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AD Disable Keyboard Feature-This command sets bit 4 of the controller's command 
byte. This disables the keyboard interface by driving the clock line low. Data will not 
be sent or received. 

AE Enable Keyboard Interface-This command clears bit 4 of the command byte, which 
releases the keyboard interface. 

CO Read Input Port-This commands the controller to read its input port and place the data 
in its output buffer. This command should be used only if the output buffer is empty. 

DO Read Output Port-This command causes the controller to read its output port and 
place the data in its output buffer. This command should be issued only if the output 
buffer is empty. 

D1 Write Output Port-The next byte of data written to 110 address hex 60 is placed in the 
controller's output- port. 

Note: Bit 0 of the controller's output port is connected to System Reset. This bit 
should not be written low. 

EO Read Test Inputs-This command causes the controller to read its TO and T 1 
inputs. This data is placed in the output buffer. Data bit 0 represents TO, and data bit 
1 represents T 1. 

FO - FF Pulse Output Port-Bits 0 through 3 of the controller's output port may be pulsed low 
for approximately 6 microseconds. Bits 0 through 3 of this command indicate which 
bits are to be pulsed. A 0 indicates that the bit should be pulsed, and a 1 indicates the 
bit should not be modified. 

Note: Bit 0 of the controller's output port is connected to System Reset. Pulsing this 
bit resets the microprocessor. 

The keyboard controller has two 8-bit I/O ports and two test inputs. One of the ports is 
assigned for input and the other for output. The controller uses the test inputs to read the state 
of the keyboard's 'clock' line and the keyboard's 'data' line. 



Other Circuits (continued) 

The following figures show bit definitions for the input, output, and test-input ports. 

Bit a Undefined 
Bit 1 Undefined 
Bit 2 Undefined 
Bit 3 Undefined 
Bit 4 RAM on the system board 

a = Disable 2nd 256Kb of system board RAM 
1 = Enable 2nd 256Kb of system board RAM 

Bit 5 Manufacturing jumper 
a = Manufacturing jumper installed 
1 = Jumper not installed 

Bit 6 Display type switch 
a = Primary display attached to Color / Graphics adapter 
1 = Primary display attached to Monochrome adapter 

Bit 7 Keyboard inhibit switch 
a = Keyboard inhibited 
1 = Keyboard not inhibited 

Input-Port Definitions 

Bit a System reset 
Bit 1 Gate A20 
Bit 2 Undefined 
Bit 3 Undefined 
Bit 4 Output buffer full 
Bit 5 Input buffer empty 
Bit 6 Keyboard clock (output) 
Bit 7 Keyboard data (output) 

Output-Port Bit Definitions 

Keyboard clock (input) 
Ke board data (in ut) 

Test-Input Port Bit Definitions 
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Realtime Clock/Complementary Metal Oxide Semiconductor (RT/CMOS) RAM Information 
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The RT /CMOS RAM chip (Motorola MC146818) contains the realtime clock and 64 bytes of 
CMOS RAM. The internal clock circuitry uses 14 bytes of this RAM, and the rest is allocated to 
configuration information. The following figure shows the CMOS RAM addresses. 

Addresses Description 

00-00 * Real-time clock information 
DE * Diagnostic status byte 
OF * Shutdown status byte 
10 Diskette drive type byte - drives A and 8 
11 Reserved 
12 Fixed disk type byte - drives C and 0 
13 Reserved 
14 Equipment byte 
15 Low base memory byte 
16 High base memory byte 
17 Low expansion memory byte 
18 High expansion memory byte 
19-20 Reserved 
2E-2F 2-byte CMOS checksum 
30 * Low expansion memory byte 
31 * High expansion memory byte 
32 * Date centu ry byte 
33 * Information flags (set during power on) 
34-3F Reserved 

CMOS RAM Address Map 

* These bytes are not included in the checksum calculation and are not part of the configuration 
record. 



Other Circuits (continued) 

Realtime Clock Information 

The following figure describes realtime clock bytes and specifies their addresses. 

Byte Function Address 

a Seconds 00 
1 Second alarm 01 
2 Minutes 02 
3 Minute alarm 03 
4 Hours 04 
5 Hour alarm 05 
6 Day of week 06 
7 Date of month 07 
8 Month 08 
9 Year 09 
10 Status Register A OA 
11 Status Register 8 08 
12 Status Register C OC 
13 Status Register D aD 

Realtime Clock Information (addresses 00-00) 

Note: The setup program initializes registers A, B, C, and D when the time and date are 
set. Also Interrupt lA is the BIOS' interface to read/set the time and date. It initializes the 
status bytes the same as the Setup program. 

Chapter 1. System Board 1-41 



System Board 
Other Circuits (continued) 

Status Register A 

1-42 System Unit 

Bit 7 

Bit6-Bit4 

Bit3-BitO 

Update in Progress (UIP)-A 1 indicates the time update cycle is in progress. A 
o indicates the current date and time is available to read. 

22-Stage Divider (DV2 through DVO)-These three divider-selection bits 
identify which time-base frequency is being used. The system initializes the 
stage divider to 010, which selects a 32.768kHz time base. 

Rate Selection Bits (RS3 through RSO)-These bits allow the selection of a 
divider output frequency. The system initializes the rate selection bits to 0110, 
which selects a 1.024kHz square wave output frequency and a 976.562 
microsecond periodic interrupt rate. 

Status Register B 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Set-A 0 updates the cycle normally by advancing the counts at one-per
second. A 1 aborts any update cycle in progress and the program can initialize 
the 14 time-bytes without any further updates occurring until a 0 is written to 
this bit. 

Periodic Interrupt Enable (PIE)-This bit is a read/write bit that allows an 
interrupt to occur at a rate specified by the rate and divider bits in register A. A 
1 enables an interrupt, and a 0 disables it. The system initializes this bit to o. 

Alarm Interrupt Enable (AIE)-A 1 enables the alarm interrupt, and a 0 
disables it. The system initializes this bit to o. 

Update-Ended Interrupt Enabled (UIE)-A 1 enables the update-ended 
interrupt, and a 0 disables it. The system initializes this bit to O. 

Square Wave Enabled (SQWE)-A 1 enables the the square-wave frequency as 
set by the rate selection bits in register A, and a 0 disables the square wave. The 
system initializes this bit to o. 

Date Mode (DM)-This bit indicates whether the time and date calendar 
updates are to use binary or binary coded decimal (BCD) formats. Al 
indicates binary, and a 0 indicates BCD. The system initializes this bit to O. 

24/12-This bit establishes whether the hours byte is in the 24-hour or 12-hour 
mode. A 1 indicates the 24-hour, mode and a 0 indicates the 12-hour 
mode. The system initializes this bit to 1. 



Other Circuits (continued) 

Bit 0 Daylight Savings Enabled (DSE)-A 1 enables daylight savings and a 0 disables 
daylight savings (standard time). The system initializes this bit to O. 

Status Register C 

Bit 7 - Bit 4 

Bit3-BitO 

IRQF, PF, AF, UF-These flag bits are read only and are affected when the 
'AlE', 'PIE', and 'UIE' interrupts are enabled in register B. 

Reserved. 

Status Register D 

Bit 7 

Bits 6 -Bit 0 

Valid RAM Bit (VRB)-This bit is read only and indicates the condition of the 
contents of the CMOS RAM through the power sense pin. A low state of the 
power sense pin indicates that the realtime clock has lost its power (battery 
dead). A 1 on the VRB indicates power on the realtime clock and a 0 indicates 
that the realtime clock has lost power. 

Reserved. 

CMOS RAM Configuration Information 

The following lists show bit definitions for the CMOS configuration bytes (addresses hex OE-
3F). 

Diagnostic Status Byte (Hex OE) 

Bit 7 

Bit 6 

Bit 5 

Realtime clock chip has lost power. A 0 indicates that the chip has not lost 
power, and a 1 indicates that the chip lost power. 

Configuration Record-Checksum Status Indicator-A 0 indicates that 
checksum is good, and a 1 indicates it is bad. 

Incorrect Configuration Information-This is a check, at power-on time, of the 
equipment byte of the configuration record. A 0 indicates that the 
configuration information is valid, and a 1 indicates it is invalid. Power-on 
checks require: 

• At least one diskette drive to be installed (bit 0 of the equipment byte 
set to 1). 

• The primary display adapter setting in configuration matches the system 
board's display switch setting and the actual display hardware in the 
system. 
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1-44 System Unit 

Bit 4 

Bit 3 

Bit 2 

Bit 1- Bit 0 

Memory Size Miscompare-A 0 indicates that the power-on check determined 
the same memory size as in the configuration record and a 1 indicates the 
memory size is different. 

Fixed Disk Adapter/Drive C Initialization Status-A 0 indicates that the 
adapter and drive are functioning properly and the system can attempt' 'boot 
up." A 1 indicates that the adapter and/or drive C failed initialization, which 
prevents the system from attempting to "boot up." 

Time Status Indicator-(POST validity check) A 0 indicates that the time is 
valid and a 1 indicates that the time is invalid. 

Reserved. 

Shutdown Status Byte (Hex OF) 

The bits in this byte are defined by the power-on diagnostics. For more information about this 
byte, see "BIOS Listing." 

Diskette Drive Type Byte (Hex 1 0) 

Bit 7-Bit 4 Type of first diskette drive installed: 

0000 No drive is present. 

0001 Double Sided (320/360Kb) Diskette Drive (48 TPI). 

0010 High Capacity (1.2Mb) Diskette Drive (96 TPI). 

Note: 001l through 1l1l are reserved. 

Bit 3 -Bit 0 Type of second diskette drive installed: 

0000 No drive is present. 

0001 Double Sided (320/360Kb) Diskette Drive (48 TPI). 

0010 High Capacity (1.2Mb) Diskette Drive (96 TPI). 

Note: 001l through 1l1l are reserved. 

Hex address 11 contains a reserved byte. 

Fixed Disk Type Byte (Hex 12) 

Bit 7 -Bit 4 Defines the type of first fixed disk drive installed (drive C): 

0000 No fixed disk drive is present. 

0001 through 1111 define type 1 through type 15 (see BIOS listing at 
label FD_ TBL). 



Other Circuits (continued) 

Bit3-BitO Defines the type of second fixed disk drive installed (drive D): 

0000 No fixed disk drive is present. 

0001 through 1111 define type 1 through type 15 (see BIOS listing at 
label FD_TBL). 

The following figure shows the BIOS fixed disk parameters. 

Type Cylinders Heads Write Landing 
Pre-comp Zone 

1 306 4 128 305 
2 615 4 300 615 
3 615 6 300 615 
4 940 B 512 940 
5 940 6 512 940 
6 615 4 no 615 
7 462 8 256 511 
8 733 5 no 733 
9 900 15 noB 901 
10 820 3 no 820 
11 855 5 no 855 
12 855 7 no 855 
13 306 8 128 319 
14 733 7 no 733 
15 Reserved- -set to zeros 

BIOS Fixed Disk Parameters 

Hex address 13 contains a reserved byte. 

Equipment Byte (Hex 14) 

Bit 7 -Bit 6 Indicate the number of diskette drives installed: 

00 One drive 

01 Two drives 

10 Reserved 

11 Reserved. 
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Bit 5 -Bit 4 

Bit3-Bit2 

Bit 1 

Bit 0 

Indicate information about the primary display: 

00 Reserved 

01 Primary display is attached to the Color/Graphics Monitor Adapter in 
the 40-column mode. 

10 Primary display is attached to the Color/Graphics Monitor Adapter in the 
80-column mode. 

11 Primary display is attached to the Monochrome Display and Printer 
Adapter. 

Not used. 

Indicates whether the Math Coprocessor is installed: 

o Math Coprocessor not installed. 

1 Math Coprocessor installed. 

The set condition of this bit indicates that diskette drives are installed. 

Note: The equipment byte defines basic equipment in the system for power-on diagnostics. 
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Low and High Base Memory Bytes (Hex 15 and 16) 

Bit 7 -BitO 

Bit 7 -Bit 0 

Address hex 15-Low-byte base size 

Address hex 16-High-byte base size 

Valid Sizes: 

0100H 256Kb system-board RAM 

0200H 512Kb system-board RAM 

0280H 640Kb (512Kb system board RAM and the IBM Personal 
Computer 128KB Memory Expansion Option) 



Other Circuits (continued) 

Low and High Memory Expansion Bytes (Hex 17 and 18) 

Bit 7 -Bit 0 Address hex 17-Low-byte expansion size 

Bit 7 -BitO Address hex 18-High-byte expansion size 

Valid Sizes: 

0200H 512Kb I/O adapter 

0400H 1024Kb I/O adapter (two adapters) 

600H 1536Kb I/O adapter (three adapters) 

to 

3COOH 15360Kb I/O adapter (15Mb maximum) 

Hex addresses 19 through 2D are reserved. 

Checksum (Hex 2E and 2F) 

Address hex 2E High byte of checksum 

Address hex 2F Low byte of checksum 

Note: Checksum is on addresses hex 10-20. 

Low and High Expansion Memory Bytes (Hex 30 and 31) 

Bit 7 -BitO Address hex 30-Low-byte expansion size 

Bit 7 -Bit 0 Address hex 31-High-byte expansion size 

Valid Sizes: 

0200H 512Kb I/O adapter 

0400H 1024Kb I/O adapter 

0600H 1536Kb I/O adapter 

to 

3COOH 15360Kb I/O adapter (15Mb maximum) 

Note: This word reflects the total expansion memory above the 1Mb address space as 
determined at power-on time. This expansion memory size can be determined through system 
interrupt 15 (see the BIOS listing). The base memory at power-on time is determined through the 
system memory-size-determine interrupt. 
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I/O Operations 

1-48 System Unit 

Date Century Byte (Hex 32) 

Bit7-BitO BCD value for the century (BIOS interface to read and set). 

Information Flag (Hex 33) 

Bit 7 

Bit 6 

BitS-BitO 

Set if the IBM Personal Computer 128KB Memory Expansion Option is 
installed. 

This bit is used by the Setup utility to send a first user message after initial setup. 

Reserved 

Note: Hex addresses 34 through 3F are reserved. 

Writing to CMOS RAM involves two steps: 

1. OUT to port hex 70 with the CMOS address that will be written to. 

2. OUT to port hex 71 with the data to be written. 

Reading CMOS RAM also requires two steps: 

1. OUT to port hex 70 with the CMOS address that is to be read from. 

2. IN from port hex 71, and the data read is returned in the AL register. 



Specifications 

System Unit (7532) 

Size 

• Length: 43S millimeters (17.3 inches) 

• Depth: 513.7 millimeters (20.2 inches) 

• Height: 221 millimeters (S.7 inches) 

Weight 

• 19.05 kilograms (42 pounds) 

Power Cables 

• Length: 2.7 meters (9 feet) 

System Unit (7531) 

Size 

• Length: 266 millimeters (10.5 inches) 

• Depth: 600 millimeters (23.6 inches) 

• Height: 650 millimeters (25.6 inches) 

Weight 

• 36.3 kilograms (SO pounds) 

Power Cables 

• Length: 2.7 meters (9 feet) 

Chapter 1. System Board 1-49 



System Board 
Specifications (continued) 

Environment 

Heat Output 

Noise Level 

Electrical 

1-50 System Unit 

• Air Temperature 

System On: 0 to 50 degrees C (32.0 to 122 degrees F) 

System Off: 0 to 55 degrees C (32.0 to 131 degrees F) 

• Humidity 

- 8070 to 80070 (non-condensing) 

• Altitude 

- Maximum altitude: 3050 meters (10,000 feet) 

• 1229 British Thermal Units (BTUs) per hour 

• Meets Class 5; 66 dbia at one meter, and 77 dbia at operator position. 

• VA-450 

• Range 1 

Nominal- 115 Vac 

Minimum Nominal-100 Vac 

Maximum Nominal-125 Vac 

• Range 2 

Nominal- 230 Vac 

Minimum Nominal - 200 Vac 

Maximum Nominal- 240 Vac 



Connectors 

The system board has the following connectors: 

• Speaker connector (JI9) 

• Two power-supply connectors (PS8 and PS9) 

• Keyboard connector (19) 

• Power LED and keylock connector (120) 

• Battery connector (J21). 

The speaker connector is a 4-pin, keyed Berg strip. The pin assignments follow. 

Pin Function 

1 Data out 
2 Key 
3 Ground 
4 +5Vdc 

Speaker Connector (J19) 

The pin assignments for power-supply connectors, P8 and P9, are as follows: 

Pin Assignments Connector 

1 Power good 
2 +5Vdc 
3 +12 Vdc PS8 
4 -12 Vdc 
5 Ground 
6 Ground 

1 Ground 
2 Ground 
3 -5Vdc PSg 
4 +5Vdc 
5 +5Vdc 
6 +5Vdc 

Power Supply Connectors 
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The keyboard connector is a 5-pin, 90-degree Printed Circuit Board (PCB) mounting, DIN 
connector. The pin assignments are as follows: 

Pin Assignments 

1 Keyboard clock 
2 Keyboard data 
3 Spare 
4 Ground 
5 +5Vdc 

Keyboard Connector (J22) 

The power LED and keylock connector is a 5-pin Berg strip. Its pin assignments are as follows: 

Pin Assignments 

1 LED Power 
2 Key 
3 Ground 
4 Keyboard inhibit 
5 Ground 

Power LED and Keylock Connector (J20) 

The battery connector is a 4-pin, keyed Berg strip. The pin assignments are as follows: 

Pin Assignments 

1 Ground 
2 Not Used 
3 Not Used 
4 6Vdc. 

Battery Connector (J21) 



Connectors (continued) 

The following figure shows the layout of the system board. 

Rear panel 

I/O channel 
connectors 

Variable 
capacitor 

Battery 
connector 

Keyboard 
connector 

System Board Layout 

Power 
supply 
connectors 

Speaker connector 
(J19) 

Power LED and 
keylock connector 
(J20) 

Chapter 1. System Board 1-53 















































Notes 

1-76 System Unit 



Chapter 2. Math Coprocessor 

The Intel 80287 Math Coprocessor enables the IBM 7531/7532 Industrial Computer to 
perform high-speed arithmetic, logarithmic functions, and trigonometric operations with 
extreme accuracy. 

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

The coprocessor works with seven numeric data types, which are divided into the following 
three classes: 

• Binary integers (3 types) 
• Decimal integers ( 1 type) 
• Real numbers (3 types). 
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Math Coprocessor 
Hardware Interface 

The math coprocessor uses the same clock generator as the microprocessor. It works at one
third the frequency of the system microprocessor clock. The coprocessor is wired so that it 
functions as an 110 device through 110 port addresses hex 00F8, OOFA, and OOFC. The 
microprocessor sends OP codes and operands through these 110 ports. The microprocessor 
also receives and stores results through the same 110 ports. The coprocessor's busy signal 
informs the microprocessor that it is executing; the microprocessor's Wait instruction forces the 
microprocessor to wait until the coprocessor is finished executing. 

The coprocessor detects six different exception conditions that can occur during instruction 
execution. If the appropriate exception mask within the coprocessor is not set, the coprocessor 
sets its error signal. This error signal generates a hardware interrupt (interrupt 13) and causes 
the 'BUSY' signal to the coprocessor to be held in the busy state. The 'BUSY' signal may be 
cleared by an 8-bit 1/0 Write command to address hex FO with DO through 07 equal to o. 

The power-on self-test code in the system ROM enables hardware interrupt 13 and sets up its 
vector to point to a routine in ROM. The ROM routine clears the 'BUSY' signal's latch and 
then transfers control to the address pointed to by the NMI interrupt vector. This allows code 
written for any IBM Personal Computer to work on an IBM 7531/7532 Industrial 
Computer. The NMI interrupt handler should read the coprocessor's status to determine if the 
NMI was caused by the coprocessor. If the interrupt was not generated by the coprocessor, 
control should be passed to the original NMI interrupt handler. 

The coprocessor has two operating modes similar to the two modes of the 
microprocessor. When reset by a power-on reset or an 110 write operation to port hex 00F1, the 
coprocessor is in the real address mode. This mode is compatible with the 8087 Math 
Coprocessor used in other IBM Personal Computers. The coprocessor can be placed in the 
protected mode by executing the SETPM ESC instruction. It can be placed back in the real 
mode by an 1/0 write operation to port hex 00F1, with 07 through DO equal to O. 

The coprocessor instruction extensions to the microprocessor can be found in Chapter 6 of 
this manual. 

Detailed information for the internal functions of the Intel 80287 Math Coprocessor can be 
found in books listed in the Bibliography. 
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Inputs 

Chapter 3. Power Supply 

The system's power supply is contained inside the system unit and provides power for the system 
board, the adapters, the diskette drives, the fixed disk drives, and the keyboard. 

The power supply can operate at a frequency of either 60 ± 3 Hz or 50 ± 3 Hz and it can operate 
at 115 Vac, 5 A or 220/240 Vac, 2.5 A. The voltage is selected with the switch above the power
cord plug at the side of the power supply. The following figure shows the input requirements. 

Range Voltage (Vae) Current (Amperes) 

115 Vac Minimum Nominal 1 00 Maximum 5 
Maximum Nominal 125 

230 Vac Minimum Nominal 200 Maximum 2.5 
Maximum Nominal 240 

Input Requirements 

Note: The maximum in-rush current is 100 A. 
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Power Supply 
Outputs 

The power supply provides + 5, -5, + 12, and -12 Vdc. The following figure shows the load 
current and regulation tolerance for the voltages. 

Nominal Load Current (A) Regulation 
Output Tolerance 

Min Max 

+5Vdc 7.0 19.8 +5% to -4% 
-5 Vdc 0.0 0.3 +10% to -8% 
+12 Vdc 2.5 7.3 +5% to -4% 
-12 Vdc 0.0 0.3 +10% to -9% 

DC Load Requirements 

Output Protection 

If any output becomes overloaded, the power supply will switch off within 20 milliseconds. An 
overcurrent condition will not damage the power supply. 

Output Voltage Sequencing 

Under normal conditions, the output voltage levels track within 300 milliseconds of each other 
when power is applied to, or removed from the power supply, provided at least minimum loading 
is present. 

No-Load Operation 

3-2 System Unit 

No damage or hazardous conditions occur when primary power is applied with no load on any 
output level. In such cases, the power supply may switch off, and a power-on cycle will be 
required. The power supply requires a minimum load for proper operation. 



Power-Good Signal 

Fan-Out 

The power supply provides a 'power-good' signal to indicate proper operation of the 
power supply. 

When the supply is switched off for a minimum of 1 second and then switched on, the 'power
good' signal is"generated, assuming there are no problems. This signal is a logical AND of the 
dc output-voltage sense signal and the ac input-voltage sense signal. The power-good signal is 
also a TTL-compatible high level for normal operation, or a low level for fault conditions. The 
ac fail signal causes power-good to go to a low level at least 1 millisecond before any output 
voltage falls below the regulation limits. The operating point used as a reference for measuring 
the 1 millisecond is normal operation at minimum line voltage and maximum load. 

The dc output-voltage sense signal holds the 'power-good signal' at a low level when power is 
switched on until all output voltages have reached their minimum sense levels. The 'power-good 
signal' has a turn-on delay of at least 100 milliseconds but not longer than 500 milliseconds. The 
following figure shows the minimum sense levels for the output voltages. 

Level (Vdc) Minimum (Vdc) 

+5 +4.5 
-5 -3.75 
+12 +10.8 
-12 -10.4 

Sense Levels 

Fan-out is the number of inputs that one output can drive. The 'power-good' signal can drive 
six standard TTL loads. 
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Connectors 

The following figure shows the pin assignments for the power-supply output connectors. 

Load Point Voltage (Vdc) Max. Current (A) 

PS8-1 Power Good See note 
PS8-2 +5 3.8 
PS8-3 +12 0.7 
PS8-4 -12 0.3 
PS8-5 Ground 0.0 
PS8-6 Ground 0.0 

PS9-1 Ground 0.0 
PS9-2 Ground 0.0 
PS9-3 -5 0.3 
PS9-4 +5 3.8 
PS9-5 +5 3.8 
PS9-6 +5 3.8 

P10-1 +12 2.8 
P10-2 Ground 0.0 
P10-3 Ground 0.0 
P10-4 +5 1.8 

P11-1 +12 2.8 
P11-2 Ground 0.0 
P11-3 Ground 0.0 
P11-4 +5 1.8 

P12-1 +12 1.0 
P12-2 Ground 0.0 
P12-3 Ground 0.0 
P12-4 +5 1.0 

DC Load Distribution 

Note: For more details, see 'Power-Good Signal' in this chapter. 

Power Adapter 

Reset Switch 
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The Power Adapter is for the distribution of the voltages from the power supply to the main 
system board, fan, and connection of the reset switch. 

The Reset Switch (which is located on the front bezel), is connected to the power supply Power 
Good line (by way of the power adapter card). Pressing and releasing this switch forces the 
system into a reset condition. 



Chapter 4. Keyboard 

The keyboard has 101 keys (102 keys in countries outside the U.S.), with three status-indicator 
lights located in the upper-right corner. 

At system power-on, the keyboard monitors the signals on the 'clock' and 'data' lines to identify 
the attached system unit. When the system is identified, the keyboard sets its line protocol to 
that of the attached system unit. 

A bidirectional serial interface in the keyboard converts the 'clock' and 'data' signals to the 
appropriate line protocol and sends this information to and from the keyboard through the 
keyboard cable. 
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Keyboard Buffer 

Keys 

A 16-byte first-in-first-out (FIFO) buffer in the keyboard stores the scan codes until the system is 
ready to receive them. 

A buffer-overrun condition occurs when more than 16 bytes are placed in the keyboard 
buffer. An overrun code replaces byte 17. If more keys are pressed before the system allows 
keyboard output, the additional data is lost. 

When the keyboard is allowed to send data, the bytes in the buffer will be sent as in normal 
operation, and new data entered is detected and sent. Response codes do not occupy a buffer 
position. 

If keystrokes generate a multiple-byte sequence, the entire sequence must fit into the available 
buffer space or the keystroke is discarded and a buffer-overrun condition occurs. 

With the exception of the Pause key and the Num Lock key, all keys are make/break. The make 
scan code of a key is sent to the keyboard controller when the key is pressed. When the key is 
released, its break scan code is sent. 

Additionally, except for the Pause key and the Num Lock key, all keys are typematic. When a 
key is pressed and held down, the keyboard sends the make code for that key, delays 500 
milliseconds ± 20070, and begins sending a make code for that key at a rate of 10.9 characters per 
second ± 20070. Some systems allow the typematic rate and delay to be modified (see "Set 
Typematic Rate/Delay (Hex F3)" on page 4-9). 

If two or more keys are held down, only the last key pressed repeats at the typematic 
rate. Typematic operation stops when the last key pressed is released, even if other keys are still 
held down. If a key is pressed and held down while keyboard transmission is inhibited, only the 
first make code is stored in the buffer. This prevents buffer overflow as a result of 
typematic action. 
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Keyboard 
Power-On Routine 

Power-On Reset 

The following activities take place when power is first applied to the keyboard. 

The keyboard logic generates a 'power-on reset' signal (POR) when power is first applied to the 
keyboard. POR lasts a minimum of 500 milliseconds and a maximum of 2.0 seconds. 

Power-On Indicator 

This GREEN indicator is connected to the + 5 V dc line from the power supply. The power-on 
indicator cable is connected to a BERG connector on the system board. This indicator will 
indicate system power on. 

Basic Assurance Test 

The basic assurance test (BAT) consists of a keyboard processor test, a checksum of the read
only memory (ROM), and a random-access memory (RAM) test. During the BAT, activity on 
the 'clock' and 'data' lines is ignored. The BAT takes a minimum of 300 milliseconds and a 
maximum of 500 milliseconds. This is in addition to the time required by the POR. 

Upon satisfactory completion of the BAT, a completion code (hex AA) is sent to the system, and 
keyboard scanning begins. If a BAT failure occurs, the keyboard sends an error code to the 
system. The keyboard is then disabled pending command input. Completion codes are sent 
between 800 milliseconds and 2.5 seconds after POR, and between 300 and 500 milliseconds after 
a Reset command is acknowledged. 

Keyboard Mode Selection 
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The keyboard modes establish the line protocol needed for the keyboard to communicate with 
the host system. Based on the signals found on the keyboard 'clock' and 'data' lines 
immediately following POR, the keyboard selects either Mode 1 or Mode 2 for communication 
with the attached system unit. 



Power-On Routine (continued) 

The following describes the keyboard 'clock' and 'data' signal conditions necessary to establish 
each mode. 

If the 'clock' line is active (high) immediately after POR, the keyboard sets up for Mode 1 
operation. It then waits for the 'clock' line to become inactive (low), executes the basic 
assurance test (BAT), and returns the completion code. 

If the 'clock' line is inactive (low) immediately after POR, the keyboard executes the BAT, waits 
for the 'clock' line to become active (high), and sends the completion code in Mode 2 
protocol. If the system has not made the 'data' line inactive within 40 microseconds, Mode 2 
operation is established. If the 'data' line has become inactive within this time, Mode 1 is 
established. 

Mode 1 uses scan code set 1 only. Mode 2 uses scan code set 2, but can be switched to scan code 
set 1 or scan code set 3 using the Select Alternate Scan Codes command. 

Note: After the mode is set, it can be changed only by another 'power-on-reset.' 
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Keyboard 
Commands from the System 

The following table shows the commands that the system may send and their hexadecimal 
values. 

Command Hex Value 

Set/Reset Mode Indicators ED 
Echo EE 
Invalid Command EF 
Select Alternate Scan Codes FO 
Invalid Command F1 
ReadlD F2 
Set Typematic Rate/Delay F3 
Enable F4 
Default Disable F5 
Set Default F6 
Resend FE 
Reset FF 

The commands may be sent to the keyboard at any time. The keyboard will respond 
within 20 milliseconds, except when performing the basic assurance test (BAT), or executing a 
Reset command. 

Note: All commands are valid when operating in Mode 2. Only the Reset command is valid 
in Mode 1. 

The commands are described below, in alphabetic order. They have different meanings when 
issued by the keyboard (see "Commands to the System" on page 4-12). 

Default Disable (Hex F5) 
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The Default Disable command resets all conditions to the power-on default state. The keyboard 
responds with Acknowledge (ACK), clears its output buffer, sets the default conditions, stops 
scanning, and awaits further instructions. 



Commands from the System (continued) 

Echo (Hex EE) 

Enable (Hex F4) 

Read 10 (Hex F2) 

Resend (Hex FE) 

Reset (Hex FF) 

Echo is a diagnostic aid. When the keyboard receives this command, it issues a hex EE response 
and, if the keyboard was previously enabled, continues scanning. 

Upon receipt of this command, the keyboard responds with ACK, clears its output buffer, and 
starts scanning. 

This command requests identification information from the keyboard. The keyboard responds 
with ACK, discontinues scanning, and sends the two keyboard ID bytes. The second byte must 
follow completion of the first by no more than 500 microseconds. After the output of the 
second ID byte, the keyboard resumes scanning. 

The system sends this command when it detects an error in any transmission from the 
keyboard. It is sent only after a keyboard transmission and before the system allows the next 
keyboard output. When a Resend is received, the keyboard sends the previous output again 
(unless the previous output was Resend, in which case the keyboard resends the last byte before 
the Resend command). 

In Mode 2, the system issues a Reset command to start a program reset and a keyboard internal 
self test. The keyboard acknowledges the command with an ACK and ensures the system 
accepts ACK before executing the command. The system signals acceptance of ACK by raising 
the 'clock' and 'data' lines for a minimum of 500 microseconds. The keyboard is disabled from 
the time it receives the Reset command until ACK is accepted, or until another command is sent 
that overrides the previous command. 
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Commands from the System (continued) 

Following acceptance of ACK, the keyboard is re-initialized and performs the BAT. After 
returning the completion code, the keyboard defaults to scan code set 2. 

In Mode 1, the system lowers the 'clock' line for a minimum of 12.5 milliseconds. The keyboard 
then begins to clock bits on the 'data' line. The result is a Reset command causing the keyboard 
to reset itself, perform a BAT, and return the appropriate completion code. No ACK is returned 
in this mode. 

The mode in effect before receipt of the Reset command is reestablished following completion of 
the keyboard reset. 

Select Alternate Scan Codes (Hex FO) 

This command instructs the keyboard to select one of three sets of scan codes. The keyboard 
acknowledges receipt of this command with ACK, after which a Set Default occurs. The system 
then sends the option byte and the keyboard responds with another ACK. An option byte value 
of hex 01 selects scan code set 1, hex 02 selects set 2, and hex 03 selects set 3. 

An option byte value of hex 00 causes the keyboard to switch from scan code set 1 to set 2, or 
from set 2 to set 1. Hex 00 also causes set 3 to be switched to set 2; however, it is not possible to 
switch to set 3 from another set. 

The keyboard mode is not changed and, after establishing the new scan code set, the keyboard 
returns to the scanning state it was in before receiving the Select Alternate Scan 
Codes command. 

Set Default (Hex F6) 

4-8 System Unit 

The Set Default command resets all conditions to the power-on default state. The keyboard 
responds with ACK, clears its output buffer, sets the default conditions, and continues scanning 
(if it was previously enabled). 



Commands from the System (continued) 

Set Typematic Rate/Delay (Hex F3) 

The system issues the Set Typematic Rate/Delay command to change the typematic rate and 
delay. The keyboard responds to the command with ACK, stops scanning, and waits for the 
system to issue the rate/delay value byte. The keyboard responds to the rate/delay value byte 
with another ACK, sets the rate and delay to the values indicated, and continues scanning (if it 
was previously enabled). Bits 6 and 5 indicate the delay, and bits 4, 3, 2, 1, and 0 (the least
significant bit) the rate. Bit 7, the most-significant bit, is always O. The delay is equal to 1 plus 
the binary value of bits 6 and 5, multiplied by 250 milliseconds ± 200,70. 

The period (interval from one typematic output to the next) is determined by the following 
equation: 

Period = (8 + A) X (2 (B) X 0.00417 seconds. 

A = binary value of bits 2, 1, and o. 

B = binary value of bits 4 and 3. 
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Commands from the System (continued) 

The typematic rate (make codes per second) is one for each period. The typematic rates have 
been calculated and are listed in the following table. 

Bit Typematic Bit Typematic 
Rate ±20% Rate ±200/0 

00000 30.0 10000 7.5 
00001 26.7 10001 6.7 
00010 24.0 10010 6.0 
00011 21.8 10011 5.5 
00100 20.0 10100 5,0 
00101 18.5 10101 4.6 
00110 17.1 10110 4.3 
00111 16.0 10111 4.0 
01000 15.0 11000 3.7 
01001 13.3 11001 3.3 
01010 12.0 11010 3.0 
01011 10.9 11011 2.7 
01100 10.0 11100 2.5 
01101 9.2 11101 2.3 
01110 8.6 11110 2.1 
01111 8.0 11111 2.0 

The default values for the system keyboard are as follows: 

Typematic rate = 10.9 characters per second ± 200/0. 

Delay = 500 milliseconds ± 20%. 

The execution of this command stops without change to the existing rate if another command is 
received instead of the rate/delay value byte. 

Set/Reset Mode Indicators (Hex ED) 
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Three mode indicators on the keyboard- Num Lock, Caps Lock, and Scroll Lock-are 
accessible by the system. The keyboard activates or deactivates these indicators when it receives 
a valid command-code sequence from the system. The command sequence begins with the 
command byte (hex ED). The keyboard responds to the command byte with ACK, discontinues 
scanning, and waits for the option byte from the system. 



Commands from the System (continued) 

The bit assignments for this option byte are as follows: 

Bit Indicator 

0 Scroll Lock Indicator 
1 Num Lock Indicator 
2 Caps Lock Indicator 
3-7 Reserved (must be D's) 

If a bit for an indicator is set to 1, the indicator is turned on. Ifa bit is set to 0, the indicator is 
turned off. 

The keyboard responds to the option byte with ACK, sets the indicators and, if the keyboard was 
previously enabled, continues scanning. The state of the indicators will reflect the bits in the 
option byte and can be activated or deactivated in any combination. If another command is 
received in place of the option byte, execution of the Set/Reset Mode Indicators command is 
stopped, with no change to the indicator states, and the new command is processed. 

Immediately after power-on, the lights default to the Off state. The Set Default and Default 
Disable commands will also set the lights to the Off state. 

Because Mode 1 does not accept these commands, the state of the lights is controlled by the 
keyboard. Therefore, when anyone of the mode indicator keys (Num Lock, Caps Lock, or 
Scroll Lock) is pressed, the keyboard switches the state of that light regardless of the current 
mode. (The exception to this occurs when a mode indicator key is pressed while the etrl key is 
down. In this case, the state of the light is not changed.) A system command always takes 
precedence over a state established by the keyboard with a keystroke. 

Note: Hex EF, hex Fl, and hex FD through F7 are invalid commands and are not 
supported. If one of these is sent, the keyboard does not acknowledge the command, but 
returns a Resend command and continues in its prior scanning state. No other 
activities occur. 
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Commands to the System 

The following shows the commands that the keyboard may send to the system, and their 
hexadecimal values. 

Command Hex Value 

Key Detection Error/Overrun 00 (Set 2) 
Keyboard 10 83AB 
BAT Completion Code AA 
Echo EE 
Acknowledge (ACK) FA 
Diagnostic Failure FC 
Resend FE 
Key Detection Error/Overrun FF (Set 1) 

The commands the keyboard sends to the system are described below, in alphabetic order. They 
have different meanings when issued by the system (see "Commands from the System" 
on page 4-6). 

Acknowledge (Hex FA) 

The keyboard issues Acknowledge (ACK) to any valid input other than an Echo or Resend 
command. If the keyboard is interrupted while sending ACK, it discards ACK and accepts and 
responds to the new command. ACK is sent only in Mode 2. 

BAT Completion Code (Hex AA) 

Following satisfactory completion of the BAT, the keyboard sends hex AA. Any other code 
indicates a failure of the keyboard. 

Diagnostic Failure (Hex FC) 

4-12 System Unit 

If a BAT failure occurs, the keyboard sends this code, discontinues scanning, and waits for a 
system response or reset. The command may be sent in either mode. 



Commands to the System (continued) 

Echo (Hex EE) 

The keyboard sends this code in response to an Echo command. Echo is valid only in Mode 2. 

Keyboard ID (Hex 83AB) 

The Keyboard ID consists of two bytes, hex 83AB. The keyboard responds to the Read ID with 
ACK, discontinues scanning, and sends the two ID bytes. The low byte is sent first followed by 
the high byte. Following output of Keyboard ID, the keyboard begins scanning. This code 
applies only in Mode 2. 

Key Detection Error (Hex 00 or FF) 

The keyboard sends a key detection error character if conditions in the keyboard make it 
impossible to identify a switch closure. If the keyboard is using scan code set 1, the code is hex 
FF. For sets 2 and 3, the code is hex 00. 

Overrun (Hex 00 or FF) 

Resend (Hex FE) 

An overrun character is placed in the keyboard buffer and replaces the last code when the buffer 
capacity has been exceeded. The code is sent to the system when it reaches the top of the buffer 
queue. If the keyboard is using scan code set 1, the code is hex FF. For sets 2 and 3, the code is 
hex 00. 

The keyboard issues a Resend command following receipt of an invalid input or any input with 
incorrect parity. If the system sends nothing to the keyboard, no response is required. This 
code applies only in Mode 2. 

Keyboard Scan-Code Outputs 

The following tables list the key numbers of the three scan-code sets and their hexadecimal 
values. Mode 1 uses scan-code set 1. Mode 2 defaults to set 2, but can be changed to set 1 or set 
3 (see "Select Alternate Scan Codes (Hex FO)" on page 4-8). 

This section describes the interface from the keyboard to the keyboard controller on the system 
board. The scan codes that are described are not necessarily the same scan codes that are 
returned when doing a direct I/O from port 60, or when issuing the "Interrupt 16" keyboard 
service to BIOS. For direct I/O port 60 and "Interrupt 16" scan code information, refer to 
System BIOS (character codes). 
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Keyboard Scan-Code Outputs (continued) 

Scan Code Set 1 

In Mode 1, each key is assigned a base scan code and, in some cases, extra codes to generate 
artificial shift states in the system. The typematic scan codes are identical to the base scan code 
for each key. 

Scan Code Tables (Set 1) 
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The following keys send the codes as shown, regardless of any shift states in the keyboard or the 
system. Refer to "Keyboard Layouts" beginning on page 4-33 to determine the character 
associated with each key number. 

Key Number Make Code Break Code 

1 29 A9 
2 02 82 
3 03 83 
4 04 84 
5 05 85 
6 06 86 
7 07 87 
8 08 88 
9 09 89 

10 OA 8A 
11 OB 8B 
12 OC 8C 
13 OD 8D 
15 OE 8E 
16 OF 8F 
17 10 90 
18 11 91 
19 12 92 
20 13 93 
21 14 94 
22 15 95 
23 16 96 
24 17 97 
25 18 98 
26 19 99 
27 1A 9A 
28 1B 9B 
29* 2B AB 
30 3A BA 
31 1E 9E 
32 1F 9F 

* 1 01-key keyboard only. 



Keyboard Scan-Code Outputs (continued) 

Key Number Make Code Break Code 

33 20 AO 
34 21 A1 
35 22 A2 
36 23 A3 
37 24 A4 
38 25 A5 
39 26 A6 
40 27 A7 
41 28 A8 
42+ 2B AB 
43 1C 9C 
44 2A AA 
45+ 05 D6 
46 2C AC 
47 2D AD 
48 2E AE 
49 2F AF 
50 30 BO 
51 31 B1 
52 32 B2 
53 33 B3 
54 34 B4 
55 35 B5 
57 36 B6 
61 39 B9 
91 47 C7 
92 4B CB 
93 4F CF 
96 48 C8 
97 4C CC 
98 50 DO 
99 52 D2 

101 49 C9 
102 40 CD 
103 51 D1 
104 53 03 
105 4A CA 
106 4E CE 
108 EO 1C E09C 
110 01 81 
112 3B BB 
113 3C BC 
114 3D BD 
115 3E BE 
116 3F BF 
117 40 CO 
118 41 C1 
119 42 C2 

+1 02-key keyboard only. 
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Keyboard Scan-Code Outputs (continued) 

4-16 System Unit 

Key Number Make Code Break Code 

120 43 C3 
121 44 C4 
122 09 07 
123 OA 08 
125 46 C6 

The remaining keys send a series of codes dependent on the state of the various shift keys (Ctrl, 
Alt, and Shift), and the state of Num Lock (On or Off). Because the base scan code is identical 
to that of another key, an extra code (hex EO) has been added to the base code to make it 
unique. 

Key Make/Break Code Other Ctrl Key Pressed* 
No. 

58 10/90 10/E1 
64 EO 1 0/E2 90 EO 10/E2 

* If both Ctrl keys are held down and then one is released, the break 
code for that key is not sent. Instead, two additional hidden codes, 
hex E 1 and hex E2, are added to the break codes for the Ctrl keys. 
If one Ctrl key is released and the other remains pressed, only the 
hidden break codes are sent. 

Key Make/Break Code Other Alt Key Pressed* 
No. 

60 38/88 38/0E 
62 EO 38/0F 88 EO'38/0F 

* If both Alt keys are held down and then one is released, the break 
code for that key is not sent. Instead, two additional hidden codes, 
hex OE and hex OF, are added to the break codes for the Alt keys. 
If one Alt key is released and the other remains pressed, only the 
hidden break codes are sent. 



Keyboard Scan-Code Outputs (continued) 

Key Make Code Ctrl Key Pressed 
No. 

126* 10 EO 45 EO C5 90 EO 46 EO C6 

* This key is not typematic. All associated scan codes occur on the 
make of the key. 

Key Make Code Shift Down Make Code 
No. 

90* 45 C5 Toggles Num Lock state of keyboard without 
changing state of host system. 

* This key is not typematic. All associated scan codes occur on the make of 
the key. 

Chapter 4. Keyboard 4-17 



Keyboard 
Keyboard Scan-Code Outputs (continued) 

Key Base Case, or Shift Case Num Lock on 
No. Shift + Num Lock Make/Break* Make/Break 

Make/Break 

75 EO 52 AA EO 52 2A EO 52 
/EO 02 lEO 02 2A lEO D2 AA 

76 EO 53 AA EO 53 2A EO 53 
lEO 03 lEO 03 2A lEO D3 AA 

79 E04B AA EO 4B 2A EO 4B 
lEO CB lEO CB 2A lEO CB AA 

80 E047 AA EO 47 2A EO 47 
lEO C7 lEO C7 2A lEO C7 AA 

81 E04F AA EO 4F 2A EO 4F 
lEO CF lEO CF 2A /EO CF AA 

83 E048 AA EO 48 2A EO 48 
lEO C8 lEO C8 2A lEO C8 AA 

84 EO 50 AA EO 50 2A EO 50 
lEO DO lEO DO 2A lEO DO AA 

85 EO 49 AA EO 49 2A EO 49 
lEO C9 lEO C9 2A lEO C9 AA 

86 EO 51 AA EO 51 2A EO 51 
lEO 01 lEO D1 2A lEO 01 AA 

89 E040 AA EO 40 2A EO 40 
lEO CD lEO CD 2A lEO CD AA 

* If the left Shift key is held down, the AA/2A shift break and make is 
sent with the other scan codes. If the right Shift key is held down, 
86/36 is sent. If both Shift keys are down, both sets of codes are sent 
with the other scan codes. 

Key Scan Code MakelBreak Shift Case Make/Break* 
No. 

95 EO 35/EO 85 AA EO 35/EO B5 2A 
100 EO 37/EO B7 AA EO 37 lEO B7 2A 

* If the left Shift key is held down, the AA/2A shift break and make are 
sent with the other scan codes. If the right Shift key is held down, 86/36 
is sent. If both Shift keys are down, both sets of codes are sent with the 
other scan codes. 

Key Scan Code Ctrl Case, Shift Case Alt Case 
No. MakelBreak MakelBreak MakelBreak 

124 2A 37/B7 AA 37/87 54/04 
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Keyboard Scan-Code Outputs (continued) 

Scan Code Set 2 

In Mode 2, each key is assigned a unique 8-bit make scan code, which is sent when the key is 
pressed. Each key also sends a break code when the key is released. The break code consists of 
two bytes, the first of which is the break code prefix, hex FO; the second byte is the same as the 
make scan code for that key. The typematic scan code for a key is the same as the key's make 
code. 

Scan Code Tables (Set 2) 

The following keys send the codes shown, regardless of any shift states in the keyboard or 
system. Refer to "Keyboard Layouts" beginning on page 4-33 to determine the character 
associated with each key number. 

Key Number Make Code Break Code 

1 OE FOOE 
2 16 FO 16 
3 1E FO 1 E 
4 26 FO 26 
5 25 FO 25 
6 2E FO 2E 
7 36 FO 36 
8 3D F030 
9 3E FO 3E 

10 46 F046 
11 45 FO 45 
12 4E F04E 
13 55 FO 55 
15 66 FO 66 
16 00 FO 00 
17 15 FO 15 
18 10 FO 10 
19 24 FO 24 
20 20 FO 20 
21 2C FO 2C 
22 35 FO 35 
23 3C F03C 
24 43 F043 
25 44 FO 44 
26 40 F040 
27 54 FO 54 
28 58 FO 58 
29* 50 FO 50 

* 1 01-key keyboard only. 
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Keyboard Scan-Code Outputs (continued) 

Key Number Make Code Break Code 

30 58 FO 58 
31 1C FO 1C 
32 1B FO 1B 
33 23 FO 23 
34 2B FO 2B 
35 34 FO 34 
36 33 FO 33 
37 3B F03B 
38 42 FO 42 
39 4B F04B 
40 4C F04C 
41 52 FO 52 
42+ 50 FO 50 
43 SA FO SA 
44 12 FO 12 
45+ FO 60 FO 61 
46 1A FO 1A 
47 22 FO 22 
48 21 FO 21 
49 2A FO 2A 
50 32 FO 32 
51 31 FO 31 
52 3A F03A 
53 41 FO 41 
54 49 FO 49 
55 4A F04A 
57 59 FO 59 
61 29 FO 29 
91 6C FO 6c 
92 6B FO 6B 
93 69 FO 69 
96 75 FO 75 
97 73 FO 73 
98 72 FO 72 
99 70 FO 70 

101 70 FO 70 
102 74 FO 74 
103 7A FO 7A 
104 71 FO 71 
105 7B FO 7B 
106 79 FO 79 
108 FO 47 SA FO 47 FO SA 
110 76 FO 76 
112 05 FO 05 
113 06 FO 06 
114 04 F004 
115 OC FOOC 
116 03 FO 03 
117 OB FOOB 
118 83 FO 83 

+ 1 02-key keyboard only. 
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Key Number Make Code Break Code 

119 OA FOOA 
120 01 Fa 01 
121 09 Fa 09 
122 FOOF Fa 78 
123 Fa 17 Fa 07 
125 7E Fa 7E 

The remaining keys send a series of codes dependent on the state of the various shift keys (Ctrl, 
Alt, and Shift), and the state of Num Lock (On or Off). Because the base scan code is identical 
to that of another key, an extra code (hex EO) has been added to the base code to make 
it unique. 

Key Make/Break Code Other Alt Key Pressed* 
No. 

60 11/FO 11 11/FO 37 
62 Fa 47 11 /FO 3F Fa 11 Fa 47 11 /FO 37 

* If both Alt keys are held down and then one is released, the break 
code for that key is not sent. Instead, two additional hidden codes, 
hex FO 37 and hex Fa 3F, are added to the break codes for the Alt keys. 
If one Alt key is released and the other remains pressed, only the 
hidden break codes are sent. The Alt keys are further distingu ished by 
adding an extra code, hex Fa 47, to the right Alt key. 

Key Make/Break Code Other Ctrl Key Pressed* 
No. 

58 14/FO 14 14/FO 47 
64 Fa 47 14/FO 56 Fa 14 Fa 47 14/FO 56 

* If both Gtrl keys are held down and then one is released, the break 
code for that key is not sent. Instead, two additional hidden codes, 
hex FO 4F and hex Fa 56, are added to the break codes for the Gtrl keys. 
If one Gtrl key is released and the other remains pressed, only the 
hidden break codes are sent. The Ctrl keys are further distinguished by 
adding an extra code, hex Fa 47, to the right Gtrl key. 
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Keyboard Scan-Code Outputs (continued) 

Key Make Code Ctrl Key Pressed 
No. 

126* 14 FO 47 77 FO 47 FO 77 FO 14 F0477EF047F07E 

* This key is not typematic. All associated scan codes occur on the 
make of the key. 

Key Make Code Shift Down Make Code 
No. 

90* 77 FO 77 Toggles Num Lock state of keyboard without 
changing state of host system. 

* This key is not typematic. All associated scan codes occur on the make of 
the key. 
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Key Base Case, or Shift Case Num Lock on 
No. Shift + Num Lock Make/Break* Make/Break 

"Make/Break 

75 FO 4770 FO 12 FO 47 70 12F04770 
/FO 47 FO 70 /FO 47 FO 70 12 /FO 47 FO 70 FO 12 

76 FO 4771 F012F04771 12 FO 47 71 
/FO 47 FO 71 /FO 47 FO 71 1 2 /FO 47 FO 71 FO 1 2 

79 FO 47 68 FO 12 FO 47 68 12F04768 
/FO 47 FO 68 /FO 47 FO 68 12 /FO 47 FO 68 FO 1 2 

80 FO 47 6C FO 12 FO 47 6C 12 FO 47 6C 
/FO 47 FO 6C /FO 47 FO 6C 12 /FO 47 FO 6C FO 12 

81 FO 4769 FO 12 FO 47 69 12 FO 47 69 
/FO 47 FO 69 /FO 47 FO 69 1 2 /FO 47 FO 69 FO 1 2 

83 FO 47 75 F012F04775 12 FO 47 75 
/FO 47 FO 75 /FO 47 FO 75 1 2 /FO 47 FO 75 FO 1 2 

84 FO 4772 FO 12 FO 47 72 12F04772 
/FO 47 FO 72 /FO 47 FO 72 12 /FO 47 FO 72 FO 12 

85 FO 4770 FO 12 FO 47 7D 12 FO 47 70 
/FO 47 FO 70 /F047F07012 /F047F07DF012 

86 FO 47 7A FO 12 FO 47 7A 12 FO 47 7A 
/FO 47 FO 7A /FO 47 FO 7 A 1 2 /FO 47 FO 7 A FO 1 2 

89 FO 47 74 FO 12 FO 4774 12 FO 47 74 
/FO 47 FO 74 /F047F07412 /FO 47 FO 74 FO 1 2 

* If the left Shift key is held down, the FO 12/12 shift break and make is 
sent with the other scan codes. If the right Shift key is held down, 
FO 59/59 is sent. If both Shift keys are down, both sets of codes are sent 
with the other scan codes. 

Key Scan Code Make/Break Shift Case Make/Break* 
No. 

95 FO 47 4A FO 12 4A 
/FO 47 FO 4A /FO 47 FO 4A 1 2 

100 FO 47 7C FO 12 FO 47 7C 
/FO 47 FO 7C /FO 47 FO 7C 12 

* If the left Shift key is held down, the FO 12/12 shift break and make is 
sent with the other scan codes. If the right Shift key is held down, 
FO 59/59 is sent. If both Shift keys are down, both sets of codes are 
sent with the other scan codes. 

Key Scan Code Ctrl Case, Shift Case Alt Case 
No. Make/Break Make/Break Make/Break 

124 12 7C/FO 7C FO 12 7C/FO 7C 84/FO 84 
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Keyboard Scan-Code Outputs (continued) 

Scan Code Set 3 

In Mode 3, each key is assigned a unique 8-bit make scan code, which is sent when the key is 
pressed. Each key also sends a break code when the key is released. The break code consists of 
two bytes, the first of which is the break-code prefix, hex FO; the second byte is the same as the 
make scan code for that key. The typematic scan code for a key is the same as the key's make 
code. In this mode, each key sends only one scan code, and no keys are affected by the state of 
any other keys. 

Scan Code Tables (Set 3) 
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The following keys send the codes shown, regardless of any shift states in the keyboard or 
system. Refer to "Keyboard Layouts" beginning on page 4-33 to determine the character 
associated with each key number. 

Key Number Make Code Break Code 

1 OE FO OE 
2 16 FO 16 
3 1E FO 1 E 
4 26 FO 26 
5 25 FO 25 
6 2E FO 2E 
7 36 FO 36 
8 3D F030 
9 3E F03E 

10 46 F046 
11 45 FO 45 
12 4E F04E 
13 55 FO 55 
15 66 FO 66 
16 00 FOOD 
17 15 FO 15 
18 10 FO 10 
19 24 FO 24 
20 20 FO 20 
21 2C FO 2C 
22 35 FO 35 
23 3C F03C 
24 43 FO 43 
25 44 F044 
26 40 F04D 
27 54 FO 54 



Keyboard Scan-Code Outputs (continued) 

Key Number Make Code Break Code 

28 58 FO 58 
29* 5C F05C 
30 14 FO 14 
31 1C FO 1C 
32 18 FO 18 
33 23 FO 23 
34 28 FO 28 
35 34 F034 
36 33 F033 
37 38 F038 
38 42 F042 
39 48 F048 
40 4C F04C 
41 52 FO 52 
42+ 53 FO 53 
43 5A FO 5A 
44 12 FO 12 
45+ 13 FO 13 
46 1A FO 1A 
47 22 FO 22 
48 21 FO 21 
49 2A FO 2A 
50 32 FO 32 
51 31 FO 31 
52 3A FO 3A 
53 41 FO 41 
54 49 FO 49 
55 4A F04A 
57 59 FO 59 
58 11 FO 11 
60 19 FO 19 
61 29 FO 29 
62 39 FO 39 
64 58 FO 58 
75 67 FO 67 
76 64 FO 64 
79 61 FO 61 
80 6E FO 6E 
81 65 FO 65 
83 63 FO 63 
84 60 FO 60 
85 6F FO 6F 
86 60 FO 60 
89 6A FO 6A 
90 76 FO 76 
91 6C FO 6C 

* 1 01-key keyboard only. 

+ 1 02-key keyboard only. 
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Keyboard Scan-Code Outputs (continued) 

Key Number Make Code Break Code 

92 68 FO 68 
93 69 FO 69 
95 77 FO 77 
96 75 FO 75 
97 73 FO 73 
98 72 FO 72 
99 70 FO 70 

100 7E FO 7E 
101 70 FO 70 
102 74 FO 74 
103 7A FO 7A 
104 71 FO 71 
105 84 FO 84 
106 7C FO 7C 
108 79 FO 79 
110 08 FO 08 
112 07 FO 07 
113 OF FO OF 
114 17 FO 17 
115 1F FO 1 F 
116 27 FO 27 
117 2F FO 2F 
118 37 F037 
119 3F FO 3F 
120 47 FO 47 
121 4F FO 4F 
122 56 FO 56 
123 5E FO 5E 
124 57 FO 57 
125 5F FO 5F 
126 62 FO 62 
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Clock and Data Signals 

The keyboard and system communicate over the 'clock' and 'data' lines. The source of each of 
these lines is an open-collector device on the keyboard that allows either the keyboard or the 
system to force a line to an inactive (low) level. When no communication is occurring, the 
'clock' line is at an active (high) level. The state of the 'data' line is dependent on the mode. 

When the system sends data to the keyboard, it forces the 'data' line to an inactive level and 
allows the 'clock' line to go to an active level. 

An inactive signal will have a value of at least 0, but not greater than + 0.7 volts. A signal at the 
inactive level is a logical O. An active signal will have a value of at least + 2.4, but not greater 
than + 5.5 volts. A signal at the active level is a logical 1. Voltages are measured between a 
signal source and the dc network ground. 

The keyboard 'clock' line provides the clocking signals used to clock serial data to and from the 
keyboard. If the host system forces the 'clock' line to an inactive level, keyboard transmission 
is inhibited. 

When the keyboard sends data to, or receives data from the system, it generates the 'clock' signal 
to time the data. The system can prevent the keyboard from sending data by forcing the 'clock' 
line to an inactive level; the 'data' line may be active or inactive during this time. 

During the BAT, the keyboard allows the 'clock' and 'data' lines to go to an active level. 

Data transmissions to and from the keyboard consist of bit data streams sent serially over the 
'data' line. Mode 1 sends a 9-bit stream, and Mode 2 sends an II-bit stream. 

Chapter 4. Keyboard 4-27 



Keyboard 
Clock and Data Signals (continued) 

Mode 1 Data Stream 

Each transmission consists of 9 bits sent serially on the 'data' line. A logical 1 is sent at an active 
(high) level. The following shows the functions of the bits. 

Bit Function 

1 Start bit (always 1) 
2 Data bit 0 (least-significant) 
3 Data bit 1 
4 Data bit 2 
5 Data bit 3 
6 Data bit 4 
7 Data bit 5 
8 Data bit 6 
9 Data bit 7 (most-significant) 

Mode 2 Data Stream 
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Each transmission consists of 11 bits sent serially on the 'data' line. A logical! is transmitted at 
an active (high) level. The following shows the functions of the bits. 

Bit Function 

1 Start bit (always 0) 
2 Data bit 0 (least-significant) 
3 Data bit 1 
4 Data bit 2 
5 Data bit 3 
6 Data bit 4 
7 Data bit 5 
8 Data bit 6 
9 Data bit 7 (most-significant) 

10 Parity bit (odd parity) 
11 Stop bit (always 1 ) 

The parity bit is either 1 or 0, and the eight data bits, plus the parity bit, always have an odd 
number of 1 'so 



Clock and Data Signals (continued) 

Keyboard Data Output 

Mode 1 Output 

Mode 2 Output 

The following describes keyboard data output in each mode. 

When the keyboard is ready to send data, it first checks the status of the keyboard 'clock' 
line. If the line is active (high), the keyboard issues a request-to-send (RTS) by making the 
'clock' line inactive (low). The system must respond with a clear-to-send (CTS), generated by 
allowing the 'data' line to become active, within 250 microseconds after RTS, or data will be 
stored in the keyboard buffer. After receiving CTS, the keyboard begins sending the 9 serial 
bits. The leading edge of the first clock pulse will follow CTS by 60 to 120 
microseconds. During each clock cycle, the keyboard clock is active for 25 to 50 
microseconds. Each data bit is valid from 2.5 microseconds before the leading edge until 2.5 
microseconds after the trailing edge of each keyboard clock cycle. 

When the keyboard is ready to send data, it first checks for a keyboard-inhibit or system request
to-send status on the 'clock' and 'data' lines. If the 'clock' line is inactive (low), data is stored in 
the keyboard buffer. If the 'clock' line is active (high) and the 'data' line is inactive (request-to
send), data is stored in the keyboard buffer, and the keyboard receives system data. 

If the 'clock' and 'data' lines are both active, the keyboard sends the 0 start bit, 8 data bits, the 
parity bit, and the stop bit. Data will be valid before the trailing edge and beyond the leading 
edge of the clock pulse. During transmission, the keyboard checks the 'clock' line for an active 
level at least every 60 milliseconds. If the system lowers the 'clock' line from an active level after 
the keyboard starts sending data, a condition known as line contention occurs, and the keyboard 
stops sending data. If line contention occurs before the leading edge of the tenth clock signal 
(parity bit), the keyboard buffer returns the 'clock' and 'data' lines to an active level. If 
contention does not occur by the tenth clock signal, the keyboard completes the 
transmission. Following line contention, the system mayor may not request the keyboard to 
resend the data. 

Following a transmission, the system can inhibit the keyboard until the system processes the 
input, or until it requests that a response be sent. 
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Keyboard Data Input 

Mode 1 Input 
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The following describes keyboard data input in each mode. 

When operating in Mode 1, the keyboard will accept only the Reset command. No other 
commands are valid in Mode 1. 

When the system is ready to send data to the keyboard, it first checks to see if the keyboard is 
requesting to send data. If the keyboard has not sent RTS, the host system may send it, after 
which it must raise and check the keyboard 'data' line. The check must occur within 25 to 40 
microseconds after the system RTS. If the keyboard 'data' line is active (high), the keyboard is 
sending data. The system must then raise the keyboard 'clock' line and prepare to receive the 
first 'clock' signal. This must occur in less than 60 microseconds from the time the keyboard 
'data' line was raised. Failure of the system to comply with any of these requirements can result 
in contention and cause the loss of one byte of data from the keyboard. 

If the keyboard 'data' line is inactive (low) when checked during the 25- to 40-microsecond 
interval after the system RTS, the system has control. The system must wait for the keyboard 
CTS, which is issued between 50 microseconds and 10 milliseconds after the system RTS. 

After successfully receiving a keyboard CTS, the system raises the keyboard 'clock' line and 
prepares to send data. After sending CTS, the keyboard delays for a minimum of 100 
microseconds before sending the first of nine clock cycles on the keyboard 'clock' line. During 
each clock cycle, the keyboard 'clock' line is active (high) for 50 to 100 microseconds and inactive 
(low) for 25 to 50 microseconds. Data from the system is allowed to change whenever the 
keyboard 'clock' line is at an active level. Each bit must be valid prior to the trailing edge of the 
'clock' signal, and remain valid until after the leading edge of the next keyboard 'clock' signal. 

Note: Failure of the system to raise the keyboard 'clock' line after receipt of CTS and 
before the keyboard generates the nine clock cycles, will result in the keyboard reading the 9 
bits from the 'data' line while it is raising and lowering the keyboard 'clock' line. 



Clock and Data Signals (continued) 

Mode 2 Input 

Following the ninth clock cycle, the keyboard raises the keyboard 'clock' line and checks for a 
transmission-halted condition, which is indicated by an inactive (low) level on the keyboard 
'data'line. Following a satisfactory transmission, the system must raise the keyboard 'data' line 
within 25 microseconds after the keyboard raises the keyboard 'clock' line. The keyboard 'data' 
line must be held active (high) for 50 to 100 microseconds. To halt the transmission, the system 
can lower the keyboard 'data' line at any time during the transmission. Following the check for 
a transmission-halted condition, the keyboard will lower the keyboard 'data' line. 

The system should monitor the length of each 'clock' pulse. If the pulse is found to be at an 
active (high) level for more than 100 milliseconds, the system should halt the transmission and 
resend the data. 

When the system is ready to send data to the keyboard, it first checks to see if the keyboard is 
sending data. If the keyboard is sending, but has not reached the tenth 'clock' signal, the system 
can override the keyboard output by forcing the keyboard 'clock' line to an inactive (low) 
level. If the keyboard transmission is beyond the tenth 'clock' signal, the system must receive 
the transmission. 
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If the keyboard is not sending, or if the system elects to override the keyboard's output, the 
system forces the keyboard 'clock' line to an inactive level for more than 60 microseconds while 
preparing to send data. When the system is ready to send the start bit (the 'data' line will be 
inactive), it allows the 'clock' line to go to an active (high) level. 

The keyboard checks the state of the 'clock' line at intervals of no more than 10 milliseconds. If 
a system RTS is detected, the keyboard counts 11 bits. After the tenth bit, the keyboard checks 
for an active level on the 'data' line, and if the line is active, forces it inactive, and counts one 
more bit. This action signals the system that the keyboard has received its data. Upon receipt 
of this signal, the system returns to a ready state, in which it can accept keyboard output, or goes 
to the inhibited state until it is ready. 

If the keyboard 'data' line is found at an inactive level following the tenth bit, a framing error has 
occurred, and the keyboard continues to count until the 'data' line becomes active. The.keyboard 
then makes the 'data' line inactive and sends a Resend. 

Each system command or data transmission to the keyboard requires a response from the 
keyboard before the system can send its next output. The keyboard will respond within 20 
milliseconds unless the system prevents keyboard output. If the keyboard response is invalid or 
has a parity error, the system sends the command or data again. However, the two byte 
commands require special handling. If hex F3 (Set Typematic Rate/Delay), hex FO (Select 
Alternate Scan Codes), or hex ED (Set/Reset Mode Indicators) have been sent and 
acknowledged, and the value byte has been sent but the response is invalid or has a parity error, 
the system will resend both the command and the value byte. 



Keyboard Layouts 

The lOl/102-key keyboard is available in six layouts: 

• French 

• German 

• Italian 

• Spanish 

• U.K. English 

• U . S. English 

The various layouts are shown in alphabetic order on the following pages. Nomenclature is on 
both the top and front face of the keybuttons. The number to the upper right designates the 
keybutton position. 
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French Keyboard 
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Keyboard Layouts (continued) 

German Keyboard 
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Keyboard Layouts (continued) 

Italian Keyboard 
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Keyboard Layouts (continued) 

Spanish Keyboard 
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Keyboard Layouts (continued) 

U.K. English Keyboard 
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u.s. English Keyboard 
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Keyboard 

Specifications 

The specifications for the keyboard follow. 

Power Requirements 

• + .5 Vdc ± 100/0 
• Current cannot exceed 275 rnA 

Size 

• Length: 492 millimeters (19.37 inches) 
• Depth: 210 millimeters (8.27 inches) 
• Height: 58 millimeters (2.28 inches), legs extended 

Weight 

2.25 kilograms (5.0 pounds) 
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Notes 
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Chapter 5. System BIOS 

The basic input/output system (BIOS) resides in ROM on the system board and provides level 
control for the major I/O devices in the system. Additional ROM modules may be placed on 
option adapters to provide device level control for that option adapter. BIOS routines enable 
the assembler language programmer to perform block (disk or diskette) or character-level I/O 
operations without concern for device address and characteristics. System services, such as 
time-of-day and memory size determination, are provided by the BIOS. 

If the sockets labeled V17 and V37 on the system board are empty, additional ROM modules 
maybe placed in these sockets. During POST a test is made for valid code at this location, 
starting at address hex EOOOO and ending at hex EFFFF. More information about these sockets 
may be found under "System Board Additional ROM Modules" later in this chapter. 

The goal of the ROM BIOS is to provide an operational interface to the system and relieve the 
programmer of concern about the characteristics of hardware devices. The BIOS interface 
protects the user from the hardware, allowing new devices to be added to the system, yet 
retaining the BIOS level interface to the device. In this manner, hardware modifications and 
enhancements become transparent to user programs. 

The IBM Personal Computer MA CRO Assembler manual and the IBM Personal Computer Disk 
Operating System (DOS) manual provide useful programming information related to this 
chapter. A complete listing of the BIOS is given later in this chapter. 
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System BIOS Usage 

Parameter Passing 

5-2 System Unit 

Access to BIOS is through program interrupts of the 80286 in the real mode. Each BIOS entry 
point is available through its own interrupt. For example, to determine the amount of base 
RAM available in the system with the 80286 in the real mode, INT 12H will invoke the BIOS 
routine for determining the memory size and return the value to the caller. 

All parameters passed to and from the BIOS routines go through the 80286 registers. The 
prolog of each BIOS function indicates the registers used on the call and return. For the 
memory size example, no parameters are passed. The memory size, in lKb increments, is 
returned in the AX register. 

If a BIOS function has several possible operations, the AH register is used at input to indicate the 
desired operation. For example, to set the time of day, the following code is required: 

MOV AH,l ; function is to set time-of-day 

MOV CX,HIGH COUNT ;establish the current time 

MOV DX.LOW COUNT 

INT lAH ;set the time 

To read the time of day: 

MOV AH,O ; function is to read time-of-day 

INT lAH ;read the timer 

The BIOS routines save all registers except for AX and the flags. Other registers are modified 
on return only if they are returning a value to the caller. The exact register usage can be seen in 
the prolog of each BIOS function. 



System BIOS Usage (continued) 

The following figure shows the interrupts with their addresses and functions. 

Address Int Name BIOS Entry 

0-3 0 Divide by Zero D11 
4-7 1 Single Step D11 
8-B 2 Nonmaskable NMIINT 
C-F 3 Breakpoint D11 
10-13 4 Overflow D11 
14-17 5 Print Screen PRINT SCREEN 
18-1B 6 Reserved D11 
1 D-1 F 7 Reserved D11 
20-23 8 Time of Day TIMER INT 
24-27 9 Keyboard KBINT 
28-2B A Reserved D11 
2C-2F B Communications D11 
30-33 C Communications D11 
34-37 D Alternate Printer D11 
38-3B E Diskette DISK INT 
3C-3F F Printer D11 
40-43 10 Video VIDEO 10 
44-47 11 Equipment Check EQUIPMENT 
48-4B 12 Memory MEMORY SIZE 

DETERMINE 
4C-4F 13 Diskette / Disk DISKETTE 10 
50-53 14 Communications RS23210 
54-57 15 Cassette CASSETTE 

10/System 
Extensions 

58-5B 16 Keyboard KEYBOARD 10 
5C-5F 17 Printer PRINTER 10 
60-63 18 Resident BASIC F600:0000 
64-67 19 Bootstrap BOOT STRAP 
68-6B 1A Time of Day TIME OF DAY 
6C-6F 1B Keyboard Break DUMMY RETURN 
70-73 1C Timer Tick DUMMY RETURN 
74-77 1D Video Initialization VIDEO PARMS 
78-7B 1E Diskette Parameters DISK BASE 
7C-7F 1F Video Graphics Chars 0 

80286 Program Interrupt Listing (Real Mode Only) 
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System BIOS Usage (continued) 

The following figure shows hardware, BASIC, and DOS reserved interrupts. 

Address Interrupt Function 

80-83 20 DOS program terminate 
84-87 21 DOS function call 
88-88 22 DOS terminate address 
8c-8F 23 DOS Ctrl Break exit address 
90-93 24 DOS fatal error vector 
94-97 25 DOS absolute disk read 
98-98 26 DOS absolute disk write 
9C-9F 27 DOS terminate, fix in storage 
AO-FF 28-3F Reserved for DOS 
100-17F 40-5F Reserved 
180-19F 60-67 Reserved for user program interrupts 
1AO-18F 68-6F Not used 
1CO-1C3 70 IRQ 8 Realtime clock INT (BIOS entry 

RTC INT) 
1C4-1C7 71 IRQ 9(BIOS entry RE_OIRECT) 
1 C8-1 C8 72 IRQ 10 (BIOS entry 011) 
1CC-1CF 73 IRQ 11 (BIOS entry 011) 
100-103 74 IRQ 12 (BIOS entry 011) 
104-107 75 IRQ 13 BIOS Redirect to NMI interrupt 

(BIOS entry INT_287) 
108-10B 76 IRQ 14 (BIOS entry 011) 
1 OC-1 OF 77 IRQ 15 (BIOS entry 011) 
1EO-1FF 78-7F Not used 
200-217 80-85 Reserved by BASIC 
218-3C3 86-FO Used by BASIC interpreter while BASIC is 

running 
3C4-3FF F1-FF Not used 

Hardware, BASIC, and DOS Interrupts 

Vectors with Special Meanings 

Interrupt IS-Cassette 1/0: This vector points to the following functions: 

• Device open 

• Device closed 

• Program termination 

• Event wait 

• System Request key pressed 

• Wait 

• Move block 
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System BIOS Usage (continued) 

• Extended memory size determination 

• Processor to protected mode 

Additional information about these functions may be found in the BIOS listing. 

Interrupt 1B-Keyboard Break Address: This vector points to the code that will be executed 
when the Ctrl and Break keys are pressed on the keyboard. The vector is invoked while 
responding to keyboard interrupt, and control should be returned through an IRET 
instruction. The power-on routines initialize this vector to point to an IRET instruction so that 
nothing will occur w hen the Ctrl and Break keys are pressed unless the application program sets a 
different value. 

Control may be retained by this routine with the following problems: 

• The Break may have occurred during interrupt processing, so that one or more End of 
Interrupt commands must be sent to the 8259 controller. 

• All I/O devices should be reset in case an operation was underway at the same time. 

Interrupt 1C-Timer Tick: This vector points to the code that will be executed at every system
clock tick. This vector is invoked while responding to the timer interrupt, and control should be 
returned through an IRET instruction, The power-on routines initialize this vector to point to an 
IRET instruction, so that nothing will occur unless the application modifies the pointer. The 
application must save and restore all registers that will be modified. 

Interrupt 1D-Video Parameters: This vector points to a data region containing the parameters 
required for the initialization of the 6845 on the video adapter. Notice that there are four 
separate tables, and all four must be reproduced if all modes of operation are to be 
supported. The power-on routines initialize this vector to point to the parameters contained in 
the ROM video routines. 

Interrupt 1E-Diskette Parameters: This vector points to a data region containing the 
parameters required for the diskette drive. The power-on routines initialize this vector to point 
to the parameters contained in the ROM diskette routine. These default parameters represent 
the specified values for any IBM drives attached to the system. Changing this parameter block 
may be necessary to reflect the specifications of other drives attached. 
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System BIOS Usage (continued) 

Interrupt IF-Graphics Character Extensions: When operating in graphics modes 320 x 200 or 
640 x 200, the read/write character interface will form a character from the ASCII code point, 
using a set of dot patterns. ROM contains the dot patterns for the first 128 code points. For 
access to the second 128 code points, this vector must be established to point at a table of up to 
1Kb, where each code point is represented by 8 bytes of graphic information. At power-on time, 
this vector is initialized to 000:0, and the user must change this vector if the additional code 
points are required. 

Interrupt 40-Reserved: When a Fixed Disk and Diskette Drive Adapter is installed, the BIOS 
routines use interrupt 40 to revector the diskette pointer. 

Interrupt 41 and 46: These vectors point to the parameters for the fixed disk drives, 41 for the 
first drive and 46 for the second. The power-on routines initialize the vectors to point to the 
appropriate parameters in the ROM disk routine if CMOS is valid. The drive-type codes in 
CMOS are used to select which parameter set the vector points to. Changing this parameter 
hook may be necessary to reflect the specifications of other fixed drives attached. 

Other Read/Write Memory Usage 

5-6 System Unit 

The IBM BIOS routines use 256 bytes of memory from absolute hex 400 to hex 4FF. Locations 
hex 400 to 407 contain the base addresses of any RS-232C adapters attached to the 
system. Locations hex 408 to 40F contain the base addresses of the printer adapter. 

Memory locations hex 300 to hex 3FF are used as a stack area during the power-on initialization 
and bootstrap, when control is passed to it from power-on. If the user desires the stack to be in 
a different area, that area must be set by the application. 



System BIOS Usage (continued) 

The following figure shows the reserved memory locations. 

Address Mode Function 

400-4A1 ROM BIOS See BIOS listing 
4A2-4EF Reserved 
4FO-4FF Reserved as intra-application communication 

area for any application 
500-5FF Reserved for DOS and BASIC 
500 DOS Print screen status flag store 

O=Print screen not active or successful print 
screen operation 
1 =Print screen in progress 
255=Error encountered during print screen 
operation 

504 DOS Single drive mode status byte 
510-511 BASIC BASIC's segment address store 
512-515 BASIC Clock interrupt vector segment: offset store 
516-519 BASIC Break key interrupt vector segment: offset 

store 
51A-51 D BASIC Disk error interrupt vector segment: offset 

store 

Reserved Memory Locations 
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If you do a DEF SEG (default workspace segment): 

Offset Length 

2E 2 Line number of current line being executed 
347 2 Line number of last error 
30 2 Offset into segment of start of program text 
358 2 Offset into segment of start of variables (end of 

program text 1-1) 
6A 1 Keyboard buffer contents 

O=No characters in buffer 
1 =Characters in buffer 

4E 1 Character color in graphics mode* 
BASIC Workspace Variables 

*Set to 1,2, or 3 to get text in colors 1-3. Do not set to O. The default is 3. 

Example 

L H 

Hex 64 Hex 00 

The following is a BIOS memory map. 

Starting Address 

00000 BIOS interrupt vectors 
001 EO Available interrupt vectors 
00400 BIOS data area 
00500 User read/write memory 
EOOOO Read only memory 
FOOOO BIOS program area 

BIOS Memory Map 
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System BIOS Usage (continued) 

BIOS Programming Hints 

The BIOS code is invoked through program interrupts. The programmer should not "hard 
code" BIOS addresses into applications. The internal workings and absolute addresses within 
BIOS are subject to change without notice. 

If an error is reported by the disk or diskette code, you should reset the drive adapter and retry 
the operation. A specified number of retries should be required for diskette reads to ensure that 
the problem is not due to motor startup. 

When altering I/O-port bit values, the programmer should change only those bits necessary to 
the current task. Upon completion, the programmer should restore the original 
environment. Failure to adhere to this practice may cause incompatibility with present and 
future applications. 

Additional information for BIOS programming can be found in Chapter 9 of this manual. 

Adapters with System-Accessible ROM Modules 

The ROM BIOS provides a way to integrate adapters with on-board ROM code into the 
system. During POST, interrupt vectors are established for the BIOS calls. After the default 
vectors are in place, a scan for additional ROM modules occurs. At this point, a ROM routine 
on an adapter may gain control and establish or intercept interrupt vectors to hook themselves 
into the system. 

The absolute addresses hex C8000 through EOOOO are scanned in 2K blocks in search of a valid 
adapter ROM. A valid ROM is defined as follows: 

Byte 0 Hex 55 

Byte 1 HexAA 

Byte 2 A length indicator representing the number of 512-byte blocks in the ROM. 

Byte 3 Entry via a CALL FAR 

A checksum is also done to test the integrity of the ROM module. Each byte in the defined 
ROM module is summed modulo hex 100. This sum must be 0 for the module to be valid. 

When the POST identifies a valid ROM, it does a far call to byte 3 of the ROM, which should be 
executable code. The adapter may now perform its power-on initialization tasks. The 
adapter's ROM should now return control to the BIOS routines by executing a far return. 
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System BIOS Usage (continued) 

System Board Additional ROM Modules 

The POST provides a way to integrate additional ROM modules' code into the system, These 
modules are placed in the sockets marked V17 and V37 if they are empty. A test for additional 
ROM modules on the system board occurs. At this point, the additional ROM, if valid, will 
gain control. 

The absolute addresses hex EOOOO through EFFFF are scanned in a 64K block in search of a valid 
checksum. Valid ROM is defined as follows: 

Byte 0 Hex 55 

Byte 1 HexAA 

Byte 2 Not used 

Byte 3 Entry via a CALL FAR 

A checksum is done to test the integrity of the ROM modules. Each byte in the ROM modules is 
summed modulo hex 100. This sum must be 0 for the modules to be valid. This checksum is 
located at address hex EFFFF. 

When the POST identifies a valid ROM at this segment, it does a far call to byte 3 of the ROM, 
which should be executable code. 

Keyboard Encoding and Usage 

Encoding 
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The keyboard routine provided by IBM in the ROM scan codes into what will be termed 
Extended ASCII. 

Extended ASCII encompasses one-byte character codes with possible values of 0 to 255, an 
extended code for certain extended keyboard functions, and functions handled within the 
keyboard routine or through interrupts. 
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Character Codes 

The following character codes are passed through the BIOS keyboard routine to the system or 
application program. A -1 means the combination is suppressed in the keyboard routine. The 
codes are returned in the AL register. See Chapter 7 in this manual for the exact codes. 

This section describes the interface from the keyboard to the keyboard controller on the system 
board. The scan codes that are described are not necessarily the same scan codes that are 
returned when doing a direct liD from port 60, or when issuing the "Interrupt 16" keyboard 
service to BIOS. For direct liD port 60 and "Interrupt 16" scan code information, refer to 
System BIOS (character codes). 
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The following figure is a keyboard layout showing the key positions. 
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System BIOS Usage (continued) 

Key Base Case US Upper Case US Ctrl Alt AltGr 

1 , '"V -1 -1 -1 
2 1 ! -1 Note 1 -1 
3 2 @ Nul(OOO) Note 1 Note 1 -1 
4 3 # -1 Note 1 -1 
5 4 $ -1 Note 1 -1 
6 5 % -1 Note 1 -1 
7 6 RS(030) Note 1 -1 
8 7 & -1 Note 1 -1 
9 8 * -1 Note 1 -1 
10 9 ( -1 Note 1 -1 
11 0 ) -1 Note 1 -1 
12 - - US(031) Note 1 -1 
13 = + -1 Note 1 -1 
15 Backspace(008) Backspace(008) Del(127) -1 -1 
16 -+ (009) +- (Note 1) -1 -1 -1 
17 q Q DC1 (017) Note 1 -1 
18 w W ETB(023) Note 1 -1 
19 e E ENQ(005) Note 1 -1 
20 r R DC2(018) Note 1 -1 
21 t T DC4(020) Note 1 -1 
22 y Y EM(025) Note 1 -1 
23 u U NAK(021 ) Note 1 -1 
24 i 1 HT(009) Note 1 -1 
25 0 0 SI(015) Note 1 -1 
26 p P DLE(016) Note 1 -1 
27 [ { Esc(027) Note 1 -1 
28 ] I GS(029) -1 -1 
29 \ I FS(028) -1 -1 I 

30 Caps -1 -1 -1 -1 -1 
Lock 

31 a A SOH(001) Note 1 -1 
32 s S DC3(019) Note 1 -1 
33 d D EOT(004) Note 1 -1 
34 f F ACK(006) Note 1 -1 
35 9 G BEL(007) Note 1 -1 
36 h H BS(008) Note 1 -1 
37 j J LF(010) Note 1 -1 
38 k K VT(011 ) Note 1 -1 
39 1 L FF(012) Note 1 -1 
40 , -1 -1 -1 
41 

, 
" -1 -1 -1 

43 Enter Enter LF(010) -1 -1 
44 Shift -1 -1 -1 -1 -1 
46 z Z SUB(026) Note 1 -1 
47 x X CAN(024) Note 1 -1 
48 c C ETX(003) Note 1 -1 
49 v V SYN(022) Note 1 -1 
50 b B STX(022) Note 1 -1 

Character Codes (U.S.) (Part 1 of 2) 
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Key Base Case US Upper Case US Ctrl Alt AltGr 

51 n N SO(014) Note 1 -1 
52 m M CR(013) Note 1 -1 
53 , < -1 -1 -1 
54 > -1 -1 -1 
55 / ? -1 -1 -1 
57 Shift -1 -1 -1 -1 -1 
58 Left -1 -1 -1 -1 -1 

Ctrl 
60 Alt -1 -1 -1 -1 -1 

Left 
61 SP SP SP SP -1 
62 Right Note 3 Note 3 Note 3 Note 3 -1 

Alt 
64 Right -1 -1 -1 -1 -1 

Ctrl 
90 Num -1 -1 Pause (Note 2) -1 -1 

Lock 
106 + + -1 -1 -1 
110 Esc Esc Esc -1 -1 
112 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
113 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
114 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
115 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
116 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
117 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
118 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
119 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
120 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
121 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) --1 
122 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
123 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
124 Note 1 Note 1 Note 1 Note 1 -1 
Print 
Screen 
125 -1 -1 Break (Note 2) -1 -1 
Scroll 
Lock 
126 Note 1 Note 1 Note 1 Note 1 -1 
Pause 

Notes: 
1. Refer to Extended Codes in this section. 
2. Refer to Special Handling in this section. 
3. The Alt Gr characters are obtained by holding down the right Alt key. 

The left Alt key is the real Alt key. 

Character Codes (U.S.) (Part 2 of 2) 
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System BIOS Usage (continued) 

Key Base Case UK Upper Case UK Ctrl Alt AltGr 

1 -, -1 -1 1 
2 1 ! -1 Note 1 -1 
3 2 " N ul(OOO) Note 1 Note 1 -1 
4 3 £ -1 Note 1 -1 
5 4 $ -1 Note 1 -1 
6 5 % -1 Note 1 -1 
7 6 "... RS(030) Note 1 -1 
8 7 & -1 Note 1 -1 
9 8 * -1 Note 1 -1 
10 9 ( -1 Note 1 -1 
11 0 ) -1 Note 1 -1 
12 - - -1 Note 1 -1 
13 = + -1 Note 1 -1 
15 Backspace(008) Backspace(008) Oel(127) -1 -1 
16 (009) (Note 1) -1 -1 -1 
17 q 0 OC1 (017) Note 1 -1 
18 w W ETB(023) Note 1 -1 
19 e E ENO(005) Note 1 -1 
20 r R OC2(018) Note 1 -1 
21 t T OC4(020) Note 1 -1 
22 Y Y EM(025) Note 1 -1 
23 u U NAK(021 ) Note 1 -1 
24 i 1 HT(009) Note 1 -1 
25 a 0 SI(015) Note 1 -1 
26 p P OLE(016) Note 1 -1 
27 [ I Esc(027) Note 1 -1 
28 I } GS(029) -1 -1 
30 Caps -1 -1 -1 -1 -1 

Lock 
31 a A SOH(001) Note 1 -1 
32 s S OC3(019) Note 1 -1 
33 d 0 EOT(004) Note 1 -1 
34 f F ACK(006) Note 1 -1 
35 9 G BEL(007) Note 1 -1 
36 h H BS(008) Note 1 -1 
37 j J LF(010) Note 1 -1 
38 k K VT(011 ) Note 1 -1 
39 1 L FF(012) Note 1 -1 
40 , -1 -1 -1 
41 

, 
@ -1 -1 -1 

42 :# '" 
43 Enter Enter LF(010) -1 -1 
44 Shift -1 -1 -1 -1 -1 
45 \ I -1 -1 -1 

I 
46 z Z SUB(026) Note 1 -1 
47 x X CAN(024) Note 1 -1 
48 c C ETX(003) Note 1 -1 
49 v V SYN(022) Note 1 -1 
50 b B STX(022) Note 1 -1 

Character Codes (United Kingdom) (Part 1 of 2) 

Chapter 5. System BIOS 5-15 



System BIOS 
System BIOS Usage (continued) 

Key Base Case UK Upper Case UK Ctrl Alt AltGr 

51 n N SO(014) Note 1 -1 
52 m M -1 Note 1 -1 
53 , < -1 -1 -1 
54 > -1 -1 -1 
55 / ? -1 -1 -1 
57 Shift -1 -1 -1 -1 -1 
58 Left -1 -1 -1 -1 -1 

Ctrl 
60 Alt -1 -1 -1 -1 -1 

Left 
61 SP SP SP SP -1 
62 Right Note 3 Note 3 Note 3 Note 3 -1 

Alt 
64 Right -1 -1 -1 -1 -1 

Ctrl 
90 Num -1 -1 Pause (Note 2) -1 -1 

Lock 
106 + + -1 -1 -1 
110 Esc Esc Esc -1 -1 
112 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
113 Nul (Note 1) Nul(Note 1) Nul (Note 1) Nul (Note 1) -1 
114 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
115 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
116 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
117 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
118 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
119 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
120 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
121 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
122 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
123 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
124 Note 1 Note 1 Note 1 Note 1 -1 
Print 
Screen 
125 -1 -1 Break (Note 2) -1 -1 
Scroll 
Lock 
126 Note 1 Note 1 Note 1 Note 1 -1 
Pause 

Notes: 
1. Refer to Extended Codes in this section. 
2. Refer to Special Handling in this section. 
3. The Alt Gr characters are obtained by holding down the right Alt key. 

The left Alt key is the real Alt key. 

Character Codes (United Kingdom) (Part 2 of 2) 
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System BIOS Usage (continued) 

Base Case UpperCase 
Key Germany Germany Ctrl Alt AltGr 

1 " 
0 -1 -1 -1 

2 p P -1 Note 1 -1 
3 2 " Nul(OOO) Note 1 Note 1 2 

4 3 § -1 Note 1 3 
5 4 $ -1 Note 1 -1 
6 5 % -1 Note 1 -1 
7 6 & RS(030) Note 1 -1 
8 7 / -1 Note 1 -1 
9 8 ( -1 Note 1 [ 
10 9 ) -1 Note 1 ] 
11 0 = -1 Note 1 -1 
12 {3 ? -1 Note 1 \ 
13 

, , 
-1 Note 1 -1 

14 \ I -1 
15 Backspace(008) Backspace(008) Del(127) -1 -1 
16 --+ (009) ....... (Note 1) -1 -1 -1 
17 q Q DC1(017) Note 1 @ 

18 w W ETB(023) Note 1 -1 
19 e E ENQ(005) Note 1 -1 
20 r R DC2(018) Note 1 -1 
21 t T DC4(020) Note 1 -1 
22 z Z EM(025) Note 1 -1 
23 u U NAK(021 ) Note 1 -1 
24 i 1 HT(009) Note 1 -1 
25 0 0 SI(015) Note 1 -1 
26 p P DLE(016) Note 1 -1 
27 u U Esc(027) Note 1 -1 
28 + * GS(029) -1 "-
30 Caps -1 -1 -1 -1 -1 

Lock 
31 a A SOH(001) Note 1 -1 
32 s S DC3(019) Note 1 -1 
33 d D EOT(004) Note 1 -1 
34 f F ACK(006) Note 1 -1 
35 9 G BEL(007) Note 1 -1 
36 h H BS(008) Note 1 -1 
37 j J LF(010) Note 1 -1 
38 k K VT(011 ) Note 1 -1 
39 1 L FF(012) Note 1 -1 
40 0 0 -1 -1 -1 
41 A A -1 -1 { 
42 :# 

, 
} 

43 Enter Enter LF(010) -1 -1 
44 Shift -1 -1 -1 -1 -1 
45 < > I 

I 
46 Y Y SUB(026) Note 1 -1 
47 x X CAN(024) Note 1 -1 
48 c C ETX(003) Note 1 -1 
49 v V SYN(022) Note 1 -1 
50 b B STX(022) Note 1 -1 

Character Codes (Germany) (Part 1 of 2) 
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System BIOS Usage (continued) 

Base Case UpperCase 
Key Germany Germany Ctrl Alt AltGr 

51 n N SO(014) Note 1 -1 
52 m M -1 Note 1 }l 

53 , , -1 -1 -1 
54 -1 -1 -1 
55 - - -1 -1 -1 
57 Shift -1 -1 -1 -1 -1 
58 Left -1 -1 -1 -1 

Ctrl -1 
60 Alt -1 -1 -1 -1 -1 

Left 
61 SP SP SP SP -1 
62 Right Note 3 Note 3 Note 3 Note 3 -1 

Alt 
64 Right -1 -1 -1 -1 -1 

Ctrl 
90 Num -1 -1 Pause (Note 2) -1 -1 

Lock 
106 + + -1 -1 -1 
110 Esc Esc Esc -1 -1 
112 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
113 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
114 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
115 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
116 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
117 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
118 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
119 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
120 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
121 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
122 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
123 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
124 Note 1 Note 1 Note 1 Note 1 -1 
Print 
Screen 
125 -1 -1 Break (Note 2) -1 -1 
Scroll 
Lock 
126 Note 1 Note 1 Note 1 Note 1 -1 
Pause 

Notes: 
1. Refer to Extended Codes in this section. 
2. Refer to Special Handling in this section. 
3. The Alt Gr characters are obtained by holding down the right Alt key. 

The left Alt key is the real Alt key. 

Character Codes (Germany) (Part 2 of 2) 
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System BIOS Usage (continued) 

Base Case UpperCase 
Key Italy Italy Ctrl Alt AltGr 

1 \ I -1 -1 -1 I 

2 1 ! -1 Note 1 -1 
3 2 " N ul(OOO) Note 1 Note 1 -1 
4 3 £ -1 Note 1 -1 
5 4 $ -1 Note 1 -1 
6 5 % -1 Note 1 -1 
7 6 & RS(030) Note 1 -1 
8 7 / -1 Note 1 -1 
9 8 ( -1 Note 1 -1 
10 9 ) -1 Note 1 -1 
11 0 = -1 Note 1 -1 
12 

, 
? -1 Note 1 -1 

13 I '" -1 Note 1 -1 
15 Backspace(008) Backspace(008) Del(127) -1 -1 
16 .-. (009) +- (Note 1) -1 -1 -1 
17 q 0 DC1 (017) Note 1 -1 
18 w W ETB(023) Note 1 -1 
19 e E ENO(005) Note 1 -1 
20 r R DC2(018) Note 1 -1 
21 t T DC4(020) Note 1 -1 
22 Y Y EM(025) Note 1 -1 
23 u U NAK(021 ) Note 1 -1 
24 i 1 HT(009) Note 1 -1 
25 a 0 SI(015) Note 1 -1 
26 p P DLE(016) Note 1 -1 
27 e e Esc(027) Note 1 [ 
28 + * GS(029) -1 ] 
30 Caps -1 -1 -1 -1 -1 

Lock 
31 a A SOH(001) Note 1 -1 
32 s S DC3(019) Note 1 -1 
33 d D EOT(004) Note 1 -1 
34 f F ACK(006) Note 1 -1 
35 9 G BEL(007) Note 1 -1 
36 h H BS(008) Note 1 -1 
37 j J LF(010) Note 1 -1 
38 k K VT(011 ) Note 1 -1 
39 1 L FF(012) Note 1 -1 
40 0 <1 -1 -1 @ 

41 a 0 -1 -1 =IF 

42 U § -1 
43 Enter Enter LF(010) -1 -1 
44 Shift -1 -1 -1 -1 -1 
45 < > -1 
46 z Z SUB(026) Note 1 -1 
47 x X CAN(024) Note 1 -1 
48 c C ETX(003) Note 1 -1 
49 v V SYN(022) Note 1 -1 
50 b B STX(022) Note 1 -1 

Character Codes (Italy) (Part 1 of 2) 
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System BIOS Usage (continued) 

Base Case UpperCase 
Key Italy Italy Ctrl Alt AltGr 

51 n N SO(014) Note 1 -1 
52 m M -1 Note 1 -1 
53 , , -1 -1 -1 
54 -1 -1 -1 
55 - - -1 -1 -1 
57 Shift -1 -1 -1 -1 -1 
58 Left -1 -1 -1 -1 -1 

Ctrl 
60 Alt -1 -1 -1 -1 -1 

Left 
61 SP SP SP SP -1 
62 Right Note 3 Note 3 Note 3 Note 3 -1 

Ait 
64 Right -1 -1 -1 -1 

Ctrl 
90 Num -1 -1 Pause (Note 2) -1 

Lock 
106 + + -1 -1 
110 Esc Esc Esc -1 
112 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) 
113 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) 
114 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
115 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
116 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
117 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
118 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
119 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
120 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
121 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
122 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
123 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
124 Note 1 Note 1 Note 1 Note 1 -1 
Print 
Screen 
125 -1 -1 Break (Note 2) -1 -1 
Scroll 
Lock 
126 Note 1 Note 1 Note 1 Note 1 -1 
Pause 

Notes: 
1. Refer to Extended Codes in this section. 
2. Refer to Special Handling in this section. 
3. The Alt Gr characters are obtained by holding down the right Alt key. 

The left Alt key is the real Alt key. 

Character Codes (Italy) (Part 2 of 2) 
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System BIOS 

System BIOS Usage (continued) 

Base Case UpperCase 
Key Spain Spain Ctrl Alt AltGr 

51 n N SO(014) Note 1 -1 
52 m M -1 Note 1 -1 
53 , , -1 -1 -1 
54 -1 -1 -1 
55 - - -1 -1 -1 
57 Shift -1 -1 -1 -1 -1 
58 Left -1 -1 -1 -1 -1 

Ctrl 
60 Alt -1 -1 -1 -1 -1 

Left 
61 SP SP SP SP -1 
62 Right Note 3 Note 3 Note 3 Note 3 -1 

Alt 
64 Right -1 -1 -1 -1 -1 

Ctrl 
90 Num -1 -1 Pause (Note 2) -1 -1 

Lock 
106 + + -1 -1 -1 
110 Esc Esc Esc -1 -1 
112 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
113 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
114 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
115 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
116 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
117 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
118 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
119 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
120 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
121 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
122 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
123 Nul (Note 1) Nul (Note 1) Nul (Note 1) Nul (Note 1) -1 
124 Note 1 Note 1 Note 1 Note 1 -1 
Print 
Screen 
125 -1 -1 Break (Note 2) -1 -1 
Scroll 
Lock 
126 Note 1 Note 1 Note 1 Note 1 -1 
Pause 

Notes: 
1. Refer to Extended Codes in this section. 
2. Refer to Special Handling in this section. 
3. The Alt Gr characters are obtained by holding down the right Alt key. 

The left Alt key is the real Alt key. 

Character Codes (Spain) (Part 2 of 2) 
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System BIOS Usage (continued) 

The following figure lists keys that have meaning only in Num Lock, Shift, or Ctrl states. 
Notice that the Shift key temporarily reverses the current Num Lock state. 

Key Num Base Case Alt Ctrl 
Lock 

91 7 Home (Note 1) -1 Clear Screen 
92 4 (Note 1) -1 Reverse Word 

(Note 1) 
94 1 End (Note 1) -1 Erase to EOl 

(Note 1) 
95 / / -1 -1 
96 8 (Note 1) -1 -1 
97 5 -1 -1 -1 
98 2 (Note 1) -1 -1 
99 0 Ins -1 -1 
100 * * -1 Note 1 
101 9 Page Up (Note 1) -1 Top of Text 

and Home 
102 6 (Note 1) -1 Advance Word 

(Note 1) 
102 3 Page Down (Note 1) -1 Erase to EOS 

(Note 1) 
104 Del (Notes 1,2) Note 2 Note 2 
105 - - -1 -1 
107 + + -1 -1 
108 + + (Note 1) -1 -1 
109 Enter Enter IF(010) -1 

Notes: 
1. Refer to Extended codes in this section. 
2. Refer to Special Handling in this section. 

Special Character Codes 
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Extended Codes 

Extended Functions 

5-26 System Unit 

For certain functions that cannot be represented by the standard ASCII code, an extended code is 
used. A character code of 000 (null) is returned in AL. This indicates that the system or 
application program should examine a second code, which will indicate the actual 
function. Usually, but not always, this second code is the scan code of the primary key that was 
pressed. This code is returned in AH. 

Second Function 
Code 
3 Nul Character 
15 -16-25 Alt Q, W, E, R, T, Y, U, 1,0, P 
30-38 Alt A, S, D, F, G, H, J, K, L 
44-50 Alt Z, X, C, V, B, N, M 
59-68 F1 to F1 0 Function keys base case 
71 Home 
72 i 
73 Page Up and Home Cursor 
75 +-

77 -79 End 
80 ! 
81 Page Down and Home Cursor 
82 Ins (insert) 
83 Del (delete) 
84-93 F11 to F20 (uppercase F1 to F1 0) 
94-103 F21 to F30 (Ctrl F1 to F1 0) 
104-113 F31 to F40 (Alt F1 to F1 0) 
114 Ctrl PrtSc (start/stop echo to printer) 
115 Ctrl +- (reverse word) 
116 Ctrl - (advance word) 
117 Ctrl End (erase to end of line - EOL) 
118 Ctrl PgDn (erase to end of screen - EOS) 
119 Ctrl Home (clear screen and home) 
120-131 Alt 1,2,3,4,5,6,7,8,9,0 -, = keys 2-13 
132 Ctrl PgUp (top 25 lines of text and home cursor) 
133 F11 
134 F12 

Keyboard Extended Functions 



Extended Codes (continued) 

Shift States 

Most shift states are handled within the keyboard routine, and are not apparent to the system or 
application program. In any case, the current status of active shift states is available by calling 
an entry point in the ROM keyboard routine. The following keys result in altered shift states: 

Shift: This key temporarily shifts keys 1-14, 16-28,31-41,46-55, 106, and 65-74 to uppercase 
(base case if in Caps lock state). Also, the Shift temporarily reverses the Num Lock or non-Num 
Lock state of keys 91-93,96,98, and 101-103. 

Ctrl: This key temporarily shifts keys 3, 7, 12, 15, 17-28, 31-39,43,29 (US), 42 (WT), 124, 125, 
80,81,85,86, 79, 89,46-52, 101,92, 102,91,93, 100, 103, and 126 to the Ctrl state. The Ctrl 
key is also used with the Alt and Del keys to cause the system-reset function; with the Scroll Lock 
key to cause the break function; and with the Num Lock key to cause the pause function. The 
system-reset, break, and pause functions are described under "Special Handling" later in this 
chapter. 

AIt: This key temporarily shifts keys 2-13, 17-26, 31-39,46-52,61,65-74, and 112-125 to the Alt 
state. The Alt key is also used with the Ctrl and Del keys to cause the system reset function. 

The Alt key also allows the user to enter any character code from 0-255 into the system from the 
keyboard. The user holds down the Alt key and types the decimal value of the characters desired 
on the numeric keypad (keys 91-93, 96-98, and 101-103). The Alt key is then released. If more 
than three digits are typed, a modulo-256 result is created. These three digits are interpreted as a 
character code and are sent through the keyboard routine to the system or application 
program. Alt is handled internal to the keyboard routine. 

Break: The combination of the Ctrl and Break keys results in the keyboard routine signaling 
interrupt hex lA. The extended characters AL = hex 00, AH = hex 00 are also returned. 

Pause: The combination of the Ctrl and Num Lock keys causes the keyboard interrupt routine 
to loop, waiting for any key except Num Lock to be pressed. This provides a system- or 
application-transparent method of temporarily suspending list, print, and so on, and then 
resuming the operation. The key used to resume operation is thrown away. Pause is handled 
internal to the keyboard routine. 

Print Screen: The PrtSc key screen results in an interrupt invoking the print screen 
routine. This routine works in the alphanumeric or graphics mode, with unrecognizable 
characters printing as blanks. 
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Extended Codes (continued) 

5-28 System Unit 

Caps Lock: This key shifts keys 17-26, 31-39, and 46-52 to lock uppercase. When Caps Lock is 
pressed again, it reverses the action. Caps Lock is handled internal to the keyboard 
routine. When Caps Lock is pressed, it toggles the Caps Lock Mode indicator. If the indicator 
was on, it will go off; if the indicator was off, it will go on. 

Scroll Lock: This key is interpreted by appropriate application programs as indicating that the 
use of cursor control keys should cause windowing over the text rather than cursor 
movement. When the Scroll Lock key is pressed again, it reverses the action. The keyboard 
routine simply records the current shift state of the Scroll Lock key. It is the responsibility of 
the application program to perform the function. When Scroll Lock is pressed, it toggles the 
Scroll Lock Mode indicator. If the indicator was on, it will go off; if the indicator was off, it 
will go on. 

Num Lock: This key shifts keys 90-93 and 95-104 to uppercase. When Num Lock is pressed 
again, it reverses the action. Num Lock is handled internal to the keyboard routine. When 
Num Lock is pressed, it toggles the Num Lock Mode indicator. If the indicator was on, it will 
go off; if the indicator was off, it will go on. 

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

SysReq 

When the Sys key is pressed, a hex 8500 is placed in AX, and an interrupt 15 is executed. When 
the Sys key is released, a hex 8501 is placed in AX, and another interrupt 15 is executed. If an 
application is to use the Sys key, the following rules must be observed: 

Save the previous address 

Overlay interrupt vector hex 15 

Check AH for a value of hex 85 

If yes, process may begin 

If no, go to previous address 

It is the responsibility of the application to preserve the value in all registers, except AX, upon 
return. Sys is handled internal to the keyboard routine. 



Extended Codes (continued) 

Special Handling 

Other Characteristics 

The keyboard routine does its own buffering, and the keyboard buffer is large enough to support 
entries by a fast typist. However, if a key is pressed when the buffer is full, the key will be 
ignored and the "alarm" will sound. 

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

System Reset 

The combination of the Alt, Ctrl, and Del keys results in the keyboard routine that starts a 
system reset or reboot. System reset is handled by BIOS. 
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Notes 
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