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COMPAQ COMPUTER CORPORATION 
90-DAY LIMITED WARRANTY 

Compaq Computer Corporation ("COMPAQ") warrants the 
products that it manufactures to be free from defects 
in materials and workmanship for a period of ninety 
days from the date of purchase from COMPAQ or an 
Authorized COMPAQ Computer Dealer. This warranty is 
limited to the original purchaser ("Purchaser") of 
the product and is not transferable. 

During the 90-day (ninety-day) warranty period, 
COMPAQ will repair or replace, at its option, any 
defective products or parts at no additional charge, 
provided that the product is returned, shipping 
prepaid, to COMPAQ or an Authorized COMPAQ Computer 
Dealer. The Purchaser is responsible for insuring 
any product so returned and assumes the risk of loss 
during shipment. All replaced parts and products 
become the property of Compaq. 

Dated proof-of-purchase must be provided by the 
Purchaser when requesting that warranty work be 
performed. The Purchaser may request information on 
how to obtain warranty service by contacting an 
Authorized COMPAQ Computer Dealer or by writing to 
Compaq Computer Corporation, 20555 FM 149, Houston, 
Texas 77070, for further information. 

THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS 
WHICH HAVE BEEN DAMAGED AS A RESULT OF ACCIDENT, 
MISUSE, ABUSE, OR AS A RESULT OF SERVICE OR 
MODIFICATION BY ANYONE OTHER THAN COMPAQ OR AN 
AUTHORIZED COMPAQ COMPUTER DEALER. 

EXCEPT AS EXPRESSLY SET FORTH ABOVE, NO OTHER 
WARRANTIES ARE EXPRESSED OR IMPLIED, INCLUDING, BUT 
NOT LIMITED TO, ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, 
AND COMPAQ EXPRESSLY DISCLAIMS ALL WARRANTIES NOT 
STATED HEREIN. IN THE EVENT THE PRODUCT IS NOT FREE 
FROM DEFECTS AS WARRANTED ABOVE, THE PURCHASER'S SOLE 
REMEDY SHALL BE REPAIR OR REPLACEMENT AS PROVIDED 
ABOVE. UNDER NO CIRCUMSTANCES WILL COMPAQ BE LIABLE 
TO THE PURCHASER OR ANY USER FOR ANY DAMAGES, 
INCLUDING ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, 
EXPENSES, LOST PROFITS, LOST SAVINGS, OR OTHER 
DAMAGES ARISING OUT OF THE USE OF OR INABILITY TO USE 
THE PRODUCT. 

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION 
OF INCIDENTAL OR CONSEQUENTIAL DAMAGES FOR CONSUMER 
PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITATIONS ON 
HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE 
LIMITATIONS MAY NOT APPLY TO YOU. 

THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND 
YOU MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE 
TO STATE. 



NOTATIONAL CONVENTIONS 

Values 

I/O addresses and other values are in hexadecimal 
notation when shown with the letter h after them. 
Memory addresses are always in hexadecimal and are 
expressed as SSSS:OOOO, where SSSS is a 16-bit 
segment and 0000 is a 16-bit offset. All other 
numbers are in decimal notation. 

Ranges 

Ranges or limits for a parameter are shown as a pair 
of values separated by two dots ( .. ). For example, 
4 .. 0 includes numbers 4, 0, and every number in 
between (3, 2, and 1). 

Signal Labels 

Signal values are labelled AO, Al, AlS, etc. Signal 
names are in upper case. Signal names with a dash (-) 
as a suffix indicate that that signal is negative 
when true, or active when low. 

Bit values are labelled bit 7, bit 6, bit 0, etc. 

Labels with the smallest suffixes (AO, bit 0) have 
the least significance or value. 

Register Notation and Usage 

The standard Intel naming conventions are used for 
the 80286 registers. AX, BX, CX, and DX are the 
names of the general registers when used as word
length registers (16-bit). AH, AL, BH, BL, CH, CL, 
DH, and DL are the names for the general registers 
when they are used as byte-length registers (8-bit). 
When addresses are handled, BX usually contains the 
offset. However, SI (source index) or BP (base 
pointer) may also be used with the ES register. 

The ES register denotes the extra segment and is used 
exclusively for address-segment parameter passing; FL 
is the flag register used to return the status of 
some operations. Status is given as the state of one 
of the flags within the register: CF for carry flag, 
IF for interrupt flag, etc. 

The shaded register-set boxes are ignored on input 
and are unchanged for output. An exception is that 
the contents of AX are not guaranteed to be preserved 
across all calls. Always reload the function code in 
AH and the parameter in AL (if any) to repeat a call. 
Register contents are always preserved across BIOS 
calls, unless the register is used to return a value. 



Bit Notation 

Bit fields within a byte or word are shown as a range 
of decimal numbers separated by two dots< .. > and 
enclosed in angle brackets. For example, reference 
to the four most-significant bits in a word is made 
with <15 .. 12>. The higher number, representing the 
most-significant bit, is on the left. 

Common Abbreviations 

The following abbreviations are used throughout this 
guide: 

Abbr. Meaning Comment 
CNTLR Contra 11 er 
OMA Direct Memory Access 
FRI Flux Reversals 

er Inch 
INT Interrupt 
KB Kilobyte 1024 Bytes 
MB Megabyte 1,024,000 Bytes 
ms Millisecond Always preceded by a 

number 
ns Nanosecond Always preceded by a 

number 
RAM Random-Access Memory 
ROM Read-Only Memory 
RTC Real-Time Clock 
TPI Tracks Per Inch 
us Microsecond Always preceded by a 

number 
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Chapter 1 
SYSTEM OVERVIEW 

1.1 INTRODUCTION 

Chapter 1 introduces the COMPAQ PORTABLE 286~ and 
COMPAQ DESKPRO 286' Personal Computers. It al so 
includes information relating to their entire 
systems, such as: 

• System characteristics 

• System components 

• System specifications 

• System interconnection 

• Introduction to the Intel 80286 Microprocessor, 
including the system memory map and 1/0 map 

• System features 

• Connectors 

The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Personal Computer systems are advanced general
purpose computers. Both have the same high 
performance capabilities. The main difference between 
them is that the COMPAQ PORTABLE 286 is portable. 

The COMPAQ DESKPRO 286 has greater memory expansion 
capacity, more board slots, and larger fixed disk 
drive storage capability; requires an external 
monitor; and can operate at 6, 8, or 12 MHz, 
depending on the version of the system board 
installed. 

Figures 1-1 and 1-2 show the two systems. 

1-1 

Figure 1-1. COMPAQ PORTABLE 286 

Figure 1-2. COMPAQ DESKPRO 286 
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1.2 SYSTEM CHARACTERISTICS 

The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Personal Computers share the following 
characteristics: 

• An 80286 microprocessor with an 8-MHz variable 
processing speed. 

NOTE: The COMPAQ PORTABLE 286 and the 8-MHz 
COMPAQ DESKPRO 286 have data processing 
speeds which are switchable between 8 MHz and 
6 MHz. The 12-MHz COMPAQ DESKPRO 286 has a 
switchable processing speed of 12 MHz and 
8 MHz. 

• Up to 2.7 Megabytes (COMPAQ PORTABLE 286) or 
8.1 Megabytes (COMPAQ DESKPRO 286) of physical 
memory (using COMPAQ memory option boards). 

• Numerous mass data storage options, including: 
- Diskette drives (5.25-inch 360-Kbyte or 

1.2-Megabyte or 3.5" 1.44-Megabyte) 
- Fixed disk drives (20-, 30-, 40-, 70- or 

130-Megabyte). 
(20-Megabyte fixed disk drive is the only size 
available for the COMPAQ PORTABLE 286.); 

- Choice of fixed disk drive backup (tape), 
including: 

- 10-Megabyte (COMPAQ PORTABLE 286 and 8-MHz 
COMPAQ DEKSPRO 286) 

- 40-Megabyte (8- and 12-MHz COMPAQ DESKPRO 286). 
- 135-Megabyte (12-MHz COMPAQ DESKPRO 286). 

a Software compatibility with most popular programs 
written for the IBM PC-AT. 

• For the COMPAQ DESKPRO 286, there has been a 
choice of two keyboards: the 101-key (U.S.)/102-
key (international) COMPAQ Enhanced Keyboard or 
the 84-key keyboard. The COMPAQ PORTABLE 286 uses 
the 84-key keyboard. 

NOTE: If your COMPAQ DESKPRO 286 Personal 
Computer is equipped to operate at 12 MHz, 
the COMPAQ Enhanced Keyboard is the only 
available keyboard. 

a Asynchronous co111Tiunications (serial) and printer 
(parallel) interfaces. 

• Choice of three video display controller boards: 
the COMPAQ Video Graphics Controller Board (12-MHz 
COMPAQ DESKPRO 286 only); the COMPAQ Video Display 
Controller Board for graphics and high-resolution 
text; or the Color Graphics board for high
resolution graphics. 

• Real-time clock with battery backup. 

• Security lock. 

• Multipurpose controller board. 

• Multipurpose fixed disk drive controller board 
(COMPAQ DESKPRO 286, 12 Mhz only). 

Table 1-1 lists features of the standard models of 
the COMPAQ PORTABLE 286 Personal Computers that 
operate at 8 and 6 MHz. 

Table 1-2 lists features of the 8-MHz and 12-Mhz 
COMPAQ DESKPRO 286 personal computers. 
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Table 1-1. Features of the COMPAQ PORTABLE 286 Personal Computers 

COMPAQ PORTABLE 286 

Features Model Model 2 

80287 Coprocessor Socket Socket 
Base memory size 256 KB 640 KB 
Memory expansion without adding board 640 KB 640 KB 

Maximum memory with (#) expansion boards 2. 7 MB(l) 2. 7 MB(l) 
360-KB diskette drive Option Option 
1.2-megabyte diskette drive Standard Standard 
10-megabyte fixed disk drive backup (tape) Option Option 

40-megabyte fixed disk drive backup (tape) Option Option 
20-megabyte fixed disk drive (3.5 inch) Option Standard 
Asynchronous interface (9 pin) Standard Standard 
(Printer) interface Standard Standard 

Security lock Standard Standard 
Available expansion slots 3 2 
Total expansion slots 5 5 
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Table 1-2. Features of the Various Models of 8 MHz and 12 MHz COMPAQ DESKPRO 286 Personal Computers 

Features 
80287 Coprocessor Socket 
Maximum Base memory size 

Memory expansion without adding board 
Maximum memory with (#) expansion boards 
5.25-inch 360-KB diskette drive 
5.25-inch 1.2-megabyte diskette drive 

3.5 in. 1.44-megabyte diskette drive 
10-megabyte fixed disk drive backup (tape) 
40-megabyte fixed disk drive backup (tape) 
135-megabyte fixed disk drive backup (tape) 

30-megabyte fixed disk drive 
70-megabyte fixed disk drive (Note 1) 
130-megabyte diskette drive (Note 2) 

20-megabyte intergrated fixed disk drive 

40-megabyte intergrated fixed disk drive 
Asynchronous interface (9 pin) 

Printer interface 
Security lock 

Expansion slots 
Notes: 1. Requires a multipurpose fixed disk drive controller board. 

2. Requires ESDI controller board. 

COMPAQ DESKPRO 286 

8 MHz 12 MHz 
Socket (6-MHz) Socket (8-MHz) 
640 KB 640 KB 
2 .1 MB 2.1 MB 
8.1 MB (3) 8.1 MB (3) 
Supported Supported 
Standard Standard 

Supported 
Supported 
Supported Supported 

Supported 

Supported 
Supported Supported 

Supported 
Supported Supported 

Supported Supported 
Standard Standard 
Standard Standard 
Standard Standard 

8 8 



1.3 SYSTEM COMPONENTS FOR 
8-MHZ 80286-BASED COMPAQ 
PERSONAL COMPUTERS 

The 8-MHz COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Personal Computers are general-purpose computers with 
the following major components: 

11 System boards with: 
- An Intel 80286 microprocessor 
- A socket for an 80287 coprocessor 
- Expansion slots for mass data storage devices, 

video display controller boards, communication 
ports, and other hardware options 

- Progra1T1T1able devices, such as DMA circuits, a 
keyboard controller, an interval timer, 
and an interrupt controller 

The functions of the system boards for the two 
computers are similar, but the ROM and RAM for the 
COMPAQ DESKPRO 286 System Board Version 1 are on a 
separate memory board. 

• A multipurpose controller board that supports two 
internal diskette drives and one fixed disk drive 
backup. The asynchronous co1T1T1unications and 
printer interfaces provide for communications with 
parallel or serial printers, modems, and other 
devices. 

System Overview 1-5 

• A dual-mode video display controller board that 
supports the COMPAQ Dual-Mode Monitor and 
compatible monochrome and color (RGBI) monitors 
(optional with the COMPAQ DESKPRO 286) . Internal 
color monitors are not available for the COMPAQ 
PORTABLE 286. 

• An optional COMPAQ Enhanced Color Graphics Board 
and COMPAQ Color Monitor. (See the COMPAQ 
Enhanced Color Graphics Board Guide for details.) 

• Mass data storage devices, such as diskette 
drives, fixed disk drives, and fixed disk drive 
backup systems, depending on the model. 

11 A power supply that provides the required voltages 
and current for the system board, keyboard, and 
typical expansion boards, such as video 
controllers and memory expansion boards. 

• A fixed disk drive controller board that supports 
selected fixed disk drive options. 

Figure 1-3 shows the system.functional block diagram, 
which is the same for both systems, operating at 
8 MHz. 
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.--------INTERNAL MONITOR CONNECTION 
(COMP AO PORTABLE 286 ONLY) 

.------COMPOSITE VIDEO AND 12 Vdc 
.---- COMPOSITE VIDEO 

DATA 
r---~--- OPTIONAL SECOND 

FIXED DISK DRIVE 
, 

VIDEO DISPLAY 
CONTROLLER 

SYSTEM 
MEMORY BD. 
(NOTE 1) 

SYSTEM BOARD 

RGBI VIDEO 
r- - - -

LIGHT PEN .--1~D~A~T~A~-llFIXED DISK 
CONTROL DRIVE 

.-----ASYNCHRONOUS COMMUNICATIONS 
PARALLEL PRINTER 

CONTROL AND DATA 

1---PO_WE_R--<MONI TOR 

POWER 

POWER DISKETTE DRIVE 

POWER DISKETTE DRIVE 

POWER FIXED DISK 
DRIVE BACKUP I L _______________ {:le~ ~o~ ~) __ _J 

KEYBOARD 

POWER SUPPLY 

SECURITY LOCK 

Notes: 1. The system memory Is Incorporated on the system board 

AC POWER 

for the COMPAQ PORTABLE 286 and the COMPAQ DESKPRO 286 
Version 2 System Boord. 

2. The power coble connects to the fixed disk drive or 
the fixed disk drive back-up. A second flxed disk drive Is not 
available for the COMPAQ PORTABLE 286. 

Figure 1-3. System Block Diagram for Both Systems (COMPAQ Portable 286 and COMPAQ DESKPRO 286) 
Operating at 8 MHz 



1.4 SYSTEM COMPONENTS FOR 
12-MHZ 80286-BASED COMPAQ 
PERSONAL COMPUTERS 

The COMPAQ DESKPRO 286 Personal Computer, equipped to 
operate at 12 MHz, has the following major 
components: 

• System board with: 
- A 12-MHz 80286 microprocessor 
- A socket for an 8-MHz 80287 coprocessor 
- Expansion slots for mass data storage devices, 

video display controller boards, communications 
ports, and other hardware options. 

- Programmable devices, such as direct memory 
access (OMA) circuits, a keyboard controller, 
an interval timer, and an interrupt controller. 

• A multipurpose fixed disk drive controller board 
that supports two internal diskette drives, a 
maximum of two fixed disk drives with integrated 
controllers, and one fixed disk drive backup. The 
asynchronous communications and printer interfaces 
allow communications with parallel or serial 
printers, modems, and other devices. 

• An optional dual-mode video display controller 
board that supports COMPAQ Dual-Mode Monitor, 
COMPAQ Color Monitor, and compatible monochrome 
and color (RGBI) monitors. 

System Overview 1-7 

a An optional COMPAQ Enhanced Color Graphics Board 
and COMPAQ Color Monitor are available. (See the 
COMPAQ Enhanced Color Graphics Board Guide for 
details.) 

a An optional COMPAQ Video Graphics Controller Board 
and optional COMPAQ Video Graphics Color Monitor 
or Video Graphics Monochrome Monitor. 

a Mass data storage devices, such as diskette 
drives, fixed disk drives, and fixed disk drive 
backup systems, depending on the model. 

• A power supply that provides the required voltages 
and current for the system board, keyboard, and 
typical expansion boards. 

• A fixed disk drive controller board that supports 
selected fixed disk drive options. 

Figure 1-4 shows the system functional block diagram 
for the 12-MHz COMPAQ DESKPRO 286 Personal Computer. 
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Figure 1-4. System Block Diagram for the 12-MHz COMPAQ DESKPRO 286 Personal Computer 
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1.5 SYSTEM SPECIFICATIONS 

Tables 1-3 and 1-4 list the system specifications for the COMPAQ PORTABLE 286 and the COMPAQ DESKPRO 286 Personal 
Computers. 

Table 1-3. COMPAQ PORTABLE 286 System Specifications 
System size: 

Weight: 
Air temperature: 

Relative humidity 
( noncondens i ng) : 
Heat output: 
Noise level 
(acoustical): 

Width 20.0 in (S08 mm) 
Height 8.S in (216 nm) 
Depth 16.0 in (406 mm) 
Model 1: 30.3 lb (13.7 kg); Model 2: 33 lb (lS.O kg) 
Operating so· to 104°F (10 to 40°C) 
Nonoperating so· to 140°F (10 to 60°C) 
Shipping -22· to 140°F (-30 to 60°C) 
Nonoperating S% to 90% 
Operating 20% to 80% 
Varies according to options installed; 1024 BTU/hr (maximum) 
Varies according to options installed. Nominal sound power levels (A Scale) 
in decibles per ANSI Sl.29-1979 are: 
S4 (without Fixed Disk Drive Backup) S9 (with Fixed Disk Drive Backup) 

Shock The values, in G's for 11 ms half-sine, of the levels of shock that the system can 
(Ref. Mil-Std-810C): withstand with no damage are: 

Vibration: 

AC power required 
(47 to 62 Hz): 

Maximum altitude: 

Agency compliances: 

Operating: S Nonoperating: 30 
Values, in G's, 0 to peak, sinusoidal, S to SOO Hz, 1/2 octave per minute, of the levels 
of vibration that the system can withstand with no damage are: 
Operating: 0.2S Nonoperating: O.SO 
120 VAC, nominal, with range of 102 to 132 VAC RMS, 3 A maximum, 

or 
230 VAC, nominal, with range of 204 to 264 VAC RMS, 2.S A maximum 
Operating 10,000 ft (3 000 m) 
Shipping 30,000 ft (9 000 ml 
See Chapter 13 for additional monitor specifications. 
120 VAC 220-240 VAC 
UL478 IEC380 
CSA22.2 DIN IEC 380/VDE 806 
FCC Part lS, Class B VDE 871, Class B 
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Table 1-4. COMPAQ DESKPRO 286 System Specifications 
System size: Width 19.8 in (S03 mm) 

Weight: 
Air temperature: 

Relative humidity 
(noncondensing): 
Heat output: 
Noise level 
(acoustical): 

Height 6.4 in (162 mm) 
Depth 16.S in (419 mm) 
Model 1: 37 lb (16.8 kg); Model 20: 42.4 lb (19.1 kg); Model 40: 44 lb (20.0 kg) 
Operating so· to 104"F (10" to 40"C) 
Nonoperating so· to 140"F (10" to 60"C) 
Shipping -22· to 140"F (-30" to 60"C) 
Nonoperating S%to 90% 
Operating 20%to 80% 
Varies according to options installed 1229 BTU/hr (maximum) 
Varies according to options installed. Nominal sound power levels (A Scale) 
in decibles per ANSI Sl.29-1979 are: 
S3 (without Fixed Disk Drive Backup) 62 (with Fixed Disk Drive Backup) 

Shock The values, in G's for 11 ms half-sine, of the levels of shock that the system can 
(Ref. Mil-Std-810C): withstand with no damage are: 

Vibration: 

AC power required 
(47 to 62 Hz): 

Maximum altitude: 

Agency compliances: 

Operating: S Nonoperating: 20 
Values, in G's, 0 to peak, sinusoidal, S to SOO Hz, 1/2 octave per minute, of the levels 
of vibration that the system can withstand with no damage are: 
Operating: O.S Nonoperating: 0.7S 
120 VAC, nominal, with range of 102 to 132 VAC RMS, 4 A max. (SA max., 12 MHz Deskpro 286) 

or 
230 VAC, nominal, with range of 204 to 264 VAC RMS, 2.S A max. (4 A max., 12 MHz Deskpro 286) 
Operating 
Shipping 
See Chapter 

120 VAC 
UL478 
CSA22.2 
FCC Part 

10,000 ft (3 000 m) 
30,000 ft (9 000 m) 
13 for additional monitor specifications. 

220-240 VAC 
IEC380 
DIN IEC 380/VDE 806 

lS, Class B VDE 871, Class B 



1.6 SYSTEM INTERCONNECTIONS 

This section shows interconnections diagrams for the 
following COMPAQ personal computers: 

• COMPAQ PORTABLE 286 Personal Computer - Figure 1-5 

• COMPAQ DESKPRO 286 Personal Computer (8-MHz) -
Figure 1-6 

s COMPAQ OESKPRO 286 Personal Computer (12-MHz) -
Figure 1-7 

System Overview 1-11 
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Figure 1-5. COMPAQ PORTABLE 286 Interconnection Diagram 
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Figure 1-6. COMPAQ DESKPRO 286 (8-MHz) Interconnection Diagram 
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1.7 INTRODUCTION TO THE INTEL 
80286 MICROPROCESSOR 

The Intel 80286 is is a 16-bit microprocessor 
compatible with the Intel 8088 and 8086 processors. 
The enhancements include greater speed, multitasking 
and multiuser capabilities, and an on-chip virtual
memory management unit. 

80286 Software Concepts 

The 80286 has two modes of operation: the Real mode 
and the Protected mode. 

Real Mode 

In the Real mode, the 80286 operates with the same 
memory limitations as the 8086 processor. That is, 
the 80286 addresses 1 Megabyte of memory using only 
the 20 least-significant bits of the 24-bit address 
bus. 

System Overview 1-15 

Protected Mode 

In Protected mode, the 80286 operates in a virtual
memory environment. It uses the full 24-bit address 
bus to directly address as many as 16 megabytes of 
real memory. In the virtual-memory environment, 
programs can specify 1 billion memory locations 
(1 gigabyte) . 

A disk operating system capable of virtual-memory 
operation transfers data in blocks so that a 
specified 30-bit virtual-memory location is addressed 
within the 24-bit real memory space. To use this 
mode, an operating system capable of managing the 
Protected mode must be loaded into the system. 

80286 Hardware Concepts 

The 80286 is a 68-pin very-large-scale integrated 
(VLSI) circuit that serves as the central processor. 

The 80286 uses three buses: a 24-bit address bus, a 
16-bit data bus, and a control bus to communicate 
with and control the rest of the system. 

All devices outside the 80286 are addressed as either 
memory-mapped devices or I/0-mapped devices. The 
M/IO- signal specifies whether a memory-mapped or 
I/0-mapped device or location is being addressed. 
Tables 1-5 and 1-6 list the system memory map and I/O 
map, respectively. 
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Table 1-5. System Memory Map 
Address 
Range(h) 
000000-
09FFFF 
OAOOOO-
OBFFFF 

ocoooo-
ODFFFF 
OEOOOO-
OEFFFF 
OFOOOO-
OFFFFF 
100000-
FDFFFF 
FEOOOO-
FFFFFF 
Notes: 1. 

Allocated 
Space 
640 KB 

128-KB 
Video 
Memor 
128-KB 
ROM 
64-KB 
ROM 
64-KB 
ROM 
15-MB 
RAM 

Assigned Use (If Any) 
System Board Memory 
(See Note 1) 
Reserved 
Graphics Buffer Area 

1/0 Expansion ROM 

System ROM Set 2 (Optional) 

System ROM Set 1 

Expansion Memory 

128-KB Contents are the same 
ROM as OEOOOO-OFFFFF (See Note 2) 

The COMPAQ DESKPRO 286 System Board 
Version 1 base memory is located on the 
COMPAQ DESKPRO 286 System Memory Board. 
The memory for the PORTABLE 286; the 
COMPAQ DESKPRO 286 with System Board 
Version 2, and the 12-MHz system board 
reside on the system memory board. 

2. The system ROM can be addressed within 
either memory space. Memory decoding 
selects the ROM when these addresses are 
used. This arrangement is for software 
compatibility purposes. 

Table 1-6. System 1/0 Map 
Range(h) Function Addressed 

SYSTEM 000-0lF DMA Controller 1 
BOARD 020-03F InterruEt Controller 

040-0SF Interval Timer (8254-2) 
060-06F Keyboard Controller 
070-07F Real-Time Clock, NM! 
080-08F DMA Memory Page Register 
OAO-OBF InterruEt Controller 2 
OCO-ODF DMA Controller 2 
OFO Clear 80287 CoErocessor 
OFl Reset 80287 CoErocessor 
OF8-0FF 80287 Command Ports 

CONTROLLER 
BOARDS 

170-177 Fixed Disk Drive Controller 2 
1F0-1F7 Fixed Disk Drive Controller 
200-207 Game 1/0 
278-27F Parallel Port 3 
2F8-2FF Serial Port 2 (COM2) 
300-31F Not Used 
370-377 Multipurpose Drive or 

Multipurpose Fixed Disk 
Controller 2 

378-37F Parallel Port 2 
380-38F Not Used 
3A0-3AF Not Used 
3B0-3DF Video DisElay Controller 
3BC-3BF LPTl 
3F0-3F7 Multipurpose Drive or 

Multipurpose Fixed Disk 
Controller 1 

3F8-3FF Serial Port 1 (COM!) 
Note: 1/0 address bits A<l5 .. 10> are not decoded. 

1 



1.8 SYSTEM FEATURES 

The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 have 
the following external features: 

• Indicators 

• Switches 

• Security Lock 

• Fuses 

• Connectors 

LED Indicators 

Light-emitting diodes (LED) indicators show the 
activity or the state of the system. LED indicators 
are associated with the following devices: 

• 5.25-inch 1.2-Megabyte diskette drives: two-color 
LED indicator. The light is red during read or 
write operations in the low-density mode (360-KB 
diskettes). The light is green during read or 
write operations in the high-density mode (1.2-
Megabyte diskettes). The LED is white when no 
access is in progress. 

• 3.5-inch 360-Kbyte diskette drives and fixed disk 
drive backup system: LED indicator that lights 
when the drive is accessed. 

System Overview 1-17 

• 3.5-inch 1.44-Megabyte diskette drives: two-color 
LED indicators. The light is orange during read 
or write operation in a low-density mode (720 
Kbyte diskettes) or in a high-density mode (1.44-
Megabtye diskette). 

• Fixed disk drive: LED indicator that lights when 
the fixed disk drive is in use. The LED color 
depends on the fixed disk drive type. 

• The keyboard: three LED indicators that show the 
current state of the CAPS LOCK, NUM LOCK, and 
SCROLL LOCK key functions. 

Security Lock 

Each system has a security lock on the front to 
prevent unauthorized use of the computer (also shown 
in Figures 1-7 and 1-8). When the security lock is 
engaged, the computer ignores any input from the 
keyboard. The security lock on the COMPAQ DESKPRO 
286 also locks in place the system unit cover. 

Switches 

Each system has a single AC power switch that turns 
all system power on or off. The COMPAQ PORTABLE 286 
power switch is located on the left side of the 
system near the fan, as shown in Figure 1-9. The 
COMPAQ DESKPRO 286 power switch is located on the 
rear right corner of the system, as shown in 
Figure 1-11. 



1-18 80286-Based Products Technical Reference Guide 

1.2 MB Diskette Drive 
Activity Light 
Red = 360 KB Mode 
Green = High Density Mode 

Monitor Brightness 

Fixed Disk Drive 
Back- up Activity Light 

Fixed Disk Drive 
Activity Light 

Security Lock 

Keyboard 
LEDs 

Figure 1-8. COMPAQ PORTABLE 286 Front View 

Fixed Disk Drive 
Back-up Activity Light 

Security Lock 

Monitor Brightness 

Green 

1.2 MB Diskette Drive 
Activity Light 

Red = 360 KB Mode 
High Density Mode 

Fixed Disk Drive 
Activity Light 

Keyboard 
LEDs 

Figure 1-9. COMPAQ DESKPRO 286 Front View 
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Figure 1-11. COMPAQ DESKPRO 286 Rear View 
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Fuses 

Each system has a fuse on its AC power input for 
system protection. This fuse is in a removable 
housing that also contains a spare fuse, as shown in 
Figures 1-12 and 1-13. 

Spare Fuse 

System Fuse 

Figure 1-12. COMPAQ PORTABLE 286 Fuse Holder 
with Spare 

SYSTEM FUSE 

SPARE FUSE 

Figure 1-13. COMPAQ DESKPRO 286 Fuse Holder 
with Spare 



Table 1-7 lists the fuse type required by each 
system. 

Table 1-7. COMPAQ PORTABLE 286 and 
COMPAQ DESKPRO 286 Fuse Types 

U.S. 

International 

COMPAQ COMPAQ COMPAQ 
PORTABLE 286 DESKPRO 286 DESKPRO 286 

(12 MHz) 
3 A, 
125 VAC 
2.5 A, 
250 VAC 

4 A, 
125 VAC 
2.5 A, 
250 VAC 

5 A, 
125 VAC 
4 A, 
250 VAC 

1.9 CONNECTIONS 

Each system has several connectors for peripheral 
devices, such as printers, modems, and monitors. 
Refer to Figure 1-11 for the locations of the COMPAQ 
PORTABLE 286 connectors. Refer to Figure 1-14 for 
the locations of the COMPAQ DESKPRO 286 connectors 

9-Pin As)nchronous 

Communications Connector 

25-Pin Parallel Printer Connector 
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Light Pen Connector (Jnternol) 

Composite Video Connector 

RF f,fodulotor Video Connector 

9-Pin RGBI Video Connector 

Figure 1-14. COMPAQ PORTABLE 286 Right Side View 
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Chapter 2 
SYSTEM BOARDS 

2.1 INTRODUCTION 

This chapter contains a block diagram discussion of 
the theory of operation for COMPAQ® personal 
computers with an 80286 Central Processing Unit (CPU) 
operating at 8- and 12-MHz. This chapter is divided 
into two parts to differentiate between the systems. 
The two parts are: 

• PART 1: SYSTEM BOARDS (8- and 6- MHz Only) 

• PART 2: SYSTEM BOARD (12-MHz Only) 

Both parts of this chapter discuss CPU and CPU 
support circuitry, memory system, programmable 
devices, and expansion bus and bus functions as well 
as subsections discussing miscellaneous board 
information, jumpers, and connectors. 

2-1 
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SYSTEM BOARDS (8 AND 6 MHZ ONLY) 

2.2 CPU AND CPU SUPPORT 

The CPU and CPU support circuitry control and monitor 
the system. 

The memory system controls access to and from the 
system Random Access Memory (RAM) and access from the 
system Read-Only Memory (ROM). 

Programmable devices are hard11are devices integrated 
on the system board that can be controlled or 
monitored by software. 

The expansion bus and bus functions allow system 
access to hardware options that may be installed in 
the system. Hardware options may include display 
controllers, communications devices, and additional 
memory. 

Also included in this chapter are discussions of: 

• Miscellaneous System Board Information, such as 
fuses and indicators 

• Jumpers 

• Connectors 

• Schematics 

The 80286 microprocessor uses three busses, the 
24-bit address bus, the 16-bit data bus, and the 
control bus to communicate 11i th and control the 
system. 

All devices outside the 80286 Central Processing 
Unit (CPU) are addressed either as memory-mapped 
devices or 1/0-mapped devices. 

The 80286 is reset when power is applied to the 
system board or after pressing the CTRL, ALT, and DEL 
keys simultaneously. After the CPU is reset, it 
addresses the ROM for instructions. The initial boot 
instructions in ROM check the system RAM and ROM for 
errors (checksums), and then initialize the system. 

System initialization, or restart of the system, 
includes loading the programmable devices, such as 
the keyboard controller, the video controller, the 
RAM, and the with the desired starting values. 

After initializing the system, the CPU loads the Disk 
Operating System (DOS) into memory from the diskette 
or fixed disk drive. The DOS is a program that 
manages and provides a consistent programming 
interface to the hardware. 
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Figure 2-1 is a functional block diagram of the 8- and 6-MHz system boards. 

,----------, ,----------, 
I CPU and CPU SUPPORT I I MEMORY SYSlEM I 

I M/10-' I I 
: 8~~ ,_A~<2-J-... -O>-+-----~--+---< o~::i~ : 
I ~~ I 
I I I I 
L----------~ L----------~ 
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Figure 2-2 shows a functional block diagram of the CPU and CPU support circuitry. 
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80287 

To BIOS Interrupt logic 

0<15 ••. 0> 

0<15 ... 0> 

0<15 ••• 0> 

A<2J .•• O> 

ALE 

IOWC 
System 

IORC 
Control 

Circuitry MWTC 

MROC 

To Memory 
Control Circuitry. 

1/0 Decoding 
Circuitry, 

and 

Bua Control 
Clrcurtry 



2-6 80286-Based Products Technical Reference Guide 

Clock Generator and Ready Interface 

The Clock Generator and READY Interface receives an 
input clock signal from an oscillator circuit and 
generates the clock signal for the 80286 CPU, the 
80287 coprocessor, and the system control circuitry. 
The Clock Generator and READY Interface also monitors 
the power good (PWRGOOD) signal from the system power 
supply to control the system reset functions. 

System Control Circuitry 

The system control circuitry decodes the status 
signals SO, Sl, and M/IO- (and other inputs such as 
CEN/AEN, READY-, et. al.) to control the system bus. 

Table 2-1 shows the bus cycle status definition for 
the status signals. 

Table 2-1. Bus Cycle Status Definition 
M/!0- Sl S2 Type of Bus Cycle 

0 0 0 Interrupt Acknowledge 
0 0 1 I/0 Read (Ports) 
0 0 I/0 Write (Ports) 
0 None: Idle 

0 0 Halt or Shutdown 
0 1 Memory Read 

0 Memory Write 
None: Idle 

80287 Math Coprocessor (Optional) 

The 80287 Math Coprocessor is a high-performance 
numeric processor extension of the 80286, adding 
floating point, extended integer, and BCD data-type 
support. 

The 80287 automatically executes all numeric 
instructions as they are encountered. The 80287 
responds to particular I/O addresses (OOF8h, OOFAh, 
and OOFCh) that are automatically generated by the 
80286. 

The ERROR- signal of the 80287 is connected to IRQ13 
(INT 75h). The BIOS interrupt handler for INT 75h 
routes this interrupt to INT 02h, which is the actual 
routine for coprocessor exceptions. This method is 
used to provide compatibility with 8088/8086 
coprocessor exceptions and to prevent interference 
with the video I/0 interrupt, INT lOh. 

fl. socket is provided on the system boards for the 
80287. A unique feature of the coprocessor is the 
ability to run at 4.0 or 5.33 MHz. 



Clock Function 

The COMPAQ 80286-Based Personal Computer products 
offer the choice of an 8MHz system clock for superior 
processing speed, or a 6MHz system clock to maintain 
compatibility with slower systems. 

General Timing Information 

The CPU status signals (SO, Sl, and M/IO) are decoded 
by the CPU support circuitry to produce the conmand 
strobes used by the rest of the system (ALE, IOWC, 
IORC, MWTC, and MRDC). 

2.3 MEMORY SYSTEM 

Memory Address Decoding 

The 80286 uses addresses <A23 ... AO> and control line 
M/IO- to specify memory locations. The address and 
control lines are decoded to specify memory areas for 
the system RAM and ROM. 

Expansion boards such as memory, disk, or video must 
have their own devices to decode the I/O or memory 
space for that board. 

Figure 2-3 shows a simplified block diagram of memory 
address decoding for the system board. 
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The memory decoder uses the REFRESH-, MRDC-, 
MWTC-, BALE, and LA23 to LA17 address lines to 
generate the MEM16-, RAM-, ROM-, RAS-, and CAS
signals. 

COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
(with System Board Version 2) System Bus 

or 
COMPAQ DESKPRO 286 

(with System Board Version 1) Expansion Bus 

Random-Access 
Memory 
(RAM) 

Parity Memory 
(RAM) 

Read-Only 
Memory 
(ROM) 

Figure 2-3. Memory Address Decoding Simplified 
Block Diagram 
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The 16-bit 80286 microprocessor (CPU) can read data 
from memory as bytes (8 bits), or words (16 bits). 
When a word on an an even boundary is read, an even 
numbered address is given by the CPU, and that 
address and the one above it are simultaneously read 
(Figure 2-4). 

Two CPU cycles are required to read a word on an odd 
boundary. The next-lower even-numbered address is 
first given by the CPU, and the high-order byte of 
that location becomes the low-order 8 bits of the 
word. Then, the next-higher even-numbered address is 
given by the CPU, and the low-order byte of that 
location becomes the high-order 8 bits of the word. 

Odd-numbered, 
High-order Byte 

Byte FFFFh (64K) 

Byte 0003h 
Byte 0001h 

Even-numbered, 
Low-order Byte 

Byte FFFEh (64K-1) 

Byte 0002h 
Byte OOOOh 

Figure 2-4. A 16-Bit Word Divided into Two Bytes 

Memory Support 

Dynamic memory chips (RAM) require support 
circuitry to: 

• Control the chips, using the CAS-, RAS-, and WR-
signals 

• Multiplex the address lines into the RAM 

• Buffer the data lines 

• Refresh the memory cells 

The delay line generates the ENDRAS and STARTCAS 
signals and the signals that control the address 
multiplexing. 

Two AM2966 chips buffer the address lines, and 
sequentially present the high- and low-order address 
lines to the RAM. The delay line controls the timing 
for this multiplexing operation. 

Two 74LS245 chips buffer the data between the RAM and 
the data bus. 

Memory refresh is accomplished by discrete circuitry. 
During memory refresh, every cell of every memory 
location is recharged. 



COMPAQ PORTABLE 286 Memory 
System 

The COMPAQ PORTABLE 286 system board has two banks 
for RAM (Bank 0 and Bank 1), two 16K x 8bit system 
ROMs, and two sockets for additional ROM. A bank of 
memory consists of 18 RAM devices located in two rows 
of 9. 

COMPAQ PORTABLE 286 RAM 

The COMPAQ PORTABLE 286 system board comes with 
128 KB of RAM soldered in the first bank (Bank 0). 
The second bank (Bank 1) is socketed so that either 
64K x 1-bit or 256K x 1-bit RAMs can be used. 

Installing eighteen 64K x 1-bit RAMs in Bank 1 
increases the total system board memory to 256 KB. 
Installing eighteen 256K x 1-bit RAMs in Bank 1 
increases the memory to the maximum size of 640 KB. 

If the COMPAQ PORTABLE 286 is purchased with 
64K x 1-bit RAMs in Bank 1, then the jumper 'MS' is 
installed between pins 1 and 2 (Total RAM= 256KB). 
If 256K x 1-bit chips are used to replace the 
64K x 1-bit chips in Bank 1, then move the jumper 
'Ms' to pins 2 and 3 (Total RAM= 640 KB). 

If the COMPAQ PORTABLE 286 is purchased with 
256K x lbit RAMs in Bank 1, then the jumper 'MS' is 
installed between pins 2 and 3 (Total RAM= 640 KB). 
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In this model, a different decoding device (MEMPAL) 
is used, and when the jumper 'MS' is set between pins 
1 and 2 the system disables the upper 128 KB of 
memory, reducing the total addressable RAM to 512 KB. 
This option is for use with certain software packages 
that will not run with more than 512 KB of system 
RAM. 

The system board uses approved 64K x 1-bit or 
256K x 1-bit dynamic RAM devices with a response time 
of 150 ns or faster. (CAS access time must be 75 ns 
or faster.) 

There are four possible memory configurations for the 
memory on the COMPAQ PORTABLE 286 system board: 

1. 0-256 Kbytes using 64K x 1-bit dynamic RAMS 
(STANDARD Model 1). 

2. 0-640 Kbytes by adding 256K x 1-bit dynamic RAMs 
to the Mode 1 1. 

3. 0-512 Kbytes using 256K x 1-bit dynamic RAMs, with 
Bank O disabled. 

4. 0-640 Kbytes using 256K x 1-bit dynamic RAMs with 
all the memory enabled (STANDARD Model 2). 

In every configuration, the lowest 128 KB of RAM is 
permanently installed (soldered in) as Bank 0. 

Figure 2-5 shows the relationship between the memory 
map and the installed RAM. 
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Configuration 
MEMPAL 
Jumper 

Total Memory 
Setting 

Memory Range 
OOOOOOh 

128 KB 
01FFFFh 

020000h 
256 KB 

03FFFFh 

060000h 
512 KB 

07FFFFh 

080000h 
640 KB 

09FFFFh 

102760-001 
E1-E2 
E5-E6 

Bank 0 
128K 

Bank 1 
128 K 

2 
102760-001 
E1-E2 
E4-E5 

Bank O 
128K 

Bank 
512K 

3 
105045-001 
E2-E3 
E5-E6 

Bank 
512K 

Notes: 1. Configurations 2 and 4 are identical except for the MEMPAL type used. 
2. For configuration 3, Bank 0 remains physically installed, but disabled. 

For this configuration only, address OOOOOOh begins in Bank 1. 

Figure 2-5. COMPAQ PORTABLE 286 Memory Configurations 

4 
105045-001 
E2-E3 
E4-E5 

Bank 0 
128K 

Bank 1 
512 K 



COMPAQ PORTABLE 286 ROM 

The COMPAQ PORTABLE 286 system board has four 28-pin 
sockets for ROM (or EPROM). The ROM sockets are 
addressed as two pairs, each 16 bits wide. The ROM 
pairs are designated ROM Set 1 (always present and 
including address OFFFFOh or FFFFFOh) and ROM Set 2 
(located in the address space 64 KB below ROM Set 1). 

ROM Set 1 contains the BIOS that initializes and 
controls the system. Installed in the ROM Set 1 
sockets are 16K x 8-bit devices, one containing all 
even bytes and the other containing all odd bytes. 
The ROM Set 2 sockets are empty and provide for 
future enhancement. 

ROMs can be, by pairs, either BK, 16K, or 
32K x 8-bit in size and may be either static and 
dynamic. Table 2-2 lists the jumper settings and 
resulting configuration for each type of ROM device. 
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Table 2-2. Jumper Settings for System ROMs 
ROM Set 1 

Jumper Settings ROM Type 
El3-El4 ElO-Ell E16-E17 8Kx8, Static ROM, 250 ns 
E14-E15 ElO-Ell E16-E17 16Kx8, Static ROM, 250 ns 
E13-E14 Ell-E12 El6-El7 Invalid 
E14-E15 Ell-E12 E16-E17 32Kx8, Static ROM, 250 ns 
E13-El4 ElO-Ell E17-El8 8Kx8, Dynamic ROM, 150 ns 
E14-E15 ElO-Ell E17-E18 16Kx8, Dynamic ROM, 150 ns 
E13-E14 Ell-E12 E17-E18 Invalid 
E14-El5 Ell-E12 El7-El8 32Kx8, Dynamic ROM, 150 ns 
ROM Set 2 

Jumper Settings ROM Type 
E7-E8 E4-E5 E19-E20 8Kx8, Static ROM, 250 ns 
E8-E9 E4-E5 E19-E20 16Kx8, Static ROM, 250 ns 
E7-E8 E5-E6 E19-E20 Invalid 
E8-E9 E5-E6 E19-E20 32Kx8, Static ROM, 250 ns 
E7-E8 E4-E5 E20-E21 8Kx8, Dynamic ROM, 150 ns 
E8-E9 E4-E5 E20-E21 16Kx8, Dynamic ROM, 150 ns 
E7-E8 E5-E6 E20-E21 Invalid 
E8-E9 E5-E6 E20-E21 32Kx8, Dynamic ROM, 150 ns 
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There are no jumper headers or plugs; the jumpers are 
etched on the solder side of the board in the 
following configurations: 

ROM Set 1: 16K x 8-bit Static ROM (El4-El5, EID-Ell, 
El6-El 7) 

ROM Set 2: 32K x 8-bit Dynamic ROM (E8-E9, E5-E6, 
E20-E21) 

Changing the jumper settings requires cutting the 
conductors on the bottom side of the board to 
disconnect any unwanted jumpers, and soldering 
wire(s) to connect the jumpers as desired. 

NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 

SYSTEM ROM Set 1 occupies the 64 KB space at address 
OFOOOOh through OFFFFFh and identically at address 
FFOOOOh through FFFFFFh. SYSTEM ROM Set 2 occupies 
the 64 KB space at address OEOOOOh through OEFFFFh 
and identically at address FEOOOOh through FEFFFFh. 

When 32K x 8-bit devices are used, the pair of ROMs 
fill the entire 64KB address space. When l6K x 8-bit 
devices are used, the most significant address bit is 
not decoded, so the ROMs are double mapped into two 
identical 32 KB sections of the 64 KB address space. 

Similarly, when BK x 8-bit devices are used, the two 
most significant address bits are not decoded, so the 
ROMs are mapped into four identical 16 KB sections of 
the 64 KB address space. 

The system tests for the memory size as part of the 
Power-On Self-Test and compares this value with 
configuration memory. Errors detected cause the 
system to enter the SETUP program, if the diagnostic 
diskette or another diskette containing SETUP is 
installed. 



COMPAQ DESKPRO 286 Memory 
System 

The COMPAQ DESKPRO 286 Version 1 memory ROM and RAM 
are provided on a separate adapter board. See 
Chapter 3, "COMPAQ DESKPRO 286 System Memory Board" 
for more information. 

The COMPAQ Deskpro 286 Version 2 system board has 
five banks for RAM, two 16K x 8-bit system ROMS, and 
two sockets for additional ROM. 
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COMPAQ DESKPRO 286 RAM 

The COMPAQ DESKPRO 286 Version 2 System Board has 
128 KB of RAM soldered in the first bank (Bank 0). 
The four remaining banks (Banks 1 through 4) are 
socketed so that either 64K x 1-bit or 256K x 1-bit 
RAMS may be used. Memory must be expanded in full -
bank increments (18 RAM chips) in contiguous and 
ascending order, using the same RAM type (64K or 
256K). 

SWl position 1 indicates the type of RAM in banks 1 
through 4. When banks 1 through 4 are filled with 
64K x 1-bit RAMS, SWl position 1 must be CLOSED. 
When banks 1 through 4 are filled with 256K x 1-bit 
RAMS, SWl position 1 must be OPEN. 

NOTE: When SWl position 1 is closed, positions 4 
and 5 must both be open. 

SWl positions 2 and 3 limit the amount of base memory 
on the system board so that conflicts ~1i th expansion 
memory boards can be avoided. These two switches 
limit memory as shown in Table 2-3 regardless of the 
type of RAM in banks 1 through 4. 
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Table 2-3. 
SWl 

Position 2 
CLOSED 

Base Memory Size Switch Settings 
SWl (1) Total 

Position 3 Base Memory Address Range 
CLOSED Disabled RAM and ROM 

on System Board 
CLOSED 

OPEN 
OPEN 

OPEN 256k 0-256 KB 
CLOSED 512k 0-512 KB 

OPEN 640k 0-640 KB 
Notes: 1. Total Base Memory indicates maximum 

addressable base memory on the system 
board regardless of amount of RAM 
i nsta 11 ed. 

2. CLOSED = ON 
OPEN = OFF 

SWl positions 4 and 5 enable/disable banks 2 through 
4. These switches should be used to limit the amount 
of expansion memory on the system board when 256K x 
1-bit RAMS are used to fill banks 1 through 4. 
(See Table 2-4). 

Table 2-4. Expansion Memory Size Switch Settings 
( 1) Tota 1 

SWl 
Pas 4 

CLOSED 
CLOSED 

OPEN 
OPEN 

SWl 
Pas 5 

CLOSED 
OPEN 

CLOSED 
OPEN 

Banks 
Enabled 

none 
2 

2&3 
2,3,&4 

Expansion Address 
Memory Range 

none 
512K 1. 0-1. 5 MB 

1024K 1.0-2.0 MB 
1536K 1. 0-2. 5 MB 

Notes: 1. Total Expansion Memory indicates maximum 
addressable expansion memory on the system 
board regardless of amount of RAM 
installed. 

2. SWl positions 4 and 5 should both be OPEN 
when 64K x 1-bit RAMS are used to fill 
banks 1 through 4 to ensure that SWl 
positions 2 and 3 operate correctly. 

3. CLOSED = ON 
OPEN = OFF 



Total Memory 
Memory Range 

128 KB 

256 KB 

384 KB 

512 KB 

640 KB 

1152 KB 

1664 KB 

2176 KB 

OOOOOOh 

01FFFFh 

020000h 

03FFFFh 

040000h 

05FFFFh 

060000h 

07FFFFh 

080000h 

09FFFFh 

OAOOOOh 

OFFFFFh 

100000h 

17FFFFh 

180000h 

1FFFFFh 

200000h 

27FFFFh 

Banks 1-4 
filled with 

64K x 1 RAMS 

Bonk 1 
128 K 

Bonk 0 
128K 
(Perm) 

Bonk 2 
128 K 

Bonk 3 
128 K 

Bonk 4 
128 K 

Banks 1-4 
filled with 

256K x 1 RAMS 

Bonk 1 
512 K 

Bonk O 
128K 
(Perm) 

This memory space is reserved for ROMS and 
memory-mopped boards, such as video display controllers. 

Bonk 2 
512 K 

Bonk 3 
512 K 

Bonk 4 
512 K 
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Use SW1 positions 2 and 3 
to disable RAM In this 
address space, 

Use SW1 positions 4 and 5 
ta disable RAM In this 
address space. 

Figure 2-6. COMPAQ DESKPRO 286 Version 2 System Board Memory Configurations 
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The system board uses COMPAQ-approved 64K x 1-bit or 
256K x 1-bit dynamic RAM devices with a response time 
of 150 ns or faster. (CAS access time must be 75 ns 
or faster.) 

COMPAQ DESKPRO 286 Version 2 
System Board ROM 

The COMPAQ DESKPRO Version 2 System Board has four 
2S-pin sockets for ROM or EPROM. The ROM sockets are 
addressed as two pairs, each 16 bits wide and 
designated as ROM Set 1 (always present and including 
address OFFFFOh or FFFFFOh) and system ROM SET 2 
(located in the address space 64 KB below ROM Set 1). 

ROM Set 1 controls the initial system operation 
(resetting and initializing the system). This code 
is known as the BIOS (Basic Input Output System). 
Installed in the two ROM Set 1 sockets are 
16K x S-Bit devices, one containing all even bytes 
and the other containing all odd bytes. The two ROM 
Set 2 sockets are empty and are provided for future 
expansion. 

ROMs can be, by pairs, either SK, 16K, or 32K x S 
bits in size and can be either static or dynamic. 
ROM Set 1 occupies the 64KB space at address OFOOOOh 
through OFFFFFh and identically at address FFOOOOh 
through FFFFFFh. ROM Set 2 occupies the 64 KB space 
at address OEOOOOh through OEFFFFh and identically at 
address FEOOOOh through FEFFFFh. 

When 32K X S-bit ROMs are used, the pair of ROMs fill 
the entire 64 KB address space. When 16K x S-bit 
ROMs are used, the most-significant address bit is 
not decoded, so the ROMs are double-mapped into two 
identical 32 KB sections of the 64 KB address space. 

Similarly, when SK x 8-bit ROMs are used, the two 
most- significant address bits are not decoded, so 
the ROMs are quadruple-mapped into four identical 16 
KB sections of the 64 KB address space. 

Jumpers 

Two jumpers (El and E2) are provided to enable use of 
a variety of types of ROM for special applications. 

Table 2-5 shows the jumper settings and resulting 
configuration for each type of ROM. 



Table 2-5. Jumper Settings for ROM Sets 1 and 2 
ROM Set 1 = El 
ROM Set 2 = E2 
Jumper Settings 
1-2 4-5 7-B 
2-3 4-5 7-B 
1-2 5-6 7-B 
2-3 5-6 7-B 
1-2 4-5 8-9 
2-3 4-5 B-9 
1-2 5-6 8-9 
2-3 5-6 8-9 

ROM Type 
BK x B, Static ROM, 250 ns 
16k x B, Static ROM, 250 ns 
Invalid 
32k x B, Static ROM, 250 ns 
Bk x B, Dynamic ROM, 150 ns 
16k x B, Dynamic ROM, 150 ns 
Invalid 
32k x B, Dynamic ROM, 150 ns 

There are no jumper headers installed. The jumpers 
are etched on the solder side (bottom) of the board 
in the following configurations: 

ROM Set 1:16K x 8-bit Static ROM (El: 2-3, 4-5, 7-8) 

ROM Set 2:32K x B-bit Dynamic ROM (E2: 2-3, 5-6, 8-9) 

Changing the jumper settings requires cutting the 
conductor on the solder side (bottom) of the board to 
disconnect any unwanted jumpers, then soldering 
wire(s) to jumpers as desired. 

NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 
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2.4 PROGRAMMABLE DEVICES 

The system BIOS controls the following system board 
prograrrmable devices: 

• Direct Memory Access (DMA) Controllers 

• DMA Memory Page Register 

• Real-Time Clock and Configuration Memory 

• Keyboard Controller 

• Interval Timer 

• Interrupt Priority Encoder 

These devices are all 1/0 mapped. Corrmands and 
opcodes are directed to the appropriate device by the 
I/0 Port Decoding circuitry. Table 2-6 surrmarizes 
the port addresses used by the devices on the system 
board. 
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Table 2-6. System Board I/O MaE 
Address Bits 

Port 9 8 7 6 5 4 3 2 1 0 Device 
OOh .. OFh 0 0 0 0 0 x y y y y 8237A-5 Byte DMA Controller 
20h .. 2lh 0 0 0 0 1 x x x x y 8259A Interrupt Controller 1 
40h 0 0 0 1 0 x x x 0 0 8254-2 System Clock (Timer 0) 
4lh 0 0 0 1 0 x x x 0 1 8254-2 Refresh Request (Timer 1) 
42h 0 0 0 1 0 x x x 1 0 8254-2 Speaker Tone (Timer 2) 
43h 0 0 0 1 0 x x x 1 1 8254-2 Command Mode Register 
60h 0 0 0 1 1 0 x 0 x 0 8042 Date I/O Register 
6lh 0 0 0 1 0 x x x 1 Port B/C Input/Outputs 
64h 0 0 0 1 1 0 x 1 x 0 8042 Status/Command Register 
70h 0 0 0 1 1 x x x 0 RTC Address Register (bits <5 .. O>) 
70h 0 0 0 1 1 1 x x x 0 NM! Enable Register (bit <7>} 
7lh 0 0 0 1 1 1 x x x 1 RTC Data 1/0 Register 
80h 0 0 0 0 x 0 0 0 0 DMA Page Register Spare 
81h 0 0 0 0 x 0 0 0 1 DMA Page Register CH 2 Page 
82h 0 0 0 0 x 0 0 1 0 DMA Page Register CH 3 Page 
83h 0 0 0 0 x 0 0 1 1 DMA Page Register CH 1 Page 
84h 0 0 0 0 x 0 1 0 0 DMA Page Register Spare 
85h 0 0 0 0 x 0 1 0 1 DMA Page Register Spare 
86h 0 0 0 0 x 0 1 1 0 DMA Page Register Spare 
87h 0 0 0 0 x 0 1 1 1 DMA Page Register CH 0 Page 
88h 0 0 0 0 x 1 0 0 0 DMA Page Register Spare 

(Continued} 
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Table 2-6. (Continued) 
Address Bits 

Port 9 8 7 6 5 4 3 2 1 0 Device 
89h 0 0 1 0 0 x 1 0 0 1 DMA Page Register CH 6 Page 
8Ah 0 0 0 0 x 1 0 1 0 OMA Page Register CH 7 Page 
8Bh 0 0 0 0 x 1 0 1 1 OMA Page Register CH 5 Page 
8Ch 0 0 0 0 x 1 1 0 0 DMA Page Register Spare 
8Dh 0 0 0 0 x 1 0 1 OMA Page Register Spare 
8Eh 0 0 0 0 x 1 1 1 0 OMA Page Register Spare 
8Fh 0 0 0 0 x 1 1 1 1 DMA Page Register Refresh Page 
AOh .. Alh 0 0 1 0 1 x x x x y 8259A Interrupt Controller 2 
COh .. CFh 0 0 1 1 0 y y y y x 8237A-5 Word DMA Controller 
FOh 0 0 1 1 x 0 x x 0 Clear Math Processor Busy 
Flh 0 0 1 1 x 0 x x 1 Reset Math Processor 
F8h .. FFh 0 0 1 1 1 1 y y x 80287 Command Ports 
Notes: 1. x = Don't care. The value of these bits does not affect 

the I/0 address decoding. 
2. Y = Register dependent. 
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1/0 Port Decoding 

The 80286 uses address (A<l5 ... O>) and control lines 
(M/10-) to specify 1/0 operations. Although the 
80286 uses 16 bits for an 1/0 address, the system 
board and expansion boards use only 10 bits 
(A<9 ... O>), therefore 1/0 space is limited to 3FFh. 
The address and control lines are decoded to specify 
1/0 and addresses for the system board I/0-mapped 
devices (OMA controllers, real-time clock, interval 
timer, etc.). 

Expansion boards such as memory, disk, and video must 
have their own devices to decode the 1/0-mapped 
devices for that board. Figure 2-7 shows a 
simplified block diagram of I/O port decoding for the 
system board. 

Control ~--~ 
Bus 

t-------1 Bus 

Address 
Bus 

Controller 

1/0 

Control 

Bus 
t-------1 OMA Controllers 

>-------< OMA Memory 

Page Register 

t-------1 Interval Timer 

Decoder >-------< Keyboard Controller 

0-----1 Interrupt Priority 

Encoders 

1-------< Real-Time Clock and 

Configuration Memory 

>-------< Controller Boards 

Figure 2-7. I/O Address Decoding Simplified 
Block Diagram 



Direct Memory Access Controller 

Direct Memory Access (OMA) is a method of directly 
accessing memory without involving the CPU. OMA is 
normally used to transfer blocks of data to or from 
an 1/0 device. OMA reduces the amount of CPU 
interactions with memory, freeing the CPU for other 
processing tasks. 

The system board uses two Intel 8237 OMA controllers, 
with four bidirectional data channels each. The OMA 
controllers operate at half the system clock rate 
(8 MHz/2 or 4 MHz/2}. Table 2-7 lists the function 
assigned to each OMA channel. 

Table 2-7. OMA Channels Assigned to the Controllers 
Controller 1 (Byte Transfers) 
Channel 
0 

2 
3 

Controller 
Channel 
4 
5 
6 
7 

Function 
S are 
SDLC (Communications) 
Diskette Data Transfers 
S are 
2 (Word Transfers) 
Function 
Cascade for Controller 
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The OMA controllers hold (or define) only 16 bits of 
the 24-bit address. The other 8 address bits are 
contained in the OMA Memory Page Register (74LS612) 
or MAP Gate Array. See the "OMA Memory Page 
Register" section for more information. 

OMA Controller 1 is used for byte (8-bit) data 
transfers (Figure 2-8). OMA Controller 2 is used for 
word (16-bit) data transfers. Unlike the CPU, OMA 
Controller 2 can only transfer words on an even 
boundary. 

24-Bit Address - Controller 1 - Byte Transfers 

Page Register 
B Bits 

A23< )A16 

OMA Controller 
16 Bits 

A15 ~ AD 

23-Blt Address - Controller 2 - Word Transfers 

Page Register 
7 Bits 

A23( >A17 

OMA Controller 
16 Bits 

A16..- Al 

Fl w 
Figure 2-8. Memory Address Derived from Page 

Register and OMA Register Contents 
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A16 from the DMA memory page register is disabled 
when DMA Controller 2 is selected. AO is not 
connected to DMA Controller 2. AO is always 0 when 
word-length transfers are selected. This arrangement 
(not connecting AO) means that the size of the block 
of data that can be moved or addressed is measured in 
16-bit words, rather than 8-bit bytes. 

Since the DMA controllers only contain 16 bits of the 
24-bit address, they can only move blocks of data 
within their ability to address that data. 
OMA Controller 1 can move up to 64K bytes of data. 
DMA Controller 2 can move up to 64K words, or 128K 
bytes of data. 

The DMA controllers are complex devices with several 
registers for commands and status. Table 2-8 shows 
the I/0-map and the commands and formats of the 
registers. 

Transferring Data from 1/0 Devices 
to Memory 

OMA cont ro 11 ers and I /0 devices use the DRQx and DAKx 
signals as "handshaking". When an I/O device has a 
byte or word of data to send, the l/O device makes 
its ORQx line active. When the DAKx line from the 
OMA controller goes active, the device puts its data 
on the data bus. 

Transferring Data from Memory to 
Memory 

The hardware does not support memory-to-memory block 
transfers. 

NOTE: After power-on, it is recommended that a 11 
command, mode, and mask registers be loaded 
with valid values to ensure proper operation 
of the device. 
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Table 2-8. DMA Controller Registers 
Port Addresses 

Register Function Bits Cntlr 1 Cntlr 2 Read/Write 
Status 8 08h DOh Read 
Convnand 8 08h DOh Write 
Mode 6 OBh D6h Write 
Write Single Mask Bit 4 OAh D4h Write 
Write All Mask Bits 4 OFh DEh Write 
Software DRQx Request 4 09h D2h Write 
Base And Current Address - CH 0 16 ooh COh Write 
Current Address - CH O 16 OOh COh Read 
Base & Current Word Count - CH 0 16 Olh C2h Write 
Current Word Count - CH O 16 Olh C2h Read 
Base And Current Address - CH 1 16 02h C4h Write 
Current Address - CH 1 16 02h C4h Read 
Base & Current Word Count - CH 1 16 03h C6h Write 
Current Word Count - CH 1 16 03h C6h Read 
Base And Current Address - CH 2 16 04h C8h Write 
Current Address - CH 2 16 04h C8h Read 
Base & Current Word Count - CH 2 16 05h CAh Write 
Current Word Count - CH 2 16 05h CAh Read 
Base And Current Address - CH 3 16 06h CCh Write 
Current Address - CH 3 16 06h CCh Read 
Base & Current Word Count - CH 3 16 07h CEh Write 
Note: See "RESET POINTER FLIP-FLOP" for an explanation of 16-bit data transfers to the DMA controllers. 

(Continued) 
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Table 2-8. (Continued) 
Port Addresses 

Register Function Bits Cntrl 1 Cntrl 2 Read/Write 
Current Word Count - CH 3 16 07h CEh Read 
Temporary 16 OOh OAh Read 
Reset Pointer Flip-flop (Note 1) OCh 08h Write 
Master Reset (Note 1) OOh OAh Write 
Reset Mask Register (Note 1) OEh OCh Write 
Notes: 1. This is not a register, but a direct command to the OMA Controller. 

2. See "RESET POINTER FLIP-FLOP" for an explanation of 16-bi t data transfers to the OMA contra 11 ers. 



STATUS 

The Status register bits are set (= 1) to indicate 
that a channel has requested OMA access or that a OMA 
process is complete. 

BIT 
76543210 

I I L_ !• CH 0 OMA ,,,,,,, '~''''' 
1= CH 1 OMA process complete 

1= CH 2 OMA process complete 

1= CH 3 OMA process complete 

1= CH 0 OMA request 

1= CH 1 OMA request 

1= CH 2 OMA request 

1= CH 3 OMA request 
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COMMAND 

The corrrnand register bits control the OMA operation. 
All bits are reset (=O) by the master clear 
instruction or a system reset. This register must be 
prograrrrned to 00 for proper system operation. 

BIT 
76543210 

I L_ 0 • M~ocy-to-memocy dl,oble 
1 = Memory-to-memory enable 

0 =CH 0 address hold disable 
1 = CH O address hold enable 
X = If bit 0 = 0 

0 =Controller Enable 
1 = Controller Disable 

~-- O = Normal timing 
1 = Compress timing 
X = If bit 0 = 1 

0 = Fixed priority 
1 = Rotating priority 

0 = Late write selection 
1 = Extended write selection 
X = If bit 3 = 1 

~---- 0 = DRQx sense active high 
1 = DRQx sense active low 

~----- O = DAKx sense active low 
1 = DAKx sense active high 
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MODE WRITE SINGLE MASK BIT 

Each channel has a 6-bit register associated with it. 
The first two bits of the byte written to this 
register specify which channel is being selected. 
These registers specify the operating mode for each 
channel. 

BIT 
76543210 

I I I I 00 • ,,,,,, CH 0 
01 = Select CH 1 
10 = Select CH 2 
11 = Select CH 3 

00 =Verify transfer 
01 =Write transfer 
10 = Read transfer 
11 = 111ega1 
XX= If bits <7 .. 6> = 11 

'----- 0 = Autoinitialization Disable 
1 = Autoinitialization Enable 

~---- 0 =Address increment selected 
1 =Address decrement selected 

~----- 00 = Demand mode se 1 ect 
01 = Single mode select 
10 = Block mode select 
11 = Cascade mode select 

If the BLOCK or DEMAND mode is selected for a 
channel, the total transfer time must not exceed 
15 us or RAM will not be properly refreshed. 

--------------------~ 

This co111T1and sets (=1) or resets (=O) a single mask 
bit. When a mask bit is set, that channel's DRQx is 
disabled. The "WRITE ALL MASK BITS" comnand can set 
or reset all the mask bits. 

BIT 
76543210 I 1 1 00 • S•l•ot CH 0 m•'k b1t 

01 =Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 

0 = Reset mask bit 
1 = Set mask bit 

........_.....__,'-'---- 00000 (Reserved) 



WRITE ALL MASK BITS 

This command sets (=1) or resets (=O) all the mask 
bits. When a bit is set, that channel's DRQx is 
disabled. The "WRITE SINGLE MASK BIT" command can 
set or reset a single mask bit. 

BIT 
76543210 t 0 = Reset CH 0 mask bit 

1 = Set CH 0 mask bit 

0 = Reset CH 1 mask bit 
1 = Set CH 1 mask bit 

0 = Reset CH 2 mask bit 
1 = Set CH 2 mask bit 

0 = Reset CH 3 mask bit 
1 = Set CH 3 mask bit 

l-..L-'-'----- 0000 (Reserved) 
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SOFTWARE DRQx REQUEST 

The DMA controller can respond to software requests 
for DMA as well as hardware requests from DRQx lines. 
The channel must be in the block mode, and the 
appropriate registers (base addresses and so forth) 
must be set before initiating this request. 

BIT 
76543210 

[ 

00 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 

0 =Reset request bit 
1 = Set request bit 

.___..__,__....._._ ___ 00000 (Reserved) 
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BASE AND CURRENT ADDRESS - CHANNELS 0-3 

These 16-bit registers specify the starting 
destination address for the memory transfer. This is 
a write-only register. The 16-bit contents are 
loaded into these registers as a t\10-part opera ti on. 
The first write to this register loads the eight 
least-significant bits. The second consecutive write 
loads the eight most-significant bits. See the 
"RESET POINTER FLIP-FLOP" command. 

CURRENT ADDRESS CHANNELS 0-3 

These 16-bit registers specify either the current 
address, or the destination address for the next data 
transfer. This address is the same as the base 
address, plus address increments or decrements made 
after each data transfer. These are read-only 
registers. The 16-bit contents are read from these 
registers as a two-part operation. The first read 
from this register returns the eight least-
significant bits. The second consecutive 
returns the eight most-significant bits. 
"RESET POINTER FLIP-FLOP" command. 

read 
See the 

BASE AND CURRENT WORD COUNT - CHANNELS 0-3 

These 16-bit registers specify the number of words to 
be transferred. This is a write-only register. The 
16-bit contents are loaded into these registers as a 
two-part operation. 

The first write to this register loads the eight 
least-significant bits. The second consecutive write 
loads the eight most-significant bits. See the 
"RESET POINTER FLIP-FLOP" command. 

CURRENT WORD COUNT - CHANNELS 0-3 

These 16-bit registers specify the number of words 
already moved as part of a data block. These are 
read-only registers. The 16-bit contents are read 
from these registers as a two-part operation. The 
first read from this register returns the eight 
least- significant bits. The second consecutive read 
returns the eight most-significant bits. See the 
"RESET POINTER FL! P-FLOP" command. 



TEMPORARY 

This register is not used in this hardware 
configuration. 

RESET POINTER FLIP-FLOP 

This is a direct command to the OMA controller to 
reset the pointer flip-flop that keeps track of 16-
bit data transfers. This command is given to reset 
the pointer to a known state so that the OMA 
controller will load the high- and low-order bytes in 
the proper sequence. Use this command before writing 
a 16-bit base address or other 16-bit command or data 
to the OMA controller. 

MASTER RESET 

This is a direct command to the OMA contra 11 er to 
reset the OMA controller It has the same effect as a 
hardware reset; the command, status, request, 
temporary, and pointer flip-flop registers are reset 
(=O), and the mask register bits are set (=l). 
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RESET MASK REGISTER 

This is a direct command to the OMA controller to 
reset the mask register, enabling all four channels 
to receive ORQs (data requests). 

OMA Memory Page Register 

The OMA memory page register contains the eight most 
significant bits of the 24-bit address. It works in 
conjunction with the OMA controllers to define the 
complete (24-bit) address for the OMA channels. 
Table 2-9 shows the port address assigned to each 
page register. See the section on the OMA 
controllers for more information. 
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Table 2-9. 
OMA 
Channel 
0 

2 

3 

4 

5 

6 

7 

Port Address For OMA Channels 
Page Register 
1/0 Port Address 
087h 
083h 
081h 
082h 
None 
08Bh 
089h 
08Ah 

Refresh 08Fh (See Note) 
Note: The OMA memory page register for the refresh 

channel must be progra111Tied with OOh for proper 
system operation. 

Real-Time Clock and Configuration 
Memory 

The COMPAQ 286 family computer system boards use the 
Motorola MC146818 device as their Real-Time Clock 
(RTC) and Configuration Memory. This device has a 
total of 64 bytes of memory. The first fourteen 
memory locations are used for the RTC. The remaining 
50 memory locations are used for the system 
configuration. 

A value can be written to or read from all 64 
registers except: 

• Status Registers C and 0, which are read-only 

• Bit 7 of Status Register A, which is read-only 

• The high-order bit of the seconds byte, which is 
read-only 

Figure 2-9 shows the memory map for the MC146818. 



14 Bytes for OOh 
Real-Time 
Clock 

50 Bytes for 
Con figuration 
Memory 

ODh 

Seconds 
Seconds Alarm 
Minutes 
Minutes Alarm 
Hours 
Hours Alarm 
Day of Week 
Date of Month 
Month 
Year 
Register A 
Register B 
Register C 
Register D 

Figure 2-9. MC146818 Memory Map 

OOh 
Olh 
02h 
03h 
04h 
OSh 
06h 
07h 
08h 
09h 
OAh 
OBh 
OCh 
ODh 
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To prevent a loss of time or system configuration, 
the MC146818 uses power obtained from a battery 
mounted on the inside of the computer. The battery 
maintains the time and system configuration during 
power loss for up to three years. The system does 
NOT charge the battery. 

NOTE: If the battery is disconnected or fails 
for any reason, the time and system 
configuration must be reprogralTITied into the 
MC146818. 

To reset the time or system configuration, run the 
SETUP procedure found on the USER'S PROGRAM diskette 
or on the Advanced Diagnostics Diskette. To reset 
the time, use either the SETCLOCK (DOS) command, or 
the appropriate INT !Ah (BIOS) command. 

The MC146818 is an l/O mapped device. Use the 80286 
OUT and IN instructions to read or write to the 
memory in this device. Note that the port 70h is 
shared between the NM! mask register and the 
configuration memory address register. To leave the 
NM! mask enabled, make sure that bit 7 is set to 0 
when writing a RTC address to port 70h. 
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To write a value into memory: 

1. Use OUT 70h, AL to specify the memory location to 
change. 70h is the port number; AL is the memory 
location. 

2. Use OUT 71h, AL to specify the data for the memory 
location. 71h is the port number; AL is the data. 

To read the contents of a memory location: 

1. Use OUT 70h, AL to specify the memory location to 
read. 70h is the port number; AL is the memory 
location. 

2. Use IN AL, 71h to read data stored in that 
location. The returned data is placed in the AL 
register of the 80286. 

Table 2-10 summarizes the types of information stored 
in the MC146818's memory locations. 

Table 2-10. MC146818 Real-Time Clock Memory 
Locations 

Register Function 
OOh Seconds 
Olh Seconds Alarm 
02h Minutes 
03h Minutes Alarm 
04h Hour 
05h Hour Alarm 
06h Day of Week 
07h Day of Month 
08h Month 
09h Year 
OAh Status Register A 
OBh Status Register B 
OCh Status Register C 
ODh Status Register D 
OEh Diagnostic Register 
OFh Reset Code Byte 
lOh Diskette Drive Type 
llh Reserved 
12h Fixed Disk Drive Type 
13h Reserved 
14h Equipment Installed 
15h,16h System Board Memory Size 
17h,18h Extended Memory Installed 

(Continued) 



Table 2-10. (Continued) 
Register Function 
19h-2Ch Reserved 
2Dh Additional Flags 
2Eh,2Fh Checksum Value 
30h,31h Memory More than 1 MB 
32h Century, part of time and date function 
33h System Information 
34h-3Fh Reserved 

Information about registers OAh through 33h follows. 
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STATUS REGISTER BYTE OAh 

BIT 
76543210 liCI 1 1 These bits specify the divider 

frequency for the clock. The 
default value is 0110 (1.024 kHz) 

These bits specify the time base 
frequency. The default value is 
010 (32.768 kHz) 

~----- 0 = OK to read device 
1 = Time update in progress 
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STATUS REGISTER BYTE OBh 

BIT 
76543210 

[ 
0 =No Daylight Savings Time 

(default) 
1 =Daylight Savings Time Selected 

0 = 12-hour Mode 
1 = 24-hour Mode (default) 

0 = Time and Date in BCD Format 
(default) 

1 = Time and Date in Binary Format 

'---- 0 =Output Disabled (default) 
1 = Enables Frequency Output Selected 

by Status Register A 

~--- 0 = Di sab 1 e End-of-update Interrupt 
(default) 

1 = Enable End-of-update Interrupt 

'------ 0 =Disable Alarm Interrupt (default) 
1 = Enable Alarm Interrupt 

0 = Interrupt Disabled (default) 
1 = Enable Interrupt at frequency 

specified by Status Register A 

0 = Normal Operation 
1 = Disable Time Updating so that 

time can be set 

STATUS REGISTER BYTE OCh--READ-ONLY 

BIT 
76543210 

I I ~ 0000 i'''''''"i 
~ 

1

1
1 

= End-of-update Interrupt Flag 

= Alarm Interrupt Flag 

Periodic Interrupt Flag 

Interrupt Output Signal Active 

STATUS REGISTER BYTE ODh 

BIT 
76543210 
11111111 0000000 (Reserved) 

1 = Real-time Clock has not lost power 
0 = Real-time Clock has lost power 



CONFIGURATION BYTE OEh--DIAGNOSTIC STATUS BYTE 

BIT 
76543210 

I I I 00 ''''''''') 

1
1 

=Time is not valid 

= Fixed Disk Drive Controller 
is not working 

~--- 1 = The amount of memory detected 
during the system initialization 
is not the same as the amount 
specified in the configuration 
memory 

= System initialization equipment 
check does not match the 
equipment specified in the 
configuration memory 

= Checksum bad--ROM error 

= Real-time clock has lost power 
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CONFIGURATION BYTE OFh--RESET CODE BYTE 

The reset code tells the system what to do after the 
CPU is reset. The reset code identifies the type of, 
or reason for, reset. The reset code also provides a 
method of resetting the system without losing 
previously-stored data or to return the system to the 
Real Mode from the Protected Virtual Memory Mode. 

BIT 
76543210 
I I I I I II I OOh = Normal power-up reset 

04h = Proceed to load DOS from disk 
05h = Jump to Reset Vector 0040:0067 

after initializing the 8259A 
09h = Block-move Return 
OAh = Jump to Reset Vector 0040:0067 

after initializing the 8259A 
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CONFIGURATION BYTE lOh--DISKETTE DRIVE TYPE 

BIT 
76543210 I I I I l_l_l_J~ Secondary Diskette Drive Type 
~ (use values given below) 

Primary Diskette Drive Type: 
0000 = No diskette drive 
0001 = 360-Kbyte Diskette Drive 
0010 = 1.2-Megabyte Diskette Drive 
0011 = Reserved 

1111 = Reserved 

CONFIGURATION BYTE 12h--FIXED DISK DRIVE TYPE 

BIT 
76543210 I I I I 1 - 1 -'-1~ Value defines second fixed disk dirve type 
~ (use table below) 

Values defines fixed disk drive type: 
Value Size System 
0000 None 
0010 20-MB COMPAQ PORTABLE 286 
0010 20-MB COMPAQ DESKPRO 286 
0110 30-MB COMPAQ DESKPRO 286 
llOQ 70-MB COMPAQ DESKPRO 286 

NOTE: This byte i dent i fies the type of fixed 
disk drive used, not the capacity. 



CONFIGURATION BYTE 14h--EQUIPMENT INSTALLED 

BIT 
76543210 

L_ 0 = No diskette drives are installed 
1 = Diskette drives are installed 

0 = No math coprocessor 
1 =Math coprocessor is installed 

00 (Reserved) 

~--- Type of video display controller 
and operating mode 
00 = Reserved 
01 = Color/Graphics, 40 column 
10 = Color/Graphics, 80 column 
11 = Non-COMPAQ Monochrome/text 

~----- Number of diskette drives i nsta 11 ed 
00 = 1 drive 
01 = 2 drives 
10 = Reserved 
11 = Reserved 
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CONFIGURATION BYTES 15h AND 16h--BASE MEMORY SIZE 

Value indicates valid memory sizes for the base 
memory size: 

Byte 16h Byte 15h Memory Size 
ooh 80h 128 KB 
Olh OOh 256 KB 
02h OOh 512 KB 
02h 80h 640 KB 

CONFIGURATION BYTES 17h AND 18h--MEMORY AMOUNT 

Value indicates valid memory sizes for memory on all 
memory option boards: 

Byte 18h Byte 17h Memory Size 
02h OOh 512 KB 
04h ooh 1024 KB 
06h OOh 1536 KB 

3Bh 80h 15232 KB 
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CONFIGURATION BYTE 2Dh--ADDITIONAL FLAGS 

This byte allows the configuration of special 
features. 

BIT 
76543210 t 0 = Non-dual-scan monitor installed 

1 = Dual-scan monitor installed 

O =Disable keyclick 
1 =Enable keyclick 

0 = Non-COMPAQ video display 
controller installed 

1 =COMPAQ video display controller 
installed 

~~~--- 00000 = Reserved 

CONFIGURATION BYTES 2Eh AND 2Fh--MEMORY CHECKSUM 

Value stored is the checksum for memory addresses 
!Oh .. 2Dh. 

Byte 2Eh = High byte of checksum 

Byte 2Fh = Low byte of checksum 

CONFIGURATION BYTES 30h AND 3lh--MEMORY OVER 1 MB 

Value indicates amount of system memory in excess of 
1 MB. These bytes are updated by the BIOS at 
power-on. 

Byte 3lh Byte 30h Memory Size 
02h OOh 512 KB 
04h OOh 1024 KB 
06h OOh 1536 KB 
08h OOh 2048 KB 
OAh OOh 2560 KB 
OCh OOh 3072 KB 
OEh OOh 3584 KB 
!Oh OOh 4096 KB 
12h OOh 4608 KB 
14h OOh 5120 KB 
16h OOh 5632 KB 
18h OOh 6144 KB 
!Ah OOh 6656 KB 
!Ch OOh 7168 KB 
!Eh OOh 7680 KB 

3Bh 80h 15232 KB 



CONFIGURATION BYTE 32h--DATE, CENTURY 

This is the century part of the current time and date 
encoded in BCD (binary coded decimal). The BIOS sets 
and reads this value. 

CONFIGURATION BYTE 33h--SYSTEM INFORMATION 

BIT 
76543210 I I !_!_LI_!_!~ 000000 (Reserved) 

~ Used by SETUP program 

1 = More than 1 MB of memory 
is installed 
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Keyboard Controller 

An INTEL 8042 single-chip microcomputer provides: 

• An output port for system function control and 
keyboard communication 

• An input port to read system function status 

• A test port to read the status of the keyboard 
clock and data lines 

The 8042 has internal ROM that is custom-programmed 
with keyboard scan codes and operating instructions. 
Figure 2-10 shows a simplified block diagram of the 
keyboard controller. 
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.---- System In terfoce 
(Bidirectional 1/0) 

Command Output 0 Processor Reset 
Register Port 1 A20 Gate 
64h 2 Slowdown ..- or (Port 2) 3 ~eedl!Q_ 

Data 4 Buffer Full INT 
Register ~ 5 Not Connected 
60h 6 CLK 

7 Data 

Status 

t- Register H H Testa 1 KBDCLK 
64h Test1 KBDDATA 

Output Input 0 Not Connected 
~ Buffer Port 1 Not Connected 

60h 2 Not Connected 
(Port 1) 3 Not Connected 

8042 
4 ~eed Jum_Q_er 

Internal 1--' 5 MFG Jum_Q_er 
6 Monitor Selected 

Processor 
7 Enable K~vboard 

Figure 2-10. Keyboard Controller Functional 
Block Diagram 

The 8042 communicates with the keyboard in a 
bidirectional, serial format with a synchronizing 
clock. The 8042 receives serial data, checks its 
parity, translates the 11- or 9-bit scan codes from 
the keyboard into system codes, and interrupts the 
80286 to transfer data into the system. 

Command codes beb1een the 8042 and the keyboard are 
described in Chapter 8. 

The 8042-to-Keyboard Interface 

The 8042 and the keyboard are connected by a four 
conductor, shielded cable that carries a power line, 
a ground line, a data signal, and a clock signal. 

The 8042 and the keyboard communicate in a 
handshaking fashion, using the data and clock lines 
for synchronous serial communication. The data and 
clock lines are driven by open-collector drivers at 
both ends of the cable in a wired-OR fashion. 

The keyboard supplies the synchronizing clock for 
data transmissions in either direction. 

Figure 2-11 shows a simplified schematic of the data 
and clock circuits. 



+5 

From 8042 
Dato Driver 

To 8042 
Dato Input 

+5 

From 8042 
Clock Driver 

Vdc 

Keyboard 
Data Line 

'f------1. 

Vdc 

Keyboard 
Clock Line 

'f------1. 

From Keyboard 
Data Driver 

To Keyboard 
Data Input 

From Keyboard 
Clock Driver 

To 8042 To Keyboard 
Clock Input Clock Input 

Figure 2-11. Simplified Schematic of the 
Data and Clock Circuits 
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11- or 9-Bit Data Transmission Format 

The 8042 adds versatility to the system by allowing 
11- or 9- bit keyboards to be used interchangeably at 
any time. The system sends corrmands to the 8042 to 
specify the type of scan code it expects, and the 
8042 sends that type of scan code, regardless of the 
type of keyboard connected. 

The 8042 automatically tests for keyboard type by 
monitoring the data format. Figure 2-12 shows 11-
and 9- bit data formats with sample data transfers. 
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DATA 
0 1 0 0 0 1 1 0 0 

CLOCK 

l T T T l l l T l l l DO D1 D2 D3 D4 D5 D6 D7 Stop 
LSB MSB Bit 

Start Odd 
Bit Parity 

Bit 
11-BIT DATA FORMAT 

DATA 
0 0 0 0 1 1 0 

CLOCK 

l T l l l T T T T 
DO D1 D2 D3 D4 D5 D6 D7 
LSB MSB 

Start 
Bit 

9-BIT DATA FORMAT 

Note: The keyboard drives the data line low for the 
Stop Bit at the end of a transmission to acknowledge 
the transmission. 

Figure 2-12. 11- and 9-Bit Data Formats 

Table 2-11 lists the 11- and 9-bit data transfer 
timing parameters. 

Table 2-11. Keyboard Data Timing Parameters 
Parameter 11-Bi t 9-Bit 
Clock timing (min.). 60 us 25 us 
Fa 11 i ng edge ta fa 11 i ng edge 
Clock timing (min.), 5 us 5 us 
Fa 11 i ng edge to rising edge 
Transmission Time (max.) 2 us 2 us 
First edge to com~letion 
Time data must be valid 0 us 0 us 
before falling clock edge 
Time data must be valid 5 us 12 us 
after falling clock edge 



8042 Port Functions 

The 8042 has three ports: 

• An 8-bit output port for system function control 
and keyboard communication 

• An 8-bit input port to read system function status 

• A 2-bit test port to read the status of the 
keyboard clock and data lines. 

To write to the output port: 

1. Write command Dlh (next byte is a value byte) to 
I/O address 64h. 

2. Write the desired value for the output port to 
port address 60h. 

To read the 8042 output port value: 

1. Write command DOh (transfer the current output 
port values to the 8042 output buffer) to port 
address 64h. 

2. Read the 8042 output buffer (port address 60h). 

Figure 2-13 shows the bit values for the output port 
of the 8042. 

BIT 
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~ 1 = System RESET Line Active 

0 =Hold Address line 20 (A20) Low 
1 =Enable address line 20 (A20) 

CPU Speed Control 
00 = 6 MHz RAM/6 MHz I/O speed(COMMON) 
01 = 8 MHz RAM/6 MHz I/O speed(FAST) 
10 = 8 MHz RAM/8 MHz I/O speed(HIGH) 
11 = Reserved 

= Output buffer full 

= Input buffer empty 

'------- Keyboard clock - cont ro 11 ed by 
the 8042 

~-----Keyboard data stream - controlled 
by the 8042 

Figure 2-13. 8042 Output Port - Bit Definition 

To read the 8042 input port value: 

1. Write command COh (transfer the current input 
port values to the 8042 output buffer) to I/O 
address 64h. 

2. Read the 8042 output buffer (port address 60h) 
with the special read command A5h. 

Figure 2-14 shows the format of the byte returned 
from the 8042 input port. 
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BIT 

yf f? 0000 (Reserved) 

0 = COMMON (6 MHz RAM/6 MHz I/0 speed) 
1 = FAST (8 MHz RAM/6 MHz I/O speed) 

0 =Jumper EM set on 1-2 (normal) 
1 = Jumper EM set on 2-3 

'"------ O =COMPAQ dual-scan display 

'"------- Security Lock 
0 = Locked 
1 = Unlocked 

Figure 2-14. B042 Input Port - Bit Definition 

To read the 8042 TEST input port value: 

1. Write the command EOh (transfer the current TEST 
input port values to the 8042 output buffer) to 
I/0 address 64h. 

2. Read the B042 output buffer (port address 60h). 

Figure 2-15 shows the format of the byte returned by 
the B042 TEST input port. 

BIT 

lllf llt?~ Testa - Keyboard clock stream 

~ Testl - Keyboard data stream 

000000 (Not Used) 

Figure 2-15. B042 Test Input Port - Bit Definition 

Programming the 8042 

The B042 is I/0-mapped at port addresses 60h and 64h. 

Prior to writing a command or data to ports 60h or 
64h, the 8042 Status register must indicate "Input 
Buffer Empty". Al so, prior to reading data from port 
60h, test the 8042 Status register to ensure a "Data 
in Buffer" condition. 

Port 60h, Data I/0 Register. Use the B02B6's IN 
instruction to read data from the B042's output 
buffer. Data in the Data I/0 register is from the 
keyboard, unless the 8042 has been given a command 
such as 20h, Read Command byte. 

Use the 80286's OUT instruction to send data to the 
keyboard, unless the 8042 has been given a multibyte 
command such as 60h, Write Command Byte. To give a 
multibyte command to the keyboard, write the first 
command byte to port 64h and the second command byte 
to 60h. 



Port 64h, Conmand/Status Register. The following 
pages describe the format for Command/Status register 
{port 64h) I/0 interactions with the 8042. 

Use the 80286's IN instruction to read the status of 
the 8042 and the keyboard (input from port 64h). 

Use the 80286's OUT instruction to give a conmand to 
the 8042 (output to port 64h). Writing to this 
address automatically sets the COMMAND/DATA flag 
to 1. 

Most commands involve a single write step. However, 
some commands do require a second step, such as a 
subsequent 8042 register read or write. 

Figure 2-16 shows the 8042 Status register. Figure 
2-17 shows the 8042 command byte. Table 2-12 lists 
the 8042 command codes. 

BIT 

System Boards (8- and 6-MHz Only) 2-45 

t~ 0 " No "'" '''' io b"ff,, 1 = Data in buffer (input port 60h) 

0 = Input BUffer empty (output port 
60h or 64h) 

= Input buffer full (output port 
60h or 64h) 

~-- 0 = Power-on (cold start) 
1 = Software reset (warm start) 

~--- 0 = Output buffer has data 
1 = Output buffer has command 

0 = Security lock engaged 
1 = Security lock not engaged 

=Transmission Time-out Error: 
No clock--bit 5 set clock, 
no response--bits 5 & 6 set, 
clock and response, but parity 
error--bits 5 & 7 set 

= Receive Time-out Error. 
Keyboard data transmission started, 
but did not finish in 2 ms 

Parity Error detected (11-bit 
format only). If an error is 
detected, a Resend command is 
sent to the keyboard once only, 
as an attempt to recover. 

Figure 2-16. 8042 Status Register (Input Port 64h) 
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BIT L 0 = Do not generate interrupt 
1 = Generate interrupt when 

output buffer full 

0 (Reserved) 

'----- System fl ag--the value written 
to this bit is written into the 
corresponding bit of the status 
register 

'------ 0 = Obey Security Lock state 
1 = Ignore Security Lock 

'----- O = Enable keyboard 
1 =Disable keyboard 

~---- O = Use 11-bit keyboard codes 
1 = Use 9-bit keyboard codes 

~----- 0 = Do not convert keyboard codes. 
1 = Convert keyboard codes to the 

8088/8086 scan codes. 

~------ 0 (Reserved) 

Figure 2-17. 8042 Command Byte (Output Port 64h). 
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Table 2-12. 8042 Command Codes (Output Port 64) 
Code Function 
20h Put the current command byte on the 8042's output port 
60h Load the next byte put into the 8042's input port as the command byte 
Alh COMMON Speed--the 8042 output port selects the 6-MHz RAM/6-MHz I/O speed 

(SLOWDOWN bit= 0 , SPEEDUP bit= 1.) 
A2h FAST Speed--the 8042 output port selects an address-dependent speed 

(SLOWDOWN bit and SPEEDUP bit= 1.) 
A3h HIGH Speed--the 8042 output port selects the 8-MHz RAM/8-MHz I/0 speed (SLOWDOWN bit = 1 , SPEEDUP bit = 
0.) 
A4h Toggle--the 8042 changes its speed-control output port bits between the COMMON mode speed and the speed 

defined with the HIGHSP command (A6h). 
A5h Special Read--the 8042 places the real value of port 2 except for bits 4 and 5 which 

are given a new definition in the output buffer. No output-buffer full is generated. 
If bit 5 = 0 then a 9-bit keyboard is in use 
If bit 5 = 1, then an 11-bit keyboard is in use 
If bit 4 = 0, the interrupt is disabled 
If bit 4 = l, when the output buffer full interrupt is enabled 

A6h HIGHSP--the 8042 interprets the next byte written to port 60h as the maximum speed for the system when the 
Toggle command (A4h) is used. 

Value Highest Speed 
OOh COMMON (6 MHz RAM/6 MHz I/0 speed) 
Olh FAST (address-dependent 8 MHz RAM/6 MHz I/O speed) 
02h HIGH (8 MHz RAM/8 MHz I/0 speed) 

Note: Only the two least-significant bits are used. The other bits should be set to 0. 
(Continued) 
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Table 2-12. (Continued) 
Code Function 
AAh Initialization--the 8042 initializes ports 1 and 2 to their setup value, sets HIGHSP (CPU speed) to the 

value set by the jumper, disables the keyboard and clears the buffer pointers. It then places 55h in the 
out ut buffer. 

ABh Interface Test--directs the 8042 to test the data and clock lines of the keyboard interface. The output 
buffer (input port 60h) receives the test results, according to: 

OOh - No error detected 
Olh - The keyboard clock line is stuck low 
02h - The keyboard clock line is stuck high 
03h - The keyboard data line is stuck l 0~1 
04h - The keyboard data line is stuck high 
05h - COMPAQ diagnostic feature 

Note: The keyboard data line test does not check for line stuck low for 9-bit keyboards. 
ACh Diagnostic Dump--Reserved for diagnostic purposes. 
ADh Disable Keyboard--sets bit 4 of the 8042's command byte, which disables the keyboard interface. Data is 

not sent or received until the keyboard is enabled. 
AEh Enable Keyboard--resets bit 4 of the 8042 's command byte, which enables the keyboard interface. 
COh Read Input Port--directs the 8042 to transfer the status of the input port and place it in the output 

buffer (input port 60h). Use this command only when the output buffer is empty. 
DOh Read Output Port--directs the 8042 to transfer the current byte in the output port to the output buffer 

(input port 60h). The values for the SPEEDUP and SLOWDOWN bits (D6 & Dl) will not be accurate. Use the 
Special Read command (A5h) to read the correct values. Use the Read Output Port command only when the 
output buffer is empty. 

(Continued) 
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Table 2-12. (Continued) 
Code Function 
Dlh Write Output Port--place the next byte written to the 8042 data register (output port 60h) on the 8042's 

output port. The system speed bits are not set by this conrnand--use conrnands Alh to A6h for speed 
functions. 

CAUTION 

Setting bit 0 of the 8042's Output 
Port 0 puts the system in a reset 
state until the power is turned off. 

EOh Read TestO and Testl Inputs--dlrects the 8042 to put the current state of TestO and Testl into the output 
buffer (output port 60h). TestO Is bit 0 and Testl is bit 1. 

FOh-FFh Pulse Output Port--the 8042's output port, bits <3 .. O>, can be pulsed (strobed low) for approximately 
2 us. Bits <3 .. O> of this command byte each represent one bit, or signal of the output port to be pulsed. 
Note: Bit 0 of the 8042's Output Port 0 is connected to the system reset. Pulsing bit 0 will reset the 

system. 



2-50 80286-Based Products Technical Reference Guide 

System Scan Codes Table 2-13. (Continued) 
11-bi t System 9-Bit 

Table 2-13 shows the codes sent by the keyboard to us Keyboard Scan Keyboard 
the 8042 for each key, and the final code sent to the Character Scan Code Code Scan Code 
system by the 8042. Tab ODh OFh OFh 

Q 15h !Oh !Oh 
Table 2-13. Keyboard Scan Codes w lDh llh llh 

11-bit System 9-Bit E 24h 12h 12h us Keyboard Scan Keyboard 
Character Scan Code Code Scan Code R 2Dh 13h 13h 

OOh FFh T 2Ch 14h 14h 

(Note 1) y 35h 15h 15h 

ESC 76h Olh Olh u 3Ch 16h 16h 

1, ! 16h 02h 02h I 43h 17h 17h 

2,@ !Eh 03h 03h 0 44h 18h l8h 

3,# 26h 04h 04h p 4Dh l9h 19h 

4,$ 25h 05h 05h [,{ 54h !Ah !Ah 

5,% 2Eh 06h 06h J.} 5Bh lBh lBh 

6,' 36h 07h 07h RET 5Ah !Ch !Ch 

7,& 3Dh 08h 08h Ctrl 14h lDh lDh 

8,* 3Eh 09h 09h A !Ch !Eh !Eh 

9, ( 46h OAh OAh s lBh lFh lFh 

0,) 45h OBh OBh D 23h 20h 20h 

4Eh OCh OCh F 2Bh 21h 21h 

=,+ 55h ODh ODh G 34h 22h 22h 
<-- 66h OEh OEh (Continued) 

(Continued) 
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Table 2-13. (Continued) Table 2-13. (Continued) 
11-bi t System 9-Bit 11-bi t System 9-Bit 

us Keyboard Scan Keyboard us Keyboard Scan Keyboard 
Character Scan Code Code Scan Code Character Scan Code Code Scan Code 

H 33h 23h 23h Alt llh 38h 38h 
J 3Bh 24h 24h S[!ace 29h 39h 39h 
K 42h 25h 25h Caps 58h 3Ah 3Ah 
L 4Bh 26h 26h Lock 

... 4Ch 27h 27h Fl OSh 3Bh 3Bh 

52h 28h 28h F2 06h 3Ch 3Ch 

OEh 29h 29h F3 04h 3Dh 3Dh 

Lshift 12h 2Ah 2Ah F4 OCh 3Eh 3Eh 

\.I SDh 2Bh 2Bh FS 03h 3Fh 3Fh 

z !Ah 2Ch 2Ch F6 OBh 40h 40h 

x 22h 2Dh 2Dh F7 02h,83h 41h 4lh 

c 21h 2Eh 2Eh (Note 2) 

v 2Ah 2Fh 2Fh F8 OAh 42h 42h 

B 32h 30h 30h F9 Olh 43h 43h 

N 31h 31h 31h FlO 09h 44h 44h 

M 3Ah 32h 32h Nurn Lock 77h 45h 45h 

• ,< 41h 33h 33h Scroll 7Eh 46h 46h 

> 49h 34h 34h Lock 

/,? 4Ah 35h 35h Horne .7 6Ch 47h 47h 

Rshift 59h 36h 36h Up,8 75h 48h 48h 

*,PrtSc 7Ch 37h 37h PgUp,9 7Dh 49h 49h 

(Continued) (Continued) 
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Table 2-13. (Continued) Table 2-13. (Continued) 
11-bi t System 9-Bit 11-Bi t System 9-Bit 

us Keyboard Scan Keyboard us Keyboard Scan Keyboard 
Character Scan Code Code Scan Code Character Scan Code Code Scan Code 

7Bh 4Ah 4Ah R 60h 55h 
Left, 4 6Bh 4Bh 4Bh (Note 3) 

5 73h 4Ch 4Ch R 6lh 56h 
Right,6 74h 4Dh 4Dh (Note 3) 

+ 79h 4Eh 4Eh Fll 78h 57h 

End,1 69h 4Fh 4Fh (Note 4) 

Down,2 72h 50h 50h Fl2 07h 58h 

PgDn,3 ?Ah 51h 51h 
(Note 4) 
R 59h through 7Fh 

lns,O ?Oh 52h 52h (Note 3) 
Del,. 71h 53h 53h Notes: 1. When the 8042 cannot read data from the 
Sys Req 7Fh,84h 54h keyboard, the 8042 sends FFh to the system, 

(Note 2) and sets the parity error bit of the Status 
(Continued) register. 

2. The second value is generated when the 8042 
translates a 9-bit code to an 11-bit code. 

3. R = Reserved 
4. The Fll and F12 keys (System Scan Codes 57H 

and 58h respectively) are only available on 
the COMPAQ Enhanced Keyboard. 



8042/Keyboard Communications Time 
Restraints 

If a code transmission from the keyboard exceeds 
2 ms, a time-out error results and the 8042 sends FFh 
to the system. No retries are attempted from a time
out error. 

A keyboard clock signal strobes the 8042 during a 
data transmission to cycle data bits from the 8042 to 
the keyboard. 

If the keyboard clock does not begin strobing within 
15 ms after a byte is ready to transmit, or if the 
byte is not completely transmitted within 2 ms, the 
8042 sends FEh to the system and sets the transmit 
time-out error bit in the status register. 

The keyboard must respond to all transmissions from 
the 8042 within 25 ms, or the parity and time-out 
error bits are set in the status register of the 8042 
and FEh is sent to the system. No retries are 
attempted by the 8042 after any data transmission 
error. 
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Security Key Lock 

The security key lock is connected to the Pl7 line of 
the 8042 keyboard processor. When the security lock 
is unlocked, the keyboard is disabled. This feature 
allows a program to continue without accidental 
interference. 

Interval Timer 

The purpose of a programmable interval timer is to 
generate pulses at software-controllable intervals. 

An Intel 8254 Programmable Interval Counter on the 
system boards provide three frequencies, or timed 
pulses for the system. The three counters count down 
a 16-bit value at a rate of 1.193 million counts-per
second and give an output pulse on the OUT pins. 
Table 2-14 lists the interval timer functions. 

Two channels (interrupt and refresh) are on at all 
times; only the speaker tone can be disabled and 
enabled. 
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Table 2-14. 

Function 
Gate 
Clock In 
Clock Out 

Function 
Gate 
Clock In 
Clock Out 

Function 
Gate 
Clock In 
Clock Out 

Interval Timer Functions 
Counter 0 
System Timer 
Al v1ays On 
1.193 MHz 
8259A IRQO 
Counter 1 
Refresh Request 
Always On 
1.193 MHz 
Request Refresh 
Counter 2 
Speaker Tone 
Programmable 
1.193 MHz 
Speaker Input 

Interval Timer Architecture 

The interval timer contains three identical counters. 
Figure 2-18 shows the architecture of the interval 
timer. CRm and CRl contain the most- and least
significant bytes of the 16-bit initial count value. 
These registers are cleared when they are both 
transferred into CE. 

Control 
Word 
Register 

Control 
Logic 

·Status 

Latch 

Gate(n) 

Out(n) 

Internal Bus 

Figure 2-18. Counter Architecture 



CE is the actual "Counting Element" latch that 
contains the value being counted down. 

Olm and OLl contain the most- and least-significant 
bytes of the CE value, unless a latch command is 
given. In this case, the Olm and OLl registers hold 
the count until read. 

Programming the Interval Timer 

The timer is an I/0-mapped device. Table 2-15 lists 
the ports used. Several commands are available: 

• The Control Word specifies: 
- which counter to read or write 
- the operating mode 
- the count format 

• The Counter-Latch command latches the current 
count so that it can be read by the system. The 
count-down process continues. 

• The Read-Back command reads the count value, 
programmed mode, the current state of the OUT 
pins, and the state of the Null Count Flag of the 
selected counter. 
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Table 2-15. Interval Timer Port Assignments 
Port Function 
40h Read or Write Count for Counter 0 

(System Clock) 
41h Read or Write Count for Counter 1 

(Refresh Request) 
42h Read or Write Count for Counter 2 

(Speaker Tone) 
43h Input for Control Word, Counter 

Latch, or Read-Back commands 
(Command Mode Register) 
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Interval Timer Operating Modes and Initial 
Values 

Six operating modes are available (See Table 2-16). 

Table 2-16. Interval Timer Operating Modes 
Mode Function 
0 Out signal on end-of-count (=O) 

Hardware retriggerable one-shot 
2 Rate generator (divide-by-n counter) 
3 Square-wave output 
4 Software-triggered strobe 
5 Hardware-triggered strobe 

The three counters are initialized with the values 
shown in Table 2-17. 

Table 2-17. Interval Timer Initial Values 
Control 

Counter Mode Word Count Freguency 
0 3 36h 65535 18.207 Hz 

2 54h 19 62. 799 KHz 
(See Note) 

2 3 B6h 1336 893 .10 Hz 
Note: Only the least-significant byte of the divisor 

is loaded. 

Programming the interval timer is a simple process: 

1. Write a control word. 

2. Write an initial count for each counter. 

3. Load the least- and most-significant bytes of the 
16-bit counter in two steps (writes). 



Interval Timer Control Word Format 

The Control Word specifies the counter, whether it is 
to be written to or read from, the operating mode, 
and whether it counts down in a 16-bit or binary
coded decimal (BCD) format. 

BIT 

llt9~ 0 =Binary Countdown 
Ll_l______ 1 = BCD Countdown 

000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
011 = Mode 3 
100 = Mode 4 
101 = Mode 5 

~---- 00 = Counter-1 at ch comnand 
(See Counter-latch command) 

01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least, then most significant 

byte 

~------ 00 = Se 1 ect Counter 0 
01 = Select Counter 1 
10 = Select Counter 2 
11 = Read-back command 

(See Read-back conrnand) 
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Interval Timer Counter-latch Command 

The Counter-latch command latches the count at the 
time the command is received. The count is held in 
the OL registers until read. 

BIT 

111~19 0000 (R''''''dJ 

00 = Specifies Counter-latch 
Command 

'-'------ 00 = Latch Counter O 
01 = Latch Counter 1 
10 = Latch Counter 2 
11 = Select Read-back command 

(See Read-back conrnand) 
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Interval Timer Read-back Command 

The Read-back command causes the count or status of 
the counters to be latched in the OL registers until 
read. A single read-back can latch the count or 
status of all three counters. 

BIT 

1£=: 
1 Select Counter 

(Reserved) 

Select Counter 0 

Select Counter 2 

'------ 0 = Latch Counter of se 1 ected counters 

'------ 0 = Latch Status of se 1 ected counters 

~------ 11 - Specifies Read-back command 

The status byte latched into OL has the format: 

BIT lit O = BINARY count-down format 
1 = BCD count-down format 

000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
011 = Mode 3 
100 = Mode 4 
101 = Mode 5 

~---- 00 Counter latch command 
(See Counter-latch command) 

01 R/W least-significant byte 
10 R/W most-significant byte 
11 R/W least, then most-significant 

byte 

Returned Status: 
0 = CR contents not moved into CE 
1 = CR contents are moved into CE 

O = OUT Pin is 0 (low) 
1 = OUT Pin is 1 (high) 



Interrupt Priority Encoders 

The 80286 processor has two signals for interrupts, 
labelled NMI (nonmaskable interrupt) and INTR 
(maskable interrupts). A maskable interrupt is an 
interrupt that can be enabled or disabled by the 
processor STI/CLI instructions. A nonmaskable 
interrupt is not masked off by the CLI instruction 
but can be disabled under software control by the 
system board logic. 

NMI Interrupt Facts 

NMI interrupts are caused by parity errors on the 
system board, memory boards, or any expansion boards 
which pull the IOCHK- line low. 

System software can also generate a software 
interrupt to the NMI routine. When the IOCHK- line 
is pulled low, it sets the IOCHK- latch, which holds 
the error condition until software can examine it. 

The source of the NMI can be determined by examining 
input port 6lh, bit 6. If this bit is set, the 
interrupt came from the hardware IOCHK- line. To 
clear the hardware IOCHK- latch, pulse bit 3 of port 
61h high. 
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The mask register for the NMI interrupt is at I/0-
address ?Oh. The format for this byte is 10000000, 
that is, only the most significant bit is decoded. 
Write an 80h to port ?Oh to mask the NMI signal. 
This port is shared with the Real-Time Clock and 
Configuration Memory Device (the lower 6 bits). 
Do not modify the contents of this register without 
considering the effects on the state of the other 
bits. 

INTR Interrupt Facts 

All INTR-type interrupts to the CPU are channeled 
through the interrupt controllers (8259A). These 
devices generate interrupts on the 80286's interrupt 
line, which can be masked in the 80286 by software. 

The interrupt controllers are 8-input devices that 
can accept interrupt signals from several devices, 
then prioritize them and interrupt the processor. 
The processor then automatically reads the interrupt 
controller to determine the source of the highest
priority interrupt and calls the appropriate 
interrupt routine. 



2-60 80286-Based Products Technical Reference Guide 

foo interrupt controllers (a master and a slave) are 
used so that more than eight levels of interrupt are 
possible. The slave (Interrupt Controller 2) 
interrupts the master (Interrupt Controller 1) to 
show an interrupt. When Interrupt Controller 1 is 
properly programmed (in the special fully nested 
mode) Interrupt Controller 2 sends the correct 
interrupt vector to the CPU for the source of the 
interrupt. Figure 2-19 shows a diagram of the 
interrupt controller circuit. 

All interrupts can be masked off, using the CL! 
instruction of the 80286. The base I/O address for 
Interrupt Controller 1 is 20h; for Interrupt 
Controller 2 it is AOh. Table 2-18 lists the initial 
interrupt controller values. 

Table 2-18. Initial InterruEt Controller Values 
Port Value DescriEtion of Contents 
20h llh Cntlr 1, ICWl 
21h 08h Cntlr 1, ICW2 vector address for D00020h 
21h 04h Cntlr 1, ICW3 indicates slave connection 
21h Olh Cntlr l, ICW4 8086 mode 
A Oh 11h Cntlr 2, !CWl 
Alh 70h Cntlr 2, !CW2 vector address for OOOlCOh 
Alh 02h Cntlr 2, !CW3 indicates slave ID 
Alh Olh Cntlr 2, !CW4 8086 mode 
A21h BBh Cntlr 1, Interrupt mask (may vary 

with option) 
Alh 9Dh Cntlr 2, Interrupt mask (may vary 

with option) 

Table 2-19 shows the 16 possible sources for an 
interrupt and their priorities. The highest-priority 
interrupt is processed first. 



Table 2-19. Interrupts And Their Priorities 
Prior
ity 

2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 

13 

14 

15 

16 

Label 
NM! 
IRQO 
IRQl 
IRQ2 
IRQ8 
IRQ9 

Cont
ro 11 er 

(Note) 

2 
2 

IRQlO 2 
IRQll 2 
IRQ12 2 
IRQ13 2 
IRQ14 2 

IRQ15 2 
IRQ3 

IRQ4 

IRQ5 

IRQ6 

IRQ7 

Typical Interrupt Source 
Parity Error Detected 
Interval Timer Output 0 
Keyboard 
Interrupt from Controller 2 
Real-Time Clock 
Expansion Bus Pin B04 
Expansion Bus Pin D03 
Expansion Bus Pin D04 
Expansion Bus Pin DOS 
Math Coprocessor 
Fixed Disk Drive Controller 
--Expansion Bus Pin D07 
Expansion Bus Pin D06 
Seri a 1 Port 2 
--Expansion Bus Pin B25 
Serial Port 1 
--Expansion Bus Pin B24 
Para 11e1 Port 2 
--Expansion Bus Pin B23 
Diskette Drive Controller 
--Expansion Bus Pin B22 
Para 11e1 Port 1 
--Expansion Bus Pin B21 

Note: The NM! signal is controlled through 
1/0 port 70h, bit 7. 
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SYSTEM BUS 
62-Pln Connector 

Secondary Comm 

Primary Comm 

Secondary Printer 

Diskette 

Primary Printer 

Not Used 

SYSTEM BUS 
36-Pin Connector 

IR03 

IR04 

IR05 

IRQ6 

IR07 

IR09 

Not Used IR010 

Not Used IRQl 1 

Not Used IRQl 2 

Fixed Disk IR014 

Not Used IRQ15 

Tick Coun ler IRQO 

Keyboard IROl 

I----, 

RTC IR08 

80287 Error IR013 

0 

1 

Interrupt 
Controller 1 
(Moster) 

,-----2-
3 

4 

5 

6 

7 

~· To 80286 INTR 

~Coscode 

0 

1 

2 

3 

4 

5 

6 

7 

6J 
lnte 
Cont 

rrupt 
roller 2 
e) (Slav 

Figure 2-19. Interrupt Controller Circuit Diagram 
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2.5 EXPANSION BUS 

The system board uses expansion slots to support 
additional circuit boards. 

Expansion slots either have two connectors (62-pin 
and 36-pin) or one connector (62-pin). Slots with 
both connectors support a 16-bit data bus and the 
high-order address lines, LA<23 .. 17> as well as 
additional interrupt and OMA lines. Slots with only 
one connector support only an 8-bit data bus with 
address lines SA<l9 .. O>. 

This section presents the expansion bus and the 
system timing requirements and includes: 

• Detailed explanations of the expansion bus signals 

• Major functions supplied to the expansion bus, 
such as: 

- Address Handling 
- Data Handling 
- Non-CPU Operations 
- OMA Operations 
- Dynamic RAM Refresh 
- Other Bus Master Operations 

• Timing Considerations 

Address Handling 

When the CPU begins a bus cycle, it places an address 
on the address bus. This address may be placed on 
the bus even while the previous cycle is still in 
progress. Since most devices expect to see a valid 
address for the duration of a bus cycle, the system 
board latches the address onto the system bus. 

System bus lines that contain the latched address are 
SA<19 .. O>. These latches are of the fall-through 
type so that when the address latch enable signal 
(ALE) goes active, the address appears at the output. 
When ALE goes inactive, the addresses will stay on 
the outputs until the next bus cycle begins. 

Some high speed devices overlap some operations (such 
as address decoding). To allow this, the system bus 
provides a set of address lines (LA<23 .. 17>) that are 
not latched but which provide a greater setup time to 
do decoding. When the address changes, expansion bus 
devices may decode the high-order address lines and 
then latch them using BALE. This allows expansion 
bus devices to take advantage of addresses for the 
next bus cycle that may be placed on the bus before 
the current bus cycle is complete. 



When other devices (such as DMA or other bus masters) 
take control of the system bus, the BALE line is held 
active for the entire duration of the operation. As 
a result, expansion bus devices annot use BALE to 
latch the high-order address lines. Therefore, 
LA<23 ... 17> should be held stable for the entire 
duration of each bus cycle. 

Data Handling 

Data handling for these products is accomplished with 
two data buses. The first is the 8-bit bus which is 
compatible with previous products. It is provided by 
the SD<? .. O> lines. External devices and memory that 
are limited to 8-bit transfers will use this bus and 
the control lines SMRDC-, SMWTC-, IORC-, and IOWC- to 
enable or latch data on the bus. 

Devices that can transfer data 16 bits at a time must 
also use the SD<15 .. 8> lines for data transfer. The 
lines SBHE- and SAO are used to determine which 
byte(s) are desired. These devices tell the system 
board that they are 16-bit devices by setting the 
M16- or 1016- (as appropriate) when they are 
addressed. Table 2-105 shows the relationship 
between the three lines. 
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Table 2-20. M16-, 1016-, SAO, and SBHE- Signal 
Relationship 

Ml6- or 1016- SAO SBHE- Cycle Type 
High High Odd byte transfer on 

lines SD<? .. O> 
High Low Even byte transfer on 

lines SD<? .. O> 
Low High High Reserved 
Low High Low Odd byte transfer on 

lines SD<15 .. 8> 
Low Low High Even byte transfer on 

lines SD<? .. O> 
Lm1 Low Low Even word transfer on 

l i nes SD< 15 .. O> 



2-64 80286-Based Products Technical Reference Guide 

Non-CPU Operations 

The system board supports several operations that are 
not related to the processor chip itself. They are 
refresh, traditional direct memory access, and 
expansion bus master access. Refresh is provided to 
prevent loss of data in dynamic RAMs (ORAMs). The 
other operations are used by expansion bus devices 
that require access to memory or I/O without 
processor intervention. 

The system board prioritizes the requests for each 
type of service according to the following rules: 

• If the CPU is the bus master, it completes the 
current processor cycle. (This includes word 
operations to 8-bit memory, which execute as two 
single-byte operations). 

• If the CPU has an instruction LOCKed, it will 
complete the instruction. 

• There is an automatic LOCK between an interrupt 
acknowledge and the first bus write in the 
acknowledge sequence. 

• In the 80286 protected-virtual mode, segment
descriptor operations are automatically LOCKed 
(six words are loaded at one time). 

• Refresh and other OMA cycles are started on a 
first-come, first-served basis after the CPU 
releases the bus. 

• If a refresh is in progress when a OMA cycle is 
requested, the OMA cycle will be run without 
allowing the CPU to regain control of the bus. 

• If a direct memory cycle is in progress when a 
refresh is requested, the refresh cycle will be 
run without allowing the CPU to regain control of 
the bus. 

• The OMA controller will hold the bus until all 
outstanding OMA requests are handled. 

• If a OMA channel is programmed for demand or block 
transfer modes, the OMA controller will keep the 
bus for the entire time to complete the programmed 
operation. 

• Wait states or 8-bit memory anywhere in the system 
can delay the time required to acknowledge a OMA 
request. 

Because of the above conditions, peripheral designers 
must assume that the latency on any OMA request can 
be as high as 10-12 us in a typical system using only 
diskette operations. If more than one OMA device is 
operating at one time, the latency can be even 
greater. If a program uses a LOCK prefix before 
string instructions or uses block- or demand-mode 
OMA, then the latency could reach the millisecond 
range. 



OMA Operations 

The DMA controllers in the system operate as a 
separate subsystem from the main bus controller. 
They handle requests from the DMA peripherals, 
arbitrate between them, and then request access to 
the system address and control lines from the CPU. 

There are two types of DMA: byte and word. One of 
the DMA controllers is connected to handle byte-DMA 
operations, the other, word-DMA operations. To 
simplify the arbitration between sources, the request 
line from the byte controller is connected to a DMA 
request line (ORQ4) on the word controller. The word 
OMA controller is programned for cascade mode on 
channel 0 (to which ORQ4 is connected) so that it 
will not actually place an address on the bus when it 
acknowledges the byte controller's request. 
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Byte-OMA Operations 

The OMA byte cycle begins when a peripheral sets a 
ORQ<3 .. O> line active. The OMA controller then 
arbitrates among any other pending requests and sets 
the hold request output active. This line (DRQ4) is 
connected to the word controller as discussed above 
which does its arbitration. The word controller then 
sets its hold request line active which is in turn 
synchronized and arbitrated by the hold arbitration 
logic discussed above. 

When the system responds to the request with an 
acknowledge, the word OMA controller will respond 
with a DAK4, which acts as a hold acknowledge to the 
byte controller. The byte controller will, after 
synchronizing the acknowledge, place an address on 
the bus lines. 

Logic drives the SBHE- line in the opposite sense of 
SAO in order to satisfy 16 bit devices on the bus. 
When this is complete, the OMA controller drives the 
lines IORC-, IOWC-, MWTC-, and MRDC- according to the 
type of cycle being run. If SAO is high and the 
addressed memory is 16-bit, logic routes the data 
between the low half and high half of the data bus. 
The data is moved from high to low on memory reads, 
and from low to high on memory writes. 
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Word-OMA Operations 

Word-DMA operations are only possible between word 
memory (16 bit) and word peripherals. Also, the DMA 
cannot operate on an odd-address boundary, on either 
memory or 1/0. The system latches the SAO and SBHE-
1 ines to enable 16-bit devices on the bus. 

The DMA-word cycle begins when a peripheral sets a 
DRQ5-DRQ7 line active. The DMA controllers then 
arbitrate among any other pending requests and set 
the hold request output active. 

When the system responds to the request, the word DMA 
controller will, after synchronizing the acknowledge, 
respond with a DAKx acknowledge to the peripheral. 
The DMA controller will place the address on the bus 
and then drive the control lines. 

Dynamic RAM Refresh 

The dynamic RAM refresh subsystem is designed to do a 
memory read cycle on each of 256 addresses in the 
memory space as addressed by SA<7 .. O>. The other 
address lines are in an undefined state during the 
RAM refresh time. The system can also be driven by 
an external source if another bus master has control. 

The system consists of a timer (part of the 8254) 
that generates the refresh requests every 15.924 us, 
arbitration logic that arbitrates whether the refresh 
controller or the DMA subsystem gets control of the 
bus, a timing generator, and a refresh address 
counter. The refresh request rate of 62.799 kHz 
provides 128 refresh cycles in 2.038 ms or 256 cycles 
in 4.0765 ms. 

If an external bus master wishes to take the bus for 
long periods of time, it must perform refresh or risk 
losing the contents of dynamic memory. The external 
bus master can do this by developing its own refresh 
request timer and internal arbitration. 

When it is not otherwise driving the bus, 'but st i 11 
has bus control, the bus master can generate a 
refresh cycle by pulling the REFRESH- line low with 
an open collector gate. When the MRDC- line goes 
inactive from the refresh cycle, the REFRESH- line 
should be released. The external bus master can then 
take full control. 



Other Bus-Master Operations 

This system allows other bus masters to take over the 
system buses and use the 1/0 peripherals and memory. 
This is accomplished by the bus master software 
prograrrrning an unused DMA channel for cascade 
operation. When this is complete, the bus master can 
request the bus by setting the appropriate DRQx 
(<7 .. 5>, <3 .. O>) line active and waiting for a 
response. 

When the system responds with DAKx, the bus master 
can pull the GRAB- line active (low), disabling the 
address, data, and control lines. The bus master 
should then wait one BCLK period before enabling its 
own buffers with valid address information and wait 
one more BCLK period before driving the control 
lines. 

When the bus master is finished, it should release 
the GRAB- and DRQx lines to allow the CPU to continue 
operations. If the bus master keeps control of the 
bus for more than 15 us, then it must provide its own 
refresh timing and request logic to prevent loss of 
dynamic memory contents. 
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Bus Driving/Loading Information 

The following information is provided to improve the 
probability that third-party controller boards will 
work with the standard COMPAQ boards and options. 

On bus lines that can be driven by a controller 
board, the driver should be able to sink a minimum of 
20 mA and source 10 mA at 0.5 Vdc and 2.4 Vdc 
respectively. 

On bus lines that are driven in the low direction 
only (open collector), the driver should be able to 
sink 20 mA at 0.5 Vdc. 

The load on any logic line from a single bus slot 
should not exceed -2.0 mA in the low state (at 
0.5 Vdc) or 0.1 mA in the high state (at 2.7 Vdc). 

The logic-high voltage at the expansion bus ranges 
from 2.0 Vdc to 5.5 Vdc. The logic low voltage at 
the expansion bus ranges from -1.2 Vdc to 0.8 Vdc. 
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Bus Timing Information 

In the FAST mode, the system clock toggles between 
two frequencies (8 MHz or 6 MHz): 

• According to address, in which case the new speed 
will occur during the BALE time 

• According to bus size (when M16- changes state), 
in which case the new speed will occur in the 
first clock after BALE. 

During these changes, the bus timings for the 
affected cycles will be somewhere between the actual 
8 MHz and 6 MHz timings. Table 2-21 lists the 
important timing parameters for the expansion slots. 
This information assumes that the system clock is at 
a constant speed of either 8 MHz or 6 MHz. 

f\l()TE: The expansion bus timing information is 
provided to aid in a general understanding of 
the system and is subject to change. 

Table 2-21. Expansion Slot Timing Parameters 
Address access time from SA<19 .. O> address lines, 
16 bit bus read cycle. 

Access time 8 MHz 
Access time 6 MHz 

228 ns 
332 ns 

Address access time from SA<19 .. 1> address lines, 
8 bit bus read cycle. 

Access time 8 MHz 
Access time 6 MHz 

603 ns 
832 ns 

Address access time from SAO address line, 8 bit bus 
read cycle. 

Access time 8 MHz 589 ns 
Access time 6 MHz 818 ns 
Access time from BALE active, 16 bit bus read cycle. 

Access time 8 MHz 
Access time 6 MHz 
MRDC- Access time, 16-bit bus read cycle. 

Access time 8 MHz 
Access time 6 MHz 
IORC- access time, 16-bit bus read cycle. 

232 ns 
336 ns 

190 ns 
273 ns 

Access time 8 MHz 127 ns 
Access time 6 MHz 190 ns 
MRDC-, IORC-, access time, 8-bit bus read cycle. 

Access time 8 MHz 
Access time 6 MHz 

502 ns 
690 ns 

(Continued) 



Table 2-21. (Continued) 
SMRDC- access time, 8-bit bus read cycle. 

Access time 8 MHz 
Access time 6 MHz 

484 ns 
672 ns 

CPU read data hold from MRDC-, 
bus cycle. 

IROC-, inactive, 8-bit 

Hold ns 
LAx address valid to 16-bit memory command setup. 

Setup 8 MHz 106 ns 
Setup 6 MHz 169 ns 
16-bit bus memory cycle M16- low delay from LAx 
address valid. 

Maximum allowed delay 8 MHz 
Maximum allowed delay 6 MHz 
BALE valid to 16-bit memory command setup. 

Setup 8 MHz 
Setup 6 MHz 
BALE valid to M16- setup. 

Setup 8 MHz 
Setup 6 MHz 

108 ns 
171 ns 

20 ns 
41 ns 

7 ns 
28 ns 

SA<l9 .. O> address 
setup. 

valid to 16-bit memory command 

Setup 8 MHz 
Setup 6 MHz 

22 ns 
42 ns 

(Continued) 
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Table 2-21. (Continued) 
SA<l9 .. O> address valid to I/0, 8-bit command setup. 

Setup 8 MHz 
Setup 6 MHz 
SAO address hold from command. 

HOLD 8 MHz 
HOLD 6 MHz 
SA<19 .. 1> address hold from command. 

HOLD 8 MHz 
HOLD 6 MHz 

84 ns 
126 ns 

96 ns 
137 ns 

110 ns 
151 ns 

CPU write data setup to MWTC- active, 16-bit bus 
memory cycle. 

Setup 8 MHz 
Setup 6 MHz 
CPU write data setup to 
(8-bit). active. 

Setup 8 MHz 
Setup 6 MHz 

IOWC- (16/8-bit), MWTC-

-5 ns 
+16 ns 

58 ns 
100 ns 

CPU write data 
bit bus cycle. 

setup to MWTC-, IOWC-, inactive, 16-

Setup 8 MHz 
Setup 6 MHz 

245 ns 
350 ns 

(Continued) 
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Table 2-21. (Continued) 
CPU write data setup to MWTC-, IOWC-, inactive, 8-bit 
bus cycle. 

Setup 8 MHz 
Setup 6 MHz 
Refresh address setup to MRDC- active 

Setup 8 MHz 
Setup 6 MHz 
Refresh address hold from MRDC- inactive 

HOLD 

620 ns 
850 ns 

76 ns 
118 ns 

-5 ns 
Refresh wait state BUSRDY low delay from MRDC- active 

Maxi mum a 11 owed delay 8 MHz 90 ns 
Maximum allowed delay 6 MHz 132 ns 
Refresh wait state BUSRDY high setup to BCLK rising 

Setup 5 ns 
CPU memory or 1/0 command wait state BUSRDY high 
setup to BCLK rising 

Setup 8 MHz 
CPU 16-bit memory command wait state 
BUSRDY low delay from command active 

Maxi mum a 11011ed delay 8 MHz 
Maxi mum a 11 owed delay 6 MHz 

51 ns 

75 ns 
117 ns 

(Continued) 

Table 2-21. (Continued) 
CPU 16-bit 1/0 command wait state 
BUSRDY low delay from command active 

Maximum allowed delay 8 MHz 
Maximum allowed delay 6 MHz 
CPU 8-bit command wait state 
BUSRDY low delay from command active 

12 ns 
32 ns 

Maximum allowed delay 8 MHz 387 ns 
Maximum allowed delay 6 MHz 532 ns 
CPU minimum command active from BUSRDY high after 
added wait state. 

Command active 8 MHz 
Command active 6 MHz 

135 ns 
177 ns 

CPU maximum command active from BUSRDY high after 
added wait state. 

Command active 8 MHz 
Command active 6 MHz 

300 ns 
382 ns 

CPU 16-bi t memory command no via it state Nm/S- low 
delay from command active. 

Maximum allowed delay 8 MHz 20 ns 
Maximum allowed delay 6 MHz 41 ns 
CPU 8-bit memory command no wait state NOWS- low 
setup to BLCK falling required. 

Setup required 16 ns 
(Continued) 



Table 2-21. (Continued) 
DMA memory read, 1/0 write command additional wait 
state. BUSRDY low delay from memory read command 
active. 

Maximum allowed delay 8 MHz 182 ns 
Maximum allowed delay 6 MHz 265 ns 
DMA 1/0 read, memory write command additional wait 
state. BUSRDY low delay from 1/0 read command 
active. 

Maximum allowed delay 8 MHz 
Maximum allowed delay 6 MHz 
Required 1/0 data access time 
write to RAM. 

273 ns 
440 ns 

from IORC- for DMA 

DMA 1/0 read access time 8 MHz 264 ns 
DMA 1/0 read access time 6 MHz 347 ns 
DATA valid after IOWC- low during DMA read from RAM. 

DMA data valid from IOWC- low 163 ns 
DATA setup to IOWC- high during DMA read from RAM. 

Data setup to IOWC- high 8 MHz 
Data setup to IOWC- high 6 MHz 

217 ns 
383 ns 
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2.6 MISCELLANEOUS SYSTEM BOARD 
INFORMATION 

This section contains miscellaneous information that 
does not relate to any of the other sections, such 
as: 

• Speed control 

• Real-Time Clock and Configuration-Memory Battery 

• indicators 

• Fuses 

• Speaker Interface 

• Clock Circuits 

• System Board Power Requirements 

Speed Control 

The system boards have three speed modes: 

• COMMON - 1/0 speed = 6 MHz, RAM speed = 6 MHz 

• FAST - 1/0 speed = 6 MHz, RAM speed = 8 MHz 

• HIGH - 1/0 speed = 8 MHz, RAM speed = 8 MHz 
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In the COMMON mode, all memory addresses or bus cycle 
types operate at 6 MHz except: 

• OMA transfers (3 MHz (6 MHz/2)), and 

• 80287 processes (4 MHz (12 MHz/3)) 

The FAST mode operates the system at a faster (8 MHz) 
speed except when this might cause a problem with 
operation of hardware options. In the FAST mode, the 
following memory addresses or bus cycle types 
continue to operate at 6 MHz: 

• Memory with addresses OAOOOOh to OEFFFFh 

• Memory with addresses FEOOOOh to FFFFFFh 

• All I/O devices (except OMA transfers and 80287 
processes) 

• Any 8-bit memory device 

In the FAST mode, the following memory addresses or 
bus cycle types operate at 8 MHz: 

• RAM in base memory (OOOOOOh to 09FFFFh) unless it 
is 8-bit 

• RAM in extended memory (lOOOOOh to FOFFFFh) unless 
it is 8-bit 

a Standard ROM (OFOOOOh to OFFFFFh) 

• OMA transfers (half-speed (8 MHz/2)) 

• 80287 processes (5.33 MHz (16 MHz/3)) 

In the HIGH mode, all memory addresses or bus cycle 
types operate at 8 MHz except: 

• 8 bit I/O or memory devices 

• OMA transfers (half-speed (8 MHz/2)), and 

• 80287 processes (5.33 MHz) 

The speed is controlled by system software through 
the keyboard controller (8042). 



The ES jumper located on the system board (switch 6 
on the DESKPRO 286 with Version 2 System Board) sets 
the speed of the CPU when the system is powered up. 
When ES is in position 1-2, the CPU speed can be 
toggled between COMMON and FAST mode using the 
multiple key combination of Ctrl, Alt,\. When ES is 
in position 2-3, the CPU speed is limited to the 
COMMON mode and use of the multiple key combination 
Ctrl, Alt, \ will not affect the CPU speed. 

The MODE SPE[ED] command overrides the ES setting in 
all cases. 

NOTE: It is possible to restrict the CPU to the 
COMMON 6 MHz speed using the ES jumper. 
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Real-Time Clock and Configuration
Memory Battery 

Table 2-22 lists the battery voltage range at the 
battery connector under load condition. 

Table 2-22. Battery Connector Pinout 

Pin 

2 
3 
4 

Function 
+5 Vdc Power 
Keyed 
Not Used 
Ground 

Battery Voltage 
Min. Max. 
5.0 5.4 

0.0 0.0 

The voltage for a new battery must not exceed 6.2 V 
open circuit. The current drain on the battery 
varies with the voltage and the clock operating mode, 
but is between 50 to 90 ua after running SETUP. The 
maximum current is less than 150 uA. 

CAUTION 

Only COMPAQ Authorized Dealers 
should replace the system battery. 
Extreme caution must be observed 
to replace the battery with an 
identical battery type and on the 
correct connector pins. 
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Indicators (LEDs) 

The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 system 
boards have a light-emitting diode (LED) that lights 
when the +5 Vdc power is ON. 

Fuses 

The COMPAQ PORTABLE 286 system board and the COMPAQ 
DESKPRO 286 Version 2 system board have no user
replaceable fuses. The COMPAQ DESKPRO 286 Version 1 
system board has two (Table 2-23). 

Table 2-23. COMPAQ DESKPRO 286 Version 1 Fuses 
Fl, Keyboard Power Fuse, 2.5A 
F2, Monitor Power Fuse, 2.5A 

Speaker Interface 

The speaker interface allows the speaker to be driven 
from two sources: the 8254-2 interval timer 2, or 
the processor through port 6lh bit 1. In addition, 
the 8354 interval timer can be enabled and disabled 
from port 61h bit 0. 

To use the 8254 interval timer to generate a tone, 
program Timer 2 to the desired frequency (the input 
clock rate is 1.193 MHz), and set port 6lh bits 0 and 
1 to 1. If the speaker is to be toggled directly by 
the CPU, port 61h bit 0 should be set to 0 and bit 1 
should be toggled. 

Clock Circuits 

The two crystal oscillators on the system board 
provide: 

• Clock frequencies for the 80286 processor and the 
entire system 

• A clock source for video color burst signal and 
general timing 



A crystal oscillator provides a 48-MHz frequency that 
is divided by 3 or 4 (software-selected) to provide 
the master clock for the clock-generator interface. 

The clock generator interface further buffers the 12-
or 16-MHz clock to supply the clocks used by the 
80286, 80287, and other clocked devices. This 
interface also controls the reset signal. System 
reset does not occur until power levels are stable 
(PWRGOOD signal from power supply becomes active). 

A second crystal oscillator on the system board 
provides a 14.31818-MHz (4 times 3.579545 MHz) clock 
signal for color-burst timing. This clock signal 
connects to pin 830 of the board slots for use by 
video controller and other boards. 

System Board Power Requirements 

Both system boards use +5 Vdc, and +12 Vdc power. 
They distribute power for other components of the 
system from the -5 Vdc, -12 Vdc and auxiliary +12 Vdc 
provided by the power supply. 
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2.7 GATE ARRAY DEVICES 

The Version 2 system board of the COMPAQ DESKPRO 286 
has three gate array devices: 

• Memory and Speed Control (MSC) Gate Array 

• Clock and Buffer Control (CBC) Gate Array 

• Memory Map (MAP) Gate Array 

The Gate Array Devices allow the size and cost of the 
system board to be reduced by consolidating the 
functions of several devices on the Type 1 system 
board. Both system boards are compatible, and are 
designed to the same programming standards. 

This section describes the Gate Array Devices and 
provides a functional overview of each device. 

MSC Gate Array 

The MSC Gate Array includes the memory decoding and 
speed control functions resident on a Type 1 system 
board in (PALs) MEMCNTl, MEMCNT2, and SPEEDPAL. 

The speed control function allows the selection of 
either an 8 MHz clock speed or a 6 MHz clock speed. 
The memory decoding functions include the generation 
of RAS-, CAS-, RAM-, MEM16, and ROM Enable- with 
multiple RAS and CAS lines for memory bank and hi/lo 
byte selection. In addition, the MSC Gate Array 
serves as a stand-alone memory controller for memory 
expansion boards. 
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CBC Gate Array 

The CBC Gate Array incorporated the function of the 
82284, 82288, and the CTRLPAL on the Version 1 system 
board. In addition, the CBC includes the clock 
switching/generation logic, generation of automatic 
and requested wait-states, shutdown logic, 8/16 bit 
bus conversion, and bus arbitration. 

MAP Gate Array 

The MAP Gate Array incorporates the functions of the 
Memory Page Register (74LS612), and PALs NCPPAL and 
PPIPAL on the Type 1 system board. In addition, the 
MAP Gate Array provides the circuitry for PORT B, 
SPEAKER and GATE control, REFRESH DETECT, and NM! 
control. 

2.8 JUMPERS AND SWITCHES 

The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 
Version 1 system boards have three jumpers in common. 
The ES jumper determines the CPU speed when power is 
applied and allows toggling of CPU through keyboard 
commands. The ED jumper indicates the primary 
display controller used when power is applied. EM is 
reserved for manufacturing test purposes. Table 2-24 
defines the jumper settings. 

Table 2-24. COMPAQ PORTABLE 286 and 

Label 
ES 

ED 

EM 

COMPAQ DESKPRO 286 Type 1 Common Jumpers 
Setting 
2-3 

1-2 
2-3 

1-2 

1-2 

Description 
CPU speed initial setting -

6MHz (COMMON) 
CPU speed toggle active (COMMON/FAST) 
COMPAQ Graphics or RGB video 
controller 
Non-COMPAQ monochrome/text video 
controller 
Reserved 



The functions of the ES, ED, and EM jumpers are 
implemented with a switch on the COMPAQ DESKPRO 286 
with Version 2 system board. Table 2-25 defines the 
switch settings. 

Table 2-25. COMPAQ DESKPRO 286 (with Version 2 
system board) Switch SW! Settings 

SWl Position Setting Description 
6 CLOSED CPU speed initial setting -

OPEN 

CLOSED 

8 OPEN 

6 MHz (COMMON) 
CPU speed toggle active 

(COMMON/FAST) 
COMPAQ Graphics or RGBI 
Video Controller 
non-COMPAQ monochrome/text 
video controller 

7 CLOSED Reserved 
Note: CLOSED = ON, OPEN = OFF 

The COMPAQ PORTABLE 286 system board has several 
other jumpers which select the RAM and ROM 
configurations. These jumpers are explained in "The 
COMPAQ PORTABLE 286 Memory" section in this chapter. 
(See Chapter 4 for information on jumper settings 
when using a 512/2048 Kbyte Memory Expansion Board.). 

The COMPAQ DESKPRO 286 (with Version 1 system board) 
RAM and ROM configuration jumpers are explained in 
Chapter 3, System Memory Board. 
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The COMPAQ DESKPRO 286 (with Version 2 system board) 
has jumpers which select the ROM type. The RAM 
configurations are controlled by switch settings 
(SWl, positions 1 through 5 on system board}. These 
jumpers and switch settings are explained in "The 
COMPAQ DESKPRO 286 RAM" section in this chapter. 

2.9 CONNECTORS 

Tables 2-26 through 2-28 list the system board 
connectors. Table 2-29 describes the expansion slot 
signals. Figures 2-20 through 2-39 show the 
connectors on the system boards. 

Table 2-26. System Board Connections 
COMPAQ COMPAQ 

Function PORTABLE 286 DESKPRO 286 
DC power(In) J116 J117 
Drive power(Out) J114-J115 Jlll-Jl12 
Fixed disk drive power Jll3 J109 or 

JllO (See Note) 
Battery JllO J118 
Keyboard Jlll J116 
Monitor power J112 J113 
Security lock Jl17 J119 
Speaker J109 J115 
Note: JllO is for an optional fixed disk drive 

back-up or second fixed disk drive. 
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Table 2-27. COMPAQ PORTABLE 286 System Board 
Expansion Slots 

Slot 62-Pin 36-Pin Function 
1 JlOl N/A Diskette/Tape Controller 
2 J102 N/A Video Display Controller 
3 J103 J106 Fixed Disk Drive Controller 
4 J104 J107 Expansion (available) 
5 J105 See Note Expansion (available) 

Note: Connector Jl08 is not installed. 

Table 2-28. COMPAQ DESKPRO 286 System Board 
Expansion Slots 

Slot 62-Pin 36-Pin Function 
1 JlOl Jl21 Expansion (available) 
2 Jl02 N/A Expansion (available) 
3 J103 J123 Expansion (available) 
4 J104 J124 Expansion (available) 
5 J105 J125 See Note 
6 J106 Jl26 Fixed Disk Drive Controller 
7 J107 Jl27 Video Display Controller 
8 J108 N/A Diskette/Tape Controller 
Note: In the COMPAQ DESKPRO 286 with Version 1 

system board, slot 5 contains the System 
Memory Board. In the COMPAQ DESKPRO 286 with 
Version 2 system board, slot 5 is available 
for expansion. 
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MS Jumper 

J114, Diskette Drive (B) or Fixed Disk 

Drive Back-up Power Connector 

J113, Flxed Disk 
Drive Power Connector J115, Diskette Drive (A) Power Connector 

J117, Security 
Lock Connector 

Expansion 
Bus Connectors 

CJBB BBBB 00 DODD DD 
.------+---~ 0 BBBBDDDDDDDD 

c:::=:::J········ .. 0 BBBB DD ODD D 
'CJ . . . . . ... D c.=J . . . . c::=J c::::::::::J c::=:J c.=J c::::JOD D -~~ 
. DI --J101-- lc.=l C:::J BB BBc::::JCJ IL.___JL...j 

Dl-J102--I~ I c:::::::J c::Jc:::::::::::::J DC:::JCJ I 
c::=J © c:=:J c:=J c:=J [JJ I I 

I --Jl o3 -- I C:=:J c::=::::::J c::J c::::::J 
c:::=i I I r=::J 

D - c=:J C:::::JI ......... -~ .. ~ ,----, 
1--J104-- I I -J107- I c:::=i c::=::::J I 11 _'----' __ ~ __ 

0 c=:J CJciC:::::::J'i-1 o 18 
0 I --J1os-- I -J10a-

Figure 2-20. COMPAQ PORTABLE 286 System Board Connectors and Jumpers 

J109, 
Speaker Connector 

J110, 
Battery Connector 

Jl 12, Monitor 
Power Connector 

Jl 16, Main 
Power Connector 

J111, Ke)board Connector 

EM Jumper 

ED Jumper 

ES Jumper 
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Table 2-29. Expansion Slot Signals 
Signal Slot 
Name Pin Type 
AEN All 0 

BALE B28 0 

BCLK B20 0 

BUSRDY AlO 

DAKO- 008 0 
DAKl- Bl7 0 
DAK2- B26 0 
DAK3- BlS 0 
OAKS- 010 0 
DAK6- 012 0 
DAK7- 014 0 
DRQO 009 
DRQl 818 
DRQ2 B06 
DRQ3 B16 
DRQS 011 
DRQ6 013 
DRQ7 015 

Description 
This output signal when inactive (low) indicates that the CPU or controller board bus master 
has control of the bus. When active, the OMA controller has control of the bus. It is often 
used to disable devices which must not respond during a OMA cycle. 
This output signal (when high) indicates that a valid address is present on the LA<23 .. 17> 
address lines. The LA<23 .. 17> address lines or any decodes developed from them should be 
latched at the falling edge of BALE. This line is high when a OMA or bus master operation is 
occurring. 
This output signal is provided to allow synchronization to the main processor clock. Its 
frequency will be either 6 MHz or 8 MHz with a duty cycle of 50%. 
This input signal is used to lengthen a bus cycle from its standard time if a controller 
board cannot respond quickly enough. It should be pulled low by an open collector type 
device as soon as a slow addressed device is selected and held low until the device has 
responded. Bus cycles are lengthened by an integral number of (BCLK) cycles. This line 
should not be held low for more than 2.5 us. This line should be driven by an open-collector 
device capable of sinking 20 mA. 
These output lines (OMA Acknowledge) indicate that a request for a OMA service from the OMA 
subsystem has been recognized. The acknowledge is indicated by a LOW on this line. Use this 
line with the IORC- or IOWC- line to decode the desired OMA device. If used to signal 
acceptance of a bus-master request, this signal indicates when it is legal to pull GRAB- low. 

These input lines are used to request a OMA service from the OMA subsystem or to gain control 
of the system bus from the main CPU (OMA request). The request is made when the line goes 
from a low to a high and must remain high until the appropriate OAK<7 .. 5>, <3 .. O> line goes 
active. 

(Continued) 
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Table 2-29. (Continued) 
Signal Slot 
Name Pin Type 
GRAB- 017 I 

GROUND 

IOCHK-

IORC-

IOWC-

I016-

IRQ3 
IRQ4 
IRQ5 
IRQ6 
IRQ7 
IRQ9 
IRQlO 
IRQll 
IRQ12 
IRQ14 
IRQ15 

BOl 
BlO 
B31 
018 
AOl 

B14 

B13 

002 

B25 
B24 
B23 
B22 
B21 
B04 
003 
004 
005 
007 
006 

I/O 

I/O 

Description 
This input signal is used to indicate that a controller board bus master is controlling the 
bus. A controller board can pull this line low when the appropriate OAK line is made active, 
signalling that a master request is granted. The system address, data and control lines will 
be floated, allowing the controller board to begin controlling them one full BCLK period 
after GRAB is made active. At least one more full BCLK period should be allowed after 
putting a valid address on the bus before activating any of the control lines. This line 
should be driven by an open-collector device capable of sinking 20 mA. 
These lines are connected to the system ac and de ground. The maximum current allowed on any 
single contact is 1.5 A. 

This input signal is used to signal the CPU about parity or other serious errors on 
controller boards. This signal should be driven low by an open collector type output capable 
of sinking 20 mA when an uncorrectable system error occurs. 
This output line (I/O read) indicates (when low) when an I/0 device is to send data to the 
data bus. It can be driven by a controller board acting as a bus master. 
This output line (I/O write) indicates (when low) when an I/O device is to accept the data 
from the data bus. It can be driven by a controller board acting as a bus master. 
This input line (I/O is 16 bits) signals the system that the addressed I/O device is capable 
of transferring 16 bits of data at once. When this line is made active, during an I/O read 
or write, the standard one wait state I/0 cycle will be run. This line should be driven low 
by an open-collector device capable of sinking 20 mA. 
These input lines are used to interrupt the CPU to request some service. The interrupt is 
recognized when the line goes from a low to a high and remains there until the appropriate 
interrupt service routine is executed. 

(Continued) 
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Table 2-29. (Continued) 
Signal Slot 
Name 
LA17 
LAlB 
LA19 
LA20 
LA21 
LA22 
LA23 
MRDC-

MWTC-

M16-

NOWS-

osc 

Pin 
COB 
C07 
C06 
cos 
C04 
C03 
C02 
cog 

ClO 

DOl 

BOB 

B30 

REFRESH- Bl9 

RESDRV B02 

Type 
I/O 
I/O 
I/0 
I/O 
I/0 
I/O 
I/0 
I/O 

I/O 

0 

I/O 

0 

Description 
These output signals (Latchable Address) are used to decode memory which must respond with 
zero or one wait state. They are only guaranteed to be valid when BALE is high. These can 
be driven by a controller board acting as a bus master. 

This output line (Memory Read) indicates (when low) when a memory device is to send data to 
the data bus. This signal is active over the entire address space of the system. It can be 
driven by a controller board acting as a bus master. 
This output line (Memory Write) indicates (when low) when a memory device is to accept the 
data from the data bus. This signal is active over the entire address space of the system. 
It can be driven by a controller board acting as a bus master. 
This input line (memory is 16 bits) signals the system that the addressed memory is capable 
of transferring 16 bits of data at once. When this line is made active, during a memory read 
or write, the standard one wait state memory cycle will be run. This line should be derived 
from the LA<23 .. 17> address lines. This line should be driven low by an open collector 
device capable of sinking 20 mA. 
This input line (No Wait State) is used to inform the system that standard wait states can be 
deleted for cycles when this line is made active. The line must be pulled low 45 ns before 
the falling edge of BCLK in order to be recognized. This line should be driven by an open
collector device capable of sinking 20 mA. 
This output signal is a clock for use in video color burst and other general timing 
applications. Its frequency is 14.31B1B MHz and duty cycle is approximately 50%. 
This output signal is used to indicate (when low) a refresh cycle in progress. It should be 
used to enable the SA<7 .. O> address lines to the row address inputs of all banks of dynamic 
memory so that when the MRDC- goes active, the entire system memory is refreshed at one time. 
It can be driven by a controller board acting as a bus master. 
This output signal is used to reset the hardware during powerup or power failure. 

(Continued) 
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Table 2-29. (Continued) 
Signal Slot 
Name Pin 
SAO A31 
SA! A30 
SA2 A29 
SA3 A2B 
SA4 A27 
SAS A26 
SA6 A2S 
SA? A24 
SA8 A23 
SA9 A22 
SAlO A21 
SAll A20 
SA12 A19 
SA13 A18 
SA14 Al? 
SAlS Al6 
SA16 AlS 
SA17 A14 
SA18 Al3 
SA19 A12 
SBHE- COl 

SOD 
SDl 
SD2 
SD3 
SD4 
sos 
SD6 
SD? 

A09 
A08 
AO? 
A06 
ADS 
A04 
A03 
A02 

Type 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
I/O 
1/0 
I/0 

1/0 
I/0 
I/O 
I/O 
1/0 
I/O 
I/O 
1/0 

Description 
These bidirectional signals address memory or 1/0 devices within the system. They form the 
low order 20 bits of the 24 bit address bits that the system offers. These lines are enabled 
onto the bus while BALE is high and are latched when BALE goes from a high to a low state. 
These can be driven by a controller board acting as a bus master. 

This output signal (System Bus High Enable) indicates (when low) that the high half of the SD 
data bus should transfer the data on boards which support the full 16-bit data bus. It can 
be driven by a controller board acting as a bus master. 
These bidirectional signals are the low 8 bits of the system data bus. They should be used 
exclusively by all eight bit devices to transfer data. Sixteen-bit devices should use these 
lines to transfer only the low half of a data word when the address line AO is low. These 
can be driven by a controller board acting as a bus master. 

(Continued) 
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Table 2-29. (Continued} 
Signal Slot 
Name Pin 
SD08 Cl 1 
SD09 C12 
SDlO C13 
SDll C14 
SD12 C15 
SD13 Cl6 
SD14 Cl? 
SD15 C18 
SMRDC- 812 

SMWTC- Bll 

TIC 827 

+5 Vdc 803 
829 
016 

-5 Vdc 805 

-12 Vdc 807 

+12 Vdc 809 

Type 
I/O 
I/O 
I/0 
I/0 
I/0 
l/0 
I/O 
I/O 
0 

0 

0 

Description 
These bidirectional signals are the high 8 bits of the system data bus. Sixteen bit devices 
should use these lines to transfer the high half of a data word when the line S8HE- is low. 
These can be driven by a controller board acting as a bus master. 

This output line (Standard Memory Read) is active (low) only when an address from OOOOOOh to 
OFFFFFh is decoded. This line is derived from MRDC-. 
This output line (Standard Memory Write) is active (low) only when an address from OOOOOOh to 
OFFFFFh is decoded. This line is derived from MWTC-. 
This output signal (when high) indicates that the Terminal Count of a OMA operation has been 
reached. It should be decoded with the appropriate DAKx line for proper operation. 
These lines are connected to the system power supply for 5 volts. In addition to the maximum 
current available from the supply, the maximum current allowed on any single contact 
is 1.5 A. 
This line is connected to the system power supply for minus 5 volts. This supply is intended 
for low-current usage only (500 mA). 
This line is connected to the system power supply for minus 12 volts. This supply is 
intended for low-current usage only (1.0 A). 
This line is connected to the system power supply for 12 volts. In addition to the maximum 
current available from the supply, the maximum current allowed on this contact is 1.5 A. 



The 36-pin connector conducts the high-order byte of 
the 16-bit data bus, the memory address lines for 
bits DAK<7 .. 5>, LA<23 .. 17>, signals, and more. These 
signals generally relate to 16-bit or high-address 
memory transfers. 

The 62-pin connector conducts the signals needed by 
adapters that do not need word-length data transfers 
or access to more than the base 1 MB of memory. 

Figure 2-21 shows the 36-pin connector and the 
signals that it provides. 

Signal 

M16-
1016-
IRQ10 
IRQ11 
IRQ12 
IRQ15 
IRQ14 
DACKO
DRQO 
DACK5-
DRQ5 
DACK6-
DRQ6 
DACK7-
DRQ7 
+5 v 
GRAB-
SIGN AL GROUND 

Pin 

001 
002 

Pin 

C01 
C02 

003 C03 
004 C04 
005 C05 
006 C06 
007 C07 
DOB COB 
009 C09 
010 C10 
011 C11 
012 C12 
013 C13 
014 C14 
015 C15 
016 C16 
017 C17 
D1B C1B 

Signal 

SBHE-
LA23 
LA22 
LA21 
LA20 
LA19 
LA1B 
LA17 
MRDC
MWTC
SOB 
SD9 
SD10 
SD11 
SD12 
SD13 
SD14 
SD15 

Figure 2-21. Expansion Slot - 36-Pin Connector 
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Figure 2-22 shows the 62-pin connector and the 
signals that it provides. 

Signal 
GROUND 
RE SD RV 
+S Vdc 
IRQg 
-S Vdc 
DRQ2 
-12 Vdc 
NOWS-
+ 12 Vdc 
GROUND 
SMWTC
SMRDC
IOWC
IORC
DAK3-
DRQ3 
DAK1-
DRQ1 
REFRESH
BCLK 
IRQ7 
IRQ6 
IRQS 
IRQ4 
IRQ3 
DAK2-
T /C 
BALE 
+S Vdc 
osc 
SIGNAL GROUND 

Pin Pin 

801 A01 
802 A02 
803 A03 
804 A04 
805 ADS 
806 A06 
807 A07 
808 A08 
809 A09 
810 A10 
811 A11 
812 A12 
813 A13 
814 A14 
B1S AlS 
816 A16 
817 A17 
818 A18 
819 A19 
820 A20 
821 A21 
822 A22 
823 A23 
824 A24 
B2S A2S 
826 A26 
827 A27 
828 A28 
829 A29 
830 A30 
831 A31 

Signal 
IOCHK
SD7 
SD6 
sos 
SD4 
SD3 
SD2 
SD1 
SDO 
BUSRDY 
AEN 
SA19 
SA18 
SA17 
SA16 
SA1S 
SA14 
SA13 
SA12 
SA11 
SA10 
SA9 
SA8 
SA7 
SA6 
SAS 
SM 
SA3 
SA2 
SA1 
SAD 

Figure 2-22. Expansion Slot - 62-Pin Connector 
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1 ~ +5 Vdc 
2 • Ground 
3 • No Connection 
4 • SPK ORV 

Figure 2-23. J109, COMPAQ PORTABLE 286 Speaker 
Connector 

1 ~ Battery + V 
2 Key 
3 • No Connection 
4 • Ground 

Figure 2-24. JllO, COMPAQ PORTABLE 286 Battery 
Connector 

Ground 6 • • 3 +5 Vdc 

+12 Vdc 5 • • 2 KBDDATA 
Ground 4 • • 1 KBDCLK 

-,__~-Chassis Ground 

Figure 2-25. Jlll, COMPAQ PORTABLE 286 Keyboard 
Connector 

Key 
2 • Ground 
3 • +12 Vdc MON 
4 • +12 Vdc MON 
5 • Ground 
6 Key 

Figure 2-26. J112, COMPAQ PORTABLE 286 Monitor 
Connector 

1 ~ +5 Vdc 2 Key 

3 • +12 Vdc 
4 • Ground 
5 • Ground 

Figure 2-27. Jll3, Jll4, and Jll5, 
COMPAQ PORTABLE 286 Drive Power 
Connectors 



1 • +5VRST (Not Used) 
2 • PWRGOOD 
3 Key 
4 • +5 Vdc 
5 • +5 Vdc 
6 • +5 Vdc 
7 • +5VS 
8 • Ground 
9 • Ground 

10 • Ground 
11 • Ground 
12 • Ground 
13 • -5 Vdc 
14 • -12 Vdc 
15 • +12 Vdc (MF) 
16 • +12 Vdc (MF) 
17 • +12 Vdc (MON) 

Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
4.0 A for other lines. 

Figure 2-28. Jll6, COMPAQ PORTABLE 286 Main Power 
Connector 
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11-l 
2lj 

Enable Keyboard 
Ground 

Figure 2-29. Jll7, COMPAQ PORTABLE 286 Security Lock 
Connector 
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J118, Battery Connector 

J109, Fixed Disk Drive Power Connector 

J111, J112, Diskette Drive 
Power Connector 

J113, Monitor Power Connector 

J117, Main 
Power Connector 0 ................. :_J = 
J110, Fixed Disk E i:b d:r:h I I I I 
Drive Back-up or k;::k... c=::J c::::::::::::J c::::::J c::::::J I I I I 
Second Fixed Disk 1-t::::::J!r I I I I · · · · 
Drive Power Connector Lo_· E=::::::J c::::::::::::J C=:J c=:J~-~ ~--~• 
~P~ow;.e3rrlF~u;;s;e ~;.;;;.;=.:~t~r=ft·~£;;_J 

F2, 2A Monitor I ~J1oa--lc=J c=J~ CJ ~ g~ c=J ~ 
0 -

Expansion Bus 
Connectors 

I --Jio?--11 -J127 - I C=:::J - C=::J C::::::::J CJ c=J c::J 

C=::J ~ c::::=::J [==:I CJ C=:J CJ 
1--J106--l!-J126-I 

l--J1os--!l-J12s-I 

I --J104---l J-J124-I 

c::=::::J c::::::::::J I CJ I c::::::::::::J c=J c:::=J 
C=::J ~---~- CJ c::=i c::J 

EM Jumper 

ED Jumper 

ES Jumper 

[] c::=:i CJ c::=i D 
l==J c::::::::::::J c=ir:i~,...· -.. --tt----.1 J11 ~~~~:~~=~ 

!~-~I C=:J CJ c:::::::J[~ J119, Security 

1--J103--11-J123-1 

1--J102--I 

CJ 
0 1--J101 --li-J121-l 

Note: Style of keyboard connector may vary with revision 
of system board, but pinauts remain the same. 

~,.-. -.. -.-. -. -.. -.-.~., - . ri--r-- Lock Connector 
I II I i--ioo~ c· · · · · · · · · · ··· [____J D 0 J116,Keyboard 

Connector 

F1, 2A Keyboard 
Power Fuse 

Figure 2-30. COMPAQ DESKPRO 286 Version 1 System Board Connectors and Jumpers 
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J117, Main Power 
Connector 

1 

J111, J112, Diskette Drive Power Connector 

J110, Fixed Disk Drive Backup 
or Second Fixed Disk Drive Power Connector 

J109, Fixed Disk Drive Power Connector 

J118, Battery Connector 

J113, Monitor 
1 JO I 11 Io c=J c=J~ 

Pow er c::::::J ~ I-'. D C::J c:=::::::J c::::::J c:::::J ,-----i c:::::J 
_c_o_nn_e_c_t_o_r --+---1-fli ~ I I c:::::=:i c:::::J L__l C:=J 

u C::J c::::J c:::::J C:=J C:=J 

Expansion 
Bus 

-c::::::> c:::::::=::J [:::=:J c=::::J [:::=:J I I c::::::J c=::i 
r- l--J1oa-- I c:=::::::J c::::::J c::::::J c::::::J c::::::J c::::::J 
c==::::J c:::::::=::J [:::=:J c:=i c:=i C=::J c:=i c::::J c:=i c::::J c:=i 

o l--J101-=:J l-J121-I c:=i c:=i c=::i c::=i c:=i c:=i c:::::::J c:=i 
c:::::::=::J c:::::::=::J c=::=J c:::::::J c:::::::J C=::J c:::::J c:::::::J c:::::::J c=:::J c:::::::J 
--J106-- I l-J126-l 

c=:::=J c:=i c:::::J C=::J c:::::J c:::::::::J c:::::J c:::::::::J c:::::::::J 
--J1os--l l-J12s-I c:=i c:::::::J c=::i c::=it=::::::i c:=i c:::::::J c::i 

c:::::::=::J [:::=:J c:=i c:::::::J C=::J c:::::::J c:::::::::J c:::::::J c=:::J c:::::::::J 
--J104--I l-J124-I c:::::::J c:::::::J c=::i c::=i c:=i c:::::J c=:::i c:::::::::J 

J119 
Security Lock 
Connector c:::::::::J c:::::::::J C=::J c:::::J c:::::::::J c=:::J c=:::J c:::::::J CJ,.. ____ _ 

--Jl 03 -- ll'=--=--J1_2_3_~, c:::::::J c:::::::::J c:::::=::J c:::::J c:::::J c:::::J c=:::J c:::::J l 

--J102_=ilc::::::J I II II l~ij~ 
~ --J101-=i 1-J1~1BC:=Jc:=JC=:JL J ~ 

SW1 Switch 

J116, Keyboard Connector 

Figure 2-31. COMPAQ DESKPRO 286 Version 2 System Board Connectors and SWl Location 

J11 5, Speaker 
Connector 
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1 ~ +5 Vdc 2 Key 
3 • +12 Vdc (Aux) 
4 • Ground 
5 • Ground 

Figure 2-32. Jl09 and JllO, COMPAQ DESKPRO 286 Fixed 
Disk Drive or Fixed Disk Drive Back-up 
Po~1er Connector 

lW +5 Vdc 2 Key 
3 • +12 Vdc (Main) 
4 • Ground 
5 • Ground 

Figure 2-33. Jlll and Jll2, COMPAQ DESKPRO 286 
Diskette Drive Power Connectors 

1 ~ +12 Vdc (Main) 
2 Key 
3 • Ground 
4 • Ground 
5 • Ground 

Figure 2-34. Jll3, COMPAQ DESKPRO 286 Monitor Power 
Connector 

1 ~ +5 Vdc 
2 • Ground 
3 l<ey 
4 • SPK DRV 

Figure 2-35. Jll5, COMPAQ DESKPRO 286 Speaker 
Connector 

1 • +5 Vdc 
2 • +5 Vdc 
3 Key 
4 • KBD DATA 
5 • Ground 
6 • Ground 
7 • KBD CLOCK 

Figure 2-36. Jll6, COMPAQ DESKPRO 286 Keyboard 
Connector 



1 • +5VRST (Not Used) 
2 • PWRGOOD 
.3 • No Connection 
4 • -r 12Vdc (Aux) 
5 • -12 Vdc 
6 • Ground 

7 • Ground 
8 • Ground 
9 • Ground 

10 • -5 Vdc 
11 • +5 Vdc 
12 • +5 Vdc 
1.3 • +5 Vdc 
14 • +5VS 
15 • +12 Vdc (Main) 
16 • +12 Vdc (Aux) 
17 • +12 Vdc (Aux) 
18 • +12 Vdc (Main) 
19 • Ground 
20 • Ground 

Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
4.0 A for other lines. 

Figure 2-37. Jl17, COMPAQ DESKPRO 286 Main Power 
Connector 
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~~ .3 • 
4 • 

Battery + V 
Key 
No Connection 
Ground 

Figure 2-38. Jll8, COMPAQ DESKPRO 286 Battery 
Connector 

11-1 
2~ 

Enable Keyboard 
Ground 

Figure 2-39. Jll9, COMPAQ DESKPRO 286 Security Lock 
Connector 
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2.10 COMPONENT LAYOUTS AND SCHEMATICS 
Figure 2-40 shows the component layout for the COMPAQ PORTABLE 286 system board. Figure 2-41 shows the schematics 
for the COMPAQ PORTABLE 286 system board. Compaq Computer Corporation does not guarantee the accuracy of the 
component layout or the schematics. They are provided to aid in a general understanding of the system operation. 

ROMs 

DMA Controllers {8237 A-5) 

Memory Page Register 

(74lS612) 

Expansion Bus 

Power-On LED 

Memory 

Bonk 0 Bonk 1 

low High low High 

Figure 2-40. COMPAQ PORTABLE 286 System Board Component Layout (Page 1 of 1) 

Ke~oord Controller (8042) 

Interrupt Priority Encoders {8259) 

Interval Timer (8254) 

Real- Time Clock 

(MC146818) 

CPU {80286) 

Socket for 80287 
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Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 1 of 7) 
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Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 2 of 7) 
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0 

A 

Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 3 of 7) 



2-96 80286-Based Products Technical Reference Guide 

Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 4 of 7) 
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D 

Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 5 of 7) 
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Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 6 of 7) 
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Figure 2-41. COMPAQ PORTABLE 286 System Board Schematics (Page 7 of 7) 
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Figure 2-42 shows the component layout for the COMPAQ DESKPRO 286 Version 1 System Board. 
schematics for the COMPAQ DESKPRO 286 Version 1 System Board. Compaq Computer Corporation 
accuracy of the component layout or the schematics. They are provided to aid in a general 
system operation. 

Figure 2-43 shows the 
does not guarantee the 
understanding of the 

DMA Controllers (8237A-5) DMA Memory Page Register (7 4LS612) 

Interrupt Priority Encoders (8259) 

Power-On LED 

Fuse for Monitor Power 

0 

o= 

k'lr=========i 

Expansion Bus 

-~~ 
~ c:::J c:::J o 
--1 

--1 

C::::J 
C:=J 

CJ 0 

c::::::=:J CJ C::::J c::::J 

[:=::J CJ C::::J c::::J 

C:::J CJ C=::J c::::J 

= 
--1 CJ c:::::::J c::=i 

--1 c:::::=:i ~ CJ c::J D 
--1 c::::::=:J = c:=::J c::::J C:J = 

C=:J C::::J CJ C::::J rn~ 
c=i r:;::::::::l;;:=::::;:i· CJDDo 0 

Figure 2-42. COMPAQ DESKPRO 286 Version 1 System Board Component Layout (Page 1 of 1) 

Real- Time Clock (MC14681 B) 

Interval Timer (8254) 

Ke}board Controller (8042) 

Ke)t>oord Power Fuse 

Socket for 80287 

CPU (80286) 
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II J 

Figure 2-43. COMPAQ DESKPRO 286 Version System Board Schematics (Page 2 of 8) 
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Figure 2-43. COMPAQ DESKPRO 286 Version System Board Schematics (Page 4 of 8) 
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Figure 2-43. COMPAQ DESKPRO 286 Version 1 System Board Schematics (Page 5 of 8) 
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Figure 2-43. COMPAQ DESKPRO 286 Version 1 System Board Schematics (Page 6 of 8) 
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Figure 2-43. COMPAQ DESKPRO 286 Version System Board Schematics (Page 7 of 8) 
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Figure 2-44 shows the component layout for the COMPAQ DESKPRO 286 Version 2 System Board. 
schematics for the COMPAQ DESKPRO 286 Version 2 System Board. Compaq Computer Corporation 
accuracy of the component layout or the schematics. They are provided to aid in a general 
system operation. 

Figure 2-45 shows the 
does not guarantee the 
understanding of the 

Memory and Speed Control (MSC) Gate Array 

Clock and Buffer Control (CBC) Gate Array 

Socket for 80287 

CPU (80286) 

Power-On 
LED 

~---1-'D 

DMA Controllers 8237 A-5 

Memory Map (MAP) Gate Array 

Interrupt Priority Encoders (8259) 

Real- Time Clock (MC146818) 

Internal Timer (8254) 

RAM 
Bank 0 

Keyboard 
Controller 
8042 

ROM Set 2 

ROM Set 

Figure 2-44. COMPAQ DESKPRO 286 Version 2 System Board Component Layout (Page 1 of 1) 
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8 

NOTES UNLESS OTHERWISE SPECIFIED: 

1. ALL RESISTORS ARE 1/4 HATT, 5% 

0 COMPONENT NOT INSTALLED 

0 CD SWITCH SETTINGS: 

8 

PCS 1 
OFF 
ON 

ON OFF 
OFF ON 
OFF OFF 

PCS 4 POS 5 
ON ON 
ON OFF 
OFF ON 

POS 6 

OFF 

PCS 7 
RESERVED 

OFF NORMAL OPERATION 

POS B DISPLAY TYPE 
ON AGB COHPAO} 
OFF MONOCHROME 

Y SIZE (0-640K) 
RAH AND ROM 

ORY TO 256K 
ORY TO 512K 

mRY (640K) 

(1-2H) 
1-2.SH) 

~NOTE: POS 1 .. otJ REQUIRES POS 4 • OFF 
AND POS 5 • OFF TO INSURE THAT 
POS 2 AtJO PCS 3 FUNCTION PAOPEAL Y 

5 

~ 
U133A 

~ 
U133B 

LS125 

8 5 

UNUSED GATES 

7407 

~ 
U133E 

13 F10 

~ 
7407 

~ 
U133F 
~ 
~· 

~ 
¢ c;;,. 

F153 

MAOOU11 

Figure 2-45. COMPAQ DESKPRO 286 Version 2 System Board Schematics (Page 1 of 18) 
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B.2K. 10 

10 AN11! 1 

B.2K. 10 
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33. 8-S 

4 RN1C 

100, 6 

5 AN10 

100. 6 

7 RNBF 

8. 2K. 10 

ANBH 

8. 2K, 10 

0 

c 

' 
8 

' 

' 

A 
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8 6 5 3 2 
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781. BBB 
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38 (HLOA) 015 15 15 51 015 
7A8 BUSYJNM 25 Bim' 014 14 14 49 014 

D 7A8 ERROR II 2S EiiRfiR 013 7 13 13 47 013 D 
012 • 12 12 45 012 

7A1 RES2B7 35 RESET 80287 011 11 11 11 .. 011 80286 c XIORC1t 27 010 12 10 10 41 010 
3CB, 5A8, NPR5' 14 9 39 
681, 788 XIOHCM 2B NPWR 

09 
15 B 37 

09 
DB DB 

6.AB. 7A1 NPCSM NPCSO 07 1S 7 50 07 
OS 17 s 4B OS NPCS1 
OS 18 5 4S 05 

CMOt 04 19 .. 04 
CMD2 03 20 42 03 FORCEA20 5Cl 

301. -4A1, A<B: D> 02 21 40 02 
SAS, 681, 01 22 3B 01 
7CB, ace DO 23 3S DO [][] c (286CLK) 

p c vcc 
CLK .. CLK 

GND (READY) S3 READY .. 
GND (51) 1IT A3 

ISO) So A2 1 
CKH COD/INT A coo/'iNTA At RN6A 

PE ACK PEACK AO 8.21<, 10 

NC PERE a PEREQ 2 

HLDA 4C1. 688 
U17 VCC M/TO 488, 688, 888 

SD1 CLK VCC BHE 488 
SAS READYM CAP INTR 5At see. see StM 

C22 
GND HOLD SA1 

688, BBB SOM GND NHI 7Cl 
GND RESET SAS 

8 NC "'[QEj( B 
301. 401, 0<7· O> 146818 NC 

ERROR 2 RN7A 1 
NC 

5A8, 7C1 AD7 NC BUsY B.2K, 10 
ADS 

NC 
BUSYOUTM 7AI 

ADS CK OUT U3 
IRQB AD4 SOH 5C8 

AD3 OSC2 
AD2 

"'iR'a AD1 
ADO VCC . 1N914 

7At CMOS.AHR AS CKFS A9 

7A1 CHOSROK OS PS 
,A3 

270 CA3 
CHOSWAM RESET 1K . 1N914 1N914 

7At R/'W . 
CE GND 

688, 1501 PHRGOOO A7 CA4 CR2 
A 3.481(, u 

UlD U77 . TL431 
. cs s.cs 

av· 01 .047UF tOuF, T 

' C3 ' C4 
AS . . 

Y32. 768KHz 12.87K, tX !12Pf . 112pF 

12 

8 6 5 3 2 

Figure 2-45. COMPAQ DESKPRO 286 Version 2 System Board Schematics (Page 2 of 18) 
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Figure 2-45. COMPAQ DESKPRO 286 Version 2 System Board Schematics (Page 3 of 18) 
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Figure 2-45. COMPAQ DESKPRO 286 Version 2 System Board Schematics (Page 6 of 18) 



2-116 80286-Based Products Technical Reference Guide 

301. 488 

0 

2CB, 301, 4A 
C 5A8, 681, BC 

OHAN 

1 XA<B: O> a 

a ,it-+ 
6 

7 3 
6 2 
5 1 

6 

ALS138 

r.mvi 15 

1J2a Yl 14 

G! Y2 13 

c V3 12 PPICSK 
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SYSTEM BOARD (12-MHz ONLY) 

2.11 THE 12-MHz COMPAQ 
DESKPRO 286 PERSONAL 
COMPUTER 

This chapter describes the theory of operation for 
the COMPAQ DESKPRO 286 Personal Computers with a 
12-MHz 80286 Central Processing Unit (CPU). 

Included in the description are: 

•CPU and CPU support circuitry, which control and 
monitor the system. 

• Memory system, which controls access to and from 
the system random-access memory (RAM) and access 
from the system read-only memory (ROM). 

• Progranmable devices are hardware devices that are 
on the system board and that can be controlled or 
monitored by software. 

• The expansion bus and bus functions allow system 
access to hardware options that may be installed 
in the system. Hardware options may include 
display controllers, communications devices, and 
additional memory. 

2-128 

Information also included in this chapter: 

• Miscellaneous system board information, such as 
fuses and indicators 

• Jumpers 

• Connectors 

• Schematics 

Figure 2-46 is a functional block diagram of the 
system board. 
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2.12 CPU AND CPU SUPPORT 

The 80286 microprocessor uses three buses, the 24-bit 
address bus, the 16-bit data bus, and the control bus 
to communicate with and control the system. 

All devices outside the 80286 microprocessor are 
addressed as either memory-mapped devices or 1/0-
mapped devices. 

To reset the 80286, apply power to the system board 
or simultaneously press the CTRL+ ALT+ DEL keys. 
Once the CPU is reset, it addresses the ROM for 
instructions. The initial boot instructions in ROM 
check the system RAM and ROM for errors (checksums), 
then initialize the system. 

System initialization, or restart of the system, 
includes loading the desired starting values into the 
progra1rrnab le devices, such as the keyboard 
controller, the video controller, the RAM, and the 
CPU. 

After system initialization, the CPU loads the disk 
operating system {DOS) into memory from the diskette 
or fixed disk drive. The DOS is a program that 
manages and provides a consistent programming 
interface to the hardware. 

Included in this category are the: 

• Clock generator and READY interface 

•System control circuitry 

• 80287 numeric coprocessor 

• Clock function 

Figure 2-47 shows a functional block diagram of the 
CPU and CPU support circuitry. 
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Clock Generator and Ready Interface 

The clock generator and READY interface receives an 
input clock signals from an oscillator circuit and 
generates the_ clock signal for the 80286 CPU, the 
80287 coprocessor, and the system control circuitry. 
The clock generator and READY interface also monitors 
the power good (PWRGOOD) signal from the system power 
supply to control the system reset functions. 

System Control Circuitry 

The system control circuitry decodes the status 
signals SO, Sl, and M/IO-, and other inputs, such as 
CEN/AEN, and READY-, to control the system bus. 

Table 2-30 shows the bus cycle status definition for 
the status signals. 

Table 2-30. Bus Cycle Status Definition 
M/!0- so Sl+ Type of Bus Cycle 

0 0 0 Interrupt Acknowledge 
0 0 I/0 Read (Ports) 
0 0 I/O Write (Ports) 
0 1 None: Idle 
1 0 0 Halt or Shutdown 
1 0 Memory Read 

0 Memory Write 
None: Idle 

80287 Numeric Coprocessor (Optional) 

The 80287 Numeric Coprocessor is a high-performance 
numeric processor extension of the 80286, adding 
floating-point, extended integer, and BCD data-type 
support. 

The 80287 automatically executes all numeric 
instructions as they are received. The 80287 
responds to particular l/O addresses (OOF8h, OOFAh, 
and OOFCh) automatically generated by the 80286. 

The 80287's ERROR- signal is connected to IRQ13 
(INT 75h). The BIOS interrupt handler for INT 75h 
routes this interrupt to INT 02h, which is the actual 
routine for coprocessor exceptions. This method 
provides compatibility with 8088/8086-coprocessor 
exceptions and prevents interference with the video 
I/O interrupt, INT !Oh. 

A socket on the system board holds the 80287 
coprocessor. The 80287 coprocessor operates at 8 
MHz. 

Clock Function 

The COMPAQ DESKPRO 286 Personal Computer with a 
12 MHz 80286 offers the choice of a 12-MHz/8-MHz 
switching system clock for improved processing speed 
or a fixed 8-MHz system clock to maintain 
compatibility with slower systems. 



2.13 MEMORY SYSTEM 

Memory Address Decoding 

The 80286 uses addresses <A23 .. AO> and control line 
M/10- to specify memory locations. The address and 
control lines are decoded to specify memory areas for 
the system RAM and ROM 

The memory system includes: 

• Memory address decoding 

• Memory support 

• Memory system (RAM & ROM) 

Expansion boards such as memory, disk, or video must 
have their own devices to decode the 1/0 or memory 
space for that board. 

Figure 2-48 shows a simplified block diagram of 
memory address decoding for the system board. 

System Board (12-MHz Only) 2-133 

COMPAQ DESKPRO 286 
(with 12MHz System Board) Expansion Bus 

Data Bus 

Random-Access 
Memory 
(RAM) 

Parity Memory 
(RAM) 

Read-Only 
Memory 
(ROM) 

Figure 2-48. Memory Address Decoding 
Simplified Block Diagram 
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The memory decoder uses the REFRESH-, MRDC-, 
MWTC-, BALE, and address lines LA23 through LA17 to 
generate the MEM16-, RAM-, ROM-, RAS-, and CAS
signals. 

The 16-bit 80286 microprocessor can read data from 
memory as bytes (8 bits) or words (16 bits). When it 
reads a word on an an even boundary, an even-numbered 
address is generated, and the CPU simultaneously 
reads that address and the one above it (Figure 2-
49). 

Odd-numbered, 
High-order Byte 

Byte FFFFh (64K) 

Byte 0003h 
Byte 0001h 

Even-numbered, 
Low-order Byte 

Byte FFFEh (64K-1) 

Byte 0002h 
Byte OOOOh 

Figure 2-49. A 16-Bit Word Divided into Two Bytes 

Two CPU cycles are required to read a word on an odd 
boundary. The next lower even-numbered address is 
given first by the CPU, and the high-order byte of 
that location becomes the low-order 8 bits of the 
word. The next higher even-numbered address is then 
given by the CPU, and the low-order byte of that 
location becomes the high-order 8 bits of the word. 

Memory Support 

Dynamic memory devices (RAM) require support 
circuitry to: 

• Control the devices, using the CAS-, RAS-, and WR
signals 

•Multiplex the address lines into the RAM 

•Buffer the data lines 

• Refresh the memory cells 

The delay line generates the ENDRAS and STARTCAS 
signals and the signals that control the address 
multiplexing. 



Three AM2966 devices buffer the address lines and 
sequentially present the high- and low-order address 
lines to the RAM. The delay line controls the timing 
for this multiplexing operation. 

Two 74F245 chips buffer the data between the RAM and 
the data bus. 

Memory refresh is controlled by the CBC and MSC gate 
arrays. During memory refresh, every cell of every 
memory location is recharged. 

Memory System 

The 12-MHz COMPAQ DESKPRO 286 has five banks for RAM, 
two 16K x 8-bit system ROMS, and two sockets for 
additional ROM. 
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Random Access Memory (RAM) 

The 12-MHz COMPAQ DESKPRO 286 has 128 Kbytes of RAM 
soldered in the first bank (Bank 0). The four 
remaining banks (Banks 1 through 4) are .socketed so 
that either 64K x 1-bit or 256K x 1-bit RAMS may be 
used. Memory must be expanded in full-bank 
increments (18 RAM devices) in contiguous and 
ascending order, using the same RAM type (64K or 
256K). 

SWl position 1 indicates the type of RAM in banks 1 
through 4. When banks 1 through 4 are filled with 
64K x 1-bit RAMs, SWl position 1 must be CLOSED. 
When banks 1 through 4 are filled with 256K x 1-bit 
RAMS, SWl position 1 must be OPEN. 

NOTE: When SWl position 1 is closed, positions 4 
and 5 must both be open. 

SWl positions 2 and 3 limit the amount of base memory 
on the system board so that conflicts with expansion 
memory boards can be avoided. These two switches 
limit memory, as shown in Table 2-31, regardless of 
the type of RAM in banks 1 through 4. 
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Table 2-31. Base Memory Size Switch (SWl) Settings 
SWl 

Position 2 Position 3 
CLOSED CLOSED 

CLOSED OPEN 
OPEN CLOSED 
OPEN OPEN 

Legend: Closed = ON 
Open = OFF 

Total Address 
Base Memory (Note) Ranges 
Disabled RAM 
and ROM on 
System Board 

256k 0-256 KB 
512k 0-512 KB 
640k 0-640 KB 

Note: Total base memory indicates maximum 
addressable base memory on the system board 
regardless of amount of RAM installed. 

SWl positions 4 and 5 enable/disable banks 2 through 
4. These switches should be used to limit the amount 
of expansion memory on the system board when 
256K x 1-bit RAMS are used to fill banks 1 through 4. 
Table 2-32 gives the switch settings for expansion 
memory. 

Table 2-32. Expansion Memory Size Switch (SWl) 
Settings 

SW! 

Position 4 
CLOSED 
CLOSED 

OPEN 
OPEN 

Position 
CLOSED 
OPEN 
CLOSED 
OPEN 

Legend: CLOSED = ON 
OPEN = OFF 

Banks 
5 Enabled 

None 
2 
2,3 
2,3,4 

Total 
Expansion 

Memory Address 
(Note 1) Range 
None 
512K 1. 0-1. 5 MB 
1024K 1. 0-2 .0 MB 
1536K 1. 0-2. 5 MB 

Notes: 1. Total expansion memory indicates maximum 
addressable expansion memory on the system 
board regardless of amount of RAM 
installed. 

2. SW! positions 4 and 5 should both be OPEN 
when 64K x 1-bit RAMS fill banks 1 through 
4 to ensure that SW! positions 2 and 3 
operate correctly. 



Total Memory 
Memory Range 

126 KB 

256 KB 

364 KB 

512 KB 

640 KB 

1152 KB 

1664 KB 

2176 KB 

OOOOOOh 

01FFFFh 

020000h 

03FFFfh 

040000h 

05FFFFh 

060000h 

07FITTh 

060000h 

09FFFFh 

OAOOOOh 

OFFFFFh 

100000h 

17FFFFh 

160000h 

1FFFFFh 

200000h 

27FFFFh 

Banks 1-4 
filled with 

64K x 1 RAMS 

Bonk 1 
126 K 

Bonk 0 
126K 
(Perm) 

Bank 2 
126 K 

Bank 3 
126 K 

Bonk 4 
126 K 

Banks 1-4 
filled with 

256K x 1 RAMS 

Bonk 1 
512 K 

Bonk 0 
126K 
(Perm) 

This memory space is reserved for ROMS and 
memory-mapped boards, such as video display controllers. 

Bank 2 
512 K 

Bonk 3 
512 K 

Bank 4 
512 K 

Figure 2-50. System Board Memory Configurations 

System Board (12-MHz Only} 

Use SW1 positions 2 and 3 
to disable RAM In this 
address space. 

Use SW1 positions 4 and 5 
to disable RAM In this 
address space. 
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The system board uses COMPAQ-approved 64K x 1-bit or 
256K x 1-bit dynamic RAM devices with a response time 
of 100 ns or faster. (CAS access time must be 50 ns 
or faster.) 

Read Only Memory (ROM) 

The system board has four 28-pin sockets for ROM or 
EPROM. The ROM sockets are addressed as two pairs, 
each 16 bits wide and designated as ROM Set 1 (always 
present and including address OFFFFOh or FFFFFOh) and 
system ROM SET 2 (located in the address space 64 KB 
below ROM Set 1). 

ROM Set 1 controls the initial system operation 
(resetting and initializing the system). This code 
is known as the BIOS (basic input output system). 
Installed in the two ROM Set 1 sockets are 
16K x 8-bit devices, one containing all even bytes 
and the other containing all odd bytes. The two ROM 
Set 2 sockets are empty and permit future expansion. 

ROMs can be, by pairs, either BK, 16K, or 32K x 8 
bits in size and can be either static or dynamic. 
ROM Set 1 occupies the 64-Kbyte space at address 
OFOOOOh through OFFFFFh and identically at address 
FFOOOOh through FFFFFFh. ROM Set 2 occupies the 64-
Kbyte space at address OEOOOOh through OEFFFFh and 
identically at address FEOOOOh through FEFFFFh. 

When 32K x 8-bit ROMs are used, the pair of ROMs fill 
the entire 64-Kbyte address space. When 16K x 8-bit 
ROMs are used, the most-significant address bit is 
not decoded, so the ROMs are double-mapped into two 
identical 32-Kbyte sections of the 64-Kbyte address 
space. 

Similarly, when BK x 8-bit ROMs are used, the two 
most-significant address bits are not decoded, so the 
ROMs are quadruple-mapped into four identical 16-
Kbyte sections of the 64 KB address space. 

Jumpers 

Two jumpers (El and E2) are provided to enable use of 
a variety of types of ROM for special applications. 

Table 2-33 gives the jumper settings and resulting 
configuration for each type of ROM. 



Table 2-33. Jumper Settings for ROM Sets 1 and 2 
ROM Set 1 = El 
ROM Set 2 = E2 

Jumper Settings ROM Type 
1-2 4-5 7-B BK x B, Static ·ROM, 150 ns 
2-3 4-5 7-B 16K x B, Static ROM, 150 ns 
1-2 5-6 7-B Invalid 
2-3 5-6 7-B 32K x B, Static ROM, 150 ns 
1-2 4-5 B-9 BK x B, Dynamic ROM, 150 ns 
2-3 4-5 B-9 16K x B, Dynamic ROM, 150 ns 
1-2 5-6 B-9 Invalid 
2-3 5-6 B-9 32K x B, Dynamic ROM, 150 ns 

No jumper headers are installed. The jumpers are 
etched on the solder side (bottom) of the board in 
the following configurations: 

ROM Set 1:16K x B-bit Static ROM (El: 2-3, 4-5, 7-B) 

ROM Set 2:32K x B-bit Dynamic ROM (E2: 2-3, 5-6, B-9) 

NOTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 

Changing the jumper settings requires cutting the 
conductor on the solder side (bottom) of the board to 
disconnect any unwanted jumpers, then soldering 
wire(s) to jumpers as desired. 
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2.14 PROGRAMMABLE DEVICES 

The system BIOS controls the following system board 
programmable devices: 

• Direct memory access (DMA) controllers 

• OMA memory page register 

• Real-time clock and configuration memory 

• Keyboard controller 

• Interval timer 

• Interrupt priority encoder 

These devices are all I/0 mapped. Commands and 
opcodes are directed to the appropriate device by the 
I/0 port decoding circuitry. Table 2-34 summarizes 
the port addresses used by the devices on the system 
board. 
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Table 2-34. System Board 1/0 Map 
Address Bits 

Port 9 8 7 6 5 4 3 2 l 0 Device 
OOh .. OFh 0 0 0 0 0 X Y Y Y Y 8237A-5 Byte DMA Controller 
20h .. 2lh 0 0 0 0 1 x xx x y 8259A Interrupt Controller 1 
40h 0 0 0 1 0 x x x 0 0 8254-2 System Clock (Timer 0) 
41h 0 0 0 1 0 x x x 0 1 8254-2 Refresh Request (Timer 1) 
42h 0 0 0 1 0 x x x 1 0 8254-2 Speaker Tone (Timer 2) 
43h 0 0 0 1 0 x x x 1 1 8254-2 Command Mode Register 
60h 0 0 0 1 l 0 x 0 x 0 8042 Date 1/0 Register 
61h 0 0 0 1 1 0 x x x 1 Port B/C Input/Outputs 
64h 0 0 0 1 1 0 x 1 x 0 8042 Status/Command Register 
70h 0 0 0 1 1 1 x x x 0 RTC Address Register (Bits <5 .. 0>) 
70h 0 0 0 1 1 1 x x x 0 NM! Enable Register (Bit <7>) 
71h 0 0 0 1 1 1 x x x 1 RTC Data 1/0 Register 
80h 0 0 1 0 0 x 0 0 0 0 DMA Page Register Spare 
8lh 0 0 1 0 0 x 0 0 0 1 DMA Page Register CH 2 Page 
82h 0 0 1 0 0 x 0 0 1 0 DMA Page Register CH 3 Page 
83h 0 0 1 0 0 x 0 0 1 1 DMA Page Register CH 1 Page 
84h 0 0 1 0 0 x 0 1 0 0 DMA Page Register Spare 
85h 0 0 1 0 0 x 0 1 0 1 DMA Page Register Spare 
86h 0 0 1 0 0 x 0 1 1 0 DMA Page Register Spare 
87h 0 0 1 0 0 x 0 1 1 1 DMA Page Register CH 0 Page 
88h 0 0 1 0 0 x 1 0 0 0 DMA Page Register Spare 

(Continued) 
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Table 2-34. (Continued) 
Address Bits 

Port 9 8 7 6 5 4 3 2 1 0 Oevice 

89h 0 0 1 0 0 x 1 0 0 1 OMA Page Register CH 6 Page 

8Ah 0 0 1 0 0 x 1 0 1 0 OMA Page Register CH 7 Page 

8Bh 0 0 1 0 0 x 1 0 1 1 OMA Page Register CH 5 Page 

8Ch 0 0 1 0 0 x 1 0 0 OMA Page Register Spare 

8Dh 0 0 1 0 0 x 1 0 1 OMA Page Register Spare 

8Eh 0 0 1 0 0 x 1 1 0 OMA Page Register Spare 

8Fh 0 0 1 0 0 x 1 1 1 OMA Page Register Refresh Page 

AOh .. Alh 0 0 1 0 1 x x x x y 8259A Interrupt Controller 2 

COh .. CFh 0 0 1 0 y y y y x 8237A-5 Word OMA Controller 

FOh 0 0 1 1 x 0 x x 0 Clear Numeric Processor Busy 

Flh 0 0 1 1 x 0 x x 1 Reset Numeric Processor 

F8h .. FFh 0 0 1 1 1 1 y y x 80287 Co111Tiand Ports 

Legend: X = Don't care. The value of these bits does not affect 
the I/0 address decoding. 

Y = Register dependent. 
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1/0 Port Decoding 

The 80286 uses address (A<15 ... O>) and control lines 
(M/10-) to specify 1/0 operations. Although the 
8028p uses 16 bits for an 1/0 address, the system 
board and expansion boards use only 10 bits; 
(A<9 ... O>), therefore 1/0 space is limited to 3FFh. 
The address and control lines are decoded to provide 
chip selects and addresses for the system board 1/0-
mapped devices (DMA controllers, real-time clock, and 
interval timer). 

Each expansion board such as memory, disk, and video, 
must have its own device to decode the 1/0-mapped 
devices for that board. Figure 2-51 shows a 
simplified block diagram of 1/0 port decoding for the 
system board. 

Control .------------, 
Bus 

1-------< Bus 

Address 

Bus 

Controller 

Control 
Bus 

1/0 
Decoder 

r------J OMA Controllers 

>---------< OMA Memory 

Page Register 

r------J Interval Timer 

>-------; Keyboard Controller 

>---------< Interrupt Priority 

Encoders 

,__ _ __, Real- Time Clock and 

Con figuration Memory 

1-------1 Controller Boards 

Figure 2-51. l/D Address Decoding Simplified 
Block Diagram 



Direct Memory Access Controllers 

Direct memory access (OMA) is a method of directly 
accessing memory without involving the CPU. OMA is 
normally used to transfer blocks of data to or frqm 
an 1/0 device. OMA reduces the amount of CPU 
interactions with memory, freeing the CPU for other 
processing tasks. 

The system board uses two Intel 8237 OMA controllers; 
each with four bidirectional data channels. The OMA 
controllers operate at 4 MHz. OMA Controller 1 is 
used for byte (8-bit) data transfers. OMA Controller 
2 is used for word (16-bit) data transfers. Unlike 
the CPU, OMA Controller 2 can only transfer words on 
an even boundary. Table 2-35 lists the function 
assigned to each OMA channel. 

Table 2-35. OMA Channels Assigned to the Controllers 
Channel Function 

Controller 1 (Byte Transfers) 
0 S are 

SDLC (Communications) 
2 Diskette Data Transfers 
3 S are 

Controller 2 (Word Transfers) 
4 Cascade for Controller 
5 
6 
7 
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The OMA controllers hold (or define) only 16 bits of 
the 24-bit address. The other 8 address bits are 
generated by the MAP gate array. See the "OMA Memory 
Page Register" section for more information. Figure 
2-52 shows memory address derived from page regist~r 
and OMA register contents. 

24-Bit Address - Controller 1 - Byte Transfers 

Page Register 
B Bits 

OMA Controller 
16 Bits 

A23~< ---+) A 16 A I Sf--,-------+, AO 

23-Blt Address - Controller 2 - Word Transfers 

Page Register 
7 Bits 

A23( )A17 

OMA Controller 
16 Bits 

A16 ~--------o Al 

Fl 
~ 

Figure 2-52. Memory Address Derived from Page 
Register and OMA Register Contents 
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Al6 from the OMA memory page register is disabled 
when OMA Controller 2 is selected. AO is not 
connected to OMA Controller 2. AO is always 0 when 
word-length transfers are selected. This arrangement 
means that the size of the block of data that can be 
moved or addressed is measured in 16-bit words rather 
than in 8-bit bytes. 

Since the OMA controllers only contain 16 bits of the 
24-bit address, they can move blocks of data only 
within their ability to address that data. 
OMA Controller 1 can move up to 64 Kbytes of data. 
OMA Controller 2 can move up to 64K words, or 128 
Kbytes of data. 

The OMA controllers are complex devices with several 
registers for commands and status. Table 2-36 lists 
the 1/0 map and the commands and formats of the 
registers. 

Transferring Data from 1/0 Devices 
to Memory 

OMA controllers and 1/0 devices use the ORQx and OAKx 
signals as "handshaking". When an 1/0 device has a 
byte or word of data to send, the 1/0 device makes 
its ORQx line active. When the OAKx line from the 
OMA controller becomes active, the device puts its 
data on the data bus. 

Transferring Data from Memory to 
Memory 

The hardware does not support memory-to-memory block 
transfers. 

NOTE: After power-on, it is recommended that a 11 
Command, Mode, and Mask registers be loaded 
with valid values to ensure proper operation 
of the device. 
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Table 2-36. OMA Controller Registers 
Port Addresses 

Register Function Bits Cntlr 1 Cntlr 2 Read/Write 
Status 8 08h DOh Read 
Command 8 08h DOh Write 
Mode 6 OBh D6h Write 
Write Single Mask Bit 4 OAh D4h Write 
Write All Mask Bits 4 OFh DEh Write 
Software DRQx Reguest 4 09h D2h Write 
Base and Current Address - CH 0 16 OOh COh Write 
Current Address - CH 0 16 OOh COh Read 
Base and Current Word Count - CH 0 16 Olh C2h Write 
Current Word Count - CH 0 16 Olh C2h Read 
Base and Current Address - CH 1 16 02h C4h Write 
Current Address - CH 1 16 02h C4h Read 
Base and Current Word Count - CH 1 16 03h C6h Write 
Current Word Count - CH 1 16 03h C6h Read 
Base and Current Address - CH 2 16 04h C8h Write 
Current Address - CH 2 16 04h C8h Read 
Base and Current Word Count - CH 2 16 05h CAh Write 
Current Word Count - CH 2 16 05h CAh Read 
Base and Current Address - CH 3 16 06h CCh Write 
Current Address - CH 3 16 06h CCh Read 
Base and Current Word Count - CH 3 16 07h CEh Write 

(Continued) 
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Table 2-36. (Continued) 
Port Addresses 

Register Function Bits Cntrl 1 Cntrl 2 Read/Write 
Current Word Count - CH 3 16 07h CEh Read 
Temporary 16 OOh OAh Read 
Reset Pointer Flip-flop (Notes 1.2) OCh OBh Write 
Master Reset (Note 2) OOh OAh Write 
Reset Mask Register (Note 2) OEh OCh Write 

Notes: 1. See "RESET POINTER FLIP-FLOP" for an explanation of 16-bit data transfers to the OMA controllers. 
2. This is not a register, but a direct co1m1and to the OMA Controller. 



STATUS 

The STATUS register bits are set (= 1) to indicate 
that a channel has requested DMA access or that a DMA 
process is complete. 

BIT 

7654 )111/_ l• CH o OMA''°"" oompi.te 

1= CH 1 DMA process complete 

1= CH 2 DMA process complete 

1= CH 3 OMA process complete 

1= CH 0 OMA request 

1= CH 1 OMA request 

1= CH 2 OMA request 

'------- 1= CH 3 OMA request 

System Board (12-MHz Only) 2-147 

COMMAND 

The COMMAND register bits control the DMA operation. 
All bits are reset (=O) by the master clear 
i ns.tructi on or a system reset. This register must be 
prograITTlled to 00 for proper system operation. 
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COMMAND (Continued) 

BIT 
76543210 

I '-- 0 • M~cy to M~cy '''"'''' Oi••blo 
1 = Memory to Memory Transfer Enable 

CH O Address Hold 
0 =Disable 
1 = Enable 
X = If bit 0 = 0 

'-------Controller 
O = Enable 
1 =Disable 

Timing 
0 = Normal 
1 = Compress 
X = If bit 0 = 1 

'"---- Priority 
0 = Fixed 
1 = Rotating 

.__ ____ Write Selection 
0 = Late 
1 = Extended 
X = If bit 3 = 1 

'"----- 0 = DRQx sense active high 
1 = DRQx sense active low 

'------- 0 = DAKx sense active low 
1 = DAKx sense active high 

MODE 

Each channel has a 6-bit register associated with it. 
The first 2 bits of the byte written to this register 
spepify which channel is being selected. These 
registers specify the operating mode for each 
channel. 

BIT 
76543210 

I I Li__ ,,,,,, CH 00 = CH 0 
01 = CH 1 
10 = CH 2 
11 = CH 3 

Transfer 
00 =Verify 
01 =Write 
10 = Read 
11 = Ill ega 1 
XX= If bits <7 .. 6> = 11 

.__ ___ Auto Initialization 
0 = Disable 
1 = Enable 

'------ Address 
0 = Increment 
1 = Decrement 

'-'------Mode Select 
00 = Demand 
01 = Single 
10 = Block 
11 = Cascade 



MODE (Continued) 

If the Block or Demand mode is selected for a 
channel, the total transfer time must not exceed 
15 us or RAM is not properly refreshed. 
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WRITE SINGLE MASK BIT 

This command sets (=1) or resets (=O) a single mask 
bit. When a mask bit is set, that channel's DRQx is 
disabled. The WRITE ALL MASK BITS command can set or 
reset all the mask bits. 

BIT 
76543210 I I I ,,,,,, CH ,,,, Bit 

00 = CH 0 
01 = CH 1 
10 = CH 2 
11 = CH 3 

Mask Bit 
0 = Reset 
1 = Set 

........__._L-L--- 00000 (Reserved) 
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WRITE ALL MASK BITS 

This co111Tiand sets (=1) or resets (=O) all the Mask 
bits. When a bit is set, that channel's DRQx is 
disabled. The WRITE SINGLE MASK BIT co111Tiand can set 
or reset a single mask bit. 

BIT 
76543210 

I L_ CH 0 "''' Bit 0 = Reset 
1 = Set 

CH 1 Mask Bit 
0 = Reset 
1 = Set 

'--------CH 2 Mask Bit 
0 = Reset 
1 = Set 

~-- CH 3 Mask Bit 
0 = Reset 
1 = Set 

.._._.....__....__ ___ 0000 (Reserved) 

SOFTWARE DRQx REQUEST 

The DMA controller can respond to software requests 
for DMA as well as hardware requests from DRQx lines. 
The channel must be in the block mode, and the 
appropriate registers (base addresses and so forth) 
must be set before initiating this request. 

BIT 
76543210 

[ 

Select CH Mask 
00 = CH 0 
01 = CH 1 
10 = CH 2 
11 = CH 3 

Request Bit 
0 = Reset 
1 = Set 

Bit 

~~~--- 00000 (Reserved) 



BASE AND CURRENT ADDRESS - CHANNELS 0-3 

These 16-bit write-only registers specify the 
starting destination address for the memory transfer. 
The 16-bit contents are loaded into these registers 
as a two-part operation. The first write to this 
register loads the 8 least-significant bits. The 
second consecutive write loads the 8 most-significant 
bits. See the RESET POINTER FLIP-FLOP command. 
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CURRENT ADDRESS - CHANNELS 0-3 

These 16-bit read-only registers specify either the 
current address or the destination address for the 
next data transfer. This address is the same as the 
base address, plus address increments or decrements 
made after each data transfer. The 16-bit contents 
are read from these registers as a two-part 
operation. The first read from this register returns 
the 8 least-significant bits. The second consecutive 
read returns the 8 most-significant bits. See the 
RESET POINTER FLIP-FLOP corrmand. 
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BASE AND CURRENT WORD COUNT - CHANNELS 0-3 

These 16-bit write-only registers specify the number 
of words to be transferred. The 16-bit contents are 
loaded into these registers as a two-part operation. 
The first write to this register loads the 8 least
significant bits. The second consecutive write loads 
the 8 most-significant bits. See the RESET POINTER 
FLIP-FLOP command, (QF12). 

CURRENT WORD COUNT - CHANNELS 0-3 

These 16-bit read-only registers specify the number 
of words already moved as part of a data block. The 
16-bit contents are read from these registers as a 
two-part operation. The first read from this 
register returns the 8 least- significant bits. The 
second consecutive read returns the 8 most-
signi ficant bits. See the RESET POINTER FLIP-FLOP 
command. 



TEMPORARY 

This register is not used in this hardware 
configuration. 
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RESET POINTER FLIP-FLOP 

This is a direct co111Tiand to the OMA controller to 
reset the pointer flip-flop that keeps track of 16-
bit data ~ransfers. This co111Tiand resets the pointer 
to a known state so that the OMA controller can load 
the high- and low-order bytes in the proper sequence. 
Use this co111Tiand before writing a 16-bit base address 
or other 16-bit co111Tiand or data to the OMA 
controller. 
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MASTER RESET 

This is a direct command to the DMA controller to 
reset the DMA controller. It has the same effect as 
a hardware reset; the Corrrnand, Status, Request, 
Temporary, and Pointer Flip-Flop registers are reset 
(=O), and the Mask register bits are set (=1). 

RESET MASK 

This is a direct command to the DMA controller to 
reset the Mask register, enabling all four channels 
to receive DRQs (data requests). 



OMA Memory Page Register 

The DMA Memory Page register contains the 8 most
significant bits of the 24-bit address. It works in 
conjunction with the OMA controllers to define the 
complete (24-bit) address for the OMA channels. 
Table 2-37 lists the port address assigned to each 
page register. For more information on the OMA 
controllers, see Section 2.14. 
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Table 2-37. Port Address For OMA Channels 
OMA 
Channel 
0 

2 

3 

4 

5 

6 

7 
Refresh 
Note: 

Page Register 
1/0 Port Address 
087h 
083h 
08lh 
082h 
None 
08Bh 
089h 
08Ah 
08Fh (See Note) 

The OMA Memory Page register for the refresh 
channel must be programmed with OOh for proper 
system operation. 
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Real-Time Clock and Configuration 
Memory 

The COMPAQ 286 family computer system boards use the 
Motorola MC146818 device as their real-time clock 
(RTC) and configuration memory. This device has a 
total of 64 bytes of memory. The first 14 memory 
locations are used for the RTC. The remaining 50 
memory locations are used for the system 
configuration. 

A value can be written to or read from all 64 
registers except: 

• Status registers C and D, which are read-only 

• Bit <7> of Status register A, which is read only 

• The high-order bit of the seconds byte, which is 
read-only 

Figure 2-53 shows the memory map for the MC146818. 

14 Bytes for OOh 
Real-Time 
Clock 

50 Bytes for 
Con figuration 
Memory 

ODh 

Seconds 
Seconds Alarm 
Minutes 
Minutes Alarm 
Hours 
Hours Alarm 
Day of Week 
Date of Month 
Month 
Year 
Register A 
Register B 
Register c 
Register D 

Figure 2-53. MC146818 Memory Map 

OOh 
01h 
02h 
03h 
04h 
05h 
06h 
07h 
OBh 
09h 
OAh 
OBh 
OCh 
ODh 



To prevent a loss of time or system configuration, 
the MC146B18 uses power obtained from a battery 
mounted on the inside of the computer. The battery 
maintains the time and system configuration during 
power loss for as long as three years. The system 
does NOT charge the battery. 

NOTE: If the battery is disconnected or fails 
for any reason, the time and system 
configuration must be reprogramned into the 
MC146818. 

To reset the time or system configuration, run the 
SETUP procedure found on the USER PROGRAMS diskette 
or on the Advanced Diagnostics Diskette. To reset 
the time, use either the SETCLOCK (DOS) comnand, or 
the appropriate INT lAh (BIOS) comnand. 

The MC146818 is an I/O mapped device. Use the 80286 
OUT and IN instructions to read or write to the 
memory in this device. Note that the port 70h is 
shared between the NMI Mask register and the 
Configuration Memory Address register. To leave the 
NMI Mask enabled, make sure when writing a RTC 
address to port 70h that bit <7> is set to 0 . 
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To write a value into memory: 

1. Use OUT 70h, AL to specify the memory location to 
change. 70h is the port number; AL is the memory 
location. 

2. Use OUT 7lh, AL to specify the data for the memory 
location. 71h is the port number; AL is the data. 

To read the contents of a memory location: 

1. Use OUT ?Oh, AL to specify the memory location to 
read. 70h is the port number; AL is the memory 
location. 

2. Use IN AL, 71h to read data stored in that 
location. The returned data is placed in the AL 
register of the 80286. 

Table 2-38 sumnarizes the types of information stored 
in the MC146818's memory locations. 
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Table 2-38. 

Register 
OOh 
Olh 
02h 
03h 
04h 
05h 
06h 
07h 
OBh 
09h 
OAh 
OBh 

MC146818 Real-Time Clock 
Memory Locations 

Function 
Seconds 
Seconds Alarm 
Minutes 
Minutes Alarm 
Hour 
Hour Alarm 
Day of Week 
Day of Month 
Month 
Year 
Status Register A 
Status Register B 

OCh Status Register C 
ODh Status Register D 
OEh Diagnostic Register 
OFh Reset Code Byte 
lOh Diskette Drive Type 
llh Reserved 
12h Fixed Disk Drive Type 
13h Reserved 
14h Equipment Installed 

(Continued) 

Table 2-38. 
Register 
15h,16h 
17h, lBh 
19h-2Ch 
2Dh 
2Eh,2Fh 
30h,31h 
32h 

33h 
34h-3Fh 

(Continued) 
Function 
System Board Memory Size 
Extended Memory Installed 
Reserved 
Additional Flags 
Checksum Value 
Memory More than 1 MB 
Century (part of time and 
date function) 
System Information 
Reserved 

Information about registers OAh through 33h follows. 



STATUS - BYTE OAh 

BIT 
76543210 llCI 1 1 Specify the divider 

frequency for the clock. The 
default value is 0110 (1.024 kHz) 

Specify the time base 
frequency. The default value is 
010 (32.768 kHz) 

~----- 0 = OK to read device 
1 = Time update in progress 
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STATUS - BYTE OBh 

BIT 
76543210 

I L-- 0" No D•ylight ''''"'' Time (default) 
1 =Daylight Savings Time Selected 

Mode 
0 = 12-hour 
1 = 24-hour (default) 

,_____ Time and Date Format 
0 = BCD (default) 
1 = Binary 

.._ __ 0 = Output Disabled (default) 
1 = Enables Frequency Output Selected 

by Status Register A 

~--- End-of-Update Interrupt 
0 = Disable (default) 
1 = Enable 

,__ ___ Alarm Interrupt 
0 = Disable (default) 
1 = Enable 

.._ ____ 0 = Interrupt Disabled (default) 
1 = Enable Interrupt at frequency 

specified by Status Register A 

~----- 0 = Normal Operation 
1 = Disable Time Updating so that 

time can be set 
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STATUS - BYTE OCh--READ-ONLY 

BIT 
76543210 

I I ~ 0000 (R'''''''i 
~ :1 = End-of-Update Interrupt Flag 

= Alarm Interrupt Flag 

Periodic Interrupt Flag 

Interrupt Output Signal Active 

STATUS - BYTE ODh 

BIT 
76543210 I ' II I I I I 0000000 (Reserved) 

Real-Time Clock 
1 = Has not lost power 
O = Has lost power 



CONFIGURATION BYTE OEh--DIAGNOSTIC STATUS BYTE 

BIT 
76543210 

~:o 
(Reserved) 

Time is not valid 

Fixed Disk Drive Controller 
is not working 

= The amount of memory detected 
during the system initialization 
is not the same as the amount 
specified in the configuration 
memory 

=System initialization equipment 
check does not match the 
equipment specified in the 
configuration memory 

= Checksum bad--ROM error 

= Real-time clock has lost power 
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CONFIGURATION BYTE OFh--RESET CODE BYTE 

The reset code tells the system what to do after the 
CPU is reset. The reset code identifies the type of, 
or reason for, reset. The yeset code also provides a 
method of resetting the system without losing 
previously stored data or to return the system to the 
Real mode from the Protected Virtual Memory mode. 

BIT 
76543210 
11111111 OOh = Normal power-on reset 

04h = Proceed to load DOS from disk 
OSh = Jump to Reset Vector 0040:0067 

after initializing the 8259A's 
09h = Block Move Return 
OAh = Jump to Reset Vector 0040:0067 

after initializing the 8259A's 
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CONFIGURATION BYTE 10h--DISKETTE DRIVE TYPE 

BIT 
76543210 

I I I I Secondary (drive 2) Diskette Drive Type: 
0000 = No diskette drive 
0001 = 360-KB Diskette Drive 
0010 = 1.2-MB Diskette Drive 
0011 = Reserved 
0100 = 1.44-MB Diskette Drive 
0101 = Reserved 

1111 = Reserved 

........._....__.__ ___ Primary (drive 1) Diskette Drive Type: 
0000 =No diskette drive 
0001 = 360-KB Diskette Drive 
0010 = 1.2-MB Diskette Drive 
0011 = Reserved 

1111 = Reserved 

CONFIGURATION BYTE 12h--FIXED DISK DRIVE TYPE 

Bits 
<7 .. 4> 

<3 .. O> 

Function 
Value defines first fixed disk drive type: 
Value Type 
0000 None 
0001 .. 1110 1 .. 14 
1111 Other--see byte 19h 

Value defines second fixed disk drive type 
(use table above) and byte !Ah. 

NOTE: This byte i dent i fies the type of fixed 
disk drive used, not the capacity. 



CONFIGURATION BYTE 14h--EQUIPMENT INSTALLED 

BIT 
76543210 

I '--- ,,,,,,,, ,,,,, 
0 =None installed 
1 = Installed 

Numeric Coprocessor 
0 =None installed 
1 = Installed 

'-'--- 00 (Reserved) 

.._._ ___ Type of primary video display controller 
and operating mode 
00 = Reserved 
01 = Color/Graphics, 40 column 
10 = Color/Graphics, 80 column 
11 = Non-COMPAQ monochrome/text 

~----- Number of diskette drives i nsta 11 ed 
00 = 1 
01 = 2 
10 = Reserved 
11 = Reserved 
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CONFIGURATION BYTES 15h AND 16h--BASE MEMORY SIZE 

Value indicates valid memory sizes for the base 
memory size: 

Byte 16h Byte 15h Memory Size 
ooh 80h 128 KB 
Olh OOh 256 KB 
02h OOh 512 KB 
02h 80h 640 KB 
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CONFIGURATION BYTES 17h AND 18h--EXPANSION 
MEMORY SIZE 

Value indicates valid memory sizes for all expansion 
memory: 

Byte 18h Byte 17h Memory Size 
02h OOh 512 KB 
04h OOh 1024 KB 
06h OOh 1536 KB 

3Bh 80h 15232 KB 

CONFIGURATION BYTE 19h --DRIVE C TYPE 

If the disk drive is an extended drive type (type 15 
or greater) bits <7 .. 4> of byte 12h contain 1111 
(binary). 

The type of drive in Drive C appears in byte 19H. 



CONFIGURATION BYTE lAh--DRIVE D TYPE 

If the disk drive is an extended drive type (type 15 
or greater) bits <3 .. O> of byte 12h contain 1111 
(b_inary). 

The type of drive in drive D appears in byte lAh. 
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CONFIGURATION BYTE 2Dh--ADDITIONAL FLAGS 

This byte allows the configuration of special 
features. 

BIT 
76543210 

[
Dual-Mode Monitor 
0 = Non-dual-mode monitor installed 
1 = Installed 

Keyclick 
0 = Disable 
1 = Enable 

'------Video Display Controller 
0 = Non-COMPAQ video display 

controller installed 
1 =COMPAQ video display controller 

installed 

................... '--'---- 00000 = (Reserved) 
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CONFIGURATION BYTES 2Eh AND 2Fh--MEMORY CHECKSUM 

Value stored is the checksum for memory addresses 
lOh .. 2Dh. 

Byte 2Eh = High byte of checksum 

Byte 2Fh = Low byte of checksum 

CONFIGURATION BYTES 30h AND 3lh--MEMORY OVER 1 MB 

Value indicates amount of system memory in excess of 
1 MB. These bytes are updated by the BIOS at 
power-on. 

Byte 31h Byte 30h Memory Size 
02h OOh 512 KB 
04h OOh 1024 KB 
06h OOh 1536 KB 
08h OOh 2048 KB 
OAh OOh 2560 KB 
OCh OOh 3072 KB 
OEh OOh 3584 KB 
lOh OOh 4096 KB 
12h OOh 4608 KB 
14h OOh 5120 KB 
16h OOh 5632 KB 
18h OOh 6144 KB 
lAh OOh 6656 KB 
lCh OOh 7168 KB 
lEh OOh 7680 KB 

3Bh 80h 15232 KB 



CONFIGURATION BYTE 32h--DATE, CENTURY 

This is the century part of the current time and date 
encoded in BCD (binary coded decimal). The BIOS sets 
and reads this value. 
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CONFIGURATION BYTE 33h--SYSTEM INFORMATION 

BIT 
76543210 
I I '-1-'- 1 -'-1~ 000000 (Reserved) 

~ Used by SETUP program 

1 = More than 1 MB of memory 
is installed 
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Keyboard Controller 

An INTEL 8042 single-device microcomputer provides: 

• An output port for system function control and 
keyboard communication 

• An input port to read system function status 

• A test port to read the status of the keyboard 
clock and data lines 

The 8042 has internal ROM that is custom-progranrned 
with keyboard scan codes and operating instructions. 
Figure 2-54 shows a simplified block diagram of the 
keyboard controller. 

SMAP Device 

The SMAP (a Compaq designed Application Specific JC) 
device monitors the Intel 8042 controller for 
commands to "force A20 low" or "restart CPU". If 
either command is received, the SMAP drives the 
appropriate signal and prevents its use by the 8042. 
The SMAP does this by disabling writes to the 8042. 
This SMAP generated response occurs within a few us 
and happens much faster than if generated by the 
8042. The effects of these commands being 
intercepted are, except for speed, invisible to the 
application programmer. Since these commands are 
often used to switch between Real and Protected modes 
of the CPU, performance of applications using the 
mode switch is increased. Programming of these 
commands is described below under "Programming the 
8042". 



r-- System Interface 
(Bidirectional 1/0) 

Command Output 0 Processor Reset 
Register Port 1 Not Connected 
64h 2 Slowdown ....., or (Port 2) 3 Not Connected 
Data 4 Buffer Full INT 
Register ~ 5 Not Connected 
60h 6 CLK 

7 Data 

Status 

~ Register H H Testa l. KBDCLK 
64h Test1 [ KBDDATA 

Output Input 0 Not Connected 
L- Buffer Port 1 12MHz Sense 

60h 2 Auto Jumner 
(Port 1) 3 Not Connected 

8042 
4 Soeed Jumoer 

Internal ~ 5 MFG Jumoer 

Processor 
6 Monitor Selected 
7 Enable Kevboard 

Figure 2-54. Keyboard Controller Functional 
Block Diagram 
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The 8042 coIT111unicates with the keyboard in a 
bidirectional, serial format with a synchronizing 
clock. The 8042 receives serial data, checks its 
parity, translates the 11- or 9-bit scan codes from 
the keyboard into system codes, and interrupts the 
80286 to transfer data into the system. 

(Conmand codes between the B042 and the keyboard are 
described in Chapter 8.) 

8042-to-Keyboard Interface 

The 8042 and the keyboard are connected by a four 
conductor, shielded cable that carries a power line, 
a ground line, a Data signal, and a Clock signal. 

The 8042 and the keyboard conmunicate in a 
handshaking fashion, using the Data and Clock lines 
for synchronous serial conmunication. The Data and 
Clock lines are driven by open-collector-type drivers 
at both ends of the cable in a wired-OR fashion. 

The keyboard supplies the synchronizing clock for 
data transmissions in either direction. 

Figure 2-55 shows a simplified schematic of the data 
and clock circuits. 



2-170 80286-Based Products Technical Reference Guide 

+5 Vdc 

From 8042 
Keyboard 
Data Line 

Data Driver 
~ 

To 8042 
Data Input 

+5 Vdc 

From 8042 
Keyboard 

Clock Driver 
Clock Line 
~ 

To 8042 
Clock Input 

Figure 2-55. Simplified Schematic af the 
Data and Clock Circuits 

From Keyboard 
Data Driver 

To Keyboard 
Data Input 

From Keyboard 
Clock Driver 

To Keyboard 
Clock Input 

11- or 9-Bit Data Transmission Format 

The 8042 adds versatility to the system by a 11011i ng 
11- or 9- bit keyboards to be used interchangeably at 
any time. The system sends commands to the 8042 to 
specify the type of scan code it expects, and the 
8042 sends that type of scan code, regardless of the 
type of keyboard connected. 

The 8042 automatically tests for keyboard type by 
monitoring the data format. Figure 2-56 shows 11-
and 9- bit data formats with sample data transfers. 



DATA 
0 1 0 0 0 1 1 0 0 

CLOCK 

l T T T T T T T T 
DO D1 D2 D3 D4 D5 D6 D7 
LSB MSB l T 

Stop 
Bit 

Start Odd 
Bit Parity 

Bit 
11-BIT DATA FORMAT 

DATA 
0 0 0 0 1 1 0 

CLOCK 

l T T T T T T T T 
DO D1 D2 D3 D4 D5 D6 D7 
LSB MSB 

Start 
Bit 

9-BIT DATA FORMAT 

Note: The keyboard drives the data line low for the 
Stop Bit at the end of a transmission to acknowledge 
the transmission. 

Figure 2-56. 11- and 9-Bit Data Formats 
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Table 2-39 lists the 11- and 9-bit data transfer 
timing parameters. 

Table 2-39. Keyboard Data Timing Parameters 
Parameter 11-Bit 9-Bit 
Clock timing (min.), 60 us 25 us 
Falling edge to falling edge 
Clock timing (min.), 5 us 5 us 
Falling edge to rising edge 
Transmission Time (max.) 2 us 2 us 
First edge to com~letian 
Time data must be valid 0 us 0 us 
before falling clock edge 
Time data must be valid 5 us 12 us 
after falling clock edge 

8042 Port Functions 

The 8042 has three ports: 

• An 8-bit output port for system function control 
and keyboard conmunication 

• An 8-bit input port to read system function status 

• A 2-bit test port to read the status of the 
keyboard Clock and Data lines. 
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To write to the output port: 

1. Write command Dlh (next byte is a value byte) to 
l/0 address 64h. 

2. Write the desired value for the output port to 
port address 60h. 

To read the 8042 output port value: 

1. Write coT11Tiand DOh (transfer the current output 
port values to the 8042 output buffer) to port 
address 64h. 

2. Read the 8042 output buffer (port address 60h). 

Figure 2-57 shows the bit values for the output port 
of the 8042. 

BIT 

~:: 
System RESET Line Active 

(Reserved) 

Fast (8 MHz speed) 
High (Address dependent speed) 

(Reserved) 

=Output buffer full 

= Input buffer empty 

...._ _____ Keyboard clock - controlled by 
the 8042 

...._ ______ Keyboard data read - controlled 
by the 8042 

Figure 2-57. 8042 Output Port - Bit Definition 

To read the 8042 input port value: 
1. Write coT11Tiand COh (transfer the current input port 

values to the 8042 output buffer) to l/0 address 
64h. 

2. Read the 8042 output buffer (port address 60h) 
with the special read coT11Tiand A5h. 

Figure 2-58 shows the format of the byte returned 
from the 8042 input port. 



BIT 

~ 1 = (Reserved) 

0 = 12 MHz Operating Speed Possible 

0 = Auto Slowdown Enabled 
= Auto Slowdown Disabled 

= (Reserved) 

~--- 0 = FAST (8 MHz speed) 
1 = HIGH (Address Dependent speed) 

.._ ____ 0 = Jumper EM set on 1-2 (normal) 
1 = Jumper EM set on 2-3 

~----- 0 =COMPAQ dual-scan display 

~----- Security Lock 
0 = Locked 
1 = Unlocked 

Figure 2-58. 8042 Input Port - Bit Definition 

To read the 8042 TEST input port value: 

1. Write the corrmand EOh (transfer the current TEST 
input port values to the 8042 output buffer) to 
I/0 address 64h. 

2. Read the 8042 output buffer (port address 60h). 
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Figure 2-59 shows the format of the byte returned by 
the 8042 TEST input port. 

BIT 

Keyboard clock stream 

Keyboard data stream lll1It= ::::: : 
000000 (Reserved) 

Figure 2-59. 8042 Test Input Port - Bit Definition 

Programming the 8042 

The 8042 is I/0-mapped at port addresses 60h and 64h. 

Prior to writing a corrmand or data to ports 60h or 
64h, the 8042 STATUS register must indicate "Input 
Buffer Empty". Also, prior to reading data from port 
60h, test the 8042 STATUS register to ensure a "Data 
in Buffer" condition. 

Port 60h, Data I/0 Register. Use the 80286's IN 
instruction to read data from the 8042's output 
buffer. Data in the DATA I/0 register is from the 
keyboard, unless the 8042 has been given a conmand 
such as 20h, READ COMMAND byte. 
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Use the 80286's OUT instruction to send data to the 
keyboard, unless the 8042 has been given a multibyte 
corrmand such as 60h, Write Command Byte. To give a 
multibyte corrmand to the keyboard, write the first 
corrmand byte to port 64h and the second corrmand byte 
to 60h. 

Port 64h, COMMAND/STATUS register. The following 
pages describe the format for COMMAND/STATUS register 
(port 64h) I/O interactions with the 8042. 

Use the 80286's IN instruction to read the status of 
the 8042 and the keyboard (input from port 64h). 
Use the 80286's OUT instruction to give a conmand to 
the 8042 (output to port 64h). Writing to this 
address automatically sets the COMMAND/DATA flag 
to 1. 

Most corrmands involve a single write step. However, 
some conmands do require a second step, such as a 
subsequent 8042 register read or write. 

Figure 2-60 shows the 8042 Status register. Figure 
2-61 shows the 8042 conmand byte. Table 2-40 lists 
the 8042 conmand codes. 

BIT 

tL~: 
LO= 

1 = 

No new data in buffer 
Data in buffer (input port 60h) 

Input Buffer empty (output port 
60h or 64h) 
Input buffer full (output port 
60h or 64h) 

~-- 0 = Power-on (cold start) 
1 = Software reset (warm start) 

~--- O = Output buffer has data 
1 = Output buffer has command 

~---- 0 = Security lock engaged 
1 = Security lock not engaged 

=Transmission Time-out Error: 
No clock--bit <5> set clock, 
no response--bits <5> and <6> set, 
clock and response, but parity 
error--bits <5> and <7> set 

= Receive Time-out Error. 
Keyboard data transmission started, 
but did not finish in 2 ms 

= Parity Error detected (11-bit 
format only). If an error is 
detected, a Resend conmand is 
sent to the keyboard once only, 
as an attempt to recover. 

Figure 2-60. 8042 Status Register (Input Port 64h) 



BIT 

19 0 " Oo oot geoecote ;otecc"pt 
1 = Generate interrupt when 

output buffer full 

0 (Reserved) 

.__ __ System fl ag--the value written 
to this bit is written into the 
corresponding bit of the status 
register 

'----- 0 = Obey Security Lock state 
1 = Ignore Security Lock 

......_ ____ 0 = Enable keyboard 
1 =Disable keyboard 

.__ ____ 0 = Use 11-bit keyboard codes 
1 = Use 9-bit keyboard codes 

'------- 0 = Do not convert keyboard codes. 
1 = Convert keyboard codes to the 

8088/8086 scan codes . 

.__ _____ 0 (Reserved) 

Figure 2-61. 8042 Conmand Byte (Output Port 64h). 
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Table 2-40. 8042 Command Codes (Output Port 64) 
Code Function 
20h Put the current corrrnand byte on the 8042's output port 
60h Load the next byte put into the 8042's input port as the corrrnand byte 
Alh FAST Speed--the 8042 output port selects the 8-MHz speed (SLOWDOWN bit = 0) 
A2h HIGH Speed--the 8042 output port selects an address-dependent speed (SLOWDOWN bit= 1.) 
A4h Toggle--the 8042 changes its speed-control output port bit between the FAST mode speed and the speed 

defined with the HIGHSP corrrnand (A6h). 
A5h Special Read--the 8042 places the real value of port 2 except for bits <4> and <5> which 

are given a new definition in the output buffer. No output-buffer full is generated. 
If bit <5> = 0 then a 9-bit keyboard is in use 
If bit <5> = l, then an 11-bit keyboard is in use 
If bit <4> = 0, the interrupt is disabled 
If bit <4> = l, interrupt is enabled when the output buffer full 

A6h HIGHSP--the 8042 interprets the next byte written to port 60h as the maximum speed for the system when the 
Toggle corrrnand (A4h) is used. 

Value Highest Speed 
OOh FAST (8 MHz) 
Olh HIGH (address-dependent speed) 

Note: Only the least-significant bit is used. The other bits should be set to 0. 

(Continued) 
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Table 2-40. (Continued) 
Code Function 
AAh Initialization--the 8042 initializes ports 1 and 2 to their setup value, sets HIGHSP (CPU speed) to the 

value set by the jumper, disables the keyboard and clears the buffer pointers. It then places 55h in the 
out ut buffer. 

ABh Interface Test--directs the 8042 to test the data and clock lines of the keyboard interface. The output 
buffer (input port 60h) receives the test results, according to: 

OOh - No error detected 
Olh - The keyboard Clock line is stuck low 
02h - The keyboard Clock line is stuck high 
03h - The keyboard Data line is stuck low 
04h - The keyboard Data line is stuck high 
05h - COMPAQ diagnostic feature 

Note: The keyboard Data line test does not check for line stuck low for 9-bit keyboards. 
ACh Diagnostic Dump--Reserved for diagnostic purposes. 
ADh Disable Keyboard--sets bit <4> of the 8042's command byte, which disables the keyboard interface. Data are 

not sent or received until the keyboard is enabled. 
AEh Enable Keyboard--resets bit <4> of the 8042's command byte, which enables the keyboard interface. 
COh Read Input Port--directs the 8042 to transfer the status of the input port and place it in the output 

buffer (input port 60h). Use this command only when the output buffer is empty. 
DOh Read Output Port--directs the 8042 to transfer the current byte in the output port to the output buffer 

(input port 60h). The values for the SPEEDUP and SLOWDOWN bits (D6 and D7) will not be accurate. Use the 
Special Read command (A5h) to read the correct values. Use the Read Output Port command only when the 
output buffer is empty. 

(Continued) 
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Table 2-40. (Continued) 
Code Function 
Dlh Write Output Port--place the next byte written to the 8042 data register (output port 60h) on the 8042's 

output port. The system speed bits are not set by this command--use commands Alh to A6h for speed 
functions. 

CAUTION 

Setting bit <O> of the 8042's Output 
Port 0 puts the system in a reset 
state until the power is turned off. 

EOh Read TestO and Testl Inputs--directs the 8042 to put the current state of TestO and Testl into the output 
buffer (output port 60h). Testa is bit <D> and Testl is bit<l>. 

FOh-FFh Pulse Output Port--the 8042's output port, bits <3 .. O>, can be pulsed (strobed low) for approximately 
2 us. Bits <3 .. 0> of this corrrnand byte each represent one bit, or signal of the output port to be pulsed. 
Note: Bit <O> of the 8042's Output Port 0 is connected to the system reset. Pulsing bit <O> resets 
the system. 
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System Scan Codes Table 2-41. (Continued) 
11-bi t System 9-Bit 

Table 2-41 shows the codes sent by the keyboard to U.S. Keyboard Scan Keyboard 
the 8042 for each key and the final code sent to the Character Scan Code Code Scan Code 
system by the 8042. Tab ODh OFli OFh 

Q 15h !Oh lOh 
Table 2-41. Keyboard Scan Codes w lDh llh llh 

11-bi t System 9-Bit E 24h 12h 12h 
U.S. Keyboard Scan Keyboard 

Character Scan Code Code Scan Code R 2Dh 13h 13h 

OOh FFh T 2Ch 14h 14h 

(Note 1) y 35h 15h 15h 

ESC 76h Olh Olh u 3Ch 16h 16h 

1, ! 16h 02h 02h 43h 17h 17h 

2,@ lEh 03h 03h 0 44h 18h 18h 

3,# 26h 04h 04h p 4Dh 19h 19h 

4,$ 25h 05h 05h [. { 54h lAh lAh 

5,% 2Eh 06h 06h ].} 5Bh lBh lBh 
6,A 36h 07h 07h RET 5Ah lCh lCh 

7,& 3Dh 08h 08h Ctrl 14h lDh lDh 

8,* 3Eh 09h 09h A lCh lEh lEh 

9, ( 46h OAh OAh s lBh lFh lFh 

0,) 45h OBh OBh D 23h 20h 20h 

4Eh OCh OCh F 2Bh 2lh 21h 

=,+ 55h ODh ODh G 34h 22h 22h 

<-- 66h OEh OEh (Continued) 

(Continued) 
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Table 2-41. (Continued) Table2-41. (Continued) 
11-bi t System 9-Bit 11-bi t System 9-Bit 

U.S. Keyboard Scan Keyboard U.S. Keyboard Scan Keyboard 
Character Scan Code Code Scan Code Character Scan Code Code Scan Code 

H 33h 23h 23h Alt llh 38h 38h 
J 3Bh 24h 24h Space 29h 39h 39h 
K 42h 25h 25h Caps 58h 3Ah 3Ah 
L 4Bh 26h 26h Lock 

4Ch 27h 27h Fl 05h 3Bh 3Bh 
52h 28h 28h F2 06h 3Ch 3Ch 
OEh 29h 29h F3 04h 3Dh 3Dh 

Lshift 12h 2Ah 2Ah F4 OCh 3Eh 3Eh 

\.I 5Dh 2Bh 2Bh F5 03h 3Fh 3Fh 
z lAh 2Ch 2Ch F6 OBh 40h 40h 
x 22h 2Dh 2Dh F7 02h,83h 41h 41h 
c 2lh 2Eh 2Eh (Note 2) 

v 2Ah 2Fh 2Fh F8 OAh 42h 42h 

B 32h 30h 30h F9 Olh 43h 43h 

N 31h 31h 31h FlO 09h 44h 44h 

M 3Ah 32h 32h Num Lock 77h 45h 45h 

• ,< 41h 33h 33h Scroll 7Eh 46h 46h 

•• > 49h 34h 34h Lock 

/,? 4Ah 35h 35h Home,7 6Ch 47h 47h 

Rshift 59h 36h 36h Up,8 75h 48h 48h 

*,PrtSc 7Ch 37h 37h PgUp,9 7Dh 49h 49h 

(Continued) (Continued) 



Table 2-41. (Continued) 
11-bi t System 9-Bit 

U.S. Keyboard Scan Keyboard 
Character Scan Code Code Scan Code 

7Bh 4Ah 4Ah 
Left,4 6Bh 4Bh 4Bh 
5 73h 4Ch 4Ch 
Right,6 74h 4Dh 4Dh 
+ 79h 4Eh 4Eh 
End,1 69h 4Fh 4Fh 
Down,2 72h 50h 50h 
PgDn,3 7Ah 51h 51h 
lns,O 70h 52h 52h 
Del,. 71h 53h 53h 
Sys Req 7Fh,84h 54h 

(Note 2) 
(Continued) 
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Table 2-41. (Continued) 
11-bi t System 9-Bit 

us Keyboard Scan Keyboard 
Character Scan Code Code Scan Code 

R 60h 55h 
(Note 3) 
R 61h 56h 
(Note 3) 
Fll 78h 57h 
(Note 4) 
F12 07h 58h 
(Note 4) 
R 59h through 7Fh 
(Note 3) 

Notes: 1. When the 8042 cannot read data from the 
keyboard, the 8042 sends FFh to the 
system, and sets the parity error bit of 
the Status register. 

2. The second value is generated when the 
8042 translates a 9-bit code to an 11-bit 
code. 

3. R = Reserved 
4. The Fll and F12 keys (System Scan Codes 

57H and 58h respectively) are only 
available on the COMPAQ Enhanced Keyboard. 
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8042/Keyboard Communications Time 
Restraints 

If a code transmission from the keyboard exceeds 
~ ms, a time-out error results and the 8042 sends FFh 
to the system. No retries are attempted from a time
out error. 

A keyboard Clock signal strobes the 8042 during a 
data transmission to cycle data bits from the 8042 to 
the keyboard. 

If the keyboard clock does not begin strobing within 
15 ms after a byte is ready to transmit, or if the 
byte is not completely transmitted within 2 ms, the 
8042 sends FEh to the system and sets the transmit 
time-out error bit in the Status register. 

The keyboard must respond to all transmissions from 
the 8042 within 25 ms, or the parity and time-out 
error bits are set in the Status register of the 8042 
and FEh is sent to the system. No retries are 
attempted by the 8042 after any data transmission 
error. 

Security Key Lock 

The security key lock is connected to the P17 line of 
the 8042 keyboard processor. When the security lock 
is locked, the keyboard is disabled. This feature 
allows a program to continue without accidental 
interference. 

Interval Timer 

The purpose of a programmable interval timer is to 
generate pulses at software-controllable intervals. 

An Intel 8254 Programmable Interval Counter on the 
system boards provide three frequencies, or timed 
pulses, for the system. The three counters count 
down a 16-bit value at a rate of 1.193 million 
counts-per-second and give an output pulse on the OUT 
pins. Table 2-42 lists the interval timer functions. 

Two channels (interrupt and refresh) are on at all 
times; only the speaker tone can be disabled and 
enabled. 



Table 2-42. Interval Timer Functions 
Function System Timer 
Counter 0: 
Gate Always On 
Clock In 1.193 MHz 
Clock Out 8259A IRQO 

Counter 1: 
Gate Always On 
Clock In 1.193 MHz 
Clock Out Request Refresh 
Counter 2: 
Gate Progranrnable 
Clock In 1.193 MHz 
Clock Out Speaker Input 

Interval Timer Architecture 

The interval timer contains three identical counters. 
Figure 2-62 shows the architecture of the interval 
timer. CRm and CRl contain the most- and least
significant bytes of the 16-bit initial count value. 
These registers are cleared when they are both 
transferred into CE. 

Control 
Word 
Register 

Control 

Logic 

Gate(n) 
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Status 

Latch 

Internal Bus 

Out(n) 

Figure 2-62. Counter Architecture 

CE is the actual "Counting Element" latch that 
contains the value being counted down. 
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Olm and OLl contain the most- and least-significant 
bytes of the CE value, unless a latch command is 
given. In this case, the Olm and Oll registers hold 
the count until read. 

Programming the Interval Timer 

The timer is an I/0-mapped device. Table 2-43 lists 
the ports used. Several coITTTiands are available: 

• The Control Word specifies: 
- which counter to read or write 
- the operating mode 
- the count format 

• The Counter Latch coITTTiand latches the current 
count so that it can be read by the system. The 
count-down process continues. 

• The Read Back coITTTiand reads the count value, 
prograITTTied mode, the current state of the OUT 
pins, and the state of the null count flag of the 
selected counter. 

Table 
Port 
40h 

41h 

42h 

43h 

2-43. Interval Timer Port Assignments 
Function 
Read or Write Count for Counter 0 
(System Clock) 
Read or Write Count for Counter 
(Refresh Request) 
Read or Write Count for Counter 2 
(Speaker Tone) 
Input for Control Word, Counter 
Latch, or Read Back commands 
(Command Mode Register) 



Interval Timer Operating Modes and Initial 
Values 

Six operating modes are available and are listed in 
Table 2-44. 

Table 2-44. Interval Timer Operating Modes 
Mode Function 
0 Out signal on end-of-count (=O) 
1 Hardware retriggerable one-shot 
2 Rate generator (divide-by-n counter) 
3 Square-wave output 
4 Software-triggered strobe 
5 Hardware-triggered strobe 

The three counters are initialized with the values 
given in Table 2-45. 

Table 2-45. Interval Timer Initial Values 
Control 

Counter Mode Word Count Frequency 
0 3 36h 65535 18.207 Hz 

2 54h 19 62.799 KHz 
(See Note) 

2 3 B6h 1336 893.10 Hz 
Note: Only the least-significant byte of the divisor 

is loaded. 
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Programming the interval timer is a simple process: 

1. Write a control word. 

2. Write an initial count for each counter. 

3. Load the least- and most-significant bytes of the 
16-bit counter in two steps (writes). 
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Interval Timer Control Word Format 

The Control Word specifies the counter, whether it is 
to be written to or read from, the operating mode, 
and whether it counts down in a 16-bit or binary
coded decimal (BCD) format. 

BIT 

Countdown 
0 = Binary 
1 = BCD 

Mode 
000 = 0 
001 = 1 
010 = 2 
011 = 3 
100 = 4 
101 = 5 

'-'----- 00 = Counter Latch corrrnand 
(See Counter Latch corrrnand) 

01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least, then most significant 

byte 

.._.., ______ 00 = Se 1 ect Counter 0 
01 = Select Counter 1 
10 = Select Counter 2 
11 = Read Back corrrnand 

(See Read Back corrrnand) 

Interval Timer Counter-latch Command 

The Counter Latch command latches the count at the 
time the corrrnand is received. The count is held in 
the OL registers until read. 

BIT 

r11~12 0000 (,.,.,,.,) 

00 =Specifies Counter Latch 
Corrrnand 

~------ 00 = Latch Counter 0 
01 = Latch Counter 1 
10 = Latch Counter 2 
11 = Select Read Back corrrnand 

(See Read Back corrrnand). 



Interval Timer Read Back Command 

The Read Back corrmand causes the count or status of 
the counters to be latched in the OL registers until 
read. A single read-back can latch the count or 
status of all three counters. 

BIT 

~: Select Counter 

(Reserved) 

Select Counter 0 

= Select Counter 2 

'------- 0 = Latch Counter of selected counters 

'------ 0 = Latch Status of selected counters 

....... ______ 11 - Specifies Read Back corrmand 
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The status byte latched into OL has the following 
format: 

BIT l1L Countdown Format 
0 = Binary 
1 = BCD 

Mode 
000 = 0 
001 = 1 
010 = 2 
011 = 3 
100 = 4 
101 = 5 

.........,. ____ 00 = Counter latch corrmand 
(See Counter-latch corrmand) 

01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least, then most-significant 

byte 

'-------- Returned Status: 
0 = CR contents are not moved into CE 
1 = CR contents are moved into CE 

'------- 0 =OUT Pin is 0 (low) 
1 = OUT Pin is 1 (high) 
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Interrupt Priority Encoders 

The 80286 processor has two signals for interrupts, 
labelled NMI (nonmaskable interrupt) and INTR 
(maskable interrupts). A maskable interrupt is an 
interrupt that can be enabled or disabled by the 
processor STI/CLI instructions. A nonmaskable 
interrupt is not masked off by the CLI instruction 
but can be disabled under software control by the 
system board logic. 

NMI Interrupts 

NMI interrupts are caused by parity errors on the 
system board, memory boards, or any expansion boards 
that pull the IOCHK- line low. 

System software can also generate a software 
interrupt to the NM! routine. When the IOCHK- line 
is pulled low, it sets the IOCHK- latch, which holds 
the error condition until software can examine it. 

The source of the NMI can be determined by examining 
input port 6lh, bit <6>. If this bit is set, the 
interrupt came from the hardware IOCHK- line. To 
clear the hardware IOCHK- latch, pulse bit <3> of 
port 61h high. 

The mask register for the NM! interrupt is at 1/0-
address 70h. The format for this byte is 10000000, 
that is, only the most significant bit is decoded. 
Write an 80h to port 70h to mask the NM! signal. 
This port is shared with the real-time clock and 
configuration memory device (the lower 6 bits). 
Do not modify the contents of this register without 
considering the effects on the state of the other 
bits. 

INTR Interrupts 

All INTR-type interrupts to the CPU are channelled 
through the interrupt controllers (8259A). These 
devices generate interrupts on the 80286's interrupt 
line, which can be masked in the 80286 by software. 

The interrupt controllers are 8-input devices that 
can accept interrupt signals from several devices, 
then prioritize them and interrupt the processor. 
The processor then automatically reads the interrupt 
controller to determine the source of the highest
priority interrupt and calls the appropriate 
interrupt routine. 



Two interrupt controllers (a master and a slave) are 
used so that more than eight levels of interrupt are 
possible. The slave (Interrupt Controller 2) 
interrupts the master (Interrupt Controller 1) to 
show an interrupt. When Interrupt Controller 1 is 
properly programmed (in the special fully nested 
mode) Interrupt Controller 2 sends the correct 
interrupt vector to the CPU for the source of the 
interrupt. Figure 2-63 shows a diagram of the 
interrupt controller circuit. 

All interrupts can be masked off, using the CLI 
instruction of the 80286. The base I/0 address for 
Interrupt Controller 1 is 20h; for Interrupt 
Controller 2 it is AOh. Table 2-46 lists the initial 
interrupt controller values. 
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Table 2-46. Initial Interruet Controller Values 
Port Value Descrietion of Contents 
20h llh Cntlr 1. ICWl 
21h 08h Cntlr 1, ICW2 vector address for 000020h 
2lh 04h Cntlr 1, ICW3 indicates slave connection 
2lh Olh Cntlr 1. ICW4 8086 mode 
A Oh llh Cntlr 2, ICWl 
Alh ?Oh Cntlr 2, ICW2 vector address for OOOlCOh 
Alh 02h Cntlr 2, ICW3 indicates slave ID 
Alh Olh Cntlr 2, ICW4 8086 mode 
A21h B8h Cntlr l, Interrupt mask (may vary 

with oetion) 
Alh 9Dh Cntlr 2, Interrupt mask (may vary 

with oetion) 

Table 2-47 lists the 16 possible sources for an 
interrupt and their priorities. The highest-priority 
interrupt is processed first. 
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Table 2-47. 
Prior
ity 

2 
3 

4 
5 

Label 
NM! 
IRQO 
IRQl 
IRQ2 
IRQ8 
IRQ9 

Interrupts And Their Priorities 
Cont
roller 

(Note) 

2 
2 

Typical Interrupt Source 
Parity Error Detected 
Interval Timer Output 0 
Keyboard 
Interrupt from Controller 2 
Real-Time Clock 
Expansion Bus Pin B04 

6 IRQlO 2 Expansion Bus Pin D03 
7 IRQll 
8 IRQ12 
9 IRQ13 
10 IRQ14 

11 IRQ15 
12 IRQ3 

13 IRQ4 

14 IRQ5 

15 IRQ6 

16 IRQ7 

2 
2 
2 
2 

2 

Expansion Bus Pin D04 
Expansion Bus Pin D05 
Numeric Coprocessor 
Fixed Disk Drive Controller 
--Expansion Bus Pin D07 
Expansion Bus Pin D06 
Serial Port 2 
--Expansion Bus Pin B25 

1 Serial Port 1 
--Expansion Bus Pin B24 
Parallel Port 2 
--Expansion Bus Pin B23 
Diskette Drive Controller 
--Expansion Bus Pin B22 
Parallel Port 1 
--Expansion Bus Pin B21 

Note: The NM! signal is controlled through the 
I/O port 70h, bit <7>. 

SYSTEl.t BUS 
62-Pin Connector 

Secondary Comm 

Primary Comm 

Secondary Printer 

Diskette 

Primary Printer 

Not Used 

SYSTEl.t BUS 
36-Pin Connector 

Not Used 

Not Used 

Not Used 

IRQ3 

IRQ4 

IRQS 

IRQ6 

IRQ7 

IRQ9 

IRQ10 

IRQ11 

IRQ12 

Fixed Disk 1RQ1 4 

Not Used IRQ15 

Tick Counter IRQO 

Kejboard IRQ1 

i---

RTC IRQ8 

80287 Error IRQ13 

0 

1 

Interrupt 
Controller 1 
(Moster) 

~ 
3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

~· To 80286 INTR 

1Coscode 

I [:] 

Inter 
Cont 

rupt 
roller 2 
e) (Slav 

Figure 2-63. Interrupt Controller Circuit Diagram 



2.15 EXPANSION BUS 

The system board uses expansion slots to support 
additional circuit boards. 

Expansion slots have either two connectors (62-pin 
and 36-pin) or one connector (62-pin). Slots with 
both connectors support a 16-bit data bus and the 
high-order address lines, LA<23 .. 17> as well as 
additional interrupt and OMA lines. Slots with only 
one connector support only an 8-bit data bus with 
address lines SA<19 .. O>. 

This section presents the expansion bus and the 
system timing requirements and includes: 

• Detailed explanations of the expansion bus signals 

•Major functions supplied to the expansion bus, such 
as: 

- Address Handling 
- Data Handling 
- Non-CPU Operations 
- OMA Operations 
- Dynamic RAM Refresh 
- Other Bus Master Operations 

• Timing Considerations 
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Address Handling 

When the CPU begins a bus cycle, it places an address 
on the address bus. This address may be placed on 
the bus while the previous cycle is still in 
progress. Since most devices expect to see a valid 
address for the duration of a bus cycle, the system 
board latches the address onto the system bus. 

System bus lines that contain the latched address are 
SA<l9 .. O>. These latches are of the fall-through 
type so that when the address latch enable signal 
(ALE) goes active, the address appears at the output. 
When ALE goes inactive, the addresses will stay on 
the outputs until the next bus cycle begins. 

Some high speed devices overlap some operations ,such 
as address decoding. To allow this, the system bus 
provides a set of address lines (LA<23 .. 17>) that are 
not latched but which provide a greater setup time to 
do decoding. When the address changes, expansion bus 
devices may decode the high-order address lines and 
then latch them using BALE. This allows expansion 
bus devices to take advantage of addresses for the 
next bus cycle that may be placed on the bus before 
the current bus cycle is complete. 

When other devices (such as OMA or other bus masters) 
take control of the system bus, the BALE line is held 
active for the entire duration of the operation. As 
a result, expansion bus devices cannot use BALE to 
latch the high-order address lines. Therefore, 
LA<23 .. 17> should be held stable for the entire 
duration of each bus cycle. 
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Data Handling 

Data handling for these products is accomplished with 
two data buses. The first is the 8-bit bus that is 
compatible with previous products. It is provided by 
the SD<7 .. 0> lines. External devices and memory that 
are limited to 8-bit transfers use this bus and the 
control lines SMRDC-, SMWTC-, IORC-, and IOWC- to 
enable or latch data on the bus. 

Devices that can transfer data 16 bits at a time must 
also use the SD<lS .. 8> lines for data transfer. The 
lines SBHE- and SAO are used to determine which 
byte(s) are desired. These devices tell the system 
board that they are 16-bit devices by setting the 
Ml6- or 1016- (as appropriate) when they are 
addressed. Table 2-48 lists the signal 
relationships. 

During 12-MHz local memory cycles, the MRDC-, MWTC-, 
SMRDC-, SMWTC-, IROC-, IOWC-, and SBHE- strobes are 
inhibited on the expansion bus. This allows maximum 
compatibility with the standard 8-MHz expansion bus. 

Table 2-48. Ml6-, 1016-, SAO, and SBHE- Signal 
Relationship 

Ml6- or 1016- SAO SBHE- Cycle Type 
High High Odd byte transfer on 

1 i nes SD<l . . O> 
High Low Even-byte transfer on 

lines SD<7 .. 0> 
Low High High Reserved 
Low High Low Odd-byte transfer on 

1 i nes SD<lS .. 8> 
Low Low High Even-byte transfer on 

1 i nes SD<7 .. O> 
Low Low Low Even-word transfer on 

1 i nes SD<lS .. O> 



Non-CPU Operations 

The system board supports several operations that are 
not related to the processor chip itself. These are 
refresh, traditional direct memory access, and 
expansion bus master access. Refresh is provided to 
prevent loss of data in dynamic RAMs (ORAMs). The 
other operations are used by expansion bus devices 
that require access to memory or 1/0 without 
processor intervention. 

The system board prioritizes the requests for each 
type of service according to the following rules: 

• If the CPU is the bus master, it completes the 
current processor cycle. This includes word 
operations to 8-bit memory, which execute as two 
single-byte operations. 

• If the CPU has an instruction LOCKed, it will 
complete the instruction. 

• There is an automatic LOCK between an interrupt 
acknowledge and the first bus write in the 
acknowledge sequence. 

• In the 80286 Protected-Virtual mode, 
segment-description operations are automatically 
LOCKed; that is, six words are loaded at one time. 

• Refresh and other OMA cycles are started on a 
first-come, first-served basis after the CPU 
releases the bus. 
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• If a refresh is in progress when a OMA cycle is 
requested, the OMA cycle will be run without 
allowing the CPU to regain control of the bus. 

• If a direct memory cycle is in progress when a 
refresh is requested, the refresh cycle will be 
run without allowing the CPU to regain control of 
the bus. 

• The OMA controller will hold the bus until all 
outstanding OMA requests are handled. 

• If a OMA channel is programmed for demand or block 
transfer modes, the OMA controller will keep the 
bus for the entire time to complete the programmed 
operation. 

• Wait states or 8-bit memory anywhere in the system 
can delay the time required to acknowledge a OMA 
request. 

Because of the above conditions, peripheral designers 
must assume that the latency on any OMA request can 
be as high as 10-12 us in a typical system using only 
diskette operations. If more than one OMA device is 
operating at one time, the latency can be even 
greater. If a program uses a LOCK prefix before 
string instructions or uses block- or demand-mode 
OMA, then the latency could reach the millisecond 
range. 
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OMA Operations 

The DMA controllers in the system operate as a 
separate subsystem from the main bus controller. 
They handle requests from the DMA peripherals, 
arbitrate between them, and then request access to 
the system address and control lines from the CPU. 

There are two types of DMA: byte and word. One of 
the DMA controllers is connected to handle byte-DMA 
operations, the other, word-DMA operations. To 
simplify the arbitration between sources, the request 
line from the byte controller is connected to a DMA 
request line (DRQ4) on the word controller. The word 
DMA controller is programmed for cascade mode on 
channel 0 (to which DRQ4 is connected) so that it 
will not actually place an address on the bus when it 
acknowledges the byte controller's request. 

Byte-OMA Operations 

The DMA byte cycle begins when a peripheral sets a 
DRQ<3 .. O> line active. The DMA controller then 
arbitrates among any other pending requests and sets 
the hold request output active. This line (DRQ4) is 
connected to the word controller, as discussed above, 
which does its arbitration. The word controller then 
sets its hold request line active, which is in turn 
synchronized and arbitrated by the hold arbitration 
logic discussed above. 

When the system responds to the request with an 
acknowledge, the word DMA controller will respond 
with a DAK4, which acts as a hold acknowledge to the 
byte controller. After synchronizing the 
acknowledge, the byte controller will place an 
address on the bus lines. 

Logic drives the SBHE- line in the opposite sense of 
SAO in order to satisfy 16 bit devices on the bus. 
When the 16-bit devices are stabilized, the DMA 
controller drives the lines IORC-, IOWC-, MWTC-, and 
MRDC- according to the type of cycle being run. If 
SAO is high and the addressed memory is 16-bit, logic 
routes the data between the low half and high half of 
the data bus. The data is moved from high to low on 
memory reads and from low to high on memory writes. 



Word-OMA Operations 

Word-OMA operations are possible only between word 
memory (16 bit) and word peripherals. Also, the OMA 
cannot operate on an odd-address boundary, on either 
memory or 1/0. The system latches the SAO and SBHE-
1 ines to enable 16-bit devices on the bus. 

The word-OMA cycle begins when a peripheral sets a 
DRQ5-DRQ7 line active. The OMA controllers then 
arbitrate among any other pending requests and set 
the hold request output active. 

When the system responds to the request, the word-OMA 
controller will, after synchronizing the acknowledge, 
respond with a DAKx acknowledge to the peripheral. 
The OMA controller will place the address on the bus 
and then drive the control lines. 

Dynamic RAM Refresh 

The dynamic RAM refresh subsystem is designed to do a 
memory read cycle on each of 512 addresses in the 
memory space as addressed by SA<8 .. 0>. During the 
RAM refresh time the other address lines are in an 
undefined state. The system can also be driven by an 
external source if another bus master has control. 
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The system consists of a timer (part of the 8254) 
that generates the refresh requests every 15.924 us, 
arbitration logic that arbitrates whether the refresh 
controller or the OMA subsystem gets control of the 
bus, a timing generator, and a refresh address 
counter. The refresh request rate of 62.799 kHz 
provides 128 refresh cycles in 2.038 ms, or 256 
cycles in 4.0765 ms, or 512 cycles in 8.153 ms. 

If an external bus master wishes to take the bus for 
long periods of time, it must perform refresh or risk 
losing the contents of dynamic memory. The external 
bus master can do this by developing its own refresh 
request timer and internal arbitration. 

When it is not otherwise driving the bus but still 
has bus control, the bus master can generate a 
refresh cycle by pulling the REFRESH- line low with 
an open collector gate. When the MRDC- line goes 
inactive from the refresh cycle, the REFRESH- line 
should be released. The external bus master can then 
take full control. 
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Other Operations by Bus Masters 

This system allows other bus masters to take over the 
system buses and use the I/0 peripherals and memory. 
This is accomplished by the bus master software 
programming an unused OMA channel for cascade 
operation. When this is complete, the bus master can 
request the bus by setting the appropriate DRQx 
(<7 .. 5>, <3 .. O>) line active and waiting for a 
response. 

When the system responds with DAKx, the bus master 
can pull the GRAB- line active (low), disabling the 
address, data, and control lines. The bus master 
should then wait one BCLK period before enabling its 
own buffers with valid address information and wait 
one more BCLK period before driving the control 
lines. 

When the bus master is finished, it should release 
the GRAB- and DRQx lines to allow the CPU to continue 
operations. If the bus master keeps control of the 
bus for more than 15 us, then it must provide its own 
refresh timing and request logic to prevent loss of 
dynamic memory contents. 

Bus Driving/Loading Information 

The following information is provided to improve the 
probability that third-party controller boards will 
work with the standard COMPAQ boards and options. 

On bus lines that can be driven by a controller 
board, the driver should be able to sink a minimum of 
20 mA and source 10 mA at 0.5 Vdc and 2.4 Vdc 
respectively. 

On bus lines that are driven in the low direction 
only (open collector), the driver should be able to 
sink 20 mA at 0.5 Vdc. 

The load on any logic line from a single bus slot 
should not exceed -2.0 mA in the low state (at 
0.5 Vdc) or 0.1 mA in the high state (at 2.7 Vdc). 

The logic-high voltage at the expansion bus ranges 
from 2.0 Vdc to 5.5 Vdc. The logic low voltage at 
the expansion bus ranges from -1.2 Vdc to 0.8 Vdc. 



Bus Timing Information 

In the HIGH mode, the system clock toggles between 
two frequencies (12 MHz or 8 MHz) according to 
address, in which case the new speed will occur 
during the BALE time. 

During these changes, the bus timings for the 
affected cycles will be somewhere between the actual 
12 MHz and 8 MHz timings. Table 2-49 lists the 
important timing parameters for the expansion slots. 
This information assumes that the system clock is at 
a constant speed of 8 MHz. 

NOTE: The expansion bus timing information is 
provided to aid in a general understanding of 
the system and is subject to change. 
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Table 2-49. Expansion Slot Timing Parameters 
Address access time from SA<19 .. O> address lines, 
16 bit bus read cycle. 

Access time 8 MHz 228 ns 
Address access time from SA<l9 .. 1> address lines, 
8 bit bus read cycle. 

Access time 8 MHz 603 ns 
Address access time from SAO address line, 8 bit bus 
read cycle. 

Access time B MHz 589 ns 
Access time from BALE active, 16 bit bus read cycle. 

Access time 8 MHz 232 ns 
MRDC- Access time, 16-bit bus read cycle. 

Access time 8 MHz 190 ns 
IORC- access time, 16-bit bus read cycle. 

Access time 8 MHz 127 ns 
MRDC-, IORC-, access time, 8-bit bus read cycle. 

Access time 8 MHz 502 ns 
SMRDC- access time, 8-bit bus read cycle. 

Access time 8 MHz 484 ns 
CPU read data hold from MRDC-, IROC-, inactive, 8-bit 
bus cycle. 

Hold 8 MHz 1 ns 
(Continued) 
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Table 2-49. (Continued) 
LAx address valid to 16-bit memory command setup. 

Setup 8 MHz 106 ns 
16-bit bus memory cycle Ml6- low delay from LAx 
address valid. 

Maximum allowed delay 8 MHz 108 ns 
BALE valid to 16-bit memory command setup. 

Setup 8 MHz 20 ns 
BALE valid to M16- setup. 

Setup 8 MHz 7 ns 
SA<19 .. 0> address valid to 16-bit memory command 
setup. 

Setup 8 MHz 22 ns 
SA<19 .. 0> address valid to 1/0, 8-bit command setup. 

Setup 8 MHz 84 ns 
SAO address hold from command. 

Hold 8 MHz 96 ns 
SA<l9 .. 1> address hold from command. 

Hold 8 MHz 110 ns 
CPU write data setup to MWTC- active, 16-bit bus 
memory cycle. 

Setup 8 MHz -5 ns 
(Continued) 

Table 2-49. (Continued) 
CPU write data setup to IOWC- (16/8-bit), MWTC
(8-bit), active. 

Setup 8 MHz 58 ns 
CPU write data setup to MWTC-, IOWC-, inactive, 
16-bit bus cycle. 

Setup 8 MHz 245 ns 
CPU write data setup to MWTC-, IOWC-, inactive, 8-bit 
bus cycle. 

Setup 8 MHz 620 ns 
Refresh address setup to MRDC- active. 

Setup 8 MHz 
Refresh address hold from MRDC- inactive. 

Hold 8 Hz 
Refresh wait state BUSRDY low delay from MRDC
active. 

76 ns 

-5 ns 

Maximum allowed delay 8 MHz 90 ns 
Refresh wait state BUSRDY high setup to BCLK rising. 

Setup 8 MHz 
CPU memory or 1/0 command wait state BUSRDY high 
setup to BCLK rising. 

5 ns 

Setup 8 MHz 51 ns 
CPU 16-bit memory command wait state. 
BUSRDY low delay from command active. 

Maximum allowed delay 8 MHz 75 ns 
(Continued) 



Table 2-49. (Continued) 
CPU 16-bit I/0 conmand wait state. 
BUSRDY low delay from conmand active. 

Maximum allowed delay 8 MHz 
CPU 8-bit conmand wait state. 
BUSRDY low delay from conmand active. 

12 ns 

Maximum allowed delay 8 MHz 387 ns 
CPU minimum conmand active from BUSRDY high after 
added wait state. 

Conmand active 8 MHz 135 ns 
CPU maximum conmand active from BUSRDY high after 
added wait state. 

Conmand active 8 MHz 300 ns 
CPU 16-bit memory conmand no wait state NOWS- low 
delay from conmand active. 

Maximum allowed delay 8 MHz 20 ns 
CPU 8-bit memory conmand no wait state NOWS- low 
setup to BLCK falling required. 

Setup required 8 MHz 16 ns 
DMA memory read, I/0 write conmand additional wait 
state. BUSRDY low delay from memory read conmand 
active. 

Maximum allowed delay 8 MHz 182 ns 
DMA I/0 read, memory write conmand additional wait 
state. BUSRDY low delay from I/0 read conmand 
active. 

Maximum allowed delay 8 MHz 273 ns 
(Continued) 
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Table 2-49. (Continued) 
Required I/O data access time from IORC- for DMA 
write to RAM. 

DMA I/0 read access time 8 MHz 264 ns 
DATA valid after IOWC- low during DMA read from RAM. 

DMA data valid from IOWC- low 8 MHz 163 ns 
DATA setup to IOWC- high during DMA read from RAM. 

Data setup to IOWC- high 8 MHz 217 ns 
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2.16 MISCELLANEOUS SYSTEM 
BOARD INFORMATION 

This section contains miscellaneous information that 
does not relate to any of the other sections, such 
as: 

• Speed control 

• Real-Time Clock and Configuration-Memory Battery 

• Indicators 

• Fuses 

• Speaker Interface 

• Clock Circuits 

•System Board Power Requirements 

Speed Control 
• FAST - I/0 speed = 8 MHz, memory speed = 8 MHz 

• HIGH - I/0 speed = 8 MHz 
Memory Speed (Expansion Bus) = 8 MHz 
Memory Speed (System Board) = 12 MHz 

• AUTO - operates in HIGH, except to switch to 8 MHz 
during diskette operations 

In the FAST mode, all memory addresses or bus cycle 
types operate at 8 MHz except: 

• DMA transfers (4 MHz) 

The HIGH mode operates the system board RAM and ROM 
at a faster (12 MHz) speed. In the HIGH mode, the 
following memory addresses or bus cycle types 
continue to operate at 8 MHz: 

• Memory with addresses OOOOOOh to 09FFFFh not 
physically located on the system board. 

• Memory with addresses OAOOOOh to ODFFFFh 

• Memory with addresses lOOOOOh to FDFFFFh not 
physically located on the system board. 

•All I/O devices, except DMA transfers (4 MHz) 

• Any 8-bit memory device 



In the HIGH mode, the following memory addresses or 
bus cycle types operate at 12 MHz: 

• RAM in base memory (OOOOOOh to 09FFFFh) physically 
located on the system board. 

• RAM in extended memory (lOOOOOh to FDFFFFh) 
physically located on the system board 

• ROM (OEOOOOh to OFFFFFh and FEOOOOh to FFFFFFh)) 

The speed is controlled by system software through 
the keyboard controller (8042). 

The AUTO mode is a subset of the HIGH mode. In the 
AUTO mode, all cycles operate as in HIGH mode, 
except that the default system speed automatically 
switches to 8 MHz during diskette operations. 
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Switch SWl position 6 together with the AUTO jumper 
sets the speed of the CPU when the system is powered
on. When the speed switch is OFF and AUTO is 
disabled, the system boots in the HIGH mode, and the 
CPU speed can be toggled between HIGH and FAST mode 
using the multiple key combination of Ctrl, Alt, \. 

When the speed switch is OFF and AUTO is enabled, the 
system will boot in the AUTO mode, and the CPU speed 
can be toggled between AUTO and FAST mode using the 
multiple key combination of Ctrl, Alt, \. 

When the speed switch is ON, the CPU speed is limited 
to the FAST mode and use of the multiple key 
combination Ctrl, Alt, \will not affect the CPU 
speed. 

The MODE SPE[ED] command overrides the speed switch 
and AUTO jumper settings in all cases. 
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Real-Time Clock and Configuration
Memory Battery 

Table 2-50 lists the battery voltage range at the 
battery connector under load condition. 

Table 2-50. Battery Connector Pinout 

Pin Function 
+5 VDC Power 

2 Keyed 
3 Not Used 
4 Ground 

Battery Voltage 
Min. Max. 
5.0 5.4 

0.0 0.0 

The voltage for a new battery must not exceed 6.2 V 
open circuit. The current drain on the battery 
varies with the voltage and the clock operating mode, 
but is between 50 to 90 uA after running SETUP. The 
maximum current is less than 150 uA. 

CAUTION 
Only Authorized Dealers should 
replace the system battery. Extreme 
caution must be observed to replace 
the battery with an identical battery 
type and on the correct connector pins. 

Indicators (LEDs) 

The system board has a light-emitting diode (LED) 
that lights when the +5 Vdc power is ON. 

Fuses 

The 12-MHz system board has no user-replaceable 
fuses. 

Speaker Interface 

The speaker interface allows the speaker to be driven 
from two sources: the 8254-2 interval timer 2, or 
the processor through port 6lh bit <1>. In addition, 
the 8254 interval timer 2 can be enabled and disabled 
from port 61h bit <O>. 

To use the 8254 interval timer to generate a tone, 
program Timer 2 to the desired frequency (the input 
clock rate is 1.193 MHz) and set port 61h bits <O> 
and < 1 > to 1. If the speaker is to be togg 1 ed 
directly by the CPU, port 61h bit <O> should be set 
to 0 and bit <l> should be toggled. 

Clock Circuits 

The two crystal oscillators on the system board 
provide: 

• Clock frequencies for the 80286 processor and the 
entire system 

• A clock source for video color-burst signal and 
general timing 



A crystal oscillator provides a 48-MHz frequency that 
is divided by 2 or 3 (software-selected) by the 
clock-generator interface to provide a master clock 
for the 80286. 

The clock generator interface then divides both the 
48-MHz and the master clock to supply the clocks used 
by the 80287 and other clocked devices. This 
interface also controls the reset signal. System 
reset does not occur until power levels are stable, 
that is,until PWRGOOD signal from power supply 
becomes active. 

A second crystal oscillator on the system board 
provides a 14.31818-MHz (4 times 3.579545 MHz) clock 
signal for color-burst timing. This clock signal 
connects to pin B30 of the board slots for use by the 
video controller and other boards. 

System Board Power Requirements 

The system board uses +5 VDC and +12 VDC power and 
distributes power for other components of the system 
from the -5 VDC, -12 VDC and auxiliary +12 VDC 
provided by the power supply. 
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2.17 GATE ARRAY DEVICES 

The 12-MHz system board has three gate array devices: 

• Memory and Speed Control (MSC) Gate Array 

• Clock and Buffer Control (CBC) Gate Array 

• Memory Map (MAP) Gate Array 

This section describes the Gate Array Devices and 
provides a functional overview of each device. 

MSC Gate Array 

The MSC Gate Array includes the memory decoding and 
speed change functions. 

The speed change function indicates whether the 
system should run at 12 MHz or 8 MHz when operating 
in the HIGH mode. The memory decoding functions 
include the generation of chip select and output 
enable signals, as well as multiple RAS and CAS lines 
for memory bank and hi/lo byte selection. In 
addition, the MSC Gate Array provides the address 
during REFRESH cycles. 
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CBC Gate Array 

The CBC Gate Array provides buffer and clock control. 
It includes the clock switching/generation logic, 
generation of automatic and requested wait-states, 
shutdown logic, 8/16 bit bus conversion, and bus 
arbitration. 

MAP Gate Array 

The MAP Gate Array includes the OMA page register, as 
well as the circuitry for PORT B, SPEAKER and GATE 
control, REFRESH DETECT, and NMI control. 

2.18 JUMPERS AND SWITCHES 

The 12-MHz system board has three switch positions 
not used for memory selection (Figure 2-64). These 
switch positions are described in Table 2-Sl. 

Table 2-Sl. 
SWl Position 

6 

8 

System Board Switch SWl Settings 
Setting Description 
CLOSED CPU speed limit setting -

8 MHz (FAST) 
OPEN CPU speed toggle active 

(HIGH/FAST or AUTO/FAST) 
CLOSED COMPAQ Graphics or RGBI 

Video Controller 
OPEN non-COMPAQ monochrome/text 

video controller 
7 CLOSED Reserved 

Legend: CLOSED = ON, OPEN = OFF 

The AUTO jumper (labeled ES on the system board) 
settings enables or disables an additional speed 
option. When AUTO is enabled, the default system 
speed automatically switches to 8 MHz during diskette 
drive operations. This allows time-dependent copy
protection schemes to work properly. Table 2-S2 
lists the AUTO jumper settings. 

Table 2-S2. AUTO Jumper (ES) Settings 
Setting Description 

1-2 AUTO disabled (CPU toggle: HIGH/FAST) 
1-2 AUTO enabled (CPU toggle: AUTO/FAST) 

Note: The AUTO jumper has no effect if the speed 
switch is set to limit the CPU speed to FAST. 



2.19 CONNECTORS AND EXPANSION 
SLOTS 

Tables 2-53 and 2-54 list the system board connectors 
and expansion slots, resp~ctively. Table 2-55 
describes the expansion slot signals. Figures 2-64 
through 2-74 show the connectors on the system board. 

Table 2-53. System Board Connections 
COMPAQ 

Function DESKPRO 2B6 (12-MHz Only) 
Fixed disk drive power Jl09 or JllO (See Note) 
Drive power(Out) Jlll-Jll2 
Monitor power Jll3 
Speaker Jll5 
Keyboard Jll6 
DC power(In) Jll7 
Battery JllB 
Security lock Jll9 
Note: JllO is for a fixed disk drive back-up or 

second fixed disk drive. 
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Table 2-54. System Board Expansion Slots 
Slot 62-Pin 36-Pin Function 
1 JlOl J121 Expansion (available) 
2 Jl02 N/A Expansion (available) 
3 Jl03 J123 Expansion (available) 
4 Jl04 J124 Expansion (available) 
5 Jl05 Jl25 Expansion (available) 
6 Jl06 Jl26 Fixed Disk Drive Controller 
7 Jl07 Jl27 Video Display Controller 
B Jl08 N/A Diskette/Tape Controller 
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J117, Main Power 
Connector 

J113, Monitor 
Power 
Connector 

l 

J111, J112, Diskette Drive Power Connector 

J110, Fixed Disk Drive Backup 
or Second Fixed Disk Drive Power Connector 

J109, Fixed Disk Drive Power Connector 

J118, Battery Connector 

SW1 Configuration . Switch 

J116, Keyboard Connector 

Figure 2-64. System Board Connectors, SWl Switch, and AUTO.Jumper Locations 

J119 
Security Lock 
Connector 

E5 Auto Jumper 
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Table 2-55. Expansion Slot Signals 
Signal Slot 
Name Pin Type 
AEN All 0 

BALE 

BCLK 

BUSRDY 

DAKO
DAKl -
DAK2-
DAK3-
DAK5-
DAK6-
DAK7-
DRQO 
DRQl 
DRQ2 
DRQ3 
DRQS 
DRQ6 
DRQ7 

B2B 

B20 

AlO 

DOB 
Bl7 
B26 
Bl5 
010 
012 
014 
009 
BlB 
B06 
Bl6 
011 
013 
015 

0 

0 

0 
0 
0 
0 
0 
0 
0 

Description 
This output signal when inactive (low) indicates that the CPU or controller board bus master 
has control of the bus. When active, the DMA controller has control of the bus. It is 
often used to disable devices which must not respond during a DMA cycle. 
This output signal (when high) indicates that a valid address is present on the LA<23 .. 17> 
address lines. The LA<23 .. 17> address lines or any decodes developed from them should be 
latched at the falling edge of BALE. This line is high when a DMA or bus master operation is 
occurrin . 
This output signal is provided to allow synchronization to the main processor clock. Its 
frequency will be either B MHz or 12 MHz. 
This input signal is used to lengthen a bus cycle from its standard time if a controller 
board cannot respond quickly enough. It should be pulled low by an open collector type 
device as soon as a slow addressed device is selected and held low until the device has 
responded. Bus cycles are lengthened by an integral number of (BCLK) cycles. This line 
should not be held low for more than 2.5 us. This line should be driven by an open-collector 
device capable of sinking 20 mA. 
These output lines (OMA Acknowledge) indicate that a request for a OMA service from the OMA 
subsystem has been recognized. The acknowledge is indicated by a LOW on this line. Use this 
line with the IORC- or IOWC- line to decode the desired OMA device. If used to signal 
acceptance of a bus-master request, this signal indicates when it is legal to pull GRAB- low. 

These input lines are used to request a OMA service from the OMA subsystem or to gain control 
of the system bus from the main CPU (OMA request). The request is made when the line goes 
from allow to a high and must remain high until the appropriate DAK<7 .. 5>, <3 .. 0> line goes 
active. 

(Continued) 
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Table 2-55. (Continued) 
Signal Slot 
Name Pin Type 
GRAB- D17 I 

GROUND 

IOCHK-

IORC-

IOWC-

1016-

IRQ3 
IRQ4 
IRQ5 
IRQ6 
IRQ7 
IRQ9 
IRQlO 
IRQll 
IRQ12 
IRQ14 
IRQ15 

BOl 
BlO 
B31 
D18 
AOl 

B14 

813 

D02 

B25 
B24 
B23 
822 
821 
804 
D03 
D04 
D05 
D07 
D06 

l/0 

l/O 

Description 
This input signal is used to indicate that a controller board bus master is controlling the 
bus. A controller board can pull this line low when the appropriate DAK line is made active, 
signaling that a master request is granted. The system address, data and control lines will 
be floated, allowing the controller board to begin controlling them one full BCLK period 
after GRAB is made active. At least one more full BCLK period should be allowed after 
putting a valid address on the bus before activating any of the control lines. This line 
should be driven by an open-collector device capable of sinking 20 mA. 
These lines are connected to the system ac and de ground. The maximum current allowed on any 
single contact is 1.5 A. 

This input signal is used to signal the CPU about parity or other serious errors on 
controller boards. This signal should be driven low by an open collector type output capable 
of sinking 20 mA when an uncorrectable system error occurs. 
This output line (l/O read) indicates (when low) when an l/0 device is to send data to the 
data bus. It can be driven by a controller board acting as a bus master. 
This output line (I/O write) indicates (when low) when an I/O device is to accept the data 
from the data bus. It can be driven by a controller board acting as a bus master. 
This input line (l/O is 16 bits) signals the system that the addressed l/0 device is capable 
of transferring 16 bits of data at once. When this line is made active, during an I/O read 
or write, the standard one wait state l/0 cycle will be run. This line should be driven low 
by an open-collector device capable of sinking 20 mA. 
These input lines are used to interrupt the CPU to request some service. The interrupt is 
recognized when the line goes from a low to a high and remains there until the appropriate 
interrupt service routine is executed. 

(Continued) 
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Table 2-55. (Continued) 
Signal Slot 
Name 
LA17 
LA18 
LA19 
LA20 
LA21 
LA22 
LA23 
MRDC-

MWTC-

M16-

NOWS-

DSC 

Pin 
COB 
C07 
C06 
cos 
C04 
C03 
C02 
C09 

ClO 

001 

BOS 

830 

REFRESH- Bl9 

RESDRV B02 

Type 
I/O 
I/O 
I/O 
I/O 
I/0 
I/O 
I/0 
I/0 

I/0 

0 

I/0 

0 

Description 
These output signals (Latchable Address) are used to decode memory which must respond with 
zero or one wait state. They are only guaranteed to be valid when BALE is high. These can 
be driven by a controller board acting as a bus master. 

This output line (Memory Read) indicates (when low) when a memory device is to send data to 
the data bus. This signal is active over the entire address space of the system. It can be 
driven by a controller board acting as a bus master. 
This output line (Memory Write) indicates (when low) when a memory device is to accept the 
data from the data bus. This signal is active over the entire address space of the system. 
It can be driven by a controller board acting as a bus master. 
This input line {memory is 16 bits) signals the system that the addressed memory is capable 
of transferring 16 bits of data at once. When this line is made active, during a memory read 
or write, the standard one wait state memory cycle will be run. This line should be derived 
from the LA<23 .. 17> address lines. This line should be driven low by an open collector 
device capable of sinking 20 mA. 
This input line (No Wait State) is used to inform the system that standar'd wait states can be 
deleted for cycles when this line is made active. The line must be pulled low 45 ns before 
the falling edge of BCLK in order to be recognized. This line should be driven by an open 
collector device capable of sinking 20 mA. 
This output signal is a clock for use in video color burst and other general timing 
applications. Its frequency is 14.31818 MHz and duty cycle is approximately 50%. 
This output signal is used to indicate (when low) a refresh cycle in progress. It should be 
used to enable the SA<8 .. 0> address lines to the row address inputs of all banks of dynamic 
memory so that when the MROC- goes active, the entire system memory is refreshed at one time. 
It can be driven by a controller board acting as a bus master. 
This output signal is used to reset the hardware during power-on or power failure. 

(Continued) 
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Table 2-55. (Continued) 
Signal Slot 
Name Pin 
SAO A31 
SAl A30 
SA2 A29 
SA3 A28 
SA4 A27 
SA5 A26 
SA6 A25 
SA? A24 
SAB A23 
SA9 A22 
SAlO A21 
SAll A20 
SA12 Al9 
SA13 AlB 
SA14 Al? 
SA15 A16 
SA16 A15 
SA17 A14 
SA18 A13 
SA19 A12 
SBHE- COl 

SDO 
SDl 
SD2 
SD3 
SD4 
SD5 
SD6 
SD7 

A09 
AOB 
AO? 
A06 
A05 
A04 
A03 
A02 

Type 
1/0 
I/O 
1/0 
1/0 
I/0 
1/0 
1/0 
I/0 
I/0 
I/O 
I/O 
I/0 
I/0 
I/0 
I/O 
I/O 
I/0 
I/0 
I/0 
I/0 
1/0 

1/0 
I/0 
I/0 
I/0 
1/0 
I/O 
1/0 
I/O 

Description 
These bidirectional signals address memory or I/0 devices within the system. They form the 
low order 20 bits of the 24 bit address bits that the system offers. These lines are enabled 
onto the bus while BALE is high and are latched when BALE goes from a high to a low state. 
These can be driven by a controller board acting as a bus master. 

This output signal (System Bus High Enable) indicates (when low) that the high half of the SD 
data bus should transfer the data on boards which support the full 16-bit data bus. It can 
be driven by a controller board acting as a bus master. 
These bidirectional signals are the low 8 bits of the system data bus. They should be used 
exclusively by all eight bit devices to transfer data. Sixteen-bit devices should use these 
lines to transfer only the low half of a data word when the address line AO is low. These 
can be driven by a controller board acting as a bus master. 

(Continued) 
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Table 2-55. (Continued) 
Signal Slot 
Name Pin 
SOOS Cll 
SD09 Cl2 
SDlO Cl3 
SDll C14 
SD12 ClS 
SD13 C16 
SD14 C17 
SD15 C18 
SMRDC- B12 

SMWTC- Bll 

T/C B27 

+5 Vdc B03 
B29 
016 

-5 Vdc BOS 

-12 Vdc B07 

+12 Vdc B09 

Type 
I/0 
I/O 
I/O 
I/O 
I/O 
1/0 
1/0 
1/0 
0 

0 

0 

Description 
These bidirectional signals are the high 8 bits of the system data bus. Sixteen bit devices 
should use these lines to transfer the high half of a data word when the line SBHE- is low. 
These can be driven by a controller board acting as a bus master. 

This output line (Standard Memory Read) is active (low) only when an address from OOOOOOh to 
OFFFFFh is decoded. This line is derived from MRDC-. 
This output line (Standard Memory Write) is active (low) only when an address from OOOOOOh to 
OFFFFFh is decoded. This line is derived from MWTC-. 
This output signal (when high) indicates that the Terminal Count of a OMA operation has been 
reached. It should be decoded with the appropriate DAKx line for proper operation. 
These lines are connected to the system power supply for 5 volts. In addition to the maximum 
current available from the supply, the maximum current allowed on any single contact 
is 1.5 A. 
This line is connected to the system power supply for minus 5 volts. This supply is intended 
for low-current usage only (500 mA). 
This line is connected to the system power supply for minus 12 volts. This supply is 
intended for low-current usage only (1.0 A). 
This line is connected to the system power supply for 12 volts. In addition to the maximum 
current available from the supply, the maximum current allowed on this contact is 1.5 A. 
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The 36-pin connector conducts the high-order byte of Pin Pin 
Signal the 16-bit data bus, the memory address lines for Signal 

M16- D01 C01 SBHE-
bits DAK<7 .. 5>, LA<23 .. 17>, signals, and more. These 1016- D02 C02 LA23 
signals generally relate to 16-bit or high-address IRQ10 003 C03 LA22 
memory transfers. IRQ11 D04 C04 LA21 

IRQ12 D05 C05 LA20 
The 62-pin connector conducts the signals needed by IRQ15 D06 C06 LA19 
adapters that do not need word-length data transfers IRQ14 D07 C07 LA1B 
or access to more than the base 1 MB of memory. DACKO- DOB COB LA17 

DRQO D09 C09 MRDC-
Figure 2-65 shows the 36-pin connector and the DACK5- D10 ClO MWTC-
signals that it provides. DRQ5 D11 C11 SDB 

DACK6- D12 C12 SD9 
DRQ6 D13 C13 SD10 
DACK7- D14 C14 SD11 
DRQ7 D15 C15 SD12 
+5 v D16 C16 SD13 
GRAB- D17 C17 SD14 
SIGNAL GROUND D1B C1B SD15 
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Figure 2-66 shows the 62-pin connector and the signals that it provides. 

Signal Pin Pin Signal 
GROUND B01 A01 IOCHK-
RESDRV B02 A02 SD7 
+5 Vdc B03 A03 SD6 
IRQg B04 A04 SD5 
-5 Vdc B05 A05 SD4 
DRQ2 B06 A06 SD3 
-12 Vdc B07 A07 SD2 
NOWS- BOB AOB SD1 
+12 Vdc B09 A09 SDO 
GROUND B10 A10 8USRDY 
SMWTC- B11 A11 AEN 
SMRDC- B12 A12 SA19 
IOWC- B13 A13 SA18 
IORC- B14 A14 SA17 
DAK3- B15 A15 SA16 
DRQ3 816 A16 SA15 
DAK1- B17 A17 SA14 
DRQ1 B18 A18 SA13 
REFRESH- B19 A19 SA12 
8CLK B20 A20 SA11 
IRQ7 821 A21 SA10 
IRQ6 B22 A22 SA9 
IRQ5 823 A23 SA8 
IRQ4 B24 A24 SA7 
IRQ3 B25 A25 SA6 
DAK2- B26 A26 SA5 
T/C B27 A27 SA4 
BALE 828 A28 SA3 
+5 Vdc 829 A29 SA2 
osc B30 A30 SA1 
SIGNAL GROUND B31 A31 SAO 

Figure 2-66. Expansion Slot - 62-Pin Connector 
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1 w +5 Vdc 
2 • Ground 
3 • No Connection 
4 • SPK ORV 

Figure 2-67. Jl09 and JllO, Fixed Disk Drive or 
Fixed Disk Drive Back-up Power 
Connector 

1 ~ Battery + V 
2 Key 
3 • No Connection 
4 • Ground 

Figure 2-68. Jlll and Jll2, Diskette Drive Power 
Connectors 

Ground 6 • • 3 +s Vdc 
+12 Vdc 5 • • 2 KBDDATA 

Ground 4 • • 1 KBDCLK 
--,__~-Chassis Ground 

Figure 2-69. Jll3, Monitor Power Connector 

Figure 2-70. 

Key 
2 • Ground 
3 • +12 Vdc MON 
4 • +12 Vdc MON 
5 • Ground 
6 Key 

Jll5, Speaker 

,W +5 Vdc 
2 Key 
3 • +12 Vdc 
4 • Ground 
5 • Ground 

Connector 

Figure 2-71. Jll6, Keyboard Connector 



1 • +5VRST (Not Used) 

2 • PWRGOOD 

3 • No Connection 

4 • ..-12Vdc (Aux) 

5 • -12 Vdc 

6 • Ground 

7 • Ground 

8 • Ground 

9 • Ground 

1D • -5 Vdc 

11 • +5 Vdc 

12 • +5 Vdc 

13 • +5 Vdc 

14 • +5VS 

15 • +12 Vdc (Main) 

16 • +12 Vdc (Aux) 

17 • +12 Vdc (Aux) 

18 • +12 Vdc (Main) 

19 • Ground 
20 • Ground 

Figure 2-72. Jll7, Main Power Connector 

~~ 3 • 
4 • 
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Battery + V 
Key 
No Connection 
Ground 

Figure 2-73. Jl18, Battery Connector 

11-l 
2L:_j 

Enable Keyboard 
Ground 

Figure 2-74. Jll9, Security Lock Connector 

2-215 
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2.20 COMPONENT LAYOUTS AND 
SCHEMATICS 

Figure 2-75 shows the component layout for the 12-MHz 
COMPAQ DESKPRO 286 system board. Figure 2-76 shows 
the schematics for this system board. Compaq 
Computer Corporation does not guarantee the accuracy 
of the component layout or the schematics. They are 
provided to aid in a general understanding of the 
system operation. 
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Memory and Speed Control (MSC) Gate Array Memory Map (MAP) Gate Array 

Clock and Buffer Control (CBC) Gate Array 

Socket for 80287 

CPU (80286) 

Interrupt Priority Encoders (8259) 

Real-Time Clock (MC146818) 

Interval Timer (8254) 

c:::::::::J 
c:::::D c:::::::::J RAM 

c:=i c:::::D c=J Bank 0 
c:::::D c:::::J CJ c:::::::::J ------

0 ~ c=:::J c=:::J c=::::::J 0°0 c:::::::::J 

c=:::J c=J = ~ c:::::::J 
I------------ c:=i c:=i ~c:=i CJ 

Pow er-on c=::::::i c=::::::J c=::::::J c:::::::::J 6-E:iTo-CSrCS-E:::iTC":3CS~ 
-.LE_o _____ 0 1------------ 1 -------1 lc=J c=Jlc=J c=Jlc:::::::J c=Jlc=J c=JI 

Expansion 
Bus 

c=::::::J c=::::::J c::::::::::::J lc=J c=Jlc=J c=Jlc:::::::J c=Jlc=J c=JI 0 
I------------ 1-------11 Ba~~M4 I e~t~J I e~tkM2 I 0~~~1 I = c:::::::::J lc=J c=Jlc=J c=Jlc:::::::J c=Jlc=J c=JI 
1------------ 1-------1 lc=J c=Jfc=J c=Jfc:::::::J c=Jlc=J c::::::::JI 
c:=i c=::::::J c=::::::J lc=J c=Jlc=J c=Jfc:::::::J c=Jfc=J c::::::::JI 
1------------11-------l fc=J c=Jlc::::::::J c::::::::Jfc:::::::J c=Jfc=J c=Jf 

= !c:::::::J c=J•c=J c=J•c=J c=J•c=J c=J•R 
1------------11-------1 k:::=i c=Jlc=J c=Jlc:::::::J c:::::::Jlc::::::::J c=JIU L. -----~. L. ---~- ._ _______ .. ________ ... _______ .., ________ • 

= c=::::::J 
1------------lc:::::J 

1------------1 ~~-+~ 

DMA Controllers 8237A-5 

Figure 2-75. The 12-MHz COMPAQ DESKPRO 286 System Board Component Layout 

Keyboard 
Controller 
8042 

ROM Set 2 

ROM Set 
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0 

c 

NOTES UNLESS OTHERWISE SPEC IF JED, 
I. ALL RESISTORS ARE l/4 WATT, 57. 

W COMPONENT NOT INSTALLED 

G) SW!TCH SETTINGS 
SWb 

... NOTE~ POS I : ON REQUIRES POS 4 = OH" 
Mfil POS 5 • OFF TO lNSURE THAT 
POS 2 i\NO POS 3 FUNCT IOH PROPERLY 

W JUMPER SETTINGS 

8 Er.l~A~N~D~E=2='~~~RO=H~Sl~Z~E~ 
SK x 8 

NVAL 
I ' 

8 6 

G) JUHPER SETTINGS CCONTl 

£3, 
POS 1-2 OSCILLATOR PACKAGE 

SHORT SINGLE PACKAGE 
Al A KA 

E4o 

ES, 
A AU LVWN 

1-2 OISABLE lN SCFTVARE 
2 3 ENABLE (N SOFTVARE 

7407 
7-407 --L{>-L-

Ul33A ~ 
7407 

Ul33E 

~ 
Ul338 

7'07 

~ 
Ul33F 

L5125 r • 

UNUSED GATES 

lJALSOO 

~ 
F32 

~ 
2 F32 

~ 

Figure 2-76. The 12 MHz COMPAQ DESKPRO 286 System Board Schematics (Page 1 of 19) 
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lli3sl 
~ 

FORCEA20 781 

HLDA fF.i~--+-------------H';T;;- 4Cl.6BB.9CB 
Ml TD "488, 688. 888 

BRE' 488 
INTR SAi 
HOLO 6;t.I 

NNI 781 
RESET 6A8 

= 
rnRllR' """--~~~~~ 

llllSY 

IN9l4 
I z 
CR3 

CR• 

IN914 
2 I 

CR2 

TU31 I (6 1.cs 
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l2.87K. U 

2 

BUSYOUT• 7AI 

JRoe see 

BATT 
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Figure 2-76. The 12 MHz DESKPRO 286 System Board Schematics (Page 2 of 19) 
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Chapter 3 
COMPAQ DESKPRO 286 System Memory Board 

3.1 INTRODUCTION 

The COMPAQ DESKPRO 286® Version 1 System Memory Board 
is required for use with the COMPAQ DESKPRO 286 
Version 1 System Board. The System Memory Board 
provides system memory, ROM and RAM. Memory address 
decoding and memory support functions are described 
in Chapter 2, SYSTEM BOARD. 

There are three versions of the COMPAQ DESKPRO 286 
System Memory Board. All three boards are 
functionally equivalent. Version 1 can be 
distinguished from Versions 2 and 3 by component 
layout (see Figures 3-1 and 3-2). Versions 2 and 3 
have the same component layout, but they have 
different assembly numbers. (See Figure 3-2 for 
location of assembly number). Version 2 has assembly 
number 000178-XXX and Version 3 has assembly number 
000382-XXX. 

Figures 3-1 and 3-2 show the component layout of the 
COMPAQ DESKPRO 286 System Memory Boards. Figure 3-3 
shows the functional block diagram. 

3-1 
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Bank 4 
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E1 - E6 Memory Configuration Jumpers 

Figure 3-1. COMPAQ DESKPRO 286 System Memory Board Version 1 Component Layout 
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Figure 3-2. COMPAQ DESKPRO 286 System Memory Board Version 2 and Version 3 Component Layout 
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3.2 COMPAQ DESKPRO 286 SYSTEM 
MEMORY BOARD RAM 

NOTE: Memory address decoding and memory support 
are explained in Chapter 2. 

The COMPAQ DESKPRO 286 System Memory Board has 
128 Kbyte of RAM soldered in the first bank (Bank 0). 
The four remaining banks (Banks 1 through 4) are 
socketed so that either 64K x 1-bit or 256K x 1-bit 
RAM chips may be used. Memory must be expanded in 
full-bank increments (18 RAM chips) in contiguous and 
ascending order, using the same type of dynamic RAM 
(DRAM) devices. 

Tables 3-1, 3-2, and 3-3 show the possible memory 
configurations and the corresponding jumper settings 
and address ranges for Versions 1, 2, and 3 of the 
System Memory Board respectively. 

Table 3-1. Memory Configurations and Corresponding Jumper Settings Version 
RAM Bank Bank Bank Bank 

Jumper Setting Address Range Size 0 1 2 3 
El-E2 E5-E6 0-640 KB 64 KB 128 KB 128 KB 128 KB 128 KB 
El-E2 E4-E5 0-512 KB 64 KB 128 KB 128 KB 128 KB 128 KB 
E2-E3 E5-E6 0-640 KB; 1-2.5MB 256 KB 128 KB 512 KB 512 KB 512 KB 
E2-E3 E4-E5 0-640 KB 256 KB 128 KB 512 KB (512 KB) (512 KB) 
Notes: 1. All memory sizes are in Kbytes unless otherwise noted. 

Bank 
4 

128 KB 
(128 KB) 
512 KB 

(512 KB) 

2. Use the instructions that come with the COMPAQ memory option kit to properly configure your memory board. 
3. Memory banks shown in parentheses ( ) are not enabled when the jumpers are set as shown, regardless of 

whether or not RAM is installed in these banks. 
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Table 3-2. Memory Configurations 
El Jumper 
Setting 

1-2 5-6 
1-2 4-5 

Address Range 
0-640 KB 
0-512 KB 

and Corresponding Jumper Settings Version 2 
RAM Bank Bank Bank Bank 
Size 0 1 2 3 

64 KB 128 KB 128 KB 128 KB 128 KB 
64 KB 128 KB 128 KB 128 KB 128 KB 

2-3 5-6 0-640 KB; l-2.5MB 256 KB 128 KB 512 KB 512 KB 512 KB 
2-3 4-5 0-640 KB 256 KB 128 KB 512 KB (512 KB) (512 KB) 

Notes: 1. All memory sizes are in Kbytes unless otherwise noted. 

Bank 
4 

128 KB 
(128 KB) 
512 KB 

(512 KB) 

2. Use the instructions that come with the COMPAQ memory option kit to properly configure your memory board. 
3. Memory banks shown in parentheses ( ) are not enabled when the jumpers are set as shown, regardless of 

whether or not RAM is installed in these banks. 

Table 3-3. Memory Configurations and Corresponding Jumper Settings Version 3 
El Jumper RAM Bank Bank Bank Bank 
Setting Address Range Size 0 1 2 3 
1-2 5-6 0-640 KB 64 KB 128 KB 128 KB 128 KB 128 KB 
1-2 4-5 0-512 KB 64 KB 128 KB 128 KB 128 KB 128 KB 
2-3 5-6 0-640 KB; l-2.5MB 256 KB 128 KB 512 KB 512 KB 512 KB 
2-3 4-5 0-256 KB 128 KB 128 KB (128 KB) (128 KB) 

Notes: 1. All memory sizes are in Kbytes unless otherwise noted. 

Bank 
4 

128 KB 
(128 KB) 
512 KB 
(128 KB) 

2. Use the instructions that come with the COMPAQ memory option kit to properly configure your memory board. 
3. Memory banks shown in parentheses ( ) are not enabled when the jumpers are set as shown, regardless of 

whether or not RAM is installed in these banks. 



There are five possible memory configurations for the 
COMPAQ DESKPRO 286 System Memory Board. 
Configurations 1 through 5 are supported by Versions 
1 and 2. Configurations 1, 2, 3, and 5 are supported 
by Version 3. 

1. 0-640 KB using 64K x 1-bit DRAM chips 

2. 0-512 KB using 64K x 1-bit DRAM chips 

3. 0-2.176 MB using 256K x 1-bit DRAM chips 
(0-640 KB plus 512 KB-1536 KB) 

4. 0-640 KB using 256K x 1-bit DRAM chips 

5. 0-256 KB using 64K x 1-bit DRAM chips 

In every configuration, the lowest 128 Kbytes of RAM 
is permanently installed as Bank 0. Figure 3-4 and 
3-5 shows the relationship between the memory map and 
the installed RAM banks for each configuration. 

Configurations 2 and 5 are for use with certain 
hardware and software packages that require system 
memory to be limited. These configurations disable 
the specified address ranges without requiring 
removal of the unused RAM. 

The system memory board uses COMPAQ-approved 
64K x 1-bit or 256K x 1-bit DRAMs with a response 
time of 150 ns or faster. (CAS access time must 
be 75 ns or faster.) 

COMPAQ DESKPRO 286 System Memory Board 3-7 
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Configuration 

Total Memory 
Memory Range 

128 KB 

256 KB 

384 KB 

512 KB 

640 KB 

1152 KB 

1664 KB 

2176 KB 

OOOOOOh 

01FFFFh 

020000h 

OJFFFFh 

040000h 

05FFFFh 

060000h 

07FITTh 

080000h 

09FFFFh 

OAOOOOh 

OFFFFFh 

100000h 

17FFffh 

180000h 

1FITTFh 

200000h 

27FFFFh 

Bank O 
128K 
(Perm) 

Bank 1 
128 K 

Bank 2 
128 K 

Bank 3 
128 K 

Bank 4 
128 K 

2 

Bank O 
128K 
(Perm) 

Bank 1 
128 K 

Bank 2 
128 K 

Bank 3 
128 K 

Bank 4 

/!Ill 

Bank o 
128K 
(Perm) 

Bank 1 
512 K 

4 

Bank O 
128K 
(Perm) 

Bank 1 
512 K 

This memory space Is reserved far ROMS and 
memory-mapped boards, such as video display cdntrollers. 

Bank 2 
512 K 

Bank 3 
512 K 

Bank 4 
512 K 

Bank 2 

!Ill/ 

Bank 3 

!/Ill 

Bank 4 

Ill!! 

Note: Deselected banks are denoted by • / / / / i: RAMs installed In these banks are Ignored. 

5 

Bank O 
128K 
(Perm) 

Bank 1 
128 K 

Bank 2 

I/Ill 

Bank 3 

///!/ 

Bank 4 

///// 

Figure 3-4. COMPAQ DESKPRO 286 (with Version 1 System Soard) Memory Configurations 



Total Memory 
Memory Range 

OOOOOOh 
128 KB 

01FFFFh 

020000h 
256 KB 

03FFFFh 

040000h 
384 KB 

05FFFFh 

060000h 
512 KB 

07FFFFh 

080000h 
640 KB 

09FFFFh 

OAOOOOh 

OFFFFFh 

100000h 
1152 KB 

17FFFFh 

180000h 
1664 KB 

1FFFFFh 

200000h 
2176 KB 

27FFFFh 

COMPAQ DESKPRO 286 System Memory Board 3-9 

Banks 1-4 
filled with 

64K x 2 RAMS 

Bank 1 
128 K 

Bank O 
128K 
(Perm) 

Bank 2 
128 K 

Bank 3 
128 K 

Bank 4 
128 K 

Banks 1-4 
filled with 

256K x 1 RAMS 

Bank 1 
512 K 

Bank 0 
128K 
(Perm) 

This memory space is reserved for ROMS and 
memory-mapped boards, such as video display controllers. 

Bank 2 
512 K 

Bank 3 
512 K 

Bank 4 
512 K 

Use SW1 positions 2 and 3 
to disable RAM in this 
address space. 

Use SW1 positions 4 and 5 
to disable RAM in this 
address space. 

Figure 3-5. COMPAQ DESKPRO 286 (with Version 2 System Board) Memory Configurations 



3-10 80286-Based Products Technical Reference Guide 

3.3 COMPAQ DESKPRO 286 SYSTEM 
MEMORY BOARD ROM 

The COMPAQ DESKPRO System Memory Board has four 
28-pin sockets for ROM or EPROM. The ROM sockets are 
addressed as two pairs, each 16 bits wide and 
designated as ROM Set 1 (always present and including 
address OFFFFOh or FFFFFOh) and system ROM SET 2 
(located in the address space 64 Kbytes below 
ROM Set 1). 

ROM Set 1 controls the initial system operation 
(resetting and initializing the system). This code 
is known as the BIOS (Basic Input Output System). 
Installed in the two ROM Set 1 sockets are 16K x 8 
devices, one containing all even bytes and the other 
containing all odd bytes. The two ROM Set 2 sockets 
are empty and are provided for future expansion. 

ROMs can be, by pairs, either 8K x 8, 16K x 8, or 32K 
x 8 bits in size and can be either static or dynamic. 
ROM Set 1 occupies the 64-KB space at address OFOOOOh 
through OFEFFFh and identically at address FFOOOOh 
through FFFFFFh. ROM Set 2 occupies the 64-KB space 
at address OEOOOOh through OEFFFFh and identically at 
address FEOOOOh through FEFFFFh. 

When 32K X 8 ROM chips are used, the pair of ROM 
chips fill the entire 64-Kbyte address space. When 
16K x 8 ROM chips are used, the most-significant 
address bit is not decoded, so the ROM chips are 
double-mapped into two identical 32-Kbyte sections of 
the 64-Kbyte address space. 

Similarly, when 8K x 8 ROMs are used, the two most
significant address bits are not decoded, so the ROM 
chips are quadruple-mapped into four identical 
16-Kbyte sections of the 64-Kbyte address space. 

3.4 JUMPERS 

Several jumpers are provided to enable use of a 
variety of types of ROM for special applications. 

Tables 3-4 and 3-5 lists the jumper settings and 
resulting configuration for each type of ROM. 
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Table 3-4. Jumper Settings for ROM Sets 1 and 2 - Table 3-5. Jumper Settings for ROM Sets 1 and 2 -
Version 1 System Memory Board Version 2 and 3 System Memory Board 

ROM Set 1 ROM Set 1 - E2 
JumEer Settings ROM Type ROM Set 2 - E3 
E7-E8 ElO-Ell E13-E14 8Kx8, Static ROM, 250 ns JumEer Settings ROM Type 

E8-E9 ElO-Ell El3-El4 16Kx8, Static ROM, 250 ns 1-2 4-5 7-8 8Kx8, Static ROM, 250 ns 

E7-E8 Ell-E12 E13-E14 Invalid 2-3 4-5 7-8 16Kx8, Static ROM, 250 ns 

E8-E9 Ell-E12 El3-E14 32Kx8, Static ROM, 250 ns 1-2 5-6 7-8 Invalid 

E7-E8 ElO-Ell El4-El5 8Kx8, Dynamic ROM, 150 ns 2-3 5-6 7-8 32Kx8, Static ROM, 250 ns 

E8-E9 ElO-Ell El4-El5 16Kx8, Dynamic ROM, 150 ns 1-2 4-5 8-9 8Kx8, Dynamic ROM, 150 ns 

E7-E8 Ell-El2 El4-El5 Invalid 2-3 4-5 8-9 l6Kx8, Dynamic ROM, 150 ns 

E8-E9 Ell-E12 El4-El5 32Kx8, Dynamic ROM, 150 ns 1-2 5-6 8-9 Invalid 

ROM Set 2 2-3 5-6 8-9 32Kx8, Dynamic ROM, 150 ns 
JumEer Settings ROM TyEe 
E16-E17 El9-E20 E22-E23 8Kx8, Static ROM, 250 ns 
E17-E18 E19-E20 E22-E23 16Kx8, Static ROM, 250 ns 
E16-E17 E20-E21 E22-E23 Invalid 
El7-El8 E20-E21 E22-E23 32Kx8, Static ROM, 250 ns 
El6-El7 El9-E20 E23-E24 8Kx8, Dynamic ROM, 150 ns 
El7-E18 E19-E20 E23-E24 16Kx8, Dynamic ROM, 150 ns 
El6-El7 E20-E21 E23-E24 Invalid 
E17-El8 E20-E21 E23-E24 32Kx8, Dynamic ROM, 150 ns 
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There are no jumper headers installed. The jumpers 
are etched on the solder side (bottom) of the board 
in the following configurations: 

Version 
ROM Set 1: 16K x 8 Static ROM (E8-E9, ElO-Ell, 

E13-E14) 
ROM Set 2: 32K x 8 Dynamic ROM (E17-E18,E20-E21, 

E23-E24) 

Version 2 
ROM Set 1: 16K x 8 Static ROM (El: 2-3, 4-5, 7-8) 
ROM Set 2: 32K x 8 Dynamic ROM (E2: 2-3, 5-6, 8-9) 

Changing the jumper settings requires cutting the 
conductor on the solder side (bottom) of the board to 
disconnect any unwanted jumpers, then soldering the 
wire(s) to jumpers as desired. 

NCYTE: Modifying these jumpers invalidates the 
COMPAQ warranty for this board. 
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3.5 SCHEMATICS 

Figure 3-6 shows the schematics for the COMPAQ DESKPRO 286 System Memory Board Version l. Figure 3-7 sho1~s the 
schematics for the COMPAQ DESKPRO 286 System Memory Board Versions 2 and 3. Versions 2 and 3 have the same 
schematics, only the PALS are different. Compaq Computer Corporation does not guarantee the accuracy of the 
schematics. They are provided to aid in a general understanding of the system operation. 
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Figure 3-6. COMPAQ DESKPRO 286 System Memory Board Schematics (Page 2 of 5) 
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Figure 3-6. COMPAQ DESKPRO 286 System Memory Board Schematics (Page 4 of 5) 
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512/2048-KBYTE MEMORY EXPANSION BOARD 

4.1 INTRODUCTION 

The 512/2048-Kbyte Memory Expansion Board provides 
for memory expansion of the COMPAQ DESKPRO 286® and 
the COMPAQ PORTABLE 286® Figures 4-1 and 4-2 show 
the component layouts for the two versions of the 
512/2048-Kbyte Memory Expansion Board. Figure 4-3 
shows the functional block diagram. 

Bonk 1 

Figure 4-1. 512/2048-Kbyte Memory Expansion Board 
Version 1 Component Layout 

Bonk 1 

Bonk 2 

~ Not Installed 

Figure 4-2. 512/2048-Kbyte Memory Expansion Board 
Version 2 Component Layout 
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4.2 512/2048-KBYTE MEMORY 
EXPANSION BOARD RAM 

The 512/2048-Kbyte Memory Expansion Board has four 
banks of sockets (Banks 1 ... 4) that provide for 
system memory expansion using 256K x 1 dynamic RAM 
(DRAM) chips. 

Memory must be installed in full-bank increments (18 
DRAMs) in contiguous and ascending order. 

There are four possible configurations (address 
ranges) for the 512/2048-Kbyte Memory Expansion 
Board: 

• 1-3 Megabyte for the COMPAQ PORTABLE 286 and 
COMPAQ DESKPRO 286 with 640 Kbytes of base memory. 

• 5-4.5 Megabyte for the COMPAQ DESKPRO 286 with 
2176 Kbytes or the System Memory Board or on the 
COMPAQ DES KP RO 286 Version 2 System Board. (See 
Note). 

• 5-6.5 Megabytes for the COMPAQ DESKPRO 286 with a 
2.5-4.5-megabyte Memory Expansion Board installed. 

• 5-8.5 Megabytes for the COMPAQ DESKPRO 286 with a 
4.5-6.5-megabyte Memory Expansion Board installed. 
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NOTE: COMPAQ DESKPRO 286 Version 1 System Board 
requires the System Memory Board. The 
Version 2 System Board has the system ROM and 
RAM on the system board and does not use the 
System Memory Board. 

Tables 4-1 and 4-2 show the possible memory 
configurations and their corresponding jumper 
settings. 

Table 4-1. Memory Configuration and Corresponding 
Jumper Settings - Version 1 Memory 
Expansion Board 

Jumper Address Bank Bank Bank Bank 
Setting Range 1 2 3 4 
El-E2, 1-3 MB 512 KB 512 KB 512 KB 512 KB 
E5-E6 
El-E2, 2.5- 512 KB 512 KB 512 KB 512 KB 
E4-E5 4.5 MB 
E2-E3 4.5- 512 KB 512 KB 512 KB 512 KB 
E5-E6 6.5 MB 
E2-E3 6.5- 512 KB 512 KB 512 KB 512 KB 
E4-E5 8.5 MB 
Note: Use the instructions that come with the COMPAQ 

memory option kit to properly configure your 
memory expansion board. 
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Table 4-2. Memory Configuration and Corresponding 
Jumper Settings - Version 2 Memory 
Expansion Board 

El Jumper Address Bank Bank Bank Bank 
Setting Range 1 2 3 4 
1-2,5-6 1-3 MB 512 KB 512 KB 512 KB 512 KB 
1-2,4-5 2.5- 512 KB 512 KB 512 KB 512 KB 

4.5-MB 
2-3,5-6 4.5- 512 KB 512 KB 512 KB 512 KB 

6.5 MB 
2-3,4-5 6.5- 512 KB 512 KB 512 KB 512 KB 

8.5 MB 
Note: Use the instructions that come with the COMPAQ 

memory option kit to properly configure your 
memory expansion board. 

The 512/2048-Kbyte Memory Expansion Board uses 
approved 256K x 1 DRAM chips with a response time of 
150 ns or faster. (CAS access time must be 75 ns 
or faster.) Use Only 256K x 1 DRAM in the 
512/2048-Kbyte Memory Expansion Board. 

Never add a memory expansion board with an address 
range that will overlap with any existing memory 
boards. Be sure to install memory expansion boards 
so that memory is contiguous through the specified 
address range for a particular memory expansion 
board, all four banks of RAM must be installed. 

NOTE: Use the instructions that come with the 
COMPAQ Memory Expansion Board Option Kit to 
properly configure your memory board. 

The schematics supplied in Chapter 3, COMPAQ DESKPRO 
System Memory Board are generally accurate for the 
board except that memory bank 0 and ROMs are not 
i nsta 11 ed. 
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Figure 4-4 shows the rel at i onshi p between the memory map and the i nsta 11 ed RAM banks for each configuration. 
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Figure 4-4. 512/2048-Kbyte Memory Expansion Board Configurations 
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MULTIPURPOSE CONTROLLER BOARDS 

5.1 INTRODUCTION 

The multipurpose controller and multipurpose fixed 
disk drive controller boards are described in this 
chapter. The multipurpose controller board is used 
in the 8-MHz COMPAQ DESKPRO 286® and CDMPAQ PORTABLE 
286® Personal Computers 

The multipurpose fixed disk drive controller board is 
used in the 12-MHz COMPAQ DESKPRO 286 Personal 
Computer. 

Both controller boards supply the diskette drive and 
fixed disk drive drive backup controller board 
functions, as well as asynchronous and parallel 
printer communications functions. In addition to the 
above functions, the multipurpose fixed disk drive 
controller board also interfaces with a 40-megabyte 
fixed disk drive. 

To interface with the multipurpose fixed disk drive 
controller board, the 40-megabyte fixed disk drive 
has an integrated controller on a logic board 
attached to the drive. The multipurpose fixed disk 
drive controller circuitry provides address decoding, 
buffers, and a control and data connector for the 
fixed disk drive controller. 

NOTE: If a second 40-megabyte fixed disk drive 
is added to a COMPAQ DESKPRO 286, a 40-
megabyte fixed disk drive back-up cannot be 
added to the system's configuration. 

Figure 5-1 shows the component layout for the 
multipurpose controller board. Figure 5-2 shows the 
component layout for the multipurpose fixed disk 
drive controller board. 

Figure 5-3 shows the functional block diagram for 
both multipurpose controller boards. 
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Three functions of both controller boards are 
controlled by progranrnable devices: 

• Diskette and fixed disk drive backup controller 
functions are handled by an NEC 765A floppy disk 
controller device. 

• Asynchronous conrnunications are handled by a 
National Semiconductor NS16450. 

• Parallel printer output and status are handled by a 
custom large-scale-integrated (LSI) device. This 
device also controls some drive control functions. 

The following sections describe these programmable 
devices and other functions of the multipurpose 
controller boards. 

Table 5-1 lists the 1/0 ports used on the 
multipurpose controller boards. 



As)flchronous 
Communications Element 
(NS 16450) 

Diskette/Tape Controller 

(NEC765) 

Custom LSI 

Figure 5-1. Multipurpose Controller Board Component 
Layout 
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Diskette Controller 

NEC 765A 

Custom LSI 

Asynchronous 

Communications Element 

NS 16450 

Figure 5-2. Multipurpose Fixed Disk Drive Controller 
Board Component Layout 
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Table 5-1. Controller Board I/0 Ports 

Port 
2F8h 
2F8h 
2F8h 
2F9h 
2F9h 
2FAh 
2FAh 
2FBh 
2FCh 
2FDh 
2FEh 
2FFh 
370h 
371h 
372h 
372h 
373h 
374h 
374h 
375h 
377h 
377h 
3BCh 
3BDh 
3BDh 

Notes: 

Multipurpose Multipurpose Fixed Disk Drive 
Controller Controller Board 

R/W Register Functions Board 
R/W COM2 Divisor Latch LSB (with DLA bit = 1 [Note 1]) (J2,2-3),(J4,2-3) (Jl, Pas. 2) 
R COM2 Received Data (with DLA bit= 0 [Note 1]) 
W COM2 Transmit Data (with DLA bit= 0 [Note 1]) 
R/W COM2 Divisor Latch MSB (with DLA bit= 1 [Note 1]) 
R/W COM2 Interrupt Enable (with DLA bit = O [Note 1]) 
R COM2 Interru t ID 
W COM2 Reserved 
R/W COM2 Line Control 
R/W COM2 Modem Control 
R COM2 Line Status 
R COM2 Modem Status 
R/W COM2 Reserved 
R/W Diskette2 Reserved {Note 2) (Jl,l-2) (J2, Pas. 2) 
R/W Diskette2 Reserved (Note 2) 
W Diskette2 Drive Control (Note 2) 
R Diskette2 Reserved (Note 2) 
R/W Diskette2 Reserved (Note 2) 
R Diskette2 Main Status (Note 2) 
W Diskette2 Reserved (Note 2) 
R/W Diskette2 Data (Note 2) (Jl, Pas. 2) 
R Diskette2 and Fixed Disk 2 Status (Note 2) 
W Diskette2 Data Rate (Note 2) 
R/W Printer! Data (J3,2-3) SW2 ON 
R Printer! Status 
W Printer! Reserved 

1. The DLA bit is in the Line Control register. This bit must be set (=1) to access the divisor latches 
and reset (=O) to access the Data and the Interrupt Enable registers. 

2. Diskette! and Diskette2 are referencing the capabilities of using two addressable diskette controller 
boards, not diskette drives. 

(Continued) 
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Table 5-1. (Continued) 

Port 
3BEh 
3BFh 
3FOh 
3Flh 
3F2h 
3F2h 
3F3h 
3F4h 
3F4h 
3F5h 
3F7h 
3F7h 
3F8h 
3F8h 
3F8h 
3F9h 
3F9h 
3FAh 
3FAh 
3FBh 
3FCh 
3FDh 
3FEh 
3FFh 

Notes: 

R/W Register Functions 
R/W Printer! Control 
R/W Printer! Reserved 
R/W Diskette! Reserved 
R/W Diskette! Reserved 
W Diskette! Drive Control 
R Diskette! Reserved 
R/W Diskette! Reserved 
R Diskette! Main Status 
W Diskette! Reserved 
R/W Diskette! Data 
R Diskette! and Fixed Disk 1 Status (Note 1) 
W Diskette! Data Rate 
R/W Divisor Latch LSB (with DLA bit = 1 (Note 2)) 
R COM! Received Data (with DLA bit= 0 [Note 2]) 
W COM! Transmit Data (with DLA bit = 0 (Note 2)) 
R/W COM! Divisor Latch MSB (with DLA bit= 1 [Note 2]) 
R/W COM! Interrupt Enable (with DLA bit= 0 [Note 2]) 
R COM! Interrupt ID 
W COM! Reserved 
R/W COM! Line Control 
R/W COM! Modem Control 
R COM! Line Status 
R COM! Modem Status 
R/W COM! Reserved 

Multipurpose 
Contra 11 er 
Board 

(J2,2-3) 

(Jl,2-3) 

(J2,l-2),(J4,l-2) 

Multipurpose Fixed Disk Drive 
Controller Board 

SW2 ON 

(J2, Pas. 1) 

(Jl Pas. 1) 

1. Only bit D7 of this port address is resident on the multipurpose controller board. Bits D<6 .. 0> are 
resident on the fixed disk drive controller board. 

2. The DLA bit is in the Line Control Register. This bit must be set (=l) to access the divisor latches 
and reset (=O) to access the Data and the Interrupt Enable registers. 



5.2 DRIVE CONTROLLER CIRCUITS 

The drive controller board circuits control one or 
two 1.2-MB or 360-KB or 1.44-MB diskette drives and 
one fixed disk drive backup (10- or 40-MB). 

The drive controller uses four I/O port addresses to 
transmit data to and from a diskette drive or fixed 
disk drive backup, to control the drive functions, 
and to read the current drive status. Table 5-2 
lists the port addresses for the drive controller. 

Table 5-2. Drive Controller Port Addresses 
Port 

2 R/W Register Function 
3F2h 372h w Drive Control 
3F4h 374h R Drive Status 
3F5h 375h R/W Data 
3F7h 377h w Data Transfer Rate Control 
3F7h 377h R Diskette and Fixed Disk Status 
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DRIVE CONTROL (3F2h, WRITE ONLY) 

The Drive Control register is part of the Custom LSI 
device. It controls functions such as Interrupt and 
DMA Enable, Drive MOTOR ON, DRIVE SELECT, and 
Controller Reset. The format for this register is as 
follows: 

BIT 
76543210 

10 = 
11 = 

Diskette drive 1 selected 
Diskette drive 2 selected 
Reserved 
Fixed disk drive backup 
selected 

[ ~~= 

0 = Reset drive controller 
1 = Reenable drive controller 

..__ __ 0 = Interrupts and OMA disabled 
1 = Interrupts and OMA enabled 

..__ ___ 0 = Diskette drive 1 MOTOR OFF 
1 = Diskette drive 1 MOTOR ON 

..__ ____ 0 = Diskette drive 2 MOTOR OFF 
1 = Diskette drive 2 MOTOR ON 

..._.._ _____ 00 = Reserved 
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MAIN STATUS (3F4h, READ-ONLY) 

The Main Status register is part of the NEC 765A 
drive controller. It is used as the Diskette Status 
register. 

DATA (3F5h) 

The Data register is part of the NEC 765A drive 
controller. Data and NEC 765A controller col!T1lands 
are written, and data and status bytes are read from 
the controller through this port. 

DATA TRANSFER RATE CONTROL (3F7h, WRITE-ONLY) 

The Data-Transfer Rate Control register shares port 
3F7h with the Diskettel and Fixed Diskl Status 
register. This register contains the current 
data-transfer rate in kilobits per second (kb/s). 
The format for this register is: 

BIT 
76543210 

LJ__ Date-Transfer Rate 
(kb/s) 
00 = 500-kb/s 
01 = 300-kb/s 
10 = 250-kb/s 
11 = Reserved 

._._....__.__.__._ __ 000000 = Reserved 

DISKETTEl AND FIXED DISKl STATUS (3F7h, READ ONLY) 

This register provides both diskettel status 
information (bit <7>) and fi~ed diskl status 
information (bits <6 ... 0>). The format for this 
register is as follows: 

BIT 
76543210 

~ ~~:~: ~:~:~~ ~= 
Head Select 0-
Head Select 1-
Head Select 2-
Head Select 3-
Write Gate-

.__ _____ Diskette Change 



Drive Controller (NEC 765A) 

The NEC 765A Floppy Disk Controller is the heart of 
the multipurpose controller board. It accepts 
commands from the system and controls most drive 
functions and the transfer of data to and from the 
drives. 

The NEC 765A operates in the OMA mode for data 
transfers to the system. It issues a OMA request 
signal (DRQ2) and receives a OMA Acknowledge signal 
(DACK2-) for each byte transferred. 

The NEC 765A has two registers, a Data register and 
the Main Status register (See Table 5-3). The Data 
register is used to program the device or to transmit 
or receive blocks of data. 

Table 5-3. 
Port 

2 
3F4h 374h 
3F5h 375h 

NEC 765A Registers 

Function 
Main Status Register 
Data Register 
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All NEC 765A commands have three operating phases: 

• The command phase, where the NEC 765A receives the 
command from the system. 

• The execution phase, where the NEC 765A carries out 
the command. 

• The results phase, where the status and results are 
read back from the NEC 765A to the system. 

For detailed command information, refer to the NEC 
765A or Intel 8272A component data sheets. 

The Custom LSI Device 

The Custom LSI device is a circuit for address 
decoding and control signal timing. It is addressed 
as a port device to control the diskette drive motors 
and for drive selection. 
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Programmable Data Transfer Rate 

The system can transfer data with the diskette drives 
at 250-, 300-, or 500-kb/s. Table 5-4 lists the data 
transfer rates used by various drives. The Data
Transfer Rate Control register format describes the 
byte that specifies the present transfer rate. 

Table 5-4. Progranrnable Data Transfer Rate 
Transfer 
Rate When Used 
500 kb/s 1.2-Megabyte Diskette Drive with 

1.2-Megabyte media or 1.44-Megabyte 
Diskette Drive with 1.44-Megabyte media. 

500 kb/s 40-Megabyte Fixed Disk Drive Backup with 
40-Megabyte media 

300 kb/s 1.2-Megabyte Diskette Drive with 
360-Kbyte media 

250 kb/s Double-density diskette drive, Fixed Disk 
Drive Backup with 10-megabyte media; or 
1.44-Megabyte Diskette Drive with 720-Kbyte 
media 

Data Separator 

Data separation separates the Data and Clock signal 
from the drives into separate Clock and Data lines. 
Several devices form a voltage-controlled 
oscillator/phase-locked loop circuit to perform the 
data separation. 

Write Precompensation and Write 
Control 

Write precompensation is a process of time shifting 
write data bits to help negate an opposite shift 
induced during magnetic recording. This process 
increases the data integrity at high data densities. 
The data density increases as the diskette drive head 
approaches the center tracks (track 40 or 80). 

Write precompensation is always on. The amount of 
precompensation varies with the data transfer rate 
(See Table 5-5). 

Table 5-5. Write Precompensation Amounts 
Transfer Rate Precompensation 
500-kilobytes per second 125 ns 
300-kilobytes per second 208 ns 
250-kilobytes per second 250 ns 



5.3 ASYNCHRONOUS 
COMMUNICATIONS CIRCUITS 

The asynchronous serial port is always enabled except 
on revision level G (or later) multipurpose 
controller boards or on multipurpose fixed disk drive 
controller board, which can disable the port by 
setting Switch 3 in switch bank SWl to the OFF 
position. 

The heart of the asynchronous corrrnunication circuit 
is a National Semiconductor NS16450 Asynchronous 
Corrrnunications Element (ACE). This device converts 
data received in a parallel format from the system to 
data in a serial format for a serial printer or other 
serial device. It also converts the serial data to 
parallel. 

This device is I/0-mapped at ports 3F8h .. 3FFh or 
2F8h .. 2FFh, depending on whether COMl or COM2 is 
selected (see Table 5-6). 
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Table 5-6. l/0 Ports for Asynchronous Communications 
Port 

2 Function 
3F8h 2F8h Receiver Buffer (when read by system), 

Transmitter Holding Register (when 
written to by system) 
or 

See Note Baud Rate Divisor Latch 
3F9h 2F9h Interrupt Enable 

or 
See Note Baud Rate Divisor Latch 
3FAh 2FAh Interrupt ID (read only) 
3FBh 2FBh Line Control 
3FCh 2FCh Modem Control 
3FDh 2FDh Line Status 
3FEh 2FEh Modem Status 
3FFh 2FFh Scratch 

Note: When bit 7 of the Line Control Register (LCR) 
is set (=1), writing to the first two ports 
programs the rlivisor rate for the Baud Rate 
Generator. 
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ACE RECEIVER BUFFER OR 
TRANSMITTER HOLDING REGISTER (3F8h) 

This register contains the byte just received or the 
next byte to be transmitted by the ACE. 

ACE BAUD RATE DIVISOR LATCH (3F8h, 3F9h) 

The NS16450 contains a built-in baud rate generator 
that divides the input clock (l.8432 MHz) by a 
divisor to create a desired baud rate or serial 
transmission frequency. 

The divisor is found according to the formula: 

Divisor = 1843200 I (Desired Baud Rate x 16) 

The following tabulation gives the divisors 
calculated for specific baud rates: 

Baud Rate Divisor 
110 1047 
150 768 
300 384 
600 192 
1200 96 
2400 48 
4800 24 
9600 12 

Setting bit <7> (=1) enables .the first two I/0 
addresses of the Line Control register as the 
addresses for the least- and most-significant bytes 
of the 16-bit baud rate divisor. 



ACE INTERRUPT ENABLE REGISTER (3F9h) 

The bits of this register enable up to four interrupt 
sources. 

BIT 
76543210 

t: 
Received Data Available 
Interrupt enabled 

Transmitter Holding Register 
Empty Interrupt enabled 

Receiver Line Status 
Interrupt enabled 

= Modem Status Interrupt enabled 

........_ ............ .__ ___ 0000 (Reserved) 
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ACE INTERRUPT ID REGISTER (3FAh, READ-ONLY) 

When a hardware interrupt occurs, the system searches 
for the device sending the interrupt and the reason 
for that interrupt. 

This register contains a bit that flags the ACE as 
the source of the interrupt and two bits that specify 
the reason for the interrupt. The ACE interrupts are 
prioritized, and listed below with the lowest
priority interrupt first. To clear the interrupt, 
read the contents of the register shown. 

BIT 
76543210 I I L._ 0 = Interrupt is pending (this ll___ device sent interrupt) 

00 = Modem Status Register--Clear To 
Send, Data Set Ready, Ring 
Indicator.or Carrier Detect 

01 = Transmitter Holding Register 
Empty 

10 = Received Data Available 
11 = Receiver Line Status Register 

(Overrun Error.Parity Error, 
Framing Error, or Break) 

........_....__...__._ ___ 00000 (Reserved) 
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ACE LINE CONTROL REGISTER (3FBh) 

This register specifies the serial data transmission 
format. 

BIT 
76543210 

[ 

00 = 5-Bit Word 
01 = 6-Bit Word 
10 = 7-Bit Word 
11 = 8-Bi t Word 

0 = 1 Stop Bit 
1 = 2 Stop Bits 

..._ __ 0 = Parity Bit Disabled 
1 = Parity Bit Enabled 

'----- 0 = Odd Parity 
1 = Even Parity 

= Stick Parity--with even 
parity enabled, the parity 
bit becomes active low 

'------ 1 = Break Control Bit--Forces 
SOUT signal low 

'------- 0 = Enable Receiver 
Buffer/transmitter 
Holding Registers and Interrupt 
Enable Register Access. 

= Enable Divisor Latch Access 
to write Baud Rate Divisor 

ACE MODEM CONTROL REGISTER (3FCh) 

This register controls the modem interface lines. 

BIT 
76543210 E 1 - DTR- Signal Active 

1 : RTS- Signal Active 

0 (Reserved) 

1 Enable Serial Port Interrupts 

Enable Internal Loopback 

.__._....__ ____ 000 (Reserved) 



ACE LINE STATUS REGISTER (3FDh, READ-ONLY) 

This register contains the status of the current data 
transfer. 

BIT 
76543210 

~ 
=A character is in the Data 

register to be read 

= Overrun Error--data lost 

Parity Error 

Framing Error 

= When a Break Interrupt has 
occurred 

=Transmitter Holding register is 
empty, ready for character 

= Transmitter Holding Register and 
Transmitter Shift Register are 
empty 

....._ _____ 0 = Reserved 
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ACE MODEM STATUS REGISTER (3FEh, READ-ONLY) 

This register contains the status of the modem 
interface lines. 

BIT 
76543210 t 1 = CTS- has changed state since 

last read by the system 

1 DSR- has changed state since 
last read by the system 

1 RI- has changed state since 
last read by the system 

DCD- has changed state since 
last read by the system 

....._ ___ 1 = CTS- Signal Active 

....._ ____ 1 = DSR- Signal Active 

ACE RESERVED (3FFh) 

RI- Signal Active 

DCD- Signal Active 

This is not currently used. 
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5.4 PRINTER CIRCUITS 

The printer port is enabled either by setting Jumper 
J3, Pins 2-3, on the multipurpose controller board or 
by setting Switch 2 in switch bank SWl, on the 
multipurpose fixed disk drive controller board. When 
the printer is disabled, the printer port of a 
different controller can be used instead of the 
multipurpose controller board or multipurpose fixed 
disk drive controller board port. 

The printer circuits are addressed as ports. Data is 
sent in parallel to the printer, and printer status 
is received from the printer through these ports. 

Before printing, the system must select the printer 
for output (through the Printer Control register). 
For each byte sent to the printer, the system: 

1. Checks the Printer Status register. 
If the busy, paper out, or printer fault signals 
are active, the system either waits until the 
status changes or it shows an error message. 

2. Sends a byte of data to the Printer Data register, 
then pulses the printer STROBE signal (through the 
Printer Control Register) for 500 ns (or longer). 

3. Monitors the Printer Status register for 
acknowledgement of the data byte before sending 
the next byte. 

In addition to data lines to the printer, the system 
also has several control lines that control printer 
functions. 



Printer functions are controlled by writing to or 
reading from 1/0 ports. Table 5-7 provides l/0 Ports 
for Printer Access. 

Table 5-7. l/O Ports For Printer Access 
Port R/W Function 
3BCh R/W Printer Data register 
3BDh R Printer Status register 
3BEh R/W Printer Control register 

PRINTER DATA REGISTER (3BCh) 

Each byte written to the Printer Data register (read 
or write) is latched into a loopback register and is 
sent to the printer. The register contents can be 
read back (for test purposes). 
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PRINTER STATUS REGISTER (3BDh, READ-ONLY) 

This register contains the current printer status. 

(online) 

...._ ____ 0 Printer acknowledges correct 
receipt of data byte 

...._ _____ 0 = Printer Busy 
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PRINTER CONTROL REGISTER (3BEh) 

This register selects the printer for output, strobes 
the data into the printer, and performs other printer 
control functions. 

BIT 

7654~~~ Printer Strobe 

Printer Auto Line Feed 

Initialize Printer 

Printer Select 

Enable Interrupt Bit 

~~---- 000 (Reserved) 
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5.5 JUMPERS 

Jumpers for both the multipurpose controller board and the multipurpose fixed disk drive controller board are given 
in this section. 

Multipurpose Controller Board Jumpers 

The multipurpose controller board has four jumpers which are described in Table 5-8. The jumper locations are 
shown in Figure 5-4. 

Table 5-8. Multipurpose Controller Board Jumpers 
Jum er Function 
Jl Diskette Controller Board Base-Address Select. This address-selection option is available for special 

applications and under normal circumstances should not be changed. 

(Jl,1-2) Secondary (Diskette2) Address Select (370h) 
(Jl,2-3) Primary (Diskettel) Address Select (3FOh, standard) 

"Diskettel and Diskette2" are referencing the capabilities of using two addressable diskette controller 
boards, not diskette drives. 

J2 Asynchronous Comnunications Port Base-Address Select. This address-selection option allows two 
asynchronous comnunication ports to operate at the same time, using two I/O port ranges. Jumpers J2 
and J4 are generally set together (see jumper J4). 

(J2,l-2) Asynchronous comnunications Port 1 (COMl) selected (3F8h, standard) 
(J2,2-3) Asynchronous comnunications Port 2 (COM2) selected (2F8h) 

(Continued) 
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Table 5-8. (Continued) 
Jum er 
J3 

Function 
Printer Enable. This jumper allows the printer port decoding to be disabled. This option prevents 
conflicts with 1/0 addresses 38Ch-38Fh when a multifunction board is installed that has Printerl 1/0 port 
decoding. 

(J3,l-2) Parallel Printer Port disabled 
(J3,2-3) Parallel Printer Port enabled (standard) 

J4 Asynchronous Communications Port Interrupt Select. This jumper option allows the interrupt request line 
associated with the asynchronous collJTlunications port to be changed when the selected asynchronous 
collJTlunications port is changed. COMl and IRQ4 are used together, as are COM2 and IRQ3. 

(J4,1-2) Asynchronous CollJTlunications Port IRQ4 (COMl) selected (standard) 
(J4,2-3) Asynchronous CollJTlunications Port IRQ3 (COM2) selected 



J3, Printer Enable Jum er 

J2, Serial Port Base 
Address Select Jum er 

J501, Diskette/Tape 
Control Connector 

c:::::=i 

C:=J C:=J 
C:=J C:=J 

D 
D 

c:==J c==J ~I -~ 

c=i C:=J ._I --

Custom LSI 

C=:J c=i CJ C=:J 
C=:J c=i D C:J c::=i '---+-/-~ 

J4, Serial Port Interru t-Select Jum er 

J1, Diskette Controller Base Address 

J502, Parallel Printer Connector 

Figure 5-4. Multipurpose Controller Board Jumper Locations 
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Multipurpose Fixed Disk Drive Controller Board Jumpers 

The multipurpose fixed disk drive controller board jumpers are described in Table 5-9 and are shown in Figure 5-5. 

Table 5-9. Multipurpose Fixed Disk Drive Controller Board Jumpers 
Jum er 
Jl 

J2 

Note: 

Function 
Asynchronous Co11111unications Port Base-Address and Interrupt Request Select. This address-selection 
option allows two asynchronous co11111unications ports to operate at the same time, using two I/0 port 
ranges. 

Position l, Coml-Asynchronous Co11111unications Port 1 selected (3F8H and IRQ4 standard). 
Position 2, Com2-Asynchronous Co11111unications Port 2 selected (2F8h and IRQ3). 

Diskette and Fixed Disk Drive Base-Address Select. This address selection option is available for 
special applications and under normal circumstances should not be changed. 

Position l, Primary (Diskette!) Address Select (3FOh standard). 
Position 2, Secondary (Diskette2) Address Select (370h). 

"Di skettel and Di skette2" are referencing the capabi 1 i ti es of using two addressable diskette con troll er 
boards, not diskette drives. 

To change the setting, remove the shunt jumper room the socket, rotate it 180 degrees, and reinstall the 
jumper in the socket. 



J2, Diskette Controller 

Base-Address Select 

J1, Serial Part Bose
Address ond Interrupt 

Request Select 

SW1, Switch Bank 1 

Figure 5-5. Multipurpose Fixed Disk Drive Controller 
Board Jumper Locations 
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5.6 SWITCHES 

The multipurpose fixed disk drive controller board 
and multipurpose controller board version 2 have four 
switches in one switch bank (SW!). These switches 
are described in Table 5-10. 

Table 5-10. Multipurpose Fixed Disk Drive Controller 
Board Switch Positions (SW!) 

Number 

2 

3 
(See 
Note) 

4 

Function 
Fixed Disk Drive Enable. This switch 
allows the fixed disk drive port to be 
disabled. 

Sl =On, fixed disk drive port enabled 
(standard) 

Sl = Off, fixed disk drive port disabled. 
Printer Enable. This switch allows the 
printer port to be disabled. This option 
prevents conflicts with I/0 addresses 
38Ch-38Fh when a multifunction board is 
installed that has a printer I/0 port at 
these addresses. 

S2 =On, Parallel Printer Port enabled 
(standard) 

S2 = Off, Parallel Printer Port disabled. 
Serial Port disable. Allows the serial 
port to be disabled. 

S3 = On, Serial Port Enabled (Standard) 
53 = Off, Serial Port Disabled 

Reserved Always Off. 
Note: This function is available only on revision 

level G (or later) multipurpose fixed 
disk controller boards. 
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5.7 CONNECTORS 

The connector descriptions for both the multipurpose 
controller board and multipurpose fixed disk drive 
controller boards are described in this section. 

Table 5-11 lists the connectors and the number of 
table that contains the signal description for each 
connector. Tables 5-12 through 5-16 contain the 
signal descriptions for each controller board 
connector. 

Figure 5-6 shows the multipurpose controller board 
connectors and jumpers. Figure 5-7 shows the 
multipurpose fixed disk drive controller board 
connectors and jumpers. 

The multipurpose controller board signals used by 
diskette drives and fixed disk drive backup are 
listed in Table 5-17. 

NOTE: Pin 34 of the 34-conductor contra 1 cab 1 e 
is implemented as the DISKETTE CHANGE
signal. Diskette drives that use this pin 
for DRIVE READY- do not work. 

Table 5-11. Controller Connectors 
Location of 

Connector Description Signal Description 
J701 Asynchronous Table 5-12 

Conmunication 
Connector 

J502 Parallel Printer Table 5-13 
Connector 

J902 Fixed Disk Drive LED Table 5-14 
J901 Fixed Disk Drive Table 5-15 

Controller 
Host Adapter Connector 

J501 Diskette Drive Connector Table 5-16 



J3, Printer Enable Jum er 

J2, Serial Part Base 
Address Select Jum er 

J501, Diskette/Tape 
Control Connector 

J4, Serial Port Interru I-Select Jum er 

JI, Diskette Controller Base Address Select 

J502, Porollel Printer Connector 

Figure 5-6. Multipurpose Controller Board 
Connector Locations 
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J701, Asynchronous Communications Connector 

J902, Fixed Disk Drive LED Connector 

J501, Diskette Drive Connector 

J901, Fixed Disk Drive Host Adopter 

~CJC]O[~ ~------' ~-~ <lo 

D~ LJ .,r-, = = == = = = l__JL_J DOD 

I II It 1~8 
D b D c::::i Dc:::J E3 c::::::::J ~ 0~E3 CJOODc:::JB ~R 

o cg~D c:::J Dc:::J Bo c:::::::J 

J502, Parallel Printer Connector 

Figure 5-7. Multipurpose Fixed Disk Drive Controller 
Board Connector Locations 
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Table 5-12. J701, 9-Pin Serial Connector Signals 
Signal 
CARRIER 
DETECT (CD) 

CLEAR TO SEND 
SEND (CTS) 
DATA SET 
READY (DSR) 

DATA TERMINAL 
READY (DTR) 

RECEIVE DATA 
REQUEST TO 
SEND (RTS) 
RING 

(RX) 

INDICATOR (RI) 

Pin I/O 
1 I 

8 

6 

4 0 

2 
7 0 

9 

SIGNAL GROUND 5 

Description 
Modem signal indicating 
that a connection is 
established with another 
modem 
Modem signal indicating 
readiness to accept data 
Modem signal--it is 
online and can receive 
data 
Signal to a modem 
indicating that the 
computer is ready 
Serial data receive line 
Signal to a modem to 
request a transmission 
Modem signal indicating 
that it is receiving a 
ringing signal from the 
phone line 

TRANSMIT DATA (TX) 3 0 Serial data sent to modem 
Note: All signal levels are RS-232-C compatible. 

Signal 
Pin Signal 

SIGNAL GROUND 5 •• 9 RING INDICATOR 
DATA TERM ROY 4 •• 8 CLEAR TO SEND 
TRANSMIT DATA 3 •• 7 REQUEST TO SEND 
RECEIVE DATA 2 •• 6 DATA SET READY 
CARRIER DETECT 1 • 

L___ __ ~- CHASSIS GROUND 

Figure 5-8. J701, 9-Pin Asynchronous Co11111unications 
Connector 

Table 5-13. J502, 25-Pin Parallel Printer Connector 
Signals 

Signal Pin I/O 
ACKNOWLEDGE- 10 I 

AUTO 
LINEFEED-

BUSY 

DATA BIT 0 
DATA BIT 1 
DATA BIT 2 
DATA BIT 3 
DATA BIT 4 
DATA BIT 5 
DATA BIT 6 
DATA BIT 7 
ERROR-

SIGNAL 
GROUND 

14 0 

11 

2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 

15 I 

18 
19 
20 
21 
22 
23 
24 
25 

Description 
Data sent to printer has 
been received. 
Instructs printer to auto
matically feed one line of 
paper after receiving a 
carriage return. 
Active-high signal indicating 
that the printer cannot 
receive data due to printing, 
offline, or error conditions. 
Signals transmit data to 
printer in 8-bit parallel 
format. 

Indicates a printer error 
condition such as 
out-of-paper. 
Return conductors for 
all signals. 

(Continued) 



Table 5-13. 
Signal 
INITIALIZE 
PRINTER-

PAPER END 

SELECT 

SELECT IN-

STROBE-

Note: All 

(Continued) 
Pin I/O Description 

16 O Initializes the printer and 
clears the print buffer. 
This signal should remain 
active for at least 500 us. 

12 Indicates that the printer is 
out of paper. 

13 Indicates that the printer is 
selected and online. 

17 O Selects the printer and 
enables it to accept data. 

O On high-to-low transition, 
causes data present on DATA 
BIT lines to be loaded into 
printer. STROBE- pulse width 
must be a minimum of 500 ns. 
Data must be setup a minimum 
of 500 ns before the high-to 
low transition and held a 
minimum of 500 ns after the 
low-to-high transition. 

signals are TTL-level. 

Signal 

STROBE-

DATA BIT 0 

DATA BIT 1 
DATA BIT 2 

DATA BIT 3 
DATA BIT 4 

DATA BIT 5 

DATA BIT 6 

DATA BIT 7 
ACKNOWLEDGE

BUSY 

PAPER END 

SELECT 

Multipurpose Controller Boards 5-27 

Pin 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 

r------, 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
0 

L-----'· 

Pin Signal 

1 4 AUTO LINEFEED 

1 5 ERROR-

16 INITIALIZE PRINTER-

17 SELECT IN-

18 SIGNAL GROUND 
19 SIGNAL GROUND 

20 SIGNAL GROUND 

21 SIGNAL GROUND 
22 SIGNAL GROUND 

23 SIGNAL GROUND 

24 SIGNAL GROUND 

25 SIGNAL GROUND 

<----CHASSIS GROUND 

Figure 5-9. J502, 25-Pin Parallel Printer Connector 
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Table 5-14. J902, Fixed Disk Drive Controller LED 
Indicators 

Signal Pin l/D Description 
LEDANODE 

ACTIVE-

Sign al 

1 +5 voe source for the fixed 
disk drive LED indicator. 

2 

3 0 

Reserved 
Indicates that the fixed disk 
drive is being accessed. This 
line is used to drive an 
activity LED indicator that 
lights when the drive is 
activated. 

4 Reserved 

Pin Pin Signal 

LED ANODE 1 
[;] 2 

RESERVED 
ACTIVE 3 4 RESERVED 

Figure 5-10. J902, Fixed Disk Drive Controller LED 
Indicators Connector 

Table 5-15. J901, Fixed Disk Drive Controller Host 
Adapter Connector Signal Descriptions 

Signal 
ACTIVE-

CS! FX-

CS3FX-

DAO 
DAl 
DA2 

DALE 

007 
006 
005 
004 
003 
002 
001 
ODO 

Pin I/O Description 
39 I Active-low signal indicating 

that the fixed disk drive LED 
indicator is on and the fixed 
disk drive is being accessed. 

37 

38 

35 
33 
36 

28 

3 
5 
7 
9 

11 
13 
15 
17 

0 

0 

0 
0 
0 

0 

1/0 
1/0 
1/0 
I/0 
1/0 
1/0 
1/0 
I/0 

Chip Select lFx. Chip select 
decoded from the address bus 
and gated with AEN to select 
the controller registers at 
addresses lFOh and 1F7h. 
Chip Select 3Fx. Chip select 
decoded from the address bus 
and gated with AEN to select 
the controller registers at 
addresses 3F6h through 3F7h. 
Address AO-A2. Buffered 
address lines from the address 
bus to the fixed disk drive 
controller. 
Address latch enable. Signals 
that address bus signals are 
stable and valid. 
Data bit 0-7. Least
significant eight bits of the 
16-bit data bus for data and 
status corrmunication between 
the controller and the host. 
07 is the most-significant 
bit of this byte. 

(Continued) 



Table 5-15. (Continued) 
Signal Pin 1/0 Oescription 
DDS 4 1/0 Data bit 8-15. Most-signif-
DD9 6 1/0 icant eight bits for data and 
DDlO 8 1/0 status communication between 
DDll 10 1/0 the controller and the host. 
DD12 12 1/0 DD15 is the most-significant bit 
DD13 14 1/0 of this byte. 
DD14 16 1/0 
DD15 18 1/0 
DIOW- 23 0 1/0 write. Active when the host 

writes a control byte or data 
word to the controller. 

DIOR- 25 0 1/0 read. Active when the host 
reads a status byte or data word 
from the controller. 

l/016CS- 32 Chip Select 16. Chip select 
used to signal the processor 
that the current 1/0 cycle is a 
16-bit, single wait-state cycle. 

IRQ14 31 Interrupt Request 14. Asserted 
by the controller to interrupt 
the processor upon completion of 
a fixed disk drive oeeration. 

RST- 0 Reset. This signal resets the 
controller to the initial 
eower-on condition. 

SIGNAL 2,19, Return conductor. 
GROUND 22,24, 

26,30,40 
Note: Pins 20, 21, 27, 29, and 34 are not connected. 
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Sign al Pin Pin Sign al 

RST- 1 • • 2 SIGNAL GROUND 
007 3 • • 4 DOB 
006 5 • • 6 DD9 
005 7 • • 8 0010 
OD4 9 • • 10 DD11 
003 11 • • 12 0012 
002 13 • • 14 DD13 
001 15 • • 16 DD14 
ODO 17 • • 18 DD15 
SIGNAL GROUND 19 • • 20 KEY 
RESERVED 21 • • 22 SIGNAL GROUND 
DIOW- 23 • • 24 SIGNAL GROUND 
DIOR- 25 • • 26 SIGNAL GROUND 
RESERVED 27 • • 28 DALE 
RESERVED 29 • • 30 SIGNAL GROUND 
IRQ14 31 • • 32 IOCS16-
A1 33 • • 34 RESERVED 
AO 35 • • 36 A2 
CS1FX- 37 • • 38 CS3FX-
ACTIVE- 39 • • 40 SIGNAL GROUND 

Figure 5-11. J901, Fixed Disk Drive Controller Host 
Adapter Connector 
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Table 5-16. JSOl, Diskette Drive Controller Signal Table 5-16. (Continued) 
Connector DescriEtions Signal Pin I/O DescriEtion 

Signal Pin I/0 DescriEtion READ DATA- 30 This is the data-
LOW DENS !TY- 2 0 Selects HIGH or LOW stream read from the 

drives and contains density for 1.2-MB 
clock and data diskette drives. si nal s. 

Not used on 360-KB 
SIDE SELECT- 32 0 Selects Side 0 diskette drives. 

(Head 0) or Side 1 
DIRECTION- 18 0 Selects the (Head 1). 

direction to step STEP- 20 0 (Diskette) Tells the head when a the drive to step step pulse is the heads one track. issued. 
TRACK 00-/BUSY- 26 (Diskette) Indicat-DISKETTE CHANGE- 34 Indicates that the to the controller drive door has been that the heads are oeened. at Track 0. 

DRIVE 1 SELECT- 14 0 Allows the selection WRITE DATA- 22 0 This stream of data DRIVE 2 SELECT- 12 0 of a drive so that is written to the DRIVE 4(TAPE)SELECT- 6 0 it can respond to drive when WRITE the interface GATE- signal is signals. enabled. 
INDEX- 8 (Diskette) Indicates WRITE GATE- 24 0 Enables the drive's to the drive write circuits so controller that the data from the WRITE media index opening DATA- signal is is under the index written. sensor. 

WRITE PROTECT- 28 Indicates to the MOTORl ON- 10 0 Activates the drive drive controller motor. that the media is 
MOTOR2 ON- 16 0 Activates the drive write Erotected. motor. 

(Continued) 
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Signal Pin Pin Signal 

• • 2 LOW DENSITY-
3 • • 4 Not Used 
5 • • 6 DRIVE 4 (TAPE) SELECT-
7 • • 8 INDEX-
9 • • 10 MOTOR 1 ON-
11 • • 12 DRIVE 2 SELECT-
13 • • 14 DRIVE 1 SELECT-
15 • • 16 MOTOR 2 ON-

GROUND 17 • • 18 DIRECTION-
19 • • 20 STEP-
21 • • 22 WRITE DATA-
23 • • 24 WRITE GATE-
25 • • 26 TRACK 00/BUSY-
27 • • 28 WRITE PROTECT-
29 • • 30 READ DATA-
31 • • 32 SIDE SELECT-
33 • • 34 DISKETTE CHANGE-

Figure 5-12. J501, Diskette Drive Controller 
Connector 
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Table 5-17. Multipurpose Fixed Disk Drive Controller Signals Used by the Diskette Drives 
Controller Diskette Drive 1 Diskette Drive 2 Fixed Disk Drive Back-up 
Pin Function Pin Function (Note 1) Pin Function Pin Function 
2 DENSITY- 2 DENSITY- Note 2) 2 
4 Not used 4 4 
6 DRIVE 4 (TAPE) SELECT- 6 6 6 DRIVE 4 SELECT-
8 INDEX- 8 INDEX- 8 INDEX- 8 INDEX-

10 MOTOR 1 (A) oN- 10 :mmrno.~!iizm~w~nm~t~m~:1m 10 mi!!mmd~i!iW!iiiliN.Wiii!W::mmm1 10 . . . . . . . 
12 DRIVE 2 (B) SELECT- 12 DRIVE 1 SELECT-(Note 3) 12 DRIVE 2 SELECT- 12 
14 DRIVE 1 (A) SELECT- 14 iP~~~E!i:Ziii$.~ili~mmfriN.W.~~m~iji 14 i!iP.~lli~~mWm$~ille~lliffiimm 14 
16 MOTOR 2 (B) ON- 16 MOTOR 1 ON-(Note 3) 16 16 MOTOR 2 ON-
18 DIRECTION SELECT- 18 DIRECTION SELECT- 18 18 DIRECTION SELECT-
20 STEP- 20 STEP- 20 STEP-20 STEP-

22 WRITE DATA-22 WRITE DATA- 22 WRITE DATA- 22 WRITE DATA-
24 WRITE GATE- 24 WRITE GATE- 24 WRITE GATE- 24 WRITE GATE-
26 TRACK 00-/BUSY- 26 TRACK 00-1 :a~$mWim 

28 WRITE PROTECT-28 WRITE PROTECT- 28 WRITE PROTECT- 28 WRITE PROTECT-
30 READ DATA-30 READ DATA- 30 READ DATA- 30 READ DATA-

32 SIDE SELECT- 32 SIDE SELECT- 32 SIDE SELECT- 32 
34 DISKETTE CHANGE- 34 iollis~Effimtii:llilli~N.~~ffimm 34 mo.w~m~mffi~iii~~~N.~~filii 34 . . . .... 
Notes: 1. The order of the columns does not reflect the order of the connectors on the diskette disk drive cable. 

2. Shaded areas denote functions unused on that drive. 
3. The diskette drive cable interchanges pin 10 with pin 16 and pin 12 with pin 14 for 

Diskette Drive 1. 
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5.8 SCHEMATICS 

Schematics for the multipurpose controller board are shown in Figure 5-13. Schematics for the multipurpose fixed 
disk drive controller board are shown in Figure 5-14. Compaq Computer Corporation does not guarantee the accuracy 
of the schematics. They are provided to aid in a general understanding of the operation of the controller. 
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Pl-_.,~ 

Pl-,l,6 

104,0£, 
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Figure 5-13. Multipurpose Controller Board Schematics (Page 2 of 4) 
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JS.:Z-'J 
J'!.OZ-e 
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Figure 5-13. Multipurpose Controller Board Schematics (Page 3 of 4) 
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Figure 5-13. Multipurpose Controller Board Schematics (Page 4 of 4) 
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Chapter 7 
VIDEO DISPLAY CONTROLLER BOARDS 

7.1 INTRODUCTION 

The video display controller board (Figure 7-1) 
provides a way to display information on one of 
several types of CRT displays. The video display 
controller board is functionally identical in both 
the COMPAQ PORTABLE 286® and the COMPAQ DESKPRO 286® 
Personal Computers. 

The video di splay controller board has the following 
features: 

• Dual-mode displays 

• Updatable Display without blanking 

• Socketed character-generator ROM 

• Color-graphics capabilities 

• Lightpen capability 

• Composite-video capability 

There are three versions of the video display 
controller board. All three versions are 
functionally identical. The Video Display 
Controllers are shown in Figures 7-1, 7-2 and 7-3. 

Custom LSI 

Character Generator 

=oo =/5· 

~ o o D~ol: 
moo o rr o 

Video RAM 

Figure 7-1. Version 1 of the Video Display 
Controller Board 

7-1 
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Custom LSI 
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Figure 7-2. Version 2 of the Video Display 
Controller Board 

Custom LSI 

Video RAM 

Character Generator 

Figure 7-3. Version 3 of the Video Display 
Controller Board 



7.2 FUNCTIONAL DESCRIPTION 

The video display controller board consists of 6 
major functional blocks: 

• The CPU Interface 

•CRT Controller 

• Support Logic 

• Video Memory 

• Character Generator 

•Output Circuitry 

Figure 7-4 shows the functional block diagram of the 
Video Display Controller Board. 

Light Pen 

Video Display Controller Boards 7-3 

Expan11lon Bu11 Interface 

CPU Interface 

·Bu111111• (See Note) 

Clock11 and Control 

Video RAM 

Character 
Generator 

~----1 Support 
HS. VS, BLANK Logic 

Output 
Circuitry 

Internal Monitor Connector 
RGBI Connector 

Com 011lte Connector 
RF Mod. Connector 

Note: •Bu11ea• lnclud1111 the addre11&, data, control, 
and. decode bu111111. 

Figure 7-4. Video Display Controller Board 
Functional Block Diagram 
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The following sections briefly describe each 
functional block. 

CPU Interface 

The CPU interface consists of address decoding logic, 
address bus buffers, and data bus transceivers. The 
video display controller board uses the 8-bit bus to 
interface with the CPU. It does not require the full 
16-bit bus expansion slot. 

Address lines, together with the bus control signals, 
are used to decode valid I/O devices. The output 
lines of the decoders select the 6845, video memory, 
and other functions. The decoders also provide 
control of the data bus transceiver. 

The interface circuitry allows shared access of video 
memory between the CPU and the 6845 by multiplexing 
address lines to the video memory. The CPU can 
access the video memory at any time without 
interfering with the display. 

The interface circuitry also provides buffering for 
the reset signal and the 14.318 MHz clock. 

Optional jumpers J7 and J8 select a base I/0 port 
address of 3DXh (standard) or a base 1/0 port address 
of 3BXh. Optional jumper J9 selects a base memory 
address for the video memory of B8000h (standard) or 
BOOOOh. 

CRT Controller 

The CRT controller (6845) is an LSI device that 
generates the addresses and other signals that 
refresh the video memory. It also supplies the 
synchronization and blanking signals for the output 
circuitry. 

The 6845 device contains 19 internal registers, all 
of which are I/0-mapped. The system BIOS programs 
the internal registers that control the display 
timing. 

The 6845's lightpen register allows lightpen 
interactions for systems with monitors that are 
optically compatible (dual-mode monitors are not 
compatible due to their medium-persistence phosphor). 



Support Logic 

The support logic consists primarily of a custom LSI 
circuit that provides several video functions, 
including: 

• Converting data bytes from the video memory or the 
character generator into the individual dots on 
the display (shift register or serialization). 

• Controlling the application of the associated 
video attributes and conditions. The Mode and 
Color registers, and part of the Status register 
are part of this device. 

• Generating the memory timing and other clock 
signals for the 6845. 

The support logic selects the high- or low-scan mode 
according to the character-height parameter written 
to the 6845's internal register 09h. A value of ODh 
in register 09h selects the high-scan mode. 

Video Display Controller Boards 7-5 

Video Memory 

The video memory on the video display controller 
board consists of 16 Kbytes of dynamic RAM beginning 
at address B8000h and extending to BBFFFh (Figure 
7-5). The video memory is dual-ported so that the 
CPU can access it at any time without causing visual 
anomalies on the CRT display. 

One wait state is automatically inserted on all video 
memory cycles by asserting the 1/0 READY- line on the 
expansion bus. The wait state is required for 
synchronization purposes. The base address of video 
memory can be changed from 88000 (standard) to BOOOO 
(optional Jumper J9). 

ADOOOh 

BOOOOh 

B4000h 
B8000h 

BCOOOh 
BFFFFh 

Reserved 

Option 
Jumper 
Reserved 
Standard 
Configuration 
Reserved 

Figure 7-5. Video Memory Address Space 
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Character Generator 

The character generator is an 8 Kbyte x 8 static ROM 
chip. Special character sets may be supported by 
replacing the standard ROM (socketed) with a 250 ns, 
2764-type EPROM. The CPU cannot read the ROM's 
contents--it is accessed only by the 6845, together 
with video RAM. 

The 8 Kbyte x 8 character generator ROM contains 
three character sets of 256 characters each. The 
first set is used for the 9 x 14 dot cell character 
set and takes up 4 Kbytes. From each group of 16 
bytes, 14 are used to form the cell, with bytes +OOh 
through +05h for the lower six displayed lines, and 
bytes +08h through +OFh for the top eight scan lines. 
Scan line 0 is adjacent on the screen to scan line 
13 of the character above. 

The video display controller board generates a 9th 
horizontal dot from an 8-bit-wide ROM for 9 x 14 dot 
cells. It replicates bit 0 (the 8th dot) for 
graphics characters COh through DFh. It places a 
blank dot in the 9th position for other characters. 
This scheme allows continuous horizontal lines and 
solid figures needed by certain graphics symbols. 

The layout of the 9 x 14 dot cell is as follows: 

BIT 

7 6 5 4 3 2 1 0 Offset Scan line 
+08h 0 
+09h 
+OAh 2 
+OBh 3 
+OCh 4 
+ODh 5 
+OEh 6 
+OFh 7 
+OOh 8 
+Olh 9 
+02h 10 
+03h 11 

+04h 12 
+05h 13 
+06h (Reserved) 
+07h (Reserved) 

The second and third sets are interleaved and occupy 
the remaining 4 Kbytes. They provide standard and 
alternate 8 x 8 dot versions (selectable by Jumper 
Jl) of an 8 x 8 dot cell character font used by both 
40- and 80-column low-scan text modes. Scan line 0 
is adjacent on the screen to scan line 7 of the 
character above. 



NOTE: A separate character font contained in the 
system ROM duplicates the first 128 standard 
8 x 8 dot cells and is used by ROM BIOS 
routines to display text in one of the 
graphics display modes. 

The second and third character sets in the character 
generator ROM have 8 x 8 dot cells and are 
interleaved every eight bytes. That is, the standard 
set begins at offset lOOOh, and the alternate set 
begins at 1008h. The layouts are as follows: 

Standard Alternate 
Set Set 

BIT 

7 6 5 4 3 2 1 0 Offset Offset 
+OOh +08h 
+Olh +09h 
+02h +OAh 
+03h +OBh 
+04h +OCh 
+OSh +ODh 
+06h +OEh 
+07h +OFh 

Video Display Controller Boards 7-7 

Example: Question mark (ASCII 3Fh) in the 9 x 14 dot 
ce 11 . 

Value 7 6 5 4 3 2 1 0 Address Scan Line 

ooh 
ooh 
3Eh 
63h 
63h 
06h 
OCh 
18h 
18h 
OOh 
18h 
18h 
OOh 
OOh 
OOh 
OOh 

• • 
• • • • 

• • 
• • 

• • 

• • • • • 
• • 

03F8h 0 
03F9h 

• 03FAh 2 

• • 03F8h 3 

• • 03FCh 4 

• 03FDh 5 
03FEh 6 
03FFh 7 
03FOh 8 
03Flh 9 
03F2h 10 
03F3h 11 

03F4h 12 
03F5h 13 
03F6h (Reserved) 
03F7h (Reserved) 

NOTE: The bytes at addresses 03FBh and 03FCh 
have the least-significant bit= 1, but this 
bit is not right-extended into the 9th column 
because '?' lies outside of the special range 
COh through DFh. 
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Example: Question mark (ASCII 3Fh) in the standard 
8 x 8 dot cell. 

Value 7 6 5 4 3 2 1 0 
78h 
CCh 
OCh 
18h 
30h 
OOh 
30h 
OOh 

• • • • 

• 
• 

• • • • • • • • • 
• 

Address Scan Line 
13FOh 0 

13Flh 
13F2h 2 
13F3h 3 
13F4h 4 
13F5h 5 
13F6h 6 
13F7h 7 

Example: Question mark (ASCII 3Fh) in the alternate 
8 x 8 dot cell. 

Value 7 6 5 4 3 2 1 0 
3Ch 
42h 
02h 
04h 
08h 
OOh 
08h 
OOh 

• • • • • • • • • 
• 

Address Scan Line 
13F8h 0 

13F9h 1 
13FAh 2 
13FBh 3 
13FCh 4 
13FDh 5 
13FEh 6 
l3FFh 7 

Output Circuitry 

The output circuitry contains the logic and buffers 
required to interface the video display controller 
board with a video display. The output circuitry can 
directly drive a composite video monitor, an internal 
monitor (COMPAQ PORTABLE 286 only), an RGBI TTL input 
monitor, or a television, using an external RF 
modulator (not supplied) . 

The RGBI, composite, and RF modulator outputs are 
normally only active in the low-scan mode. The 
internal monitor interface is always enabled. When 
COMPAQ Dual-Mode Monitors are used with the COMPAQ 
DESKPRO 286, Jumpers J3 and JS are set to enable all 
video outputs for both modes. 



7.3 PROGRAMMING THE VIDEO 
DISPLAY CONTROLLER BOARD 

The video display controller board is an 1/0-mapped 
and memory-mapped (video memory) board. Table 7-1 
lists the 1/0 addresses. 

Table 7-1. Video Display Controller Board 
1/0 Addresses 

Read 
I/0 or Register 
Addr. Write Description 

3D4h w 6845 Index 
3D5h R/W 6845 Data 
3D8h w Mode 
3D9h w Color 
3DAh R Status 
3DBh w Reset Lightpen 
3DCh w Set Lightpen 

Video Display Controller Boards 7-9 

6845 INDEX AND DATA REGISTERS (3D4h AND 3D5h) 

The 6845 CRT controller is addressed as two port 
addresses. One port (3D4h) accesses the Index 
register. The other port (305h) accesses the Data 
register. 

The CRT controller has 19 internal registers. The 
Index register counts as one of these, although it 
serves as a pointer to the other registers. 

To write to or read from, a 6845 register: 

1. Load the 6845's register number into the Index 
register (3D4h). 

2. Write or read the byte to/from the Data register 
(3D5h). 

The registers pointed to with Index register values 
of OOh to OBh directly control the timing of the CRT 
controller and the associated waveform profiles which 
drive the display monitors. Before changing any of 
the default parameters in these registers, be sure 
that the environment is understood (i.e., which 
monitors are connected to the video display 
controller and the timing that each display requires) 
for proper operation. 

The initial register values are listed in Table 7-2. 
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Table 7-2. Initial Values for 6845 Internal Registers 
Read Recommended Values 

Index Register or 40x25 80x25 
Reg. Description Write Low-Scan High-Scan 
OOh Horizontal Total (characters) w 38h 71h 
Olh Horizontal Displayed (characters) W 
02h Horizontal Sync Position (characters) W 
03h Horizontal Sync Width (characters) W 
04h Vertical Total (rows) W 
05h Vertical Total Adjust (lines) W 
06h Vertical Displayed (rows) W 
07h Vertical Sync Position (rows) W 
08h Interlace Mode & Skew W 
09h Character Height (lines) W 
OAh Cursor Start (line) W 
OBh Cursor End (line) W 
OCh Display Start Address (high) R/W 
ODh Display Start Address (low) R/W 
OEh Cursor Address (high) R/W 
OFh Cursor Address (low) R/W 
lOh Lightpen Address (high) R 
llh Lightpen Address (low) R 
Note: Recommended values apply to COMPAQ Monitors. 

chrs = characters (i.e., character count) 

28h 50h 
2Dh 5Ah 
OAh OAh 
lFh 19h 
06h 06h 
19h 19h 
lCh 19h 
02h 02h 
07h ODh 
06h OBh 
07h OCh 
ooh OOh 
ooh ooh 
ooh ooh 
OOh OOh 
XXh XXh 
XXh XXh 

(Default) 
80x25 
Low-Scan 
71h 
50h 
5Ah 
OAh 
lFh 
06h 
19h 
lCh 
02h 
07h 
06h 
07h 
OOh 
OOh 
OOh 
OOh 
XXh 
XXh 

lines= horizontal scan lines elements which make up a character row 
row= vertical character units (i.e., row= 8 or 14 lines) 
X = undefined 

Graphics 
Low-Scan 
38h 
28h 
2Dh 
OAh 
7Fh 
06h 
64h 
?Oh 
02h 
Olh 
06h 
07h 
OOh 
OOh 
ooh 
OOh 
XXh 
XXh 



MODE REGISTER (3D8h, WRITE-ONLY) 

This register selects the current video-display mode 
in conjunction with other 6845 registers. 

BIT 
76543210 

j L__ 0 = 40 x 25 Text L 1 = 80 x 25 Text 

0 = Text Mode 
1 = Graphics Mode 

0 = Enable Color Burst 
1 = Disable Color Burst 

(black & white) 

'---- 0 =Disable Video (blank screen) 
1 = Enable Video 

0 = 320 x 200 Graphics 
1 = 640 x 200 Graphics 

'-----Attribute bit 7 
0 = Intensity 
1 = Blink 

'------ 0 (Reserved) 

'------- Attributes 
O = Color (standard) 
1 = Alternate 

Video Display Controller Boards 7-11 

Bit 0. If bit 0 = 0, text is displayed in a 
40-column mode. In the 40-column modes, the clock 
for the video and timing logic is divided by two. 

If bit 0 = 1, text is displayed in an BO-column mode. 

Bit 1. If bit 1 = 0 , the text mode is selected. 

If bit 1 = 1, the bit-mapped graphics mode is 
selected. 

Bit 2. If bit 2 = 0, color encoding on the composite 
video output is enabled. This bit only affects the 
composite video outputs; the other video outputs are 
unaffected. 

If bit 2 = 1, the reference color burst signal for 
the composite video output is disabled (black and 
white display). 

Bit 3. If bit 3 = 0, the entire display is blanked, 
but the sync signals are still active. 

If bit 3 = 1, the screen is displayed normally. 
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Bit 4. If bit 4 = 0, the display format is 320 x 200 
in the graphics modes. 

If bit 4 = l, the display format is 640 x 200 in the 
graphics modes (Mode register bit 1 = 1). 

The 640 x 200 mode is a 1 bit-per-pixel format, while 
the 320 x 200 mode is 2 bits per pixel. 

Bit 5. This bit has meaning in the text modes only. 

If bit 5 = 0, then bit 7 of the text-attribute byte 
controls the background intensity function. 

If bit 5 = 1, then bit 7 of the text-attribute byte 
controls the blinking function. 

Bit 6. Reserved (alv1ays 0). 

Bit 7. This bit has meaning in the text modes only. 

If bit 7 = 0 (standard), the text is displayed with 
the color attributes (color foreground and 
background). See the section on video display modes. 

If bit 7 = l, the text is displayed with the 
alternate attributes that defines a white or black 
foreground or background and text underlining 
capability. This mode is only available when in the 
high-scan mode. The low-scan mode uses the color 
attributes regardless of the state of this bit. 

COLOR REGISTER (3D9h, WRITE-ONLY) 

The Color register specifies: 

• A mode-dependent color for the background, 
foreground, or border 

• Supplemental video intensity 

• Standard or alternate color set for the 320 x 200 
graphics mode 

The color displayed on the screen is a result of the 
Color register values and the colors specified in 
video memory for each display location. 

In the two graphics modes, either 1 or 4 colors may 
be displayed at once. In the text modes, 
16 foreground and 8 background colors can be 
displayed simultaneously. 



BIT 
76543210 

I I I I Set bits 
blue, or 
I R G B 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

(=l) enable red, green, 
intensity 
Displayed Color 
Black 
Blue 
Green 
Cyan 
Red 
Magenta 
Brmm 
White 
Gray 
Light Blue 
Light Green 
Light Cyan 
Light Red 
Light Magenta 
Yell ow 
Intense White 

~--- 1 = Supplemental intensity enabled 

'----- Col or Set 
0 = Standard (green, red, brown) 
1 = Alternate (cyan, magenta, 

white) 

~----- 00 (Reserved) 

Video Display Controller Boards 7-13 

Bits 3 .. 0. These four bits select a mode-dependent 
color. 

In the 640 x 200 graphics mode, they select the color 
of an active pixel. 

In the 320 x 200 graphics mode, they select the color 
of an inactive pixel, or background. 

In the 40 x 25 text mode, they select the color of 
the overscanned border. 

Bit 4. If bit 4 = 0, unintensified colors are 
selected for both the 320 x 200 graphics mode and the 
background colors in the text modes. 

If bit 4 = 1, intensified colors are selected for 
both the 320 x 200 graphics mode, and background 
colors in the text modes. 

Bit 5. Selects the color set used in the 320 x 200 
graphics mode. 

If bit 5 = 0, the standard color set is selected. 
The standard set consists of green, red, and brown. 

If bit 5 = 1, the alternate color set is selected. 
The alternate set consists of cyan, magenta, and 
white. 

Bits 7 .. 6. Bits 7 and 6 are always 0 (reserved). 
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STATUS REGISTER (3DAh, READ-ONLY) 

The Status register contains real-time event status 
information. 

BIT 
76543210 t'-- 0 =Active Display L__ 1 = Retrace Interval 

0 = Lightpen Latch not triggered 
1 = Lightpen Latch triggered 

Lightpen Switch State 

'---- 1 = Vertical Retrace in progress 

0000 = (Reserved) 

Bit 0. If bit 0 = 0, the video raster is on the 
active (displayed) area of the screen 

If bit 0 = 1, the video raster is in a horizontal or 
vertical retrace period 

!li_!:_l. This bit reflects the state of the lightpen 
latch. 

If bit 1 = l, the lightpen has triggered--the 6845 
lightpen address registers may contain a valid 
address. The state of the lightpen latch can be 
cleared by writing to port 3DBh and set by writing to 
3DCh. 

Bit 2. This bit reflects the state of the lightpen 
switch signal of the lightpen interface connector. 
This signal is not latched or debounced. 

Bit 3. This bit reflects the state of the vertical 
sync signal . 

If bit 3 = 1, the vertical retrace signal is active. 

CLEAR OR SET LIGHTPEN LATCH 
(3DBh AND 3DCh, WRITE-ONLY) 

By writing any value to port 3DBh, the lightpen latch 
bit of the Status register will be reset to 0. 

By writing any value to port 3DCh, the lightpen latch 
bit of the Status register will be set to 1. 

Bit 1 of the Status register (3DAh) defines the 
lightpen latch status. 



7.4 VIDEO DISPLAY MODES 

The video display controller board displays either 
graphics or text. 

Text displays are character-oriented. The dot 
patterns for the display is stored in a character
generator ROM. Text on COMPAQ Monitors is normally 
displayed in the high-scan mode (see COMPAQ Dual-Mode 
Monitors). 

Graphics displays are pixel-oriented. The color of 
each pixel is specified in video memory. A pixel is 
the smallest controllable display element--a single 
dot on the screen. Graphics on COMPAQ Monitors are 
displayed in the low-scan mode. 

Figure 7-6 compares the pixel patterns for the 9 x 14 
and 8 x 8-pixel text characters. 

Video Display Controller Boards 7-15 

----·----
---···---
--··-··--
-··---··-
-·······--··- --··-
-··---··-
-··---··-========= Cursor line 
========= Cursor line 

9 x 14 Character Format 

--··-----····---··--··-··--··-······-··--··--••==••== Cursor line 
======== Cursor line 

8 x 8 Character Format 

Figure 7-6. Comparison of Text Character Formats 

Text Displays 

For text displays, the video display controller board 
uses two bytes of video memory to define each 
character: the character byte and the attribute byte. 

The character byte (even address) is sent to the 
character generator. The character generator provides 
the patterns for that character code. 

The attribute byte (odd address) specifies the 
foreground and background color to use for the 
character and whether the character should be 
intensified or blinking (See the Mode register) 
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Table 7-3 lists the character codes and the resulting 
characters defined in the character generator. The 
table displays the characters in a hexadecimal 
format. For example, 20h is the value for the space 
character. 

Table 7-3. Character Codes 

0123456789ABCDEF 

0 0 e • • ~ + • a 0 ~ 6' !il 1' fJ * 
1 ~ ~ t !! <fl § • t t J. ~ +- L ft A "' 

2 !"tt$:.-.:&'()*+,-./ 
3 0123456789: ;<=>? 
4 @ A B C D E F G H I J l< L M tt 0 
5 PQRSTUUWXVZ[ \,]A 

6 'abcdefghijklmno 
7 pqrstuvwxyz{ I} ~o. 

s gueaaaa4.jeee1t1AA 
9 E<l!flooouuY~ii¢£¥Ptf 
A a16(tfiN!!2l,.r-,%~i«» 

B :::: i& 1111 I ~ ~ ~I 11 =i ii II 11 !I JJ :I , 
c L J_ T ~ - + ~ n I! rr :!! u n = it * 
D JITTI 11 '= f rdf tJ rl•I 1• 
E 0::13rn:El1'J-1T~9fi!Sa>SiSEn 
F =±2:~ fJ7% 0 • -.JllZ. 

Figure 7-7 shows the text attribute byte values (with 
mode register bit 7 = 0). 

BIT 
76543210 

I I I I ·Set bits (=1) enable red, green, 
blue, or intensity 
I R G B 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Displayed Color 
Black 
Blue 
Green 
Cyan 
Red 
Magenta 
Brown 
White 
Gray 
Light Blue 
Light Green 
Light Cyan 
Light Red 
Light Magenta 
Yell ow 
Intense White 

~~--- Set bits (=l) enable red, green, 
blue, or intensity (or blink--see 
Mode Register Bit 5 for 
background color. 
(Use table above for color values.) 

Figure 7-7. Attribute Byte for Color Text 



Figure 7-8 shows the alternate text-attribute byte 
values (with Mode register bit 7 = 1) 

BIT 
76543210 

L..l_L_ 000 = Black foreground 
001 =Underline this character (See Note) 
111 = White foreground 

1 = High intensity selected 

ODO = Black background 
111 = White background 

~----- 1 = Blink 

Figure 7-8. Alternate Attribute Byte (80 x 25, High
Scan Text Only) 

NOTE: Hard11are draws the underline by turning on 
all 9 pixels of scan line 13 (lowest) of the 
character cell. 

Graphics Displays 

For pixel-oriented displays, the video display 
controller board uses video memory as the source of 
the patterns to display. 

In the 640 x 200-pixel graphics mode, a single byte 
of video memory defines the state of eight pixels. 
Bit 7 is the left-most pixel on the display. The 
color used for active pixels is specified in the 
col or register. 

BIT 
76543210 
I I II I I I I 
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l's indicate active pixels 

In the 320 x 200-pixel graphics mode, a single byte 
defines the state of four pixels (two bits per 
pixel). The two bits that define a pixel specify one 
of three colors from the standard or alternate color 
set or the background color. Bits 7 and 6 control 
the left-most pixel. 

BIT 
76543210 

L...l__ Color for pixel 
00 = Background color (Color 

register value) 
01 = Green or cyan (alternate set) 
10 = Red or magenta (alternate set) 
11 =Brown or white (alternate set) 

Co 1 or for pi xe 1 (use above va 1 ues) 

Color for pixel (use above values) 

Color for pixel (use above values) 

For the graphics modes, the video memory is divided 
into separate blocks for the even and odd scan lines. 
Figure 7-9 shm1s the format of video memory for the 
graphic modes. 
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BBOOOh 

89F9Fh 
89FAO 

89FFFh 

BAOOOh 

BBF9Fh 
BBFAOh 

BCFFFh 

Even Scan Lines 

96 Spore Bytes 

Odd Scan Lines 

96 Spare Bytes 

Addresses for Graphics 
Row First Column Lost Column 

BBOOOh BB04Fh 
2 BAOOOh BA04Fh 
3 88050h B809Fh 
4 BAOSOh BA09Fh 

197 B9F00h B9F4fh 
198 BBFOOh BBF4Fh 
199 89F50h B9F9Fh 
200 BBF50h BBF9Fh 

Figure 7-9. Format of Video Memory for the Graphic 
Modes 

7.5 MONITORS SUPPORTED 

The video display controller board supports four 
types of monitors: 

• COMPAQ Dual-Mode Monitors. 

• Red-Green-Blue (RGB) color monitors that connect 
to the standard DB-9 (9-pin) connector, including 
the COMPAQ Color Monitor in 200-line Mode. 

• Monochrome or color monitors that require 
composite-video signals may use an RCA-type 
connector or a recessed Berg connector. 

COMPAQ Dual-Mode Monitors 

The standard COMPAQ monitor is dual-mode. Dual-mode 
means that there are two different display modes, 
with different scanning frequencies for each mode. 

The high-scan mode has a horizontal scan frequency of 
18.5 kHz and a vertical scan frequency of 50 Hz, non
interlaced. High scan supports the text modes, using 
a 9 x 14-pixel character block. This mode has 350 
active vertical lines for 25 rows of 14-pixel high 
characters, and 720 horizontal pixels for 80 columns 
of 9-pixel wide characters. 

When the high-scan mode is selected, the monitor mode 
line switches to select the 9 x 14 character set in 
the character generator. 



The low-scan mode has a horizontal frequency of 
15.7 kHz, and a vertical frequency of 60 Hz, non
interlaced. This mode is compatible with most 
television and RGB displays that use 200 active scan 
lines. The low-scan mode uses an 8 x 8 character 
block for text, and is the only mode used for 
graphics. 

To select the high-scan mode, program the 6845 
according to the "so x 25 High Scan" column in 
Table 7-6. 

Characters are displayed in the 80 x 25-character 
format, with a 9 x 14-dot matrix on COMPAQ Dual-Mode 
Monitors, or an 8 x 8-dot matrix using other 
monitors. 

COMPAQ Dual-Mode Monitors can accept two scan (sync) 
frequencies from the video display controller board. 
One scan mode displays high-quality text (9 x 14-
pixel characters). The other mode displays graphics. 
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The high- and low-scan modes can also be easily 
accessed using either of the following methods: 

• Keyboard selection (using COMPAQ MS-DOS and XENIX) 
Simultaneously pressing the multiple key 
combination of CTRL, ALT, and < (LESS THAN) keys 
will s11itch into low-scan mode. Simultaneously 
pressing the multiple key combination of CTRL, 
ALT, and> (GREATER THAN) keys will switch into 
high-scan mode. 

• COMPAQ MS-DOS, Version 3 MODE Command. Refer to 
MS-DOS Version 3 Reference Guide for more 
information on the MODE command. 

RGBI Monitors 

RGBI monitors receive their video signals in the form 
of separate lines for the red, green, and blue 
colors, intensity, horizontal sync, and vertical 
sync. These are all TTL-level signals. With four 
signals (red, green, blue, and intensity) to specify 
color, 16 colors or shades of gray are available. 
Monitors that do not support the intensity signal are 
limited to eight colors. 
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The COMPAQ Color Monitor is compatible with this 
video display controller board. However, it is 
restricted to only the 200-scan line, 16 color 
operation. 

Composite Video Monitors 

Composite video monitors, or other video equipment 
with composite video inputs, connect to the RCA-type 
jack provided on the mounting bracket. If a 
monochrome display is used, disable the color burst 
signal to reduce interference. 

An external RF modulator can be connected to either 
the RCA-type connector or the recessed Berg 
connector for use with television receivers. The 
Berg connector provides the same video signal as the 
RCA-type connector plus a +12 volt power connection. 
Due to television bandwidth limitations, BO-column 
television displays are not recorrrnended. 
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Figure 7-10 shows the timing characteristics for the horizontal sync signals. 

Figure 7-10. Horizontal Timing 

Figure 7-11 shows the timing characteristics for the vertical sync signals. 

vs 
SW 

BP 

Figure 7-11. Vertical Timing 

S~bol 

HP 
FP 
SW 
BP 

S~bol 

VP 
FP 
SW 
BP 

Parameter 
Horizontal Period 
Front Porch 
Sync Width 
Back Porch 

Parameter 
Vertical Period 
Front Porch 
Sync Width 
Back Parch 

High Scan 

{Hi Res2 
54.1 µs 

5.7 µs 
3.8µs 
6.6 µs 

High Scan 
(Hi Res) 
20.00 ms 
0.00 ms 
0.16 ms 
0.92 ms 

Low Scan 

{Graehics) 
63.7 µs 

6.7 µs 
4.5 µs 
7.8 µs 

·Low Scan 
(Graphics) 
16.68 ms 

1.53 ms 
0.19 ms 
2.23 ms 
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Figure 7-12 shows the characteristics for the video connectors. 

J404 

J402, 
J403 

HS 

""' 0 0 
0 :J 
m m 

c: 
" c: 

~ g, 'O 

" 0 Cl'. 

c: .s " " c: :J ~ 0 c: 
1! m ;i: >. 

"' ~ ~ ~ 0 :j :j ::lE m " 

.s 
c: 

c: " 'O "' g, 
" 0 

0 Cl'. ::lE 

:j :j :j 

Notes: 1. Burst is only present in the 40 x 25 text mode or the 320 x 200 graphics mode. 
2. This Is a block-frame format without equalization pulses. 

Figure 7-12. Video Display Controller Board Output Signal Waveforms 

1! 
~ 
" ;i: " .!! c: 
1! ~ _!; 



7.6 JUMPERS 

Jumpers Jl through J9 are identical on all three 
video display controller boards. Two additional 
Jumpers, JlO and Jll have been added to the Version 3 
video display controller board to enable the 
additional 16 Kbytes of RAM provided by the dynamic 
RAM devices on the controller 

Jumpers Jl through J9 change the configuration of the 
video display controller board. Only J3 and JS have 
pins and shorting blocks installed. The remaining 
jumpers are etched on the controller board. 

Table 7-4 lists the jumpers for all three video 
display controller boards. The jumper arrangement is 
shown in Figures 7-13 through 7-15. 

CAUTION 
Modifying etched jumpers 
invalidates the COMPAQ 
warranty of the board. 
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Table 7-4. Jumpers on the Video Display Controller 
Board 

Jl - 8 x 8 Character Set Jumper 

The character generator ROM contains two complete 
sets of 8 x 8 dot lookup tables. The standard table 
is suitable for all types of monitors. The alternate 
table provides sharper character sets for 40-column 
displays on televisions. This jumper is etched on 
the board. 

Jl Configuration 
2-3 Standard 8 x 8 cell 
1-2 Alternate 8 x 8 cell 

(Continued) 
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Table 7-4. (Continued) 
J2 - Vertical Sync Polarity 

The vertical sync signals can have positive 
(standard) or negative polarity. This jumper is 
etched on the board. 

J2 Configuration 
1-2 Positive vertical sync (standard) 
2-3 Negative vertical sync 

J4 - Horizontal Sync Polarity 

The horizontal sync signals can have positive 
(standard) or negative polarity. This jumper is 
etched on the board. 

J4 Configuration 
2-3 Positive horizontal sync (standard) 
1-2 Negative horizontal sync 

J3, JS - External High-Scan Video 

These jumpers control all but the internal monitor. 
Video outputs will be active in high-scan. They are 
changed as a set (both to 2-3 or both to 1-2). 

J3 JS Configuration 
2-3 2-3 Enable high-scan video on 

external outputs (standard 
setting for COMPAQ DESKPRO 
Computers) 

1-2 1-2 Disable high-scan video on 
external outputs (standard 
setting for COMPAQ PORTABLE 
Computers) 

(Continued) 

Table 7-4. (Continued) 
J6 - Enable Mode Signal 

This 2-pin jumper connects the MODE signal to pin 7 
of the 9-pin connector. The MODE signal is low for 
high-scan (18.S kHz) and high for low-scan 
(lS.7 kHz). Cutting this jumper's etch makes pin 7 
not connect. 

J6 Configuration 
1-2 Connect MODE signal to pin 7 
n.c. Disconnect MODE signal from pin 7 

J7, J8, J9 - Standard/Alternate Video Display 
Controller Board Addresses 

These jumpers change the video memory base address 
from B8000h to BOOOOh. They also change the Video 
Display Controller Board's l/0 address from 3DXh to 
3BXh (X = value from 0 to F(h)). These jumpers are 
etched on the board. 

Boards with standard or alternate base addresses are 
functionally identical. 

J7 J8 J9 
1-2 1-2 1-2 
2-3 2-3 2-3 

Configuration 
Standard 
Alternate 

(Continued) 



Table 7-4. (Continued) 
JlO, Jll - Extended Memory (Version 3 Video Display 

Controller Board only) 

These jumpers enable additional video memory. 
Standard video buffer size is 16K bytes of Dynamic 
RAM beginning at address B8000h and extending to 
address BBFFFh. Extended video buffer size is 32K 
bytes beginning at address B8000h and extending to 
BFFFFh. 

Jumpers JlO and Jll are etched on the board to 16K 
bytes (standard buffer size), and are changed as a 
set (both to 2-3 or both to 1-2). 

JlO Jll Configuration 
2-3 2-3 Standard video memory (16K bytes) 
1-2 1-2 Extended video memory (32K bytes) 
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J5. External High-Scan Video 

J7, Standard/Alternate Addressing 

J2, Vertical 
Sync Polarity 

J1. 8 x 8 
Character Set 

J3, 
External High
Scon Video 

J4, Horizonto! 
Sync Polarity 

J8, Standard/Alternate Addressing 

J9, Standard/Alternate Addressing 

J6, Scan Mode Signal 

Figure 7-13. Version 1 Video Display Controller 
Board Jumper Arrangement 
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J1, 8x8 Character Set 

J2, VSYNC 
Polarity 

J4, Horizontal 
Sync Polarity 

JS, External 
Scan Video 

~ ~I=' g=o C=:J D o oU ~..-IJ c::=JD D g. D ·r Cr c::::::::Jc::::::::J /-

le ~I I~~ 8 ~er~ 
l c::=J c::=J c::=J cnC 

J3, High-
Scan Video 

J6, Enable 
Mode Signal 

J7,J8 Standard/ Alternate 
Video Addresses 

J9, Standard/ Alternate 
Video Addresses 

Figure 7-14. Version 2 Video Display Controller 
Board Jumper Arrangement 

J6, Enable Mode Signal 

J3, External High-Scan Video 

J4, Horizontal 
Sync Polarity 

J1, BxB 
Character Set 

J10, Extended Memory 

J11, Extended Memory 

J9, Standard/ Alternate 
VDU Addresses 

J2, VSYNC Polarity 

J7,J8 Standard/Alternate 
VDU Addresses 

J5, External High-Scan Video 

Figure 7-15. Version 3 Video Display Controller 
Board Jumper Arrangement 



7.7 CONNECTORS 

Table 7-5 through 7-9 show the video display 
controller board connector signals. 

Figure 7-16 shows the location of the connectors on a 
Version 1 video display controller board. The 
connectors are located in the same positions on all 
three versions of the video display controller board. 

Figure 7-17 through 7-19 show the video display 
controller board connectors. 
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J402, RF Modulator Connector 

J405, Light Pen Connector 

J401, 
Internal 
Monitor 
Connector 

J404, RGBI Connector 

J40J, Composite Video Connector 

Figure 7-16. Connectors on the Video Display 
Controller Board 
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Table 7-5. J401. Internal Monitor Connector Signals 
Signal 
Chassis 
Ground 
HS 

MODE 

Signal 
Ground 
VID 

Video 
Ground 

Pin I/O Description 
11, 12 Cable Shield 

7 0 Horizontal sync is an active
high TTL signal in both level 
and drive characteristics. The 
pulse duration is always fixed 
at 8 characters regardless of 
the duration programmed in the 
6845. Refer to Section 8.5 for 
the timing characteristics. 

3 0 This TTL signal controls the 
monitor mode. During a 
mode change, both horizontal 
and vertical sync are 
suppressed for up to 16 
vertical frames. The MODE 
signal is high (= 1) for the 
low-scan mode, and low (= 0) 
for the high-scan mode. 

2,4,8 This is the ground reference 
for the TTL signals. 

5 0 This analog video output signal 
ranges from 1.0 Vdc (black) to 
2.5 Vdc (white) into 470 to 
6800 ohms (impedance). Its 
ground reference is the video 
ground signal (pin 6). 

6 This is the ground reference 
for the VID signal (pin 5). 

(Continued) 

Table 7-5. 
Signal 
vs-

Signal 

vs-
MODE 
VID 
HS 
Key 
Chassis 

(Continued) 
Pin I/O Description 
1 O Vertical sync is an active-

Pin 

1 

3 
5 
7 
9 

Ground 11 

low TTL signal in both level 
and drive characteristics. 
The pulse duration is always 
fixed to three scan lines 
regardless of the duration 
that is programmed in the 
6845's internal registers. 
Refer to the section 8.5 
for the timing characteris
tics for the vertical sync 
signals. 

Pin Signal 

0 0 2 Signal Ground 

0 0 4 Signal Ground 

0 0 6 Video Ground 

0 0 8 Signal Ground 

10 Key 

0 0 12 Chassis Ground 

Figure 7-17. J401, Internal Monitor Connector 



Table 7-6. 
Signal 
+ 12 Vdc 
COMPOSITE 
VIDEO 
Signal 
Ground 

J402, RF Modulator Connector Signals 
Pin 1/0 Description 
1 0 Power 
3 0 This analog signal is the 

com~osite video out~ut 
4 Reference for composite 

video 

2 l<ey 
I ~ +12 Vdc 

3 • Composite Video Output 

4 • Signal Ground 

Figure 7-18. J402, RF Modulator Connector 

Table 7-7. 
Signal 
Chassis 
Ground 
COMPOSITE 
VIDEO 

J403, Composite Video Connector Signals 
Pin 1/0 Description 
2 Reference for composite 

video 

Pin Signal 

0 This analog signal is the 
composite video output 

/ 2 Chassis Ground 

@--- 1 Composite Video Output 
{Same as J402 Pin 3) 

Figure 7-19. J403, Composite Video Connector 
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Table 7-8. J404, 
Signal 
B 
G 
HS 

MODE 

R 
Signal 
Ground 
vs 

Pin 1/0 
5 0 
4 0 
8 0 

6 0 
7 0 

3 0 
1,2 -

9 0 

RGBI Video Connector Signals 
Description 
Blue. Active-high TTL signal. 
Green. Active-high TTL signal. 
Horizontal sync is an active-high 
TTL signal in both level and drive 
characteristics. The pulse 
duration is fixed at eight 
characters regardless of the 
duration programmed in the 6845. 
Refer to the "Monitors Supported" 
section for the timing 
characteristics. 
Intensity. Active-high TTL signal. 
This signal controls the 
monitor high- or low-scan mode. 
During a mode change, both 
horizontal and vertical sync are 
suppressed for up to 16 vertical 
frames. The MODE signal is 
high for the low-scan mode and low 
for the high-scan mode. 
Red. Active-high TTL signal. 
TTL signal reference. 

Vertical sync is an active-high TTL 
signal in both level and drive 
characteristics. The pulse 
duration is fixed to 3 scan lines 
regardless of the pulse duration 
programmed in the 6845. Refer to 
the "Monitors Supported" section 
for the timing characteristics. 
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Signal Pin 
Pin Signal 

Signal Ground 00 6 I 
Signal Ground 2 00 7 MODE 
R 3 00 8 HS 
G 4 Oo 9 VS 
8 5 0 

<---- Chassis Ground 

Figure 7-20. J404, RGBI Connector 

Table 7-9. J405, Lightpen Connector Signals 
Signal Pin 1/0 Description 
+5 Vdc 5 0 +5 Vdc lighteen eower source 
+12 Vdc 6 0 +12 Vdc lighteen eower source 
LIGHT PEN 3 I Active-low signal indicates 
SWITCH- lighteen switch contact closed 
LIGHTPEN Active-low signal indicates 
TRIGGER- lightpen triggered 
Signal 4 Reference for TTL signals 
Ground 

1 • LIGHT PEN SWITCH-
2 KEY 
3 • LIGHT PEN ffilGGER-
4 • SIGNAL GROUND 

5 • +5 Vdc 
6 • +12 Vdc 

Figure 7-21. J405, Lightpen Connector 
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7 .8 SCHEMATICS 
Figure 7-22 shows the schematics for the Video Display Controller Board Version 1. COMPAQ Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 
system operation. 

6 

T 

+CB.;. CH 
1e 111 
16V l~V 

B1,B•O,Bl1-+---+---4-__._--4--------~ 

t" rl~ 

' 

Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 1 of 5) 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 2 of 5) 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 3 of 5) 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 4 of 5) 
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Figure 7-22. Video Display Controller Board Version 1 Schematics (Page 5 of 5) 



7-36 80286-Based Products Technical Reference Guide 

Figure 7-23 shows the schematics for the Video Display Controller Board Version 2. COMPAQ Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 
system operation. 
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Figure 7-23. Video Display Controller Board Version 2 Schematics (Page 
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of 7) 



Video Display Controller Board 7-37 

Figure 7-23. Video Display Controller Board Version 2 Schematics (Page 2 of 7) 
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Figure 7-23. Video Display Controller Board Version 2 Schematics (Page 3 of 7) 
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Figure 7-23. Video Display Controller Board Version 2 Schematics (Page 4 of 7) 
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Figure 7-24 shows the schematics for the Video Display Controller Board Version 3. COMPAQ Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 
system operation. 

"--l c<~~i>ClTC"S •• ~-:: ~"'' )'.:,·.~1 PO{_ H• N)cr:;.:-•r.-:.;c,c; 

cc~=-~·.-:•.r-o ••Jr !•·-:;r,o_c_[l' 11, 12, J~. JE-! n-,~1-1" 

Figure 7-24. Video Display Controller Board Version 3 Schematics (Page 1 of 7) 
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Figure 7-24. Video Display Controller Board Version 3 Schematics (Page 3 of 7) 
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Chapter 8 
KEYBOARDS 

8.1 INTRODUCTION 

The keyboard is the primary means by 11hich the user 
communicates with the system. Two keyboards operate 
with the COMPAQ DESKPRO 286® : the 84-key keyboard 
and the COMPAQ Enhanced Keyboard. The COMPAQ® 
PORTABLE 286® uses only the 84-key keyboard. The 
COMPAQ Enhanced Keyboard is a 101-key keyboard (102 
keys international) that offers additional features, 
such as a separate cursor control key cluster, 
additional function keys (Fll and F12), and enhanced 
programmability for make/break and repeating key 
functions. 

Each of the two keyboards that operate with the 
COMPAQ DESKPRO 286 contains a microprocessor that 
scans the keyboard for pressed keys. The 
microprocessor also monitors its communication line 
with the system. The communication line carries 
keyboard control commands from the system and 
keyboard scan and acknowledgment codes to the system. 
Keyboard scan codes are generated by the keyboard 
when a key is pressed or released. Typically, a Make 
code is generated when a key is pressed. A Break 
code is generated when the key is released. 

Within this chapter, the term "system" refers to the 
keyboard controller (8042) on the system board. 

Figure 8-1 is a functional block diagram of the 
keyboard, ~1hich is the same for both keyboards. 

1------------------1 
I ~~~ I 
I I 
J System Ke~oard Interface J 

L------------------~ r-------- ---------1 

Keyswltch 
Matrix 

Ke~oard Processor J 

Matrix 
Receivers 

Ke~oard LEDs 

I 
I 
I 
I 
I 
I 
I 

I KEYBOARD I 
L __________________ J 

Figure 8-1. Keyboard Functional Block Diagram 

8-1 
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8.2 KEYBOARD FEATURES 

Both the 84-key and COMPAQ Enhanced keyboards contain 
a first-in, first-out (FIFO) buffer and a repeating 
key function. The 84-key keyboard can store as many 
as sixteen hex codes in its FIFO buffer. The COMPAQ 
Enhanced Keyboard is capable of storing sixteen 11-
bit or twenty 9-bit hex codes in its FIFO buffer. 
Keycodes are placed in the FIFO buffer when keys are 
pressed or released, if the system is not ready to 
accept the keycode from the keyboard. When the 
system is ready to accept the keycode, the keyboard 
sends the keycodes stored in the FIFO buffer to the 
system in the order in which the keys were pressed. 

When two keys are pressed simultaneously, the 
keyboard processes the first keycode detected and 
stores the second in the FIFO buffer. If any key is 
pressed whi 1 e the Fl FO buffer is full, the 
corresponding keycode is not generated and an overrun 
code (OOh) is stored in the buffer. A location in 
the FIFO buffer is reserved for overrun conditions. 

Another important feature of the keyboards is the 
repeating key function. This feature allows the 
keyboards to repeatedly generate and send the Make 
code to the system as long as the key is held down. 
The rate at which Make codes are generated can be 
progranmed on both keyboards. The 84-key keyboard 
has a fixed set of keys (except for a few special 
function keys) that are capable of the repeat 
operation. The COMPAQ Enhanced Keyboard a 11 ows the 
user to designate a particular set of keys to perform 
the repeat operations. The set of keys that can 
perform the repeat operation is progranmable by the 
system via conmands. 

Figure 8-2 shows the 84-key keyboard. Figure 8-3 
shows the COMPAQ Enhanced Keyboard. 



Keyboards 8-3 

Figure 8-2. 84-Key Keyboard (U.S. English) 
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LEFT-JUSTIFIED LEGENDS 

CARAT 

LETTERS ARE GREEN ~ 

DIVIDE SIGN 

LETTERS ARE GREEN 

Figure 8-3. COMPAQ Enhanced Keyboard (U.S. English) 



8.3 KEYBOARD COMMUNICATIONS 
INTERFACE 

Both keyboards use a bidirectional, asynchronous 
interface for communications with the system. The 
keyboard cable is a 4-conductor, shielded cable. 

The keyboard data (KBOOATA) and keyboard clock 
(KBOCLK) signals use TTL-compatible voltage levels, 
with open-collector drivers. 

Communication between the system and the keyboards is 
implemented with a protocol method, shown in 
Figure 8-4. 

Command Codes 
-7 

~ 
Response Codes 

System Keyboard 

~ 
Make Codes 

[,... Break Codes 
I" 

Figure 8-4. Keyboard Corrrnunication Protocol 
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Table 8-1. Keyboard Specifications for all 
Keyboards 

COMPAQ PORTABLE 286 COMPAQ OESKPRO 286 
Voltage + 12 voe + 5 voe 
Tolerance ± 15% + 10% 
Current 250 mA (maximum) 250 mA (maximum) 
Cable Length: 

Coiled 20 in. ( 51 cm) 38 in. ( 97 cm) 
Extended 57 in. (145 cm) 75 in. ( 190 cm) 

Communication Protocol 

The corrmunications link between the system and 
keyboard is bidirectional. For status information, 
the system controls the communications link. For 
data corrrnunication, either the system or the keyboard 
can put data on the data line, but not at the same 
time. Clock pulses are always required to transfer 
data generated by the keyboard in either direction. 
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Commands from the System 

The system can send various corrmands to the keyboard. 
When the keyboard is transmitting data to the system, 
the system first clamps the CLOCK signal line to 
request a keyboard transmission halt. To ensure that 
the keyboard recognizes the system's request, the 
CLOCK line must remain low (0) for at least 60 us. 
If the keyboard's transmission is past the rising 
edge of the parity bit's CLOCK pulse, the keyboard 
completes its transmission before clocking in the 
system corrmand. If the CLOCK line was clamped low 
prior to the rising edge of the parity bit clock 
pulse, the aborted transmission is loaded into the 
keyboard FIFO buffer. 

When the system is ready to transmit a corrmand to the 
keyboard, it sets the DATA line low (0). This action 
serves as both a Request-to-Send and a start bit. On 
detecting the DATA line low, the keyboard sets the 
CLOCK line low, causing the start bit to be clocked 
out of the system. The system then places the least
significant bit (LSB, data bit <O>) on the DATA line 
and the keyboard clocks this bit out of the system as 
shown in Figure 9-5. This process continues until 
all 8 data bits are clocked out of the system. 

After all data bits are clocked out of the system, 
the system places an odd parity bit on the DATA line. 
The keyboard repeats its clocking of the parity bit 
as before. The keyboard then sets the DATA line low 
and clocks this line to the system for a stop bit. 
When the keyboard receives the stop bit, the system 
clamps the CLOCK line low to inhibit the keyboard 
while it is processing the received data. 

After the keyboard receives a system command, the 
keyboard returns an ACK code to the system. If a 
parity error invalid code or time out occurs, a 
RESEND corrmand is sent to the system. (For more 
information on the ACK code and RESEND, see the 
section titled "84-Key Keyboard Responses to the 
System" in this chapter.) 



Figure 8-5 shows the timing of system-to-keyboard 
transmissions. 

,,,,, 
Actual 
Dato 

DATA 

CLOCK 

S::tmbol 
Tcy 
Td 
kh 
Th 
r.. 

''" 

00 01 
(LSB) 

02 OJ 04 DS 06 cJls) (O~i~) Stop 

0 

~~-~---' I 

Code = EDh 

Parameter Minimum Mo)(Jmum 
C)de nme 60 us 80 us 

Clock Low 25 us J5 us 

Clock High 25 us 45 us 
Dalo Hold 0 "' 25 us 

Slop Bit Setup 8 "' 20 us 

Slop Bit Hold 15 us 25 us 

Notes: 1. DATA signal clomped low by sr,ilem, used as RTC slgnol. 

2. DATA signal clomped low by ke)t>oord as Stop Bil. 
3. CLOCK s!gnol clomped low by system to Inhibit ke)boord. 

Figure 8-5. System-to-Keyboard Timing Transmissions 
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8.4 KEYBOARD FUNCTIONS 

This section describes the unique functions of each 
keyboard. These descriptions refer to the U.S. 
keyboards only, because key numbers differ for the 
various international keyboards. The layouts of the 
international keyboards are illustrated in Section 
8.6, International Keyboards. 

84-Key Keyboard 

The keyboard generates a fixed set of Make and Break 
codes for each of the keys on the 84-key keyboard. 
When a key is pressed, the keyboard sends that key's 
Make code to the system. 

When a key is released, the keyboard sends two 
keycodes forming the Break Code: FOh, followed by 
that key's Make code to the system. 

Figure 8-6 shows a layout of the 84-key keyboard and 
the position number assigned to each key. Table 8-2 
lists the Make codes for each key on the 84-key 

keyboard. 
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70 65 2 

71 66 16 

72 67 

73 68 

74 69 

30 

44 

58 

4 5 6 7 8 

61 

Figure 8-6. Assigned Position Number for Each Key on the 84-Key Keyboard 

15 90 95 100 105 

91 96 101 106 

43 92 97 102 107 

57 93 98 103 108 

64 99 104 
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Table 8-2. Legend and Keycode Data for the U.S. Table 8-2. (Continued) 
84-Key Keyboard Legend Make 

Legend Make Location (ToE of CaEl Code 
Location (ToE of ~aE) Code 26 p 4D 

OE 27 { [ 54 
2 16 28 } ] 5B 
3 @ 2 lE 30 CTRL 14 
4 # 3 26 31 A lC 
5 $ 4 25 32 s lB 
6 % 5 2E 33 D 23 
7 6 36 34 F 2B 
8 & 7 3D 35 G 34 
9 * 8 3E 36 H 33 

10 9 46 37 J 3B 
11 0 45 38 K 42 
12 4E 39 L 4B 
13 + 55 40 4C 
14 \ 5D 41 52 
15 (BackSpace) 66 43 ENTER 5A 
16 (Back Tab) (Tab) OD 44 LEFT SHIFT 12 
17 Q 15 46 z lA 
18 w lD 47 x 22 
19 E 24 48 c 21 
20 R 2D 49 v 2A 
21 T 2C 50 B 32 
22 y 35 51 N 31 
23 u 3C 52 M 3A 
24 I 43 53 < 41 
25 0 44 (Continued) 

(Continued) 
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Table 8-2. (Continued) Table 8-2. (Continued) 
Legend Make Legend Make 

Location (Top of Cap) Code Location (Top of Cap) Code 
54 > 49 100 SCROLL LOCK 7E 
55 ? I 4A 101 9 PGUP 7D 
57 (Right) SHIFT 59 102 6 (Right Arrow) 74 
58 ALT 11 103 3 PGDN 7A 
61 (Space Bar) 29 104 DEL 71 
64 CAPS LOCK 58 105 SYS REQ 84 
65 F2 05 106 PRINT SCREEN * 7C 
66 F4 06 107 76 
67 F6 04 108 + 79 
68 F8 OC 
69 FlO 03 
70 Fl 05 
71 F3 04 
72 FS 03 
73 F7 83 
74 F9 01 
90 ESC 76 
91 7 HOME 6C 
92 4 (Left Arrow) 6B 
93 1 END 69 
95 NUM LOCK 77 
96 8 (U[J Arrow) 75 
97 5 73 
98 2 (Down Arrow) 72 
99 0 INS 70 

(Continued) 



System/Keyboard Commands and 
Acknowledgments 

The commands sent by the system are listed in 
Table 8-3. 

Table 8-3. System Commands to the Keyboard 
Code Function 
EDh Set Status Indicators 
EEh Echo Command (Diagnostic Aid) 
EFh .. F2h Reserved--No operation 
F3h Set Key Repeat Rate 
F4h Enable the Keyboard 
F5h Disable Keyboard Scanning 
F6h Set Default Conditions 
F7h .. FDh Reserved--No operation 
FEh Resend Command 
FFh Reset Command 

SET STATUS INDICATORS (EDh) 

The Set Status Indicators (EDh) command is a 2-byte 
command that changes the state of the keyboard LED 
indicators. After receiving this command, the 
keyboard halts scanning, returns an ACK 
(acknowledgment) code to the system, and waits for 
the system to send the option byte. The option byte 
indicates which LED indicators are to be affected. 

Keyboards 8-11 

When the option byte is received, the keyboard sets 
the status indicator, returns an ACK code, and 
resumes scanning if previously enabled. If another 
command is received while the keyboard is waiting for 
the option byte, the Set Status Indicators command is 
aborted and the new command is executed. No change 
to the LED indicators occurs. The status byte is 
formatted as follows: 

BIT 

~Scroll Lock Indicator .,.6 )l 'J": L 
0 = Off 
1 = On 

Num Lock Indicator 
0 = Off 
1 = On 

'------ Caps Lock Indicator 
0 = Off 
1 = On 

.......... ....._.'-'---- DODOO (Reserved) 

Bit <7> is the most-significant bit (MSB), and bit 
<O> is the least-significant bit (LSB). 
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ECHO (EEh) 

The Echo (EEh) co11111and is used for diagnostics. 
After receiving this co11111and, the keyboard returns an 
Echo (EEh) response. 

NOP ( EFh .. F2h) 

The keyboard responds to the NOP co11111and with an ACK 
code. No other action is taken. 

SET KEY REPEAT RATE (F3h) 

The Set Key Repeat Rate (F3h) co11111and is a 2-byte 
command that changes the key-repeat delay and rate 
values. 

Once the keyboard receives the Set Key Repeat Rate 
command, it stops scanning and returns an ACK code. 
The system then sends a byte that contains the repeat 
rate and delay time values. The repeat rate is the 
number of times the key is repeated every second. 
The delay time is the length of time a key must be 
held down before the key repeat function begins. The 
keyboard then returns an ACK code and remains in the 
disabled state until it receives the Enable co11111and. 

The format for the Set Key Repeat Rate/Delay Time 
byte is as follows: 

BIT 

1~tt? Repeat Rate (times per second) 
OOODO = 3D.O 10000 = 7.5 
OOODl = 26.6 10001 = 6.7 
00010 = 24.0 10010 = 6.0 
00011 = 21.8 10011 = 5.5 
00100 = 20.0 10100 = 5.0 
00101 = 18.4 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 

,_,_ ____ Delay Time 
00 = 250 ms 
01 = 500 ms 
10 = 750 ms 
11 = 1000 ms 

'------- 0 (Reserved) 



ENABLE (F4h) 

The Enable (F4h) command causes the keyboard to start 
its scanning function. After receiving this command, 
the keyboard returns an ACK code, clears the output 
buffer, and starts scanning. 

DISABLE (F5h) 

The Disable (F5h) command halts keyboard scanning. 
After receiving this command, the keyboard returns an 
ACK (acknowledge) code to the system. 

SET DEFAULT CONDITIONS (F6h) 

The Set Default Conditions (F6h) command causes the 
keyboard to send an ACK code and its default 
conditions to the system. If the keyboard was 
enabled prior to receiving the Set Default Conditions 
command, the keyboard continues scanning. 

NOP (F?h .. FDh) 

The keyboard responds to the NOP command with an ACK 
code. No other action is taken. 

Keyboards 8-13 

RESEND (FEh) 

The Resend (FEh) command is issued to the keyboard 
only after a keyboard transmission. The keyboard 
responds by retransmitting the most recent byte 
transmitted to the system. If the most recent byte 
was Resend, the keyboard transmits the byte sent 
before the Resend command. 

RESET (FFh) 

The Reset (FFh) command is accepted by the keyboard 
by returning an ACK code to the system. For the 
system to accept the ACK code, the system must raise 
the CLOCK and DATA lines for at least 500 us. After 
receiving the Reset command, the keyboard is disabled 
until either the ACK code is accepted by the system 
or another command is issued to the keyboard. 

If the Reset ACK code is accepted by the system as 
described above, the keyboard clears its character 
output buffer, sets the default repeat-key rate, and 
turns all LED indicators ON, then OFF. Once this 
process is completed, an ACK code is sent to the 
system followed by a Power-on Complete response (an 
AAh code). At this point, the keyboard returns to 
normal operation. 
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84-Key Keyboard Responses to the 
System 

Before the keyboard responses are sent to the system, 
the keyboard verifies the status of two signals, 
CLOCK and DATA. Should the CLOCK signal be low (=O), 
the keyboard recognizes an inhibited state and loads 
the keystrokes into its buffer as previously 
described. Once the inhibited state is removed, the 
keystrokes are sent to the system. If the data 
signal is low, the keyboard recognizes a Request-To
Send condition from the system. Keystrokes are also 
loaded into the keyboard buffer for this state and 
the keyboard prepares to receive the system co111T1ands. 
Once this state is cleared, the stored keystrokes are 
sent to the system. 

The keyboard initiates the transmission of keystrokes 
and responses to system co111T1ands to the system only 
when both the CLOCK and DATA signals are high (=l). 
Data transmitted to the system consists of 11 bits: 
a start bit, 8 data bits, an odd parity bit, and a 
stop bit. Figure 8-7 shows the timing transmission 
for keyboard responses sent to the system. 

r,,,. Stort DD 01 02 DJ 04 OS 06 07 (g~~~ Stop 
Bil (LSB) (MSB) 

Actual 0 0 0 
Do lo I I I 

I 
DATA 

CLOCK 

Code = 58h 

S)t'nbol Poromal« Mlninuun_-11aiJmum 
Toy C)de Tune 60 us 60 UI 

Toi Clock low JD"' JS u• 
Tch Oodt High JO Ull 45 u• 
To Doto Setup . "' 14 us 

Th Doto Hold 45 UI 62 UI 

Note: CLOCK slgnal clomped low by system lo Inhibit ke)boord. 

Figure 8-7. Timing Diagram Standard for Keyboard
to-System Transmissions 



The system can halt a keyboard transmission by 
setting the CLOCK signal low. The keyboard checks 
the CLOCK signal every 60 us to verify the signal's 
state. If the CLOCK signal is detected as low, the 
keyboard finishes this transmission only if the 
rising edge of the CLOCK pulse for the parity bit has 
not occurred. 

Responses sent from the keyboard to the system are 
listed in Table 8-4. 

Table 8-4. Keyboard Responses to the System 
Code Function 
OOh Overrun 
AAh Power-On Completed 
EEh Echo 
FOh Break 
FAh ACK 
FEh Resend 
FDh Failure 
av ERR UN ( OOh) 

The keyboard places OOh as the last character in the 
keyboard character buffer to indicate a buffer 
overrun. 

Keyboards 8-15 

POWER-ON COMPLETED (AAh) 

The keyboard transmits the Power-On Completed (AAh) 
response to the system upon completion of power on 
and removal of the keyboard inhibit state, or on 
successful completion of a Reset command from the 
system. 

ECHO (EEh) 

The keyboard transmits an Echo response to the system 
in response to the system's Echo command. This 
response is substituted for the ACK code. 

BREAK (FOh) 

When a key is released, the keyboard transmits a 
Break prefix (FOh), followed by the Make code for 
that particular key. 

ACK (FAh) 

The keyboard transmits an ACK (FAh) code in response 
to valid system commands, except for an Echo or 
Resend command. If the command is not val id or had a 
parity error, the keyboard sends a Resend command to 
the system instead of an ACK. If the system begins a 
transmission during an ACK code response, the 
keyboard discards this ACK code and the new system 
command is accepted and processed. 
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RESEND (FEh) 

The keyboard transmits a Resend (FEh) response to the 
system in response to an invalid system command. The 
Resend response instructs the system to retransmit 
its last command. 

COMPAQ Enhanced Keyboard 

The COMPAQ Enhanced Keyboard is capable of performing 
all the functions of the 84-key keyboard. It also 
supports a number of additional modes and functions. 
The most outstanding features are a separate cursor 
control key cluster and the addition of keys Fll and 
Fl2. Figure 8-8 shows a layout of the keyboard and 
the position number assigned to each key. 

NOTE: Position numbers apply only to the U.S. 
English keyboard; position numbers are 
different for the international keyboard. 



110 112 113 114 115 [~I [~I 124 125 126 

15 

16 29 

30 43 

75 80 85 

76 81 86 

_JEJL 
~ 

Figure 8-8. Assigned Position Number for Each Key on the COMPAQ Enhanced Keyboard 
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90 95 100 105 

91 96 101 106 

92 97 102 

93 98 103 108 

99 104 
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The COMPAQ Enhanced Keyboard has three operating 
modes. Each can be selected by using keyboard 
conmands, which are discussed in more detail later in 
this section. These modes offer a range of 
functionality and compatibility features to software 
applications. 

Mode 1 

In Mode l, the scan codes generated by the enhanced 
keyboard are compatible with keyboards used in 8088-
and 8086-based systems. To access Mode 1 scan codes, 
send the FOh keyboard conmand to the keyboard and 
disable the 8042 scan code translation mapping. The 
scan codes generated by Mode 1 of the keyboard are 
identical to system codes required for input to the 
BIOS. To obtain system codes and status information, 
BIOS INT 16h functions AH = OOh, Olh, and 02h should 
be used by applications operating the keyboard in 
Mode 1. 

Mode 2 

In Mode 2, the COMPAQ Enhanced Keyboard generates 
scan codes compatible with the 84-key keyboard. 

Mode 2 is the default mode of the COMPAQ Enhanced 
Keyboard that is selected by the COMPAQ DESKPRO 286 
during power-on initialization. In this mode, the 
8042 keyboard controller scan code translation is 
enabled so that the scan codes generated by the 
keyboard can be translated to the system codes 
required by the BIDS. Except for the system codes 
associated with the new keys of the COMPAQ Enhanced 
Keyboard, the system codes (after translation) 
resemble the scan codes generated by the keyboard in 
Mode 1. To properly access the system codes 
generated by the new keys of the COMPAQ Enhanced 
Keyboard, applications should use BIOS functions INT 
16h AH = lOh, llh, and 12h instead of the traditional 
functions INT 16h AH = OOh, Olh, and 02h. During 
power-on, NUM LOCK is set active to enable the 
numeric keypad. 

Mode 3 

Mode 3 generates a scan code set different from those 
of Modes 1 or 2. In this mode, the 8042 keyboard 
controller translation must be disabled, because the 
8042 is not capable of translating the scan code set 
generated. Applications that want to use the COMPAQ 
Enhanced Keyboard in Mode 3 should explicitly select 
this mode by using the FOh keyboard conmand. These 
applications must assume responsibility for directly 
handling the scan codes generated by the keyboard 
since the 8042 and BIOS are not capable of handling 
the scan code set generated in Mode 3. 



Tables 8-5 through 8-9 lists the scan code sets 
generated by the COMPAQ Enhanced Keyboard Modes 1, 2, 
and 3. For Mode 1, a Break code consists of a Make 
code with the high bit (bit <7>) set to 1. For 
example, 9Ch is the Break code for !Ch, and AOh is 
the Break code for 20h. For Modes 2 and 3, a Break 
code is a 2-byte sequence consisting of the Make code 
immediately preceded by the FOh. For example, FOh 
OEh is the Break code for OEh. 

In Modes 2 and 3, the COMPAQ Enhanced Keyboard 
generates the Break codes, FOh precedes the Make code 
to signify a Break code sequence. In Mode 1, the 
keyboard generates the Break codes by setting the 
most-significant bit of the Make code to a 1. 
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Table 8-5. COMPAQ Enhanced Keyboard Scan Codes 
for Mode 1 

U.S. Scan Code 
Key Key Cap (hex) 
Location Legend (Notes 1, 2) Notes 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
15 
16 
17 
18 
19 
Notes: 1. 

29 
02 

2 03 
3 04 
4 05 
5 06 
6 07 
7 08 
8 09 
9 OA 
0 OB 

oc 
+ OD 
BACKSPACE OE 
TAB OF 
Q 
w 
E 

10 
11 
12 

Scan code refers to the code generated by 
the keyboard when a key is pressed. 
System code refers to the code input to 
the BIOS. Note that in Mode l, the 
system codes are identical to the scan 
codes, because no translation is 
performed by the 8042 keyboard 
controller board. 

2. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

(Continued) 
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Table 8-5. (Continued) Table 8-5. (Continued) 
U.S. Scan Code U.S. Scan Code 

Key Key Cap (hex) Key Key Cap (hex) 
Location Legend (Notes 1, 2) Notes Location Legend (Notes 1, 2) Notes 
20 R 13 46 z 2C 
21 T 14 47 x 2D 
22 y 15 48 c 2E 
23 u 16 49 v 2F 
24 17 50 B 30 
25 0 18 51 N 31 
26 p 19 52 M 32 
27 [ IA 53 33 
28 ] lB 54 34 
29 \ 2B 55 I 35 
30 CAPS LOCK 3A 57 (Right) SHIFT 36 
31 A lE 58 CTRL lD 
32 s lF 60 (Left) ALT 38 
33 D 20 61 (S~ace Bar) 39 
34 F 21 62 (Right) ALT ED 38 
35 G 22 64 (Right) CTRL ED lD 
36 H 23 Notes: 1. Scan code refers to the code generated by 
37 J 24 the keyboard when a key is pressed. 
38 K 25 System code refers to the code input to 
39 L 26 the BIOS. Note that in Mode l, the 

40 27 
system codes are identical to the scan 

; codes, because no translation is 
41 " 28 performed by the 8042 keyboard 
42 2B (International only) cont roll er. 
43 ENTER lC 2. All scan codes listed are for SHIFT, ALT, 
44 (Left) SHI FT 2A and CTRL inactive. 

45 56 (International only) (Continued) 

(Continued) 
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Table 8-5. (Continued) Table 8-5. (Continued) 
U.S. Scan Code U.S. Scan Code 

Key Key Cap (hex) Key Key Cap (hex) 
Location Legend (Notes 1, 2) Notes Location Legend (Notes 1, 2) Notes 
75 INS ED 52 3 110 ESC 01 
76 DEL ED 53 3 112 Fl 3B 
79 (Left Arrow) ED 4B 3 113 F2 3C 
80 HOME ED 47 3 114 F3 3D 
81 END ED 4F 3 115 F4 3E 
83 (U~ Arrow) ED 48 3 116 F5 3F 
84 (Down Arrow) ED 50 3 117 F6 40 
85 PGUP ED 49 3 118 F7 41 
86 PGDN ED 51 3 119 F8 42 
89 (Right Arrow) ED 4D 3 120 F9 43 
90 NUM LOCK 45 4 121 FlO 44 
91 7 47 4 122 Fll 57 
92 4 4B 4 123 F12 58 
93 1 4F 4 124 PRINT SCREEN ED 2A ED 37 
95 I ED 35 4 125 SCROLL LOCK 46 
96 8 48 4 126 PAUSE El lD 45 El 9D CS 
97 5 4C 4 Notes: 1. Scan code refers to the code generated by 
98 2 50 4 the keyboard when a key is pressed. 
99 0 52 4 System code refers to the code input to 

100 * 37 4 the BIOS. Note that in Mode 1, the 

101 9 49 4 
system codes are identical to the scan 
codes, because no translation is 

102 6 40 4 performed by the 8042 keyboard 
103 3 51 4 cont ro 11 er. 
104 53 4 2. All scan codes listed are for SHIFT, ALT, 
105 4A 4 and CTRL inactive. 

106 4E 4 3. Scan codes listed are for NUM LOCK 
+ inactive. 

108 ENTER ED lC 4 4. This is a numeric cluster key. 
(Continued) 
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The fa 11 m1i ng keys have special codes during Mode 1 
operation depending on the state of the SHIFT, NUM 
LOCK, ALT, and CTRL keys. Table 8-6 lists the scan 
codes generated by these keys. 

Table 8-6. Combination Scan Codes for Mode 
U.S. 

Key Key Scan Code 
Location Legend Make/Break 
Shift Active with NUM LOCK OFF: 

75 INS EO AA EO 52 
76 DEL EO AA EO 53 
79 (Left Arrow) ED AA ED 4B 
8D HOME EO AA EO 47 
81 END EO AA EO 4F 
83 (Up Arrow) ED AA ED 48 
84 (Down Arrow) EO AA EO 50 
85 PGUP ED AA ED 49 
86 PGDN EO AA ED 51 
89 (Right Arrow) ED AA EO 4D 

Shift Active with NUM LOCK ON: 
75 INS EO 52 
76 DEL ED 53 
79 (Left Arrow) EO 4B 
80 HOME EO 47 
81 END EO 4F 
83 (Up Arrow) EO 48 
84 (Down Arrow) EO 50 
85 PGUP EO 49 
86 PGDN EO 51 
89 (Right Arrow) EO 4D 

(Continued) 

Table 8-6. (Continued) 
U. S . Scan Code 

Key Key Make/Break 
Location Legend 
Shift Active with NUM LOCK OFF: 

95 KEYPAD I ED AA ED 35/EO BS EO 2A 
Shift Active or CTRL Active: 

124 PRINT SCREEN ED 37 I ED 87 
ALT Active: 

124 PRINT SCREEN 54 I D4 
CTRL Active: 

126 PAUSE EO 46 EO C6 
Note: Key 126 is not typematic and generates a scan 

code only on the Make condition. 
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Table 8-7. COMPAQ Enhanced Keyboard Scan Codes Table 8-7. (Continued) 
for Mode 2 U.S. Scan Code System 

U.S. Scan Code System Key Key Cap (hex) Code 
Key Key Cap (hex) Code Code Legend (Notes 1, 2) (hex) Note 
Code Legend (Notes 1. 2) (hex) Note 29 \ 5D 2B 
1 OE 29 30 CAPS LOCK 58 3A 
2 16 02 31 A lC lE 
3 2 lE 03 32 s lB lF 
4 3 26 04 33 D 23 20 
5 4 25 05 34 F 2B 21 
6 s 2E 06 3S G 34 22 
7 6 36 07 36 H 33 23 
8 7 3D 08 37 J 3B 24 
9 8 3E 09 38 K 42 2S 
10 9 46 OA 39 L 4B 26 
11 0 4S OB 40 ; 4C 27 
12 4E QC 41 " S2 28 
13 + SS OD 42 SD (International only) 
lS BACKSPACE 66 OE 43 ENTER SA lC 
16 TAB OD OF 44 (Left) SHIFT 12 2A 
17 Q lS 10 4S 61 ( International only) 
18 w lD 11 Notes: 1. Scan code refers to the code generated by 
19 E 24 12 the keyboard when a key is pressed. The 
20 R 2D 13 system code is the code as translated by 
21 T 2C 14 the 8042 keyboard controller and input to 
22 y 3S lS the BIOS. 

2. All scan codes listed are for SHIFT, ALT, 
23 u 3C 16 and CTRL inactive. 
24 I 43 17 (Continued) 
2S 0 44 18 
26 p 4D 19 
27 [ S4 lA 
28 ] SB lB 

(Continued) 
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Table 8-7. (Continued) Table 8-7. (Continued) 
U.S. Scan Code System U.S. Scan Code System 

Key Key Cap (hex) Code Key Key Cap (hex) Code 
Code Legend (Notes 1. 2) {hex) Note Code Legend (Notes l, 2) (hex) Note 
46 z lA 2C 92 4 68 48 4 
47 x 22 2D 93 1 69 4F 4 
48 c 21 2E 95 I EO 4A EO 35 4 
49 v 2A 2F 96 8 75 48 4 
50 B 32 30 97 5 73 4C 4 
51 N 31 31 98 2 72 50 4 
52 M 3A 32 99 0 70 52 4 
53 41 33 100 * 7C 37 4 
54 49 34 101 9 7D 49 4 
55 I 4A 35 102 6 74 4D 4 
57 (Right) SHIFT 59 36 103 3 7A 51 4 
58 (Left) CTRL 14 10 104 71 53 4 
60 (Left) ALT 11 38 105 78 4A 4 
61 (Seace) 29 39 106 + 79 4E 4 
62 (Right) ALT EO 11 EO 38 108 ENTER EO SA EO lC 4 
64 (Right) CTRL EO 14 EO 10 110 ESC 76 01 
75 INS EO 70 EO 52 3 112 Fl 05 38 
76 DEL EO 71 EO 53 3 113 F2 06 3C 
79 (Left Arrow) EO 68 EO 48 3 Notes: 1. Scan code refers to the code generated by 
80 HOME EO 6C EO 47 3 the keyboard when a key is pressed. The 
81 END EO 69 EO 4F 3 system code is the code as translated by 

83 (Ue Arrow) EO 75 EO 48 3 
the 8042 keyboard controller and input to 
the BIOS. 

84 (Down Arrow) EO 72 EO 50 3 2. All scan codes listed are for SHIFT, ALT, 
85 PGUP EO 7D EO 49 3 and CTRL inactive. 
86 PGDN EO 7A EO 51 3 3. Scan codes listed are for NUM LOCK 
89 (Right Arrow) EO 74 EO 4D 3 inactive. 
90 NUM LOCK 77 45 4 4. This is a numeric cluster key. 

91 7 BC 47 4 (Continued) 

(Continued) 



Table 8-7. (Continued) 
U.S. 

Key Key Cap 
Code Legend 
114 F3 
115 F4 
116 FS 
117 F6 
118 F7 
119 F8 
120 F9 
121 FlO 
122 Fll 

Scan Code 
(hex) 
(Notes 1, 2) 
04 
oc 
03 
OB 
83 
OA 
01 
09 
78 

123 Fl2 07 
124 
125 
126 

PRINT SCREEN EO 12 EO 7C 
SCROLL LOCK 7E 
PAUSE El 14 77 El 

FD 14 FD 77 

System 
Code 
(hex) 
3D 
3E 
3F 
40 
41 
42 
43 
44 
57 
58 

Note 

EO 2A EO 37 
46 
El ID 45 El 9D 
cs 

Notes: l. Scan code refers to the code generated by 
the keyboard when a key is pressed. The 
system code is the code as translated by 
the 8042 keyboard controller and input to 
the BIOS. 

2. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

3. Scan codes listed are for NUM LOCK 
inactive. 

4. This is a numeric cluster key. 

Combination scan codes for Mode 2 are the same as for 
Mode 1. Refer to Table 8-6 for the combination scan 
codes. 
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The following keys have speci a 1 codes during Mode 2 
operation depending on the state of the SHIFT, NUM 
LOCK, ALT, and CTRL keys. Table 8-8 lists the scan 
codes generated by these keys. 

Table 8-8. Combination Scan Codes for Mode 2 
Key U.S. Key Scan Code 
Location Legend 
Shift Active with NUM LOCK OFF: 

75 INS EO FO 12 EO 70 
76 DEL EO FD 12 EO 71 
79 {Left Arrow) ED FO 12 EO 6B 
80 HOME EO FD 12 EO 6C 
81 END EO FD 12 EO 69 
83 {Up Arrow) EO FD 12 ED 75 
84 (Down Arrow) ED FO 12 ED 72 
85 PGUP EO FD 12 EO 7D 
86 PGDN EO FD 12 EO 7A 
89 (Right Arrow) ED FO 12 EO 74 

Shift Inactive with NUM LOCK ON: 
75 INS EO 12 EO 70 
76 DEL EO 12 EO 71 
79 (Left Arrow) ED 12 ED 6B 
80 HOME ED 12 EO 6C 
81 END EO 12 EO 69 
83 (Up Arrow) ED 12 EO 75 
84 (Down Arrow) ED 12 ED 72 
85 PGUP EO 12 EO 7D 
86 PGDN EO 12 EO 7A 
89 (Right Arrow) ED 12 EO 74 

Shift Active with NUM LOCK OFF: 
95 Keypad I ED FO 12 4A 

(Continued) 
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Table 8-8. 
Key 
Location 
Shift Active 
124 

ALT Active: 

(Continued) 
U.S. Key Scan Code 
Legend 
or CTRL Active: 
PRINT SCREEN EO 7C 

124 PRINT SCREEN 84 
CTRL Active: 

126 PAUSE EO 7E EO FO 7E 
Note: Key 126 is not a repeat key and generates a 

scan code only on the Make condition. 

Table 8-9. COMPAQ Enhanced Keyboard Scan Codes 
for Mode 3 

Key 
Code 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

U.S. Scan Code 
Key Cap (hex) 
Legend (Notes 1, 2) Note 

OE 
16 

2 lE 
3 26 
4 25 

6 36 
7 3D 
8 3E 
9 46 
0 45 

4E 
+ 55 

15 BACKSPACE 66 
16 TAB DD 
17 Q 15 
18 w 10 
Notes: 1. Scan code refers to the code generated by 

the keyboard when a key is pressed. 
No system code is shown in this mode, 
because in keyboard Mode 3 the 8042 
keyboard controller scan code 
translation should be disabled. The 
application should directly handle all 
scan codes as generated by the keyboard. 

2. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

(Continued) 
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Table 8-9. (Continued) Table 8-9. (Continued) 
U.S. Scan Code U.S. Scan Code 

Key Key Cap (hex) Key Key Cap (hex) 
Code Legend (Notes 1. 2) Note Code Legend (Notes 1, 2) Note 
19 E 24 46 z IA 
20 R 20 47 x 22 
21 T 2C 48 c 21 
22 y 3S 49 v 2A 
23 u 3C so B 32 
24 43 Sl N 31 
2S D 44 S2 M 3A 
26 p 40 S3 41 
27 [ S4 S4 49 
28 ] SB SS I 4A 
29 \ SC S7 (Right) SHIFT S9 
30 CAPS LOCK 14 S8 (Left) CTRL 11 
31 A lC 60 (Left) ALT 19 
32 s lB 61 (Seace Bar) 29 
33 D 23 62 (Right) ALT 39 
34 F 2B 64 (Right) CTRL S8 
3S G 34 7S INS 67 
36 H 33 76 DEL 64 
37 J 3B Notes: 1. Scan code refers to the code generated by 
38 K 42 the keyboard when a key is pressed. 
39 L 4B No system code is shown in this mode, 

40 ; 4C because in keyboard Mode 3 the 8042 

41 " S2 
keyboard controller scan code translation 
should be disabled. The application 

42 S3 (International only) should directly handle all scan codes as 
43 ENTER SA generated by the keyboard. 
44 (Left) SHIFT 12 2. All scan codes listed are for SHIFT, ALT, 
4S 13 (International only) and CTRL inactive. 

(Continued) (Continued) 
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Table 8-9. (Continued) Table 8-9. (Continued) 
U.S. Scan Code U.S. Scan Code 

Key Key Cap (hex) Key Key Cap (hex) 
Code Legend (Notes l, 2) Notes Code Legend (Notes l, 2) Notes 
79 (Left Arrow) 61 108 ENTER 79 3 
80 HOME 6E 110 ESC 08 
81 END 6S 112 Fl 07 
83 (Ue Arrow) 63 113 F2 OF 
84 (Down Arrow) 60 114 F3 17 
8S PGUP 6F llS F4 lF 
86 PGDN 6D 116 FS 27 
89 (Right Arrow) 6A 117 F6 2F 
90 NUM LOCK 76 3 118 F7 37 
91 7 6C 3 119 F8 3F 
92 4 6B 3 120 F9 47 
93 1 69 3 121 FlD 4F 
9S I 77 3 122 Fll S6 
96 8 7S 3 123 Fl2 SE 
97 s 73 3 124 PRINT SCREEN S7 
98 2 72 3 12S SCROLL LOCK SF 
99 0 70 3 126 PAUSE 62 
100 * 7E 3 Notes: 1. Scan code refers to the code generated by 
101 9 7D 3 the keyboard when a key is pressed. 
102 6 74 3 No system code is shown in this mode, 

103 3 7A 3 because in keyboard Mode 3 the 8042 

104 71 3 
keyboard controller scan code translation 
should be disabled. The application 

lOS 84 3 should directly handle all scan codes as 
106 + 7C 3 generated by the keyboard. 

(Continued) 2. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 

3. This is a numeric cluster key. 



In addition to the commands supported by the 84-key 
keyboard, the COMPAQ Enhanced Keyboard supports a 
number of commands related to its enhanced 
programmable functions. Table 8-10 lists the 
additional commands supported by the COMPAQ Enhanced 
Keyboard. 

Table 8-10. Additional Commands Supported by the 
COMPAQ Enhanced Keyboard 

Command Code 
F2h 

EFh, Flh 

FOh 

Function 
Requests the identification sequence 
from the keyboard. The keyboard 
should respond with an ACK and the 
2-byte identification code. The 
enhanced keyboard identification 
sequence is ABh followed by 83h. The 
keyboard scanning is then enabled. 
Keyboard does not acknowledge these 
commands. The keyboard transmits a 
Resend response and continues scanning 
for keys. 
Selects one of three modes of 
operation for the COMPAQ Enhanced 
Keyboard. This is a 2-byte command 
sequence. The second byte specifies 
the mode of the COMPAQ Enhanced 
Keyboard. The second byte is as 
follows: 

01 - Selects Mode 1 of the keyboard. 
02 - Selects Mode 2 of the keyboard. 
03 - Selects Mode 3 of the keyboard. 

Once the option byte is acknowledged, 
the keyboard establishes the new mode 
of operation and resumes scanning. 

(Continued) 

Table 8-10. 
Command Code 
F7h 

F8h 

FBh 

Keyboards 8-29 

(Continued) 
Function 
Programs all keys to be able to 
perform the repeat function. Once the 
keyboard acknowledges the command, it 
resumes scanning if previously 
enabled. This command is enabled only 
during the Mode 3 keyboard operation. 
Programs all keys to generate 
Make/Break codes. Once the keyboard 
acknowledges the command, it resumes 
scanning if previously enabled. 
This command is enabled only during 
Mode 3 keyboard operation. 
Programs all keys to generate only 
Make codes. Once the keyboard 
acknowledges the command, it resumes 
scanning if previously enabled. This 
command is enabled only during Mode 3 
keyboard operation. 
Programs all keys for Make/Break and 
repeat operations. Once the keyboard 
acknowledges the command, it resumes 
scanning if previously enabled. This 
command is enabled only during Mode 3 
keyboard operation. 
Enables the repeat function of an 
individual key. A 2-byte command, of 
which the second byte is the Make 
code, it identifies the key to be 
affected by the command. This 
command is enabled only during Mode 3 
keyboard operation. Keyboard scanning 
is disabled after this command. An 
Enable (F4h) command allows the 
keyboard to resume scanning. 

(Continued) 
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Table 8-10. (Continued) 
Command Code 
FCh 

FDh 

F5h 

Function 
Programs an individual key to generate 
Make and Break codes. A 2-byte 
command, of which the second byte is 
the Make code, it identifies the key 
to be affected by the command. This 
command is enabled only during Mode 3 
keyboard operation. Keyboard scanning 
is disabled after this command. An 
Enable (F4h) command allows the 
keyboard to resume scanning. 
Programs an individual key to generate 
only Make codes. .A 2-byte command, of 
which the second byte is the Make 
code, it identifies the key to be 
affected by the command. This command 
is enabled only during Mode 3 keyboard 
operation. Keyboard scanning is 
disabled after this command. An 
Enable (F4h) command allows the 
keyboard to resume scanning. 
Disables the keyboard from the system. 
The keyboard acknowledges the command 
and resets to the following 
conditions: 
• Resets typematic rate to 10 

characters per second 
• Sets typematic delay to 500 ms 
• Halts scanning 
• Clears keyboard buffer 
• Sets default key types (Mode 3 

only) 
• Clears last typematic key 
• Awaits further system instructions 

(Continued) 

Table 8-10. (Continued) 
Command Code Function 
F6h The keyboard resets to the following 

conditions: 
• Resets typematic rate to 10 

characters per second 
• Sets typematic delay to 500 ms 
• Clears keyboard buffer 
• Sets default key types (Mode 3 

only) 
• Clears last typematic key 
• Continues to scan 

Figure 8-9 shows the key legends associated with key 
42 for the international COMPAQ Enhanced Keyboards. 
Figure 8-10 shows the legends for key 45. Table 8-11 
lists the scan codes for these keys. 

Table 8-11. International Scan Codes 
Mode 1 Mode 2 Mode 3 

Key Scan Code (h) Scan Code (h) Scan Code (h) 
42 2B SD 53 
45 56 61 13 
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[[] [J [] [] 
ITALIAN SPANISH DANISH SWEDISH/FINNISH 

~ [] [] [[] 
GERMAN FRANCE NORWEGIAN SWISS 

lli] 
UK 

Figure 8-9. Key 42 
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~ [] [] [] 
DANISH SWEDISH/FINNISH ITALIAN SPANISH 

[] [] ~ [] 
NORWEGIAN SWISS GERMAN FRANCE 

~ 
UK 

Figure 8-10. Key 45 



8.5 CONNECTORS 

The keyboard for the COMPAQ PORTABLE 286 uses a 6-pin 
modular-type connector, which is shown in 
Figure 8-11. 

Both keyboards for the COMPAQ DESKPRO 286 use a 5-pin 
molded connector, which is shown in Figure 8-12. 

Table 8-12 lists the keyboard connector signals. 

Table 8-12. Keyboard Cable Connector Signals 
COMPAQ 
DESKPRO 286 
Pin Signal 

KBDCLK (Keyboard Clock Signal) 
2 KBDDATA (Keyboard Data Signal) 
3 Reserved (Note 1) 
4 Signal Ground 
5 Power (Note 2) 
Shield Chassis Ground 
Notes: 1. Pin 3 on the COMPAQ PORTABLE 286 keyboard 

connector is +5 voe. 
2. Power for the COMPAQ PORTABLE 286 is 

+12 VDC. Power for the COMPAQ DESKPRO 286 
is +5 voe. 

GROUND 4 D D 1 KBDCU< 
+12 Vdc 5 o o 2 KBDDATA 
GROUND 6 o o 3 +5 Vdc 
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CHASSIS GROU~D 

Figure 8-11. COMPAQ PORTABLE 286 Keyboard Connector 

Pin Signal 

1 KBDCLK 

2 KBDDATA 

3 Not Used 

4 SIGNAL GROUND 

5 +5 Vdc 

CHASSIS GROUND 

Figure 8-12. COMPAQ DESKPRO 286 Keyboard Connector 
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8.6 INTERNATIONAL KEYBOARDS 

This section shows the international versions of the COMPAQ Enhanced Keyboard and the 84-key keyboard. 
Figures 8-13 through 8-22 show the version by country in alphabetic order. 

I 

Figure 8-13. French Enhanced Keyboard 

DIVIDE SIGI l , 
SLASH 
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N6 H ~ 

~~ 

I 
F1 F2 : Ill~ r : r ~ n> m~ 1: ar-] 1~""~"~~· ~~~~~1 

T I ' y u I 0 p r ·;_ ; rr : ~ ; :"' 
: m.~ r : r ~ r . : 

F3 F4 

Q 1 S D F G H ,1 J K [l L 1 M JY. 1 +-' 
4 ·5 6 

FS F6 

F7 FB 

F9 F10 

Figure 8-14. French 84-Key Keyboard 



8-36 80286-Based Products Technical Reference Guide 

LETTERS IN GREEN 

Figure 8-15. German Enhanced Keyboard 
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Enif 

SLASH 

PM1 ... 
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.... '1 
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Untbr 

... , 

APOSTROPHE 
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~y NII Y1 N •• y 
NA r r-r---Y1 ~y 

u * ~~ ~ 
Abbr 

v~ + 
~ ~ ~ v~ 

1 ~ ~ L l 

1 ~ L J I 
J 

--1-

> IT I .. I § $ ; m~ m~ 1 ~ 1[ ~ Jl}o Jl :m LID- .... "~ • ~ Fl F2 < 1 2 3 4 """ .(> -
--I Q 1 w 1 E 

R T I z l u QI 0 l p u l : JI 7 
~ 

9 """' F3 F4 I+- ·~· 
Bldt * 

F5 .... w os UD w DG DH J [IY L ti [[ A rr +-' I!. 5 6 -F6 -
F7 i> y rox oc ov ms IllN M 111: 11 : [[- ~· mi ~ 2 3 FB I Bid. 

~ 
+ 

F9 FlO [] """ 

Figure 8-16. German 84-Key Keyboard 
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QUOTE SLASH 

LETTERS IN GREEN 

Figure 8-17. Italian Enhanced Keyboard 
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* 
CARAT 

Inter 

+ 

DEGREE SIGN 
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N> y N, y ~ [1 * r1 ~ 
e 

' c 
:~< A ~ 

u + ~ ~ ~ ~ L ~ 
l / 

~ :::,,. L L 
...L z 

~IT l " ; [[ ! I ; IT t Iu ~ IT ~JU lllo u~JI 7111~ [If • • Fl F2 2 
... "~ ··~ 

Slit 
tlum ·~ 

F3 -oi Q w E R T y u I 0 l p • : 1f 7 
~ 

9 
·~~· F4 I<- i ..., A;tp9 

F5 F6 Ctrl A s TI° w ITG H IlJ IlK Ir 0 u: u ~ I! 5 6 -a -~ 

F7 FB ~ l z Iu x I c ' Ill' Ill' Ill" rn: m [llc J~· n~ 2 3 [] I "'' 
F9 FlO DJ ~ lD 0 '"' '"" 

Figure 8-18. Italian 84-Key Keyboard 
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BACK SLASH BU ET ACUTE ACCENT CIRCUMFLEX 

LONGER IN 1VERTICAL 
PIPING} \" THE HORIZONTAL GRAVE LETTERS LEFT-JUSTIFIED 

ACCENT IN GREEN LEGENDS 

~ ! T & VI 1\ ~ * Imp Pao 

1 3 6J, + 
f\ Pant 

\ k_ 
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\ 
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\ \ ~\ 
I\~ " JIF2 F.l [ F-4 Trs F6 r F7 F•JUF F10 F11 f12T T~w~, 
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• ~i I .. 1· $ l ~ : T I Jr< ) 
a T? /, 

11 ~-<I .. I~ [7] .. 1 2 J • 5 7 8 9 0 ' I +-- .... Pd, 
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Q IT wr R T Ty u J I I 0 ll p ~ [ : ] ....... H "' 

.. 7 8 
->I Pd, .... t 
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I .. 

I 7 \ \ ~ 
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~I l 
Figure 8-19. Spanish Enhanced Keyboard ~ ACUTE 

ACCENT 
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9 

~ 
+ 

6 -
3 
" ..... 1 
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1 ..... 1 



F1 F2 

F3 F4 

F5 F6 Ctrl 

F7 FB 

F9 FlO 
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Chapter 9 
POWER SUPPLY 

9.1 INTRODUCTION 

The COMPAQ PORTABLE 286® and COMPAQ DESKPRO 286® 
Personal Computers use a switching-type power supply 
to provide high-amperage, low-noise, DC pm~er for the 
system. 

Figure 9-1 shows the power supply for the COMPAQ 
PORTABLE 286. Figure 9-2 shows the power supply for 
the COMPAQ DESKPRO 286. 

Figure 9-1. COMPAQ PORTABLE 286 Power Supply 

9-1 

Figure 9-2. COMPAQ DESKPRO 286 Power Supply 

9.2 FUNCTIONAL DESCRIPTION 

The power supply provides four voltage levels for the 
system (+5 Vdc, -5 Vdc, +12 Vdc, and -12 Vdc). The 
+12 Vdc is provided as two separate outputs, main and 
auxiliary, to provide better power regulation. The 
COMPAQ PORTABLE 286 also provides +16 Vdc 
(unregulated) for the cooling fan. 

Figure 9-3 shows the functional block diagram for 
both systems. 
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+16 Vdc (Note 2) 
Filtered 

AC Input 
~~~~~(de .__ ______ +"-5---'V"'dccc 

+12 Vdc Main 
and 

Missing C ye I e 1----...__---+-I 
Detector 

Brownout 

Detector 

+12 Vdc (Note I) 
-12 Vdc 

-5 Vdc 

PWRGOOD 

+5VS 

lfotes: I. This signal is + 12 Vdc MON for the 
COMPAQ PORTABLE 286. It is 12 Vdc AUX 

for the COMPAQ DESKPRO 286. 
2. COMPAQ PORTABLE 286 only. 

Figure 9-3. Power Supply Functional Block Diagram 

AC Input 

The COMPAQ PORTABLE 286 and COMPAQ DESKPRO 286 have 
power supplies with jumper-selectable inputs to 
select 120 volt (North American) or 220-240 volt 
(international) AC power input. The COMPAQ DESKPRO 
286 has different cooling fans and AC power fuses for 
the North American and international versions. The 
COMPAQ PORTABLE 286 only requires a different AC 
pm~er fuse. 

NOTE: Only Authorized COMPAQ Computer Service 
Representatives should change the AC input 
configuration. Changing the AC input 
configuration invalidates the COMPAQ 
warranty. The label near the AC pOl'1er switch 
states the AC input power requirements for 
your system. 

Power-On Sequence 

The power-on sequence guarantees that all outputs are 
above the specified low voltage limits within 100 ms 
of power-on. The output load determines the order 
and the amount of time after the PWRGOOD signal is 
active (high) in which the outputs reach their 
regulated voltage level. Signal +SVRST is also set 
high at or prior to PWRGOOD becoming active (high). 

Power-Down Sequence 

The power-down sequence is dependent on the same 
variables as the power-on sequence. The output load 
determines both the order in which the output 
voltages drop out of regulation and the time 
remaining after the PWRGOOD signal becomes inactive 
(low). The PWRGOOD signal goes low within 8 ms after 
the power switch is turned off. 



Autocycle Circuitry 

The Autocycle Circuitry is the heart of the fault
detection functions for the power supplies. When a 
fault is detected, the power supply shuts down for 
approximately two seconds, then tries to restart. 
If the fault still exists, the power supply stays off 
for another two seconds, then tries to restart again. 

The fo 11 owing paragraphs describe the addi ti ona l 
protection of fault-detection circuits that trigger 
the autocycle circuitry. 

The overvoltage protection circuit provides two types 
of protection. First, all outputs have a zener diode 
that will short to ground any supply voltage that 
exceeds specifications. Second, the +5 Vdc output 
has an overvoltage crowbar circuit that triggers the 
autocycle function when the output exceeds 6.2 Vdc 
for the COMPAQ PORTABLE 286 or 5.6 Vdc for the COMPAQ 
DESKPRO 286. 

The low voltage protection circuit monitors the DC 
outputs. When one of the outputs drops below the 
specified limit, it triggers the autocycle circuit. 

Power Supply 9-3 

The AC input overcurrent protection circuit is a fuse 
on the outside of the unit. The fuse rating varies 
with the model {see Table 9-1). 

NOTE: The power supply for the 12-MHz COMPAQ 
DESKPRO 286 does not contain a missing power 
detector circuit. 

The missing cycle detector monitors the AC power 
input. If the AC power input is interrupted for more 
than one-half cycle, it pulls the PWRGOOD signal low, 
thereby triggering the autocycle circuit. 

The brownout protection circuit and the autocycle 
circuit are triggered if the AC input voltage drops 
to 65-100 Vac (North American) or 130-200 Vac 
(international) under nominal to heavy loads. 

CAUTION 
Do not attempt to disassemble 
or repair the power supply. 
There are no user-serviceable 
components. Never operate 
the power supply without a 
load. 
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9.3 SPECIFICATIONS 

Tables 9-1 through 9-3 provide the power supply specifications. 

Table 9-1. Power Supply Specifications 

Input AC voltage RMS: 
Domestic 
International 

Line frequency: 
Input fuse rating: 

120 VAC RMS 
220-240 VAC RMS 

COMPAQ PORTABLE 286 

102 to 132 VAC 
204 to 264 VAC 
47 to 62 Hz 

3 A 
2.5 A 

In-rush current (peak, over one line cycle interval): 

COMPAQ DESKPRO 286 
(6 and 8 MHz) 

102 to 132 VAC 
204 to 264 VAC 
47 to 62 Hz 

4 A 
2.5 A 

120 VAC 40 A 40 A 
220-240 VAC 80 A 80 A 

Environment: 

COMPAQ DESKPRO 286 
(12MHz Only) 

102 to 132 VAC 
204 to 264 VAC 
47 to 62 Hz 

5 A 
4 A 

40 A 
80 A 

Temperature 4l"F to 113"F (5"C to 45°C) 4l"F to 113"F (5"C to 45"C) 4l"F to 113"F (5"C to 45"C) 
Altitude 0 to 10,000 ft (0 to 3 000 m) 0 to 10,000 ft (0 to 3 000 m) 0 to 10,000 ft (0 to 3 000 m) 
Relative humidity 5% to 95% 5% to 95% 5% to 95% 

Power dissipation (Note 1): 
Starting (Note 2) 200 W 200 W 220 W 
Steady state 160 W 160 W 192 W 

Notes: 1. These limits were established under the following conditions: 120 V, 60 Hz, 25"C, sea level, and 50% 
relative humidity. 

2. Peak output power may be used on a 5-percent duty cycle, not to exceed 30-seconds continuous operation. 
(Continued) 



Table 9-1. (Continued) 

Voltage: 

+5 voe 
+12 voe 
+12 VOC(Aux) 
+12 VOC(MON) 

-5 voe 
-12 voe 

Over-Voltage Limits: 
+5 voe 

+12 voe 
-5 voe 

-12 voe 

COMPAQ PORTABLE 286 
Current (A) 

Nominal Min. Max. Abs. Max. 
(Note 3) 

+5.0 1.5 15.0 
+12.25 1.0 5.0 7.0 

N/A 
+12.25 0.0 1.5 3.0 
-5.0 0.0 0.5 
-12.0 0.0 1.0 

6.2 voe 
13.o voe 
-5.6 voe 

-13.o voe 

Regulation 

(± 2%) 
(± 2%) 

(± 2%) 
(± 5%) 
(± 5%) 

Nominal 

+5.0 
+12.25 
+12.25 

N/A 
-5.0 
-12.0 

5.6 voe 
13.o voe 
-5.6 voe 

-13.o voe 

Power Supply 9-5 

COMPAQ OESKPRO 286 
Current (A) 

Min. Max. Abs. Max. Regulation 
(Note 3) 

1. 5 15.0 (Note 4) (± 2%) 
1. 0 5.0 7.0 (± 2%) 
0.0 5.0 7.0 (± 2%) 

0.0 0.5 (± 5%) 
0.0 0.5 (± 5%) 

Maximum Ripple/Output 50 mV RMS 50 mV RMS 
Notes: 3. Abs. Max = Absolute maximum current. The peak output power may be used on a 5-percent duty cycle, not 

to exceed 30-seconds continuous operation. 
4. The maximum +5-VOC current is 20 amperes for the 12-MHz COMPAQ OESKPRO 286 Personal Computer. 
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Table 9-2. COMPAQ PORTABLE 286 Expansion Bus Slot Power Allocation 
Per Slot Total (All Slots) 

+5 Vdc +12 Vdc -12 Vdc -5 Vdc +5 Vdc +12 Vdc -12 Vdc -5 Vdc 
Configuration 1 3 A 1 A 0.3 A 0.2 A 7 A 2 A 0.3 A 0.2 A 
Configuration 2 3 A 1 A 0.3 A 0.2 A 6 A 1 A 0.3 A 0.2 A 
Configuration 3 3 A 1 A 0.3 A 0.2 A 6 A 1 A 0.3 A 0.2 A 
Notes: 1. The amperage values given are the absolute maximum values. 

2. Configuration 1 unit with 1.2-megabyte diskette drive and 256 Kbytes RAM 
Configuration 2 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, and 20-megabyte fixed disk drive 
Configuration 3 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, 20-megabyte fixed disk drive, 
and fixed disk drive backup. 

Table 9-3. 8-MHz COMPAQ DESKPRO 286 Expansion Bus Slot Power Allocation 
Per Slot Total (All Slots) 

+5 Vdc +12 Vdc -12 Vdc -5 Vdc +5 Vdc +12 Vdc(main) -12 Vdc -5 Vdc 
Configuration 1 3 A 1 A 0.3 A 0.2 A 8 A 2 A 0.3 A 0.2 A 
Configuration 2 3 A 1 A 0.3 A 0.2 A 7 A 2 A 0.3 A 0.2 A 
Configuration 3 3 A 1 A 0.3 A 0. 2 A 7 A 1 A 0.3 A 0.2 A 
Notes: 1. The amperage values given are the absolute maximum values. 

2. Configuration 1 = unit with 1.2-megabyte diskette drive and 256 Kbytes RAM 
Configuration 2 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, and 20-megabyte fixed disk drive 
Configuration 3 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, 40-megabyte fixed disk drive, 
and fixed disk drive backup. 

3. All Configurations are assumed to be using the COMPAQ keyboard and COMPAQ Dual-Mode Monitor. 
4. +12 Vdc (Aux) is available only on system board connectors J109 and JllO, supplies a maximum of 4 A, and 

is reserved for fixed disk drives or a fixed disk drive backup only. 



Power Supply 9-7 

Table 9-4. 12-MHz COMPAQ DESKPRO 286 Expansion Bus Slot Power A 11 ocat ion 
Per Slot Total (All Slots) 

+5 Vdc +12 Vdc -12 Vdc -5 Vdc +5 Vdc +12 Vdc(main) -12 Vdc -5 Vdc 
Configuration 1 3 A 1 A 0.3 A 0.2 A 8 A 2 A 0.3 A 0.2 A 
Configuration 2 3 A 1 A 0.3 A 0.2 A 7 A 2 A 0.3 A 0.2 A 
Configuration 3 3 A 1 A 0.3 A 0.2 A 7 A 1 A 0.3 A 0.2 A 
Notes: 1. The amperage values given are the absolute maximum values. 

2. Configuration 1 = unit with 1.2-megabyte diskette drive and 256 Kbytes RAM 
Configuration 2 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, and 20-megabyte fixed disk drive 
Configuration 3 = unit with 1.2-megabyte diskette drive, 640 Kbytes RAM, 40-megabyte fixed disk drive, 
and fixed disk drive backup. 

3. All Configurations are assumed to be using the COMPAQ keyboard and COMPAQ Dual-Mode Monitor. 
4. +12 Vdc (Aux) is available only on system board connectors J109 and JllO, supplies a maximum of 4 A, and 

is reserved for fixed disk drives or a fixed disk drive backup only. 



9-8 80286-Based Products Technical Reference Guide 

9.4 CONNECTORS 

Table 9-5 describes the power supply signals. Figures 9-4 and 9-5 shm·1 the voltages or signals provided by the 
power supply to the system board. 

Table 9-5. Po~1er Supply Connector to the System Boards 

Signal 
+5VRST 
(Note 1) 
PWRGOOD 

+5 Vdc 
+5VS 

Ground 
-5 Vdc 
-12 Vdc 
+12MF 
+12MON 
+12VMAIN 

+12VAUX 

COMPAQ PORTABLE 286 COMPAQ DESKPRO 286 
Pin Pin 
1 1 

2 2 

4;5,6 11,12,13 
7 14 

8,9,10,11,12 6,7,8,9,19,20 
13 10 
14 5 

15,16 N/A 
17 N/A 
N/A 15, 18 

N/A 16,17 

No Connection - 3,4 

l/O 
0 

0 

0 

0 

Description 
The +5VRST signal is regulated from the +15 Vdc line. This 
signal ranges from +4.8 Vdc to +5.2 Vdc 
The PWRGDOD signal is controlled by the low voltage monitor 
and the missing cycle detector circuits. When all outputs 
are above the minimum values (see specifications}, and there 
is no fault, the PWRGOOD signal is TTL high (+3.5 to 
+5.25 Vdc}. If a low voltage condition is detected, the 
PWRGOOD signal is pulled low (less than 0.4 Vdc) 
+5.0 Vdc 
The +5VS signal provides feedback from the system board. 
The power supply shuts down if the +5VS signal is 
interrupted or disconnected 
Signal Ground 

-5 Vdc 
0 -12 Vdc 
0 +12 Vdc for everything except monitor 
0 +12 Vdc for internal monitor 
0 +12 Vdc for Jlll and Jll2 (Diskette drives A and B}, Jll3 

(COMPAQ Dual-Mode Monitor power}, and expansion bus slots 
O +12 Vdc for J109 and JllO (Fixed Disk Drive C and Fixed Disk 

Ori ve Backu ) 

Note: There is no connection to this pin on the COMPAQ DESKPRO 286 with the 12-MHz system board. 



1 0 +5VRST (Not Used) 
2 0 PWRGOOD 
3 Key 
4 0 +5 Vdc 
5 0 +5 Vdc 
6 0 +5 Vdc 
7 0 +5VS 
8 a Ground 
9 0 Ground 

10 0 Ground 
11 Ground 
12 0 Ground 
13 D -5 Vdc 
14 0 -12 Vdc 
15 D +12 Vdc (MF) 
16 0 +12 Vdc (MF) 
17 D +12 Vdc (MON) 

Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
4.0 A for other lines. 

Figure 9-4. COMPAQ PORTABLE 286 Power Supply 
Cable Signals 

Power Supply 9-9 

1 +5VRST (Not Used) 

2 D PWRGOOD 

3 0 No Connection 

4 D Ground 

5 D -12 Vdc 

6 D Ground 

7 D Ground 

8 D Ground 

9 Ground 

10 a -5 Vdc 

11 D +5 Vdc 
12 D +5 Vdc 

13 a +5 Vdc 

14 a +5VS 

15 D +12 Vdc (Main) 
16 +12 Vdc (Aux) 
17 a +12 Vdc (Aux) 
18 D +12 Vdc (Main) 

19 D Ground 
20 a Ground 

Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
4.0 A for other lines. 

Figure 9-5. COMPAQ DESKPRO 286 Power Supply 
Cable Signals 
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Chapter 10 
DISKETTE DRIVES 

10.1 INTRODUCTION 

The COMPAQ PORTABLE 286® and the COMPAQ DESKPRO 286® 
Personal Computer use 5.25-inch diskette drives, 
capable of storing either 1.2 megabytes or 360 
kilobytes (Kbytes) of data. 

The 12-MHz DESKPRO 286 also supports the 3.5-inch 
1.44-Mbyte Diskette Drive; this device requires MS
DOS Version 3.3, as published by Compaq Computer 
Corporation, as an operating system. 

A diskette drive has a diskette drive logic board 
that controls the diskette drive motor speed, read 
and write circuits, and other electronic circuits. 
The diskette drive logic board is mounted on the 
diskette drive. It connects to the: 

• Ceramic heads, which read and write data to the 
diskettes 

• Index sensor 

• Door-closed sensor 

• Write-protect sensor 

• Stepper motor, which steps the heads back and forth 

• Track-zero sensor 

• Diskette controller (multipurpose controller board 
or multipurpose fixed disk controller board [12-
MHz COMPAQ DESKPRO 286 only]) 

10-1 

Various diskette drive logic boards use different 
connectors and pin arrangements foer the internal 
drive functions. The connections to the multipurpose 
controller board or multipurpose fixed disk drive 
controller board and the DC power source remain the 
same. 

A diskette drive has a main chassis, on which are 
mounted the diskette drive motor, stepper motor, 
head-carriage assembly, spindle, and diskette drive 
logic board. The left and right diskette guides, the 
front bezel, and the front-door mechanism are also 
mounted on the chassis. 

Figure 10-1 shows a typical diskette drive chassis. 

Figure 10-1. Typical Diskette Drive Chassis 
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Figure 10-2 is a functional block diagram for a 
diskette drive. 

Diskette/Tape Controller 
Boord In terfoce 

Motor 
Control 

Circuit 

Index 

Head 
Stepper 

Motor 

LED Track D 
Sensor Sensor 

Activity 

LED 

Power Input 
(To All Circuits) 

Read Circuits 

Write Circuits 

Write-Protect 
Sensor 

Read/Write 

Head 

Figure 10-2. Diskette Drive Functional Block Diagram 

10.2 FUNCTIONAL DESCRIPTION 

The DESKPRO 286 allows the use of multiple diskette 
drives, which are connected in a daisy-chained manner 
(one after another on the same cable) from a single 
controller. The drives have four jumpers, only one 
of which is installed, corresponding to the 
individual drive select signals in the cable. 

The 1.44-MB, the 1.2-MB, and the 360-KB capacity 
diskette drives are configured identically; that is, 
they are jumpered for the second physical diskette 
drive position and respond to the DRIVE 2 SELECT
signal. The drive is put in this configuration by 
installing jumper DSl and removing jumpers DSO, DS2, 
and DS3. 

However, it is the drive placement on the cable that 
determines which one becomes drive A. The controller 
cable has two diskette drive connectors, one for 
drive A, the other for drive B. A third connector is 
for the fixed disk drive backup (tape) device. Any 
diskette drive configured as described above and 
plugged into the drive A connector becomes drive A; 
likewise, a drive plugged into the drive B connector 
becomes drive B. The drive A connector is positioned 
between a pair of cable conductor twists. This pair 
of cable twists allows two drives that are configured 
identically to be accessed independently. The drive 
B connector and 40 megabyte tape backup connector is 
on the untwisted portion of the cable. 



The 1.44-MB drive is only supported as drive B. 

The cable termination resistor pack should be 
installed in drive A, regardless of drive capacity. 
There should be no termination on drive B for 
1.2-MB and 360-KB diskette drives. 

1.2-MB Diskette Drive 

The 1.2-MB diskette drive is a high-capacity diskette 
drive with the following features: 

• Half-height, 5.25-inch diskette drive 

• Two transfer rates--300 kb/s (low density) or 
500 kb/s (high density) 

• Data storage on 80 tracks (96 TPI) 

To read or write to 48-TPI media, the software must 
step the 96-TPI drive head twice between each 48-TPI 
track. Because the track width of the 96-TPI 
diskette drive is approximately half the track width 
of the 48-TPI diskette drive, standard 48-TPI 
diskette drives may not be able to read diskettes 
written by the 96-TPI drive in the 48-TPI format. 

Diskette Drives 10-3 

360-KB Diskette Drive (Optional) 

The 360-KB diskette drive has the following features: 

• Half-height, 5.25-inch diskette drive 

• Double-sided, double-density (DSDD) 40 tracks (48 
TPI) 

• Single transfer rate of 250 kb/s 

1.44-MB Diskette Drive (Optional) 

The 1.44-MB diskette drive is a high-capacity 
diskette drive with the following features: 

• Half-height, 3.5-inch diskette drive 

• Two transfer rates--250 kb/s (low density) or 
500 kb/s (high density) 

• Data storage on 80 tracks (135 TPI) 

• Write and read compatible with low density (720 KB) 
3.5-inch media. 

The 3.5-inch drive is configured in a 5.25-inch, 
half-height adapter frame for ease of mounting in the 
system. 
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10.3 SPECIFICATIONS 

Table 10-1 lists the physical and electrical specifications for the 1.2-MB, 360-KB, and the 1.44-MB diskette 
drives. 

Table 10-1. 1.2-MB, 360-KB, and 1.44-MB Diskette Drive Physical and Electrical Specifications 

1.2-MB Diskette 
Drive 

Drive Tye 2 
Size: 

Width 5.8 in. (146 nm) 
Height 1. 6 in. (41 nm) 
Depth 8.0 in. (203 nm) 

Capacity: 
Unformatted 1,600,000 bytes 
Formatted 1,228,800 bytes 

Flux reversa 1 9875 FRPI 
density (Track 79) 
Data-transfer 
rate high/low density 500/300 kb/s 
Sectors/track 
high/low density 15/9 
Bytes/sector 512 
Seek time: 

Track-to-track 3 ms 
Average 79 ms 
Settling time 15 ms 

Rotational Speed 360 RPM ±1.0% 
Motor Start Time 500 ms 

360-KB Diskette 
Drive 

5.8 in. (146 nm) 
1. 6 in. (41 nm) 
8.0 in. (203 nm) 

500,000 bytes 
368,640 bytes 
5876 FRPI 
(Track 39) 

250 kb/s 

9 
512 

6 ms 
80 ms 
15 ms 
300 RPM ±1.5% 
500 ms 

1. 44-MB Diskette 
Drive 

(Excluding 5.25 Adapters) 
4 

4.0 in. (102 nm) 
1.0 in. (25 nm) 
6.056 in. (154 nm) 

2,000,000 bytes 
1.474,560 bytes 
17,434 FRPI 
(Track 79) 

500/250 kb/s 

18/9 
512 

3 ms 
80 ms 
15 ms 
300 RPM ±1.0% 
700 ms 



10.4 CONNECTORS 

A diskette drive has two connectors: control and 
power. Table 10-2 lists the diskette drive control 
signals. 

Table 10-2. Diskette Drive Control Signals 
Signal Pin I/0 Description 
LOW DENSITY- 2 I When using high-capacity 

drives, this signal selects 
High or Low mode (See Note) 

DIRECTION- 18 Selects the direction in which 
to move the head when a step 
pulse is issued 

DISKETTE 34 0 Indicates to diskette drive 
CHANGE- controller that the drive door 

has been opened (and possibly 
different media installed) 
(See Note) 

DRIVE 2 12 Allows the selection of a 
SELECT- diskette drive so that it 

can respond to the interface 
si na ls 

Notes: 1. The LOW DENSITY- and DISKETTE CHANGE
signals are not used on a 360-KB (48-TPI) 
diskette drive. 

2. All odd pin numbers are ground. 
(Continued) 

Table 10-2. 
Signal 
INDEX-

MOTOR 2 ON-
READ DATA-

Diskette Drives lD-5 

(Continued) 
Pin I/0 Description 

8 0 Indicates to the diskette 
drive controller that the 
media index hole is under the 
index sensor 

16 Activates the drive motor 
30 0 The data-stream read 

from the diskette containing 
CLOCK and DATA signals 

SIDE SELECT- 32 Selects side 0 (Head 0) or 
side 1 (Head 1) 

STEP-

TRACK 00-

WRITE DATA-

WRITE GATE-

WRITE 
PROTECT-

Notes: 1. 

20 Tells the diskette drive to 
step the heads one track 

26 0 Indicates to the diskette 
drive controller that the 
heads are at Track 0 

22 

24 

This stream of data is written 
to the diskette when WRITE 
GATE- is enabled 
Enables the diskette drive 
write circuits so data from 
the WRITE DATA- signal are 
written 

28 0 Indicates to the diskette 
drive controller that the 
media is write protected 

The LOW DENSITY- and DISKETTE CHANGE
signal s are not used on a 360-KB (48-TPI) 
diskette drive. 

2. All odd pin numbers are ground. 
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Figures 10-3 and 10-4, respectively, show the pinouts 
of the diskette drive control and power connectors. 

Signal Pin Pin Signal 

1 2 DENSITY-

3 4 NOT USED 

5 6 NOT USED (NOTE 1) 

7 8 INDEX-

9 10 NOT USED 

11 12 DRIVE 2 SELECT- (NOTE 2) 

13 14 NOT USED 
15 16 MOTOR 2 ON- (NOTE 2) 

GROUND 17 18 DIRECTION-

19 20 STIEP-

21 22 WRITE DATA-

23 24 WRITE GA TIE-

25 26 TRACK 00 -

27 28 WRITE PROTECT-

29 30 READ DATA-

31 32 SIDE SELECT-

33 34 DISKETIE CHANGE- (NOTE 1) 

\Card Edge Connector 

Notes: 1. Not applicable on 360-KB diskette drives. 
2. DRIVE 2 SELECT- and MOTOR 2 ON- are the 

signals supplied by the multipurpose fixed 
disk drive controller (MFDDC) board for 
Diskette Drive 1 (A), the signals from the 
MFDDC are DRIVE 1 SELECT- and MOTOR 1 ON-. 

Figure 10-3. Diskette Drive Control Connector 

Pin 
1 
2 
3 
4 

Slgncil 
+12 Vdc 
Ground ( +12 Vdc Return) 
Ground ( +5 Vdc Return) 
+5 Vdc 

Figure 10-4. Diskette Drive Power Connector 
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Chapter 11 
FIXED DISK DRIVES 

11.1 INTRODUCTION 

COMPAQ® 80286-based computer products use fixed disk 
drives that are compatible with either the ST506 or 
ESDI standard interface or the COMPAQ 16-bit custom 
interface. These interfaces specify connector 
pinouts, signal definitions, and signal types for 
fixed disk drives. 

Fixed disk drives available for these systems include 
20- and 40-megabyte versions with the COMPAQ 16-Bit 
custom interface and 20-, 30-, and 70-megabyte 
versions with the ST506 standard interface. The 130-
megabyte fixed disk drive comes with its own ESDI 
controller board. This drive is supported only on 
the 12-MHz DESKPRO 286 among the 80286-based 
products. 

Fixed disk drives: 

•Are sealed units. The media (disk surfaces) are 
not removable. 

• Rotate the media at 3600 RPM 

• Have a much higher data-transfer rate and faster 
access time than diskette drives. 

All fixed disk drives have the same general 
components: 

• A sealed head-disk assembly containing the disk 
platters, heads, and drive motor 

11-1 

• A drive-logic circuit board that controls the fixed 
disk drive's motors and the read and write 
electronics 

Some fixed disk drives have the controller 
electronics integrated with the drive electronics 
(COMPAQ 16-bit interface). These drives require only 
a host adapter to the system bus as opposed to the 
separate controller required by the ST506 or ESDI 
interfaces. 
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Figure 11-1 shows the functional block diagram for a 
fixed disk drive. 

Fixed Disk 
Drive Controller 
Control Interface 

Motor 
Control 
Circuit 

Index 
Sensor 

Activity 
LED 

Fixed Disk 
Drive Con troll er 
Dato Interface 

Power 
Input 
(To All 
Circuits) 

Read Circuits 

Control 
Logic Write Circuits 

Actuator Read/Write 
Motor Head 

Track 0 
Sensor 

Figure 11-1. Fixed Disk Drive Functional Block 
Diagram 

11.2 CONFIGURATION 

A fixed disk drive controller is I/O mapped into 
specific I/O addresses. Generally, a jumper on the 
fixed disk drive controller specifies the base I/0 
address for that controller. 

The fixed disk drive controller responds to commands 
given to it, and takes control of the system as 
needed to transfer information. 

Two fixed disk drive controllers cannot occupy the 
same I/0 address without causing bus contention and 
possibly damaging the system. 

The COMPAQ 80286-based computer products may have 10 
different fixed disk drive configurations. The nine 
possible configurations are: 

• One or two 5.25" 40-megabyte, COMPAQ Interface 

• One or two 3.50" 40-megabyte, COMPAQ Interface 

• One or two 3.50" 20-megabyte, COMPAQ Interface 

• One 5.25" 70-megabyte, ST506 Interface 

• One 5.25" 30-megabyte, ST506 Interface 

• One 5.25" 20-megabyte, ST506 Interface 

• One 5.25" 130-megabyte, ESDI 



ST506 fixed disk drives should have their drive 
select jumpers set to DSl. The COMPAQ Dual Fixed 
Disk Drive Control Cable automatically selects the 
second fixed disk drive. Refer to Chapter 5 in this 
guide for information on setting the correct jumper 
settings required for a particular fixed disk drive 
configuration. 

ST506 fixed disk drives require that a terminating 
resistor pack be installed only on the last fixed 
disk drive on the control cable. Fixed disk drives 
with the COMPAQ 16-Bit interface do not require a 
terminating resistor pack at the drive. 

COMPAQ 16-bit fixed disk drives are configured for 
single or dual-mode according to the jumper settings 
in Table 11-1. 

Table 11-1. 
Jumper 
Drive 1 
E7, ES 

E7,E6 

J3 IN:C 
i nsta 11 ed 
J3 IN:C 
installed 

Fixed Disk Drives 11-3 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

Fixed Disk Drive Jumper Settings 

Drive 2 
N/A 

E6 

N/A 

Jl IN :C 
removed 

Function 

One 3.5-inch 20- or 
40-megabyte drive 
Two 3.5-inch 20- or 
40-megabyte drives 
One 5.25-inch 40-megabyte 
drive 
Two 5.25-inch 40-megabyte 
drives 
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Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

11.3 SPECIFICATIONS 

Table 11-2. Fixed Disk Drive Physical and Electrical Specifications 
3.5-inch Drives 

20MB 40MB 20MB 30MB 
Capacity (megabyte): 

Unformatted 26.69 53.66 25.62 36.32 
Formatted 21.41 42.65 21. 41 30.33 

Drive type* 2 17/43** 2 6 
Data transfer rate (mb/s) 8.0 8.0 5.0 5.0 
Rotational seeed (RPM) 3600 3600 3600 3600 
Number of heads (logical) 4 5/4 4 5 
Number of heads (physical) 2 4 4 5 
Average Access Time (ms) 29 29 105 40 
Number of cylinders 
(logical) 615 980/805 615 697 
Physical sectors/track 26 26 17 17 
Logical sectors/track 17 17/26 17 17 
Write precompensation 
cylinder 128 128 128 128 
Landing zone cylinder 638 980/805 638 696 
Size: 

Width (in. (mm)) 4.1 (104) 4.1 (104) 5.8 (146) 5.8 (146) 
Height (in. (mm)) 1. 7 (43) 1. 7 (43) 1. 7 (43) 3.4 (43) 
Deeth (in. (mm)) 5.8 (146) 5.8 (146) 8.0 (203) 8.0 (203) 

Weight (lb (kg)) 1.8 (0.8) 1.8 (0.8) 3.5 ( 1. 6) 7.5 (3.4) 
Number of ECC bytes 4 4 4 4 
Interface COMPAQ 16 COMPAQ 16 ST506 ST506 
* Used in SETUP program. 

** Requires system ROM revision F. 

5.25-inch Drives 
70MB 40MB 130MB 

86.78 51. 08 161. 8 
72.46 42.65 134.5 
12 17 25/35 
5.0 5.0 10.0 
3600 3600 3600 
9 5 16 
9 5 8 
29 29 20 

925 980 966 
17 17 34 + 1 (sea re) 
17 17 17/34 

128 128 Not Used 
924 980 966 

5.8 (146) 5.8 (146) 5.75 (146) 
3.4 (86) 1.7 (43) 3.25 (83) 
8.0 (203) 8.8 (223) 8.0 (203) 
8.0 (3.6) 4.2 ( 1. 9) 8.0 (3.6) 
4 4 7 
ST506 COMPAQ 16 ESDI 



11.4 ST506 INTERFACE 
CONNECTORS 

The fixed disk drive controller board with ST506 
standard interface connects to the fixed disk drive 
via two cables: the control cable and the data 
cable. The control cable connects in a daisy-chain 
manner to all the fixed disk drives in the system. 
A separate data cable connects the fixed disk drive 
controller to each fixed disk drive. 

Tables 11-3 and 11-4 list the fixed disk drive 
connector signals. Figures 11-2 through 11-4 show 
the connectors. 

See Section 11.6 for information on the 130-MB Fixed 
Disk Drive and its ESDI controller board. 

Fixed Disk Drives 11-5 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

Table 11-3. Fixed Disk Drive Control Cable Signals 
Signal Pin 1/0 Description 
DIRECT ION IN- 34 I Defines the direction of 

DRIVE SELECT 1- 26 

DRIVE SELECT 2- 28 

GROUND All 
Odd 
No. 
Pins 

HEAD SELECT 2 - 14 

HEAD SELECT 21- 18 

HEAD SELECT 22- 4 

INDEX- 20 

motion of the heads when 
the fixed disk drive is 
executing a seek. 
Indicates that Fixed Disk 
Drive 1 is to respond to 
the control signals on the 
fixed disk drive control 
bus. 
Indicates that Fixed Disk 
Drive 2 is to respond to 
the control signals on the 
fixed disk drive control 
bus. 
Signal ground 

First and least-signi
ficant bit of the binary
coded head-select address. 
Second bit of the binary
coded head-select address. 
Third bit of the binary
coded head-select address. 

0 Indicates the beginning of 
a track. 

(Continued) 
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Table 11-3. (Continued) 
Signal 
REDUCED WRITE 
CURRENT-/ 
HEAD SELECT 23-

READY-

Pin l/D 
2 I 

22 0 

Description 
Functions as the reduced 
write current3signal or a 
head-select 2 bit. The 
control bit for this 
selection is in the fixed 
disk drive control 
register. In the reduced 
write current mode, this 
line, in conjunction with 
the WRITE GATE- signal, 
reduces the magnitude of 
the write current for 
writing on inner-disk 
cylinders. In the head
sel ect mode, this pin is 
the fourth and most-
si gni fi cant bit of the 
head-select binary code. 
When active with 
SEEK COMPLETE-, READY
indicates that the fixed 
disk drive is ready to 
perform a read, write, 
or seek conmand. 

(Continued) 

Table 11-3. (Continued) 
Signal Name Pin I/0 Signal Description 
Reserved 16, 30, 

32 
SEEK COMPLETE- 8 0 Indicates that the heads 

have settled on the speci-
fied track at the end of 
a track seek o~eration. 

STEP- 24 This signal causes the 
heads to move one track in 
the direction defined by 
the DIRECTION IN- signal. 

TRACK 000- 10 0 Indicates that the heads 
are on track zero (000). 

WRITE FAULT- 12 0 Indicates that a condition 
exists that may cause 
improper writing on the 
fixed disk and that 
writing is, therefore, 
inhibited. 

WRITE GATE- 6 When active, allows data 
on the data cable +MFM 
WRITE DATA signal to be 
written on the fixed disk. 

Note: All odd-numbered pins are Signal Ground. 



Table 11-4. Fixed 
Signal Name 
DRIVE SELECTED-

GROUND 

+MFM WRITE DATA 

-MFM WRITE DATA 

+MFM READ DATA 

-MFM READ DATA 

Reserved 
Spare 

Disk Drive Data Cable Signals 
Pin I/0 Signal Description 
1 0 When active, the fixed 

drive is selected and 
is responding to the 
control bus. 

2,4, Signal Ground 
6,8, 
11, 12' 
15,16, 
19,20, 

13 

14 

17 

18 

3,5,7 
9, 10 

MFM-encoded write data 
to be written to the 
fixed disk. 
MFM-encoded write data 
to be written to the 
fixed disk. 

0 MFM-encoded read data 
from the fixed disk. 

0 MFM-encoded read data 
from the fixed disk. 

Signal 

GROUND 

Figure 11-2. 

Fixed Disk Drives 11-7 

Pin Pin Signal 

1 2 RWC- or HEAD SELECT 23 -

3 4 HEAD SELECT 22-

5 6 WRITE GATE-
7 8 SEEK COMPLETE-
9 10 TRACK 000-

11 12 WRITE FAULT-
13 14 HEAD SELECT 2°-
15 16 Reserved 
17 18 HEAD SELECT 21 -
19 20 INDEX-

21 22 READY-

23 24 STEP-
25 26 DRIVE SELECT 1-
27 28 DRIVE SELECT 0-
29 30 Reserved 
31 32 Reserved 
33 34 DIRECTION IN-

\ Card Edge Connector 

Fixed Disk Drive Control Cable 
Connector (ST506) 
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Signal Pin Pin Signal 

DRIVE SELECTED- 1 2 SIGNAL GROUND 

Reserved 3 4 SIGNAL GROUND 

Reserved 5 6 SIGNAL GROUND 

Reserved 7 8 SIGNAL GROUND 

Spore 9 10 Spore 

SIGNAL GROUND 11 12 SIGNAL GROUND 

+MFM WRITE DATA 13 14 -MFM WRITE DATA 

SIGNAL GROUND 15 16 SIGNAL GROUND 

+MFM READ DATA 17 18 -MFM READ DATA 

SIGNAL GROUND 19 20 SIGNAL GROUND 

\Cord Edge Connector 

Pin Signal 

m 
+12 Vdc 

2 Ground (+12 Vdc Return) 
3 Ground ( +5 Vdc Return) 

4 +5 Vd.c 

Figure 11-3. Fixed Disk Drive Data Cable Connector Figure 11-4. Fixed Disk Drive Power Cable Connector 
(ST506) 
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11.5 COMPAQ 16-BIT INTERFACE CONNECTORS 

The fixed disk drives with the COMPAQ 16-bit interface connector use a single 40-pin connector, which is defined in 
Table 11-5. The interface cable is capable of being connected in a daisy-chain configuration to control up to two 
fixed disk drives .. See Section 11.6 for information on the 130-MB Fixed Disk Drive. 

Table 11-5. COMPAQ 
Pin Pin 
Name Number 
HRST- 1 

HOO 17 
HDl 15 
HD2 13 
HD3 11 
HD4 9 
HOS 7 
HD6 5 
HD? 3 
HD8 4 
HD9 6 
HDlO B 
HDll 10 
HD12 12 
HD13 14 
HD14 16 
HD15 18 
HIOW- 23 

16-Bit Interface Connector 

I/O Signal Name 
Host reset 

I/0 Host data bus 

Host 1/0 write 

Signal Description 
Reset signal from the host system that is active during 
power-on and inactive thereafter. 
16-bit bidirectional data bus between the host and the fixed 
disk drives used for register and ECC byte access. All bits 
are used for data word transfers. 

Write strobe, the rising edge of which clocks data from the 
host data bus, HOO through HDlS, into a register or the data 
port of the drive. 

(Continued) 
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Table 11-5. (Continued) 
Pin Pin 
Name Number 1/0 
HIOR- 25 I 

HALE 28 

HIRQ 31 0 

HI016 32 0 

HAO 35 

PD I AG- 34 1/0 

Signal Name 
Host 1/0 read 

Host address 
latch enable 

Host interrupt 
request 

Host 16-bit 
1/0 

Host address 
bus 
Passed 
diagnostic 

Signal Description 
Read strobe, the falling edge of which enables data from a 
register or the data port of the drive onto the host data bus, 
HOO through HD15. The rising edge of HIOR- latches data at 
the host. 
Address valid indication from the host system. The host 
address and chip selects, HAO through HA2, HCSO-, and HCSl-, 
are guaranteed valid on the falling edge of this signal. The 
address and chip select signals are held valid after the HALE 
falling edge by the host system; therefore, the drive need not 
latch these signals with HALE. 
Interrupt to the host system, activated only when the drive 
CPU has a pending interrupt, the drive is selected, and the 
host activates the JEN- bit in the digital output register. 
When the JEN- bit is inactive, or the drive is not selected, 
this output is in a high-impedance state, regardless of the 
presence or absence of a pending interrupt. 
Indication to the host system that the 16-bit data port has 
been addressed and that the drive is prepared to send or 
receive a 16-bit data word. This must be an open-collector 
out ut. 
3-bit binary-coded address supplied by the host when 
accessing a register or the data base port in the drive. 
Output by the drive if it is jumpered in the slave mode, and 
input to the drive if jumpered in the master mode. The 
signal indicates to a master that the slave has passed its 
internal diagnostic command. The master drive determines the 
state of this pin and returns the slave diagnostic status to 
the host with its own. 

(Continued) 



Table 
Pin 
Name 
HCSD-

HCSl-

DASP-

GND 

RSVD 

KEY 

11-5. (Continued) 
Pin 
Number l/D 
37 

38 

39 

2 
19 
22 
24 
26 
30 
40 
21 
27 
29 
20 

I 

l/0 

Signal Name 
Host chip 
select 0 
Host chip 
select 1 
Drive active/ 
slave present 

Ground 

Fixed Disk Drives 11-11 

Signal Descripti~n 

Chip select decoded from the host address bus. Used to 
select some of the host accessible registers. 
Chip select decoded from the host address bus. Used to 
select some of the host-accessible registers. 
Time-multiplexed signal that indicates drive active or 
slave present. When the drive is executing a diagnostic 
corrrnand, this line is an output from a slave drive, and and 
input to a master drive indicating that a slave drive is 
present. At all times other than during diagnostics, this 
line is an output from both master and slave drives which is 
active when the drive is selected and being accessed (BSY is 
active), and is used to drive an activity LED indicator. 
This signal must be an open-collector output. 
Signal ground returns for the interface lines. 

Reserved pins. 

Pin used for keying the interface connector. 
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11.6 130-MB FIXED DISK DRIVE 
SYSTEM 

The 130-MB fixed disk drive system provides 130 MB of 
data storage on a full-height, fixed disk drive. 
This system: 

a Uses an ESDI-type fixed disk drive controller in a 
16-bit expansion slot on the system board 
(typically slot 6). 

a Provides a data-transfer rate of 10 Mb/s. 

130-MB Fixed Disk Drive 

The 130-MB fixed disk drive is a high-capacity, high
speed, full-height, ESDI-compatible fixed disk drive. 

It is supported on the 12-MHz DESKPRO 286. 

Figure 11-5 shows the 130-MB fixed disk drive: 

130-MB Fixed Disk Drive 

Figure 11-5. 130-MB Fixed Disk Drive 



Figure 11-6 shows the functional block diagram for 
the 130-MB fixed disk drive. 

Fixed Disk 
Drive Controller 

Control Interface 

Motor 
Control 
Circuit 

Drive 
Motor 

Fixed Disk 
Drive Controller 
Data Interface 

Control 
Logic 

Head 
Actuator 

Motor 

Read 
Circuits 

Write 
Circuits 

Read/Write 
Head 

Index Track O 
Sensor Sensor 

Activity 
LED 

Indicator 

Figure 11-6. 130-MB Fixed Disk Drive 
Functional Block Diagram 

Fixed Disk Drive 11-13 

Logical Configuration 

The 130-MB fixed disk drive has an ESDI interface and 
contains circuitry normally found on a fixed disk 
drive controller. 

Most fixed disk drives contain 17 sectors of data per 
track. The 13D-MB fixed disk drive has 35 sectors 
per track. One of these sectors is reserved for 
error management--when a sector is detected as bad, 
the diagnostic software reassigns the reserved sector 
to replace the bad sector. 

Because some operating systems are not adapted to a 
34-sector arrangement, the 130-MB fixed disk drive 
system has a Translate mode to rearrange the logical 
configuration of the drive. In the Translate mode, 
as drive type 25, the drive appears to have 17 
sectors per track instead of 34 and 16 heads instead 
of 8. 

The 130-MB fixed disk drive can be used as drive type 
35, which operates in the non-Translate mode. Using 
the drive in this mode may allow improved performance 
in some applications. For DOS systems to use drive 
type 35, the DOS must be Version 3.2 or later. 
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Configuring the 130-MB Fixed Disk 
Drive System 

The fixed disk drive should have its drive-select 
jumpers set to DSl. A terminating resistor pack is 
installed on the fixed disk drive of a single fixed 
disk drive system, which is all that is allowed. 

Figure 11-7 shows an interconnection diagram for the 
130-MB fixed disk drive system. 

130-MB Drive 

Control 
Data 

ESDI Fixed Disk Drive 
Controller Board 

Figure 11-7. 130-MB Fixed Disk Drive System 
Interconnection Diagram 

Jumpers 

Table 11-6 describes the fixed disk drive controller 
jumpers. 

Table 11-6. Fixed Disk Drive Controller Jumpers 
Jumper 
W3 

Function 
Fixed Disk Drive Base Address Select. This 
address selection is available only for 
special circumstances and under normal 
circumstances should never be changed. 

W3,2-3 Standard Address Select 
(lFOh, standard setting) 

W3,l-2 Alternate Address Select 
(170h) 

W2 Translate or non-Translate Mode Select. The 
absence of this jumper allows the mode to be 
software programmable. The presence of this 
jumper forces the controller into 
non-Translate mode. 

In the Translate mode, the fixed disk drive 
controller changes the logical arrangement of data on 
the fixed disk drive, so that the fixed disk drive 
appears to have 17 sectors per track and 16 heads. 



The controller jumpers are shown in Figure 11-8. 

c:::::Jc:::::J= 

ci~I 
l::=J= ~-~ 

==~1--~ == 

Jumper W3 

Control Cable Connector 

Doto Cable Connector 

rl---~ 

D = 4-----' = = 
Jumper W2 

Figure 11-8. ESDI Fixed Disk Drive Controller Board 

Fixed Disk Drive 11-15 

ESDI Fixed Disk Drive Controller 

The ESDI fixed disk drive controller is compatible 
with the ESDI standard that specifies signal, 
connectors, and command protocols. 

The ESDI controller: 

• Provides for the control of the 130-MB fixed disk 
drive 

• Plugs directly into a 16-bit expansion slot 

• Incorporates a 56-bit error correction code (ECC) 
polynomial for error detection and correction 

• Has on-board diagnostics 
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Figure 11-9 shows the functional block diagram for 
the ESDI controller. 

Address Bus 

DIOW-
DIOR-
IRQ14 

> Bus Bus 
Interface Isolation 
Logic and 
and 8- to 

1/0 16-blt 
Decode 16-blt Converter 

Data Bus (16-blt) ) ___ .. <----t~-..,!!""'-• 

Status, 
Drive State, 
Drive Select, 
Digital Output 
Registers 

8-blt Data Bus 

11 
Control 
Microprocessor 

rEECC Circuit 

Increment 

Sector 
Write\jl , Read Buffer 1 , 

and ~ 

~-----< Fixed Address D 
~-----< Disk Counter 

Drive ~--
~-----<Control If--------~ 

C Circuit 

INDEX-

HEAD SELECT- ESDI Interface 
DRIVE SELECT-__,,. Drivers and 

'--------~R~DA,..,T'""'A_7--l Receivers 
WDATA__,,. 

Figure 11-9. ESDI Fixed Disk Drive Controller 
Functional Block Diagram 

ESDI Controller Commands 

The ESDI controller is compatible with all software 
written for the ST506-compatible fixed disk drive 
controller. 

The ESDI controller supports all the co111Tiands listed 
in Chapter 6, Fixed Disk Drive Controller Board 

For the ESDI controller, the Write Precompensation 
Cylinder register (1/0 address lFlh) is reserved. 
Write precompensation is not progra111Tiable on ESDI 
drives. 

For the Seek and Recalibrate co111T1ands, the step rate 
codes are ignored on the 130-MB controller. 



Connectors 

Table 11-7 describes the 34-pin control cable 
connector pinouts and signal descriptions. All I/O 
designations are with respect to the drive. 

Table 11-7. 34-Pin Control Cable Connector Signal 
Descriptions 

Signal 

HEAD SELECT 2~-
2 -
20-
21-

WRITE GATE-

Pin 
(See 
Note) 

2 
4 

14 
18 
6 

CONFIG/STATUS DATA- 8 

TRANSFER ACK- 10 

I/O 

0 

0 

Description 

Lines that allow 
selecting individual 
read/write heads in a 
binary code sequence. 
Allows data to 
be written on the 
disk. 
Drive presents serial 
data on this line upon 
request from the 
cont roll er. 
Line from the drive 
indicating that a 
transfer request has 
been acknowledged and 
valid data 
transferred. All 
transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-. 

(Continued) 

Table 11-7. (Continued) 

Signal 
ATTENTION-

SECTOR-

INDEX-

READY-

TRANSFER REQ-

DRIVE SELECT 1-
DRIVE SELECT 2-

READ GATE-

COMMAND DATA 

RESERVED 

Pin 
(See 
Note) 

12 

16 

20 

22 

24 

26 
28 

32 

34 

30 

Fixed Disk Drive 11-17 

I/0 Description 
0 Signal from the drive 

indicating the drive 
wants the controller 
to request its status. 

0 Indicates the beginning 
of a sector. 

0 Indicates the beginning 
of a track 

0 Signal indicates only 
that the spindle is up 
to speed. 
Line from the 
controller requesting 
that one bit of data 
be sent between the 
drive and the 
controller. All 
transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-. 
These bits provide 
the binary-coded drive 
select address. 
Signal allows data to 
be read from the disk. 
When a command is 
issued, 16 information 
bits of serial data, 
plus parity, are sent 
to the drive on this 
line. 

Note: All odd numbered pins are ground. 
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Table 11-8 describes the 20-pin data cable connector 
pinouts and signal descriptions. All 1/0 
designations are with respect to the drive. 

Table 11-8. 20-Pin Data Cable Connector Description 
Signal Pin 1/0 Description 
DRIVE SELECTED- 1 0 A status line provided 

to inform the 
controller system of 
the selection status of 
the drive. 

SECTOR- 2 0 Indicates the beginning 
of a sector. 

COMMAND COMPLETE- 3 0 A status line that 
indicates conrnand 
completion to 
the controller. 

ADDRESS MARK ENABLE- 4 0 The trailing edge of 
this signal with the 
WRITE GATE- asserted 
initiates writing the 
sync field on the 
drive. 

+READ/REFERENCE 10 0 Differential clock 
CLOCK signal used for reading 

data bits from the 
drive. 

-READ/REFERENCE 
CLOCK 

+NRZ WRITE DATA 
-NRZ WRITE DATA 

11 

13 
14 

0 

A differential pair 
that defines the data 
to be written on the 
track. 

(Continued) 

Table 11-8. (Continued) 
Signal Pin 
+NRZ READ DATA 17 
-NRZ READ DATA 18 

+WRITE CLOCK 7 
-WRITE CLOCK 8 

INDEX 20 

GROUND 5, 6, 7 
12, 15, 16 
19 

1/0 
0 
0 

0 

Description 
Data recovered by 
reading previously 
written information is 
transmitted to the 
controller via this 
differential pair. 
A differential pair of 
clocks used for writing 
data bits to the drive. 
Indicates the beginning 
of a track. 
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Figure 11-10 shows the pinout of J3, the data cable Figure 11-11 shows J4, the control cable connector. 
connector. 

Signal Pin Pin Signal 

Signal Pin Pin Signal GROUND 2 HEAD SELECT 23-

-DRIVE SELECTED • 2 -SECTOR 
GROUND 3 4 HEAD SELECT 22-

• GROUND 5 . . 6 WRITE GATE-
-COMMAND COMPLETE 3 • . 4 -ADDRESS MARK ENABLE GROUND 7 . . 8 CONFIG/STATUS DATA-
SIGNAL GROUND 5 • • 6 SIGNAL GROUND GROUND 9 . . 10 TRANSFER ACK-
+WRITE CLOCK 7 • • 8 -WRITE CLOCK GROUND 11 12 ATTENTION-
SIGNAL GROUND 9 • • 10 +READ/REFERENCE CLOCK GROUND 13 • . 14 HEAD SELECT 2°-

-READ/REFERENCE CLOCK 11 • • 12 SIGNAL GROUND Key 15 . 16 SECTOR-

+NRZ WRITE DATA 13 . • 14 -NRZ WRITE DATA GROUND 17 • . 18 HEAD SELECT 21-

SIGNAL GROUND 15 • • 16 SIGNAL GROUND GROUND 19 20 INDEX-

+NRZ READ DATA 17 • • 18 -NRZ READ DATA GROUND 21 22 READY-

SIGNAL GROUND 19 • • 20 -INDEX GROUND 23 24 TRANSFER REQ-

GROUND 25 • . 26 DRIVE SELECT .1-

Figure 11-10. J3, Data Cable Connector GROUND 27 • . 28 DRIVE SELECT 2-
GROUND 29 • . 30 Reserved 
GROUND 31 . . 32 READ GATE-

GROUND 33 • . 34 COMMAND DATA-

Figure 11-11. J4, Control Cable Connector 
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Chapter 12 
FIXED DISK DRIVE BACKUP SYSTEMS 

12.1 INTRODUCTION 

Three sizes of fixed disk drive backup (tape) are 
avaiable: 

• 10-Megabyte Tape Backup 

• 40-Megabyte Tape Backup 

• 135-Megabyte Tape Backup (among the 80286-based 
products, supported only on the 12-MHz COMPAQ 
OESKPRO 286®). 

12.2 10- AND 40-MEGABYTE FIXED 
DISK DRIVE BACKUP (TAPE) 

The 10-megabyte fixed disk drive backup uses a 

12-1 

3M DC 1000 tape cartridge or equivalent and the 
COMPAQ TAPE Utility Version 1 to provide a data 
backup for fixed disk drives. The fixed disk drive 
backup stores up to 10 megabytes of data on a single 
tape cartridge. 

The 40-megabyte fixed disk drive backup (tape) uses a 
3M DC 2000 tape cartridge or equivalent and the 
COMPAQ® TAPE Utility Version 2.0 (or later) or other 
Tape Utilities to provide a data backup for fixed 
disk drives. The 40-megabyte fixed disk drive 
backup stores a maximum of 40 megabytes of data on a 
single tape cartridge. 3M DC 1000 tape cartridges 
which were created on a 10-megabyte fixed disk drive 
backup can be read on a 40-megabyte fixed disk drive 
backup but cannot be written. 

The fixed disk drive backup is connected in a 
daisy-chain manner with the diskette drives. An NEC 
765A diskette controller controls all fixed disk 
drive backup functions and data formats. 
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Figure 12-1 shows the fixed disk drive backup 
systems. 

10 Megabyte 

Meg ob yte 

Figure 12-1. Fixed Disk Drive Backup Systems 
(Tape Drive) 

The fixed disk drive backup consists of a 
microprocessor, firmware, stepper motor, drive motor, 
read/write head, and a control logic board. 

The 40-megabyte and 10-megabyte fixed disk drive 
backup logic board uses a Z8 microprocessor with 8 
kbytes of ROM to control the drive. The logic board 
connects to the: 

• Movable head, which reads and writes data 

• Cartridge-installed sensor 

• Write-protect sensor 

• End-of-tape/beginning-of-tape (EOT/BOT) sensor 

• Stepper motor, which positions the head 

• DC power supply 

• Drive motor, which advances and rewinds the tape 

• Diskette/Tape Controller Board 

Figure 12-2 is a functional block diagram of the 
fixed disk drive backup systems. 



HOST 
POWER 
SUPPLY 

FLOPPY 
DISK 
CONTROLLER 

POWER 
FlL TERING 
& ISOLATION 

DRIVE 
MOTOR 
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DETECTOR 
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DRIVE 
ROLLER 

MICROPROCESSOR 

POWER ON 
RESET 

\\RITE 
CIRCUIT 

READ 
CIRCUIT 

HEAD 
POSITIONER 
MOTOR & CAM 
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TAPE 
CARTRIDGE 

Figure 12-2. Fixed Disk Backup Tape Drive Functional Block Diagram 10- and 40-Megabyte) 
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Specifications 

Table 12-1 lists the physical and electrical specifications of the fixed disk drive backup systems. 

Table 12-1. 40-Megabyte and 10-Megabyte Fixed Disk Drive Backup Systems Physical and Electrical Specifications 

Size: 
Width 
Height 
Depth 

Weight 
Formatted capacity (with ECC) 
Flux reversal density 
Data-transfer rate 
Head positioning time: 

40-Megabyte Fixed Disk 10-Megabyte Fixed Disk 
Drive Backup Drive Backup 

5.65 in. (144 ITlll) 
1.65 in. (41 ITlll) 
8.00 in. (203 ITlll) 
1.7 lb (0.77 kg) 
40.63 megabyte 
10000 FRI 
500 kb/s 

Sarne 
Sarne 
Sarne 
Sarne 
10.35 megabyte 
6400 FRI 
250 kb/s 

Adjacent tracks 250 ms Same 
Move (worst case) 1 sec Same 

Tape speed: 
Read/write 50 in./s 39 in./sec 
Rewind/fast forward 70 in./s 70 in./sec 

Tape end-to-end DC 1000 DC 2000 DC 1000 
positioning time: (see Note 1) (see Note 2) 

Read/write 44 sec 49 sec 57 sec 
Forward/reverse 31 sec 35 sec 31 sec 

Track density 83 TPI 59 TPI 
Number of tracks 20 8 
Blocks/track 124 158 
Sectors/block 18 (2 for ECC) 8 
Bytes/sector 1024 1024 
Notes: 1. The 10-megabyte fixed disk drive backup uses DC 1000 tape cartridges (supported on other COMPAQ products) 

which can be read by the 40-megabyte fixed disk drive backup. The 40-megabyte fixed disk drive backup 
cannot write to a DC 1000 tape cartridge, but can erase a DC 1000 tape cartridge. 

2. DC 2000 tape cartridge does not physically fit into a 10-megabyte fixed disk drive backup. 



Fixed Disk Drive Backup Commands 

All fixed disk drive backup operations are one of 
five processes: 

1. Servo-Write, which initializes the tape media by 
writing indexing information. 

2. Tape Format, which writes block, sector, and track 
information onto the tape. This information joins 
the indexing information previously written by 
Servo-Write. This process prepares data areas 
consistent with the NEC 765A diskette drive 
controller data format. 

3. Write-Data, which writes information in the same 
layout as standard diskette tracks. 

4. Read-Data, which reads information- in the same 
layout as diskette tracks. 

5. Erase, which erases all information on tape, 
including servo and data information. (Supported 
only on the 40-megabyte fixed disk drive backup.) 

The Servo-Write operation is initiated by executing 
an Enter Format Mode command followed by the Servo
Write command. This action moves the tape to the 
beginning, at block 0 and head 0, and then writes 
encoding index pulses on the tape in a streaming
write mode. These pulses are used solely by the 
fixed disk drive backup and are not available to the 
programmer. 
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NOTE: If the Servo-Write operation is 
interrupted, the tape cartridge must be fully 
erased before it can be used again. 

The format operation for tape is similar to the 
format process for diskette drives. To format the 
tape, the multipurpose controller board takes control 
of the interface and supplies the track and sector 
data for every block on the track. The data format 
on the tape has the characteristics of a diskette. 

The fixed disk drive backup systems accept commands 
from the multipurpose controller board as pulses on 
the step line. The number of pulses determines the 
desired command. Any number of pulses not recognized 
as commands are ignored. The fixed disk drive backup 
does not recognize the step pulses unless the NEC 
765A is programmed for a 3- or 6-ms gap between 
pulses. Table 12-2 lists the fixed disk drive backup 
commands. 
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Table 12-2. Fixed Disk Drive Backup Conmand Sunmary 
Step 
Pulses Conmand Action 
2 STOP MOTION Stops tape - deactivates BUSY- signal. 
3 PAUSE Moves tape back two blocks - stops tape. 
4 SEEK LOAD POINT Rewinds tape at 50 !PS and goes to track 0. 
5 MOVE TAPE FORWARD Moves tape forward at 70 IPS (fast forward). 
6 MOVE TAPE BACK Moves tape backward at 70 !PS (rewind). 
7 REPORT NORMAL COMPLETION Latches BUSY- line if latest conmand has successfully completed. 
8 REPORT DRIVE PRESENT Latches BUSY- line if selected. 
9 REPORT END Latches BUSY- line if at end of tape. 
lD REPORT BEGIN Latches BUSY- line if at tape beginning. 
11 REPORT CART Latches BUSY- line if cartridge is present. 
12 REPORT TRACK FOUND Latches BUSY- line if track seek has completed. 
13 REPORT NEW CARTRIDGE Latches BUSY- line if cartridge has been replaced. 
14 MOVE TAPE AGAINST DATA Moves tape at 50 IPS (or 39 IPS if in low-density mode) toward file beginning. 
15 MOVE TAPE WITH DATA Moves tape at 50 !PS (or 39 IPS if in low-density mode) toward file end. 
16 ENTER FORMAT MODE Produces index pulses at end and beginning of data area to allow formatting by 

the 765. The drive must be in the Format mode to enable subsequent execution 
of the Servo Write conmand. 

17 ENTER NORMAL MODE Produces index pulses at beginning of data area. 
18 * REPORT EXPANDED Pulses the BUSY- line if it supports the Expanded conmand set (conmands 19, 

INSTRUCTION SET 28, and 29.) 
19 * REPORT DRIVE/CARTRIDGE Pulses the BUSY- line. The controller responds with "N" step pulses to inquire 

TYPE about a specific status condition. 
20 SEEK TRACK 0 Initiates tape motion and seeks track 0. 
21 SEEK TRACK 1 Initiates tape motion and seeks track 1. 
22 SEEK TRACK 2 Initiates tape motion and seeks track 2. 
23 SEEK TRACK 3 Initiates tape motion and seeks track 3. 
24 SEEK TRACK 4 Initiates tape motion and seeks track 4. 
*These conmands are not available with the 10-megabyte fixed disk drive backup. 

(Continued) 



Table 12-2. (Continued) 
Step 
Pulses Command 
25 SEEK TRACK 5 
26 SEEK TRACK 6 
27 SEEK TRACK 7 
28 * SEEK TRACK "N" 
29 * ERASE TAPE 
31 SERVO WRITE 
32 RECALIBRATE 
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Action 
Initiates tape motion and seeks track 5. 
Initiates tape motion and seeks track 6. 
Initiates tape motion and seeks track 7. 
Pulses BUSY- line. The controller responds with "N" step pulses. 
Erases entire tape. 
Writes servo pattern on blank cartridge. The drive must be in Format mode. 
Sends simulated "at track o" status to multipurpose controller board for 
diskette drive compatibility. 

*These commands are not available with the 10-megabyte fixed disk drive backup. 

Command 19 causes the drive to pulse the BUSY- line. The contra 11 er responds with "N" pulses to inquire for a 
specific status condition. Table 12-3 gives the pulses used for the various status conditions. Command 19 is not 
available with the 10-megabyte fixed disk drive backup. 

Table 12-3. BUSY- Line Pulses for Status 
"N" Step Pulses Status Condition 

4 Cartridge Type 

5 Servo Density 

6 Drive Type 

Drive BUSY- Response 
Low 
High 
Low 

High 

Low 
High 

Status 
DC 2000 cartridge in drive. 
DC 1000 cartridge in drive. 
High-density, servo written, transfer rate at 
500 kHz, R/W speed at 50 !PS. 
Low-density, servo written or blank cartridge. 
Transfer rate at 500 kHz, R/W speed at 39 !PS. 
40-Megabyte fixed disk drive backup. 
10-Megabyte fixed disk drive backup. 
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Connectors 

The fixed disk drive backup systems use the same 
cable, connectors, and pin arrangements as the 
diskette drives for the connections to the 
multipurpose controller board or multipurpose fixed 
disk controller board and the DC power supply. 

The signal functions are different, however, and 
special software drivers are used to control the 
fixed disk drive backup systems. Table 12-4 shows 
the signal functions. 

Table 12-4. Drive Logic Board to Drive Controller 
Signal Descriptions 

Signal Name 
DRIVE 4 (TAPE) 
SELECT-

INDEX-

READ DATA-

STEP-

BUSY-

WRITE DATA-

WRITE GATE-

WRITE PROTECT -

Function 
Drive select 4 is used to select 
40-megabyte fixed disk drive 
backup. 
Indicates to the multipurpose 
controller board that one block has 
assed. 

This is the data stream of data and 
clock pulses from the 40-megabyte 
fixed disk drive backup. 
Pulses give commands to the fixed 
disk drive backup. 
Indicates to the multipurpose 
controller board that the fixed 
disk drive backup is still 
executing 
a command. 
This stream of data is written to 
the tape when WRITE GATE- is 
enabled. 
Enables the drive-logic disk-write 
circuits so data from the WRITE 
DATA- signal is written. 
Indicates to the multipurpose 
controller board that the cartridge 
in the drive is write-protected. 



Figures 12-3 and 12-4 show the fixed disk drive 
backup system connectors. 

Signal Pin Pin Signal 

2 NOT USED 
3 4 NOT USED 
5 6 DS4-
7 8 INDEX-
9 10 NOT USED 
11 12 NOT USED 
13 14 NOT USED 
15 16 NOT USED 

GROUND 17 18 NOT USED 
19 20 STEP-
21 22 WRITE DATA-
23 24 WRITE GATE-
25 26 BUSY-
27 28 WRITE PROTECT-
29 30 READ DATA-
31 32 NOT USED 
33 34 NOT USED 

\Card Edge Connector 

Figure 12-3. Fixed Disk Drive Backup 
Connector Pinout 
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Pin Signal 

~ 
1 +12 Vdc 
2 Ground ( +12 Vdc Return) 

3 Ground (+5 Vdc Return) 

4 +5 Vdc 

Figure 12-4. Fixed Disk Drive Backup Power 
Connector Pinout 
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Tape Format 

The tape utility begins formatting with a SERVO-WRITE 
process. The SERVO-WRITE process divides the tape 
into sections called servo-blocks. Table 12-5 lists 
the track and sector sizes for the DC 1000 and 
DC 2000 tape cartridges. 

Table 12-5. Tape Track/Sector Sizes 
Tape Cartridge DC 1000 
Number of tracks 8 
Number of blocks/track 158 
Number of sectors/block 8 

(Note 1) 

DC 2000 
20 

124 
18 

(Note 2) 
Number of bytes/sector 1024 1024 
Notes: 1. Xenix uses two sectors for ECC, leaving 6 

data sectors. 
2. Two sectors are ECC, leaving 16 data 

sectors available. 

The tape utility then writes format data into the 
servo-blocks. Each of the tape tracks is formatted 
by the NEC765A diskette controller to yield a 
specific number of 1024-byte sectors per block. The 
data is written in double-density or modified 
frequency modulation (MFM) with the same layout as a 
standard diskette track. Table 12-6 gives the data 
format for the tape. 

Table 12-6. Tape Data Format 

(Index pulse) 
Pre-index Gap 
Pre-index Address 
Mark Sync 
Index Address Mark 
Gap 1 

Pre-ID AM Spc 
ID Address Mark 
Sector ID 
Sector ID CRC 
G'!.E. 2 
Pre-Data AM ~c 
Data Address Mark 
Data 
Data CRC 
Gap 3 

Nominal 
Value(hex) 

4E 

00 
FC(Note 1) 
4E 

00 (Note 2) 
FE (Note 2) 
xx (Note 3) 
xx (Note 3) 
4E 
00 
FB (Note 2) 
xx (Note 3) 
xx 
4E 

Number of 
Bytes 

80 

12 
4 

50 

12 
4 
4 
2 

22 
12 
4 

1024 
2 

54 

Gap 4 4E (until second 
index pulse) 

Notes: 1. First 3 bytes are.C2 with missing clock 
transition between bits 3 and 4. 

2. First 3 bytes are Al with missing clock 
transition between bits 4 and 5. 

3. xx = data dependent. 

The Gap 3 value (54 bytes) shows the gap size when 
the tape is formatted. The Gap 3 size specified in 
the read/write corrmands is smaller (23 bytes). The 
size of Gap 4 depends on the tape speed. The NEC765A 
keeps writing until the second index pulse occurs. 



The boxed field of Table 12-5 is written once for 
each sector in the block, with appropriate sector ID 
values for each sector written. The sector ID 
consists of four 1-byte fields that are used to 
identify each sector (using diskette mnemonics): 

I CYL I HEAD I SECT I SIZE I (CRC) I (CRC) I 

40-megabyte fixed disk drive backup: 
Cylinder= 0 .. 123 Tape block number 
Head = 0 (Not used) 
Sector = 1 .. 18* Sector number (within tape block) 
Size = 3 Sector size (3 denotes 1024 bytes) 

*Two sectors are for ECG, 16 data sectors are 
available. 

10-megabyte fixed disk drive backup 
Cylinder= 0 .. 157 Tape block number 
Head = 0 (Not used) 
Sector = 1 .. 8 Sector number (within tape block) 
Size = 3 Sector size (3 denotes 1024 bytes) 
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Tape Utilities 

Compaq provides TAPE Utilities to use with the fixed 
disk drive backup systems. These utilities make the 
10-megabyte and the 40-megabyte fixed disk drive 
backup systems available to MS-DOS users. 

This section provides information on the data format 
used by the COMPAQ TAPE Utilities. This description 
includes the tape header information, tape 
identification area, save set descriptions, file 
allocation table, and directory and file information. 

The 10-megabyte fixed disk drive backup uses only a 
DC 1000 tape cartridge. The 40-megabyte fixed disk 
drive backup can accept either a DC 1000 or DC 2000 
tape cartridge. Some differences in the support 
between the two drives reflects this difference in 
tape cartridges. 
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MS-DOS File Storage (Tape) 

The format of the data depends on the Tape Utility 
used to write the data to the tape. This section 
discusses the format of data written to the tape, 
DC 1000 and DC 2000, using COMPAQ TAPE Utilities. 
Two versions of COMPAQ TAPE Utility exist. Tape 
Utility Version 1 supports only the 10-megabyte fixed 
disk drive backup. Tape Utility Version 2 supports 
both the 10-megabyte and the 40-megabyte fixed disk 
drive backup, and can read data from a 10-megabyte 
tape backed up with Tape Uti 1 i ty Version 1. It can 
also erase a 10-megabyte tape. 

The COMPAQ TAPE Utilities place a tape header (HDR) 
and a file allocation table (FAT) at the beginning of 
the tape (Track 0, Block 0). 

When a set of files is written to the tape, the HDR 
and the FAT are modified to reflect the new tape 
status. A redundant copy of the HDR and FAT is 
stored in Track 0, Block 1. If the first block 
becomes unreadable, the information in the second 
block is used to retrieve the data on the tape. All 
remaining blocks contain directory and file 
information. 
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COMPAQ TAPE Utility, Version 2 generates an error correction code (ECC) when writing to a DC 2000 tape. The ECC is 
stored in the last two sectors of each block. Figure 12-5 shows the format of the blocks. 

Sector 
Block 1 2 3 ... 15 16 17 lB 

0 HOR FAT FAT ... FAT FAT ECC ECC 

HOR FAT FAT ... FAT FAT ECC ECC 

2 FILES . . . . . . . . . . . . ... ECC ECC 

Figure 12-5. MS-DOS Track 0 Format (DC 2000 tape) 
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Figure 12-6 shows the format for Track 0 data without ECC. No ECC is generated by Tape Utility Version 2 when used 
with a 10-megabyte fixed disk drive backup. 

Sector 
Block 1 2 3 4 5 6 7 8 

0 HDR FAT FAT FAT (FAT) (FAT) (FAT) (FAT) 

HDR FAT FAT FAT (FAT) (FAT) (FAT) (FAT) 

2 FILE ... 

Figure 12-6. MS-DOS Tape Track 0 Data (DC 1000 tape) 
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Tape Header 

The tape header (HOR) occupies the first 1024-byte sector on the tape. The tape header is divided into several 
sections, the Tape Identification area (TID), the Save Set Description area, and a reserved area. Figure 12-7 
provides a sunrnary of the tape header format. 

COMPAQ Save Set 
TAPE Utility TID Description Reserved 

Version 1 64 Bytes N/A 960 bytes 

Version 2 64 Bytes 768 bytes 192 bytes 

Figure 12-7. MS-DOS Tape Header 
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Tape Identification Area 

Table 12-7 lists the contents of the Tape Identification area. Table 12-8 further explains the contents of the 
Tape Identification area. 

Table 12-7. Tape Identification Area 

Address Function 
0 Reserved (must be zero) 
2 Volume name 

34 Create (format) time 
36 Create (format) date 
38 Tracks per tape 
40 Blocks per track 
42 Sectors per block 
44 Bytes per sector 
46 Tape number 
48 More flag (for multiple-tape backup) 
50 Backup time 
52 Backup date 
54 Program version (in BCD) 
56 Format type 
58 Reserved 

COMPAQ 
TAPE Utilities 

Bytes 
2 

32 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
6 
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Table 12-8. Tape Identification Area Parameters 
Parameter Name 
Volume name 

Date/time the tape was initialized 

Number of tracks per tape 

Number of intra-servo blocks per 
tape track 
Number of sectors per block 

Number of bytes per sector 
Tape number 

More flag 

Date/time 

Tape uti.lity version (in BCD) 

Format Descriptor 

Description 
Up to 31 characters in length, padded with zeros to 32 bytes, resulting in 
a 'standard' null-terminated string 
Set only when the tape is formatted (by TAPE FORMAT or TAPE BACKUP), and is 
not updated by a normal BACKUP operation. (See Figure 12-8) 
20 for 40-megabyte tape, numbered 0 .. 19, 8 for 10-megabyte tape, 
numbered 0 .. 7 
124 for 40-megabyte tape, numbered 0 .. 123, 158 for 10-megabyte tape, 
numbered 0 .. 157 
18 for 40-megabyte tape, numbered 1 .. 18, 8 for 10-megabyte tape, 
numbered 1 .. 8 
1024 
The number of this tape in a multiple-tape backup set. For a single-tape 
backup, this entry is 1 
This word is set to 1 to indicate that there are additional tapes in the 
backup set, or 0 to indicate that this is the last tape in the set. For a 
single tape backup, this entry is 0 
The Date/time is written by BACKUP when the tape was backed-up and updated. 
(See Fi ure 12-8) 
The version of the COMPAQ TAPE Utility that wrote the tape 
OOOOh = Tape Utility before Version 1.10 
OllOh = TAPE Utility Version 1.1 
02xxh = TAPE Utility Version 2.xx 
The low byte of this word appears at offset +56 in the first sector of the 
tape. The format descriptor is used by the software to determine the tape 
format by recognizing the following codes: 

0 - Tape is unused 
1 - Reserved 
2 - Reserved 
3 - Tape used by COMPAQ TAPE Utility prior to version Vl.10 
4 - Tape used by COMPAQ TAPE Utility version Vl.10 and later 
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Figure 12-8 shows the format of the time and date 
parameters of the Tape Identification area. 

Bits 

15.11 10 .. 5 4 .. 0 

Hour (0-23) Minute (0-59) Seconds/2 (0-29) 

Bits 

I 15 .. 9 I 8.5 I 4 .. 0 I 
Year-1980 (0-119) Month (1-12) Day (1-31) 

Figure 12-8. Date and Time Format 

Save Set Descriptions 

The COMPAQ TAPE Utility Version 2 supports multiple 
backups per tape. (This feature does not app 1 y to 
COMPAQ TAPE Utility Version 1.) Each time a set of 
files is backed up to the tape, a save set 
description containing 24 bytes is written to the 
tape header. Up to 32 save set descriptions can be 
stored in the 768-byte save set description area of 
the tape header. Table 12-9 lists the 24-byte save 
set parameters. 

Table 12-9. Save Set Description 
Function Bytes 
Baekup time 2 
Backup date 2 
Version 2 

Save Set label 12 
Start block 2 
Source drive 
Reserved 3 



Table 12-10 further explains the contents of the save 
set description. 

Table 12-10. Save Set Description Parameters 
Parameter Name Description 
Backup Time/date the save set was backed up. 
time/date This entry in the last nonblank save 

set matches the backup time and data 
located in the TIO area. 

Tape Utility 
Version 
(in BCD) 

The version of the COMPAQ TAPE Utility 
that wrote the save set. 

Starting block Tape block number where the save set 
of Save Set begins. 
Backup source Disk drive from drive which the save 

set was backed up. 
Save Set label Save set label, up to 11 characters in 

length. padded with zeros to 12 bytes, 
resulting in a standard null
terminated string. 
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File Allocation Table 

The file allocation table (FAT) controls the 
assignment of sectors on the tape. For every sector 
on the tape, except for sectors containing ECC 
information, 2 bits are maintained in the FAT that 
describe the current state of that sector: 

FAT 
Entry Sector Status 
0 0 Not allocated 
0 1 Start of a file (header) 
1 0 Allocated 
1 1 Bad sector 

NOTE: Any empty sectors in the last block of a 
save set are marked as allocated in the FAT. 
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Each FAT byte contains four 2-bit fields, with the 
least-significant bits describing the first sector. 
The FAT has allocation entries for the entire tape, 
including the tape HOR and FAT sectors. The entries 
for these sectors are "allocated." 

Not all 16 available sectors on a DC 2000 tape 
cartridge are used for the FAT (not all are 
necessary). 

The size (in bytes) of the FAT for a tape can be 
determined by the following formula: 

(Tracks x blocks per track x sectors 
per block x bits per sector)/8 bits 
per byte 

The size (in bytes) of the FAT for a DC 1000 tape can 
be determined by the following formula: 

(8 tracks x 158 blocks per track x 8 sectors 
per block x 2 bits per sector)/8 bits per 
byte = 2528 bytes/FAT 

Example: A DC 1000 tape with no bad blocks contains 
two files, one which occupies one sector, and one 
which occupies three sectors. The first 6 bytes of 
the FAT would appear as follows: 

FAT entries for first block on tape: 

101010101101010101 
AA AA 

FAT entries for second block on tape: 

10101010110101010 
AA AA 

FAT entries for files: 

1
10100101100000000 

AS 00 



For a DC 2000 tape, the FAT table is: 

(20 tracks x 124 blocks per track x 
16 sectors per block x 2 bits per 
sector)/8 bits per byte = 39680/4 or 
9920 bytes/FAT 

Example: A DC 2000 tape with no bad blocks contains 
two files, one which occupies 1 sector, 
and one which occupies 3 sectors. The 
first 10 bytes of the FAT would appear as 
follows: 

FAT entries for first block on tape: 

10101010110101010110101010110101010 
AA AA AA AA 

FAT entries for second block on tape: 

10101010110101010110101010110101010 
AA AA AA AA 

FAT entries for files: 

101001011000000001 
AS 00 
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Directory Information 

When writing data to a tape using COMPAQ TAPE Utility 
Version 2, all blocks after 0 and 1 on track 0 
contain directory and file information. This section 
on directory information does not apply with COMPAQ 
TAPE Ut i 1 i ty Version 1. If the backup spanned 
multiple directories, the first sector(s) of the save 
set contain directory information. This information 
tells the COMPAQ TAPE Utility which directories to 
create on the destination disk during the tape 
restore process. These sectors are marked as 
allocated in the FAT. 

Table 12-11 lists the format of the directory 
information. 

Table 12-11. Directory Information 
Function 
Directory name 1 
Last entry flag 
Reserved for future use 

Directory name x 
Last entry flag 
Reserved for future use 

Bytes 
78 
2 
2 

78 
2 
2 
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Table 12-12 lists the directory information 
parameters. 

Table 12-12. Directory Information Parameters 
Parameter Name 
Directory name 

Last entry flag 

Reserved 

Description 
Directory pathname, padded with 
zeros to 78 bytes, resulting in a 
standard null-terminated string 
End of the directory name list. 
This word is set to 1 if this is 
the last entry in the directory. 
If this is not the last entry, 
this word is 0. 

Only the pathnames of the lowest level subdirectories 
are saved. All intermediate subdirectories can be 
recreated from these. 

Example: The following directory names are generated 
for the directory shown in Figure 12-9: 

\DOS 
\ TOOLS\EDITOR 
\MISC\REPORTS\TEMP 
\MISC\MEMOS 
\MISC\EXPENSE 

Figure 12-9. Sample Directory 

EDITOR 

REPORTS ------. TEMP 

MEMOS 

EXPENSE 



File Information 

Following the directory information (if any) are the 
sectors containing the file information. 

The first sector of each file contains a header, 
which contains various information about the file. 

Table 12-13 describes the file information. 

Fixed Disk Drive Backup Systems 12-23 

Table 12-13. File Information 
Function 
Header Signature (SSh, AAh) 
Filename 
File Attribute 
Original File Time 
Original File Date 
File Size (in bytes) 
Backup Time 
Backup Date 
Aux File Attribute #1 
Aux File Attribute #2 

The file information parameters are given in 
Table 12-14. 

Bytes 
2 

108 

2 

2 
2 
4 
2 

2 

2 

2 
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Table 12-14. File Information Parameters 
Parameter Name 
Header Signature 

Filename 

File Attribute 

Original Date/time 
File Size 
Backup Time and Date 

Aux File Attribute #1 

Aux File Attribute #2 

Description 
The 2-byte header signature is 55h, AAh. This signature is used to identify the 
header or separate it from the rest of the tape information. 
The filename may be up to 107 characters in length, padded with zeros to 108 
bytes, resulting in a standard null-terminated string. There is no structure 
imposed on the filename other than maximum length, but the COMPAQ TAPE Utility 
expects a DOS-style pathname (without a drive letter). 
This word value is used by the COMPAQ TAPE Utility to retain the original 
attributes of the file as specified by the operating system. For MS-DOS, only the 
low-order byte is used. 
Original date/time of the file. (See Figure 12-3 for format) 
32-bit file size (in bytes) 
The date and time the file was backed up. This value is the same as the 
corresponding value in the headers of all the other files that were part of the 
same backu 
Not used in COMPAQ TAPE Utility prior to version 1.10. In version 1.10 and later: 

Bit 0, if set (=l), means that this file is continued on the next tape. In 
this case, the file size indicates only the portion of the file that is on this 
tape. 
Bit 1, if set (=l), means that this file is continued from the previous tape. 
In this case, the file size indicates only the portion of the file that is on 
this tape. If bit 1 is set (=l), with bit 0 reset (=O), this is the last 
ortion of the file. 

Reserved, must be 0. 



12.3 135-MB FIXED DISK DRIVE 
BACKUP (TAPE) 

This section provides a detailed discussion of the 
135-MB tape backup, supported on the 12-MHz COMPAQ 
DESKPRO 286. 

It also provides information about the SY-TOS 
Operating System as well as the COMPAQ Tape Host 
Adapter. 

The 135-MB tape backup includes the following 
features: 

• No preformatting required 

• Direct read after write 

• Data verification 

• Erase Bar 

• Read QIC24 and QIC120 formatted cartridges 

Figure 12-10 shows the 135-MB tape backup system. 
Figure 12-11 shows a functional block diagram of the 
135-MB tape backup. 
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Figure 12-10. 135-MB Tape Backup 



12-26 80286-Based Products Technical Reference Guide 

\\RITE ENABLE 

ERASE ENABLE 

\\RITE DATA + -

TR0-TR4 

RESET 

REV 

60 

HI-CUR 

SEL0-I 

Hl-SPD 

THO 

TACH PULSE 

Read Doto Pulse 

TACH PULSE 

SELECT 

Write 
logic 

Single Chip 
Micro

computer 

3.33 MHz Clk 

Control 

Sensor 
Assembly 

TACH 
Logic 

Time Domain 
Driver 

Figure 12-11. 135-MB Tape Backup Functional Block 
Diagram 

Write/Erase 
Driver 

Read 
Write 
Erase 
Head 

Assembly 

Read Head Si nol 

Read AMP 
and 

Dill. At.IP 

10 t.4Hz 
Clk 

Sensor 
Logic 

Zero 
Crossing 
Detect 

and AMP 
Detect 

Motor Control 
Gate Array 

HS0-HS2 



135-MB Tape Backup Specifications 

Table 12-15. 135-MB Tape Backup Physical 
and Electrical Specifications 

Size: 
Width 
Height 
Depth 

Weight 
Formatted capacity 
(with ECC) 
Flux reversal density 
Bit density 
Data-transfer rate 
Tape speed: 

Read/write 
Rewind/fast forward 

Tape end-to-end 
positioning time: 

Read/write 
Forward/reverse 

Track density 
Number of tracks 
Blocks/track 
Bytes/block 

5.8 inch (147 rrrn) 
1.7 inch (43 rrrn) 
8.3 inch (211 mm) 
2. 4 lb ( 1.1 kg) 
135 MB 

12500 FRPI 
10000 BPI 
720 Kb/s 

72 in ./second 
90 in ./second 

DC 600XTD 
100 seconds 
80 seconds 
76 TPI 
18 
16. 900 
512 
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135-MB Tape Backup Connector 

The 135-MB tape backup interfaces the COMPAQ Tape 
Host Adapter via a 50-pin interface signal connector. 
Table 12-16 shows the signal functions of this 
connector. 

Table 12-16. Tape Backup Logic Board to Tape Host 
Signal Descriptions 

Pin 
Number Signal Function 
02-10 Reserved. 
12 DDATA7- Tape Host Adapter Bus Bit 7, 
14 DDATA6- Tape Host Adapter Bus Bit 6 
16 DDATA5- Tape Host Adapter Bus Bit 5 
18 DDATA4- Tape Host Adapter Bus Bit 4 
20 DDATA3- Tape Host Adapter Bus Bit 3 
22 DDATA2- Tape Host Adapter Bus Bit 2 
24 DDATAl- Tape Host Adapter Bus Bit 1 
26 DDATAO- Tape Host Adapter Bus Bit 0, 
28 ONL- Online 
30 REQ- Reguest 
32 RST- Reset Controller 
34 XFER- Transfer 
36 ACK- Acknowledge 
38 ROY- Readl'. 
40 EXC- Exception 
42 DIRTOHOST- Direction to Host 
Note: See Table 12-18 for signal descriptions 

MSB 

LSB 
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Figures 12-12 and 12-13, respectively, show the pr1 Signal 
135-MB tape backup control and power connectors. +12VDC 

GROUND (+12VDC RETURN) 
Signal Pin Pin Signal GROUND (+5VDC RETURN) 

+5VDC 
1 •• 2 Reserved 
3 •• 4 Reserved Figure 12-13. 135-MB Tape Backup Power 
5 •• 6 Reserved 
7 •• 8 Reserved 

Connector 

9 •• 10 Reserved 
11 •• 12 DDATA7-
13 •• 14 DDATA6-
15 •• 16 DDATA5-
17 •• 18 DDATA4-
19 •• 20 DDATA3-
21 •• 22 DDATA2-
23 •• 24 DDATA1-

Ground 25 •• 26 DDATAO-
27 •• 28 ODL-
29 •• 30 REQ-
31 •• 32 RST-
33 •• 34 XFER-
35 •• 36 ACK-
37 •• 38 ROY-
39 •• 40 EXC-
41 •• 42 DIRTOHOST-
43 •• 44 Reserved 
45 •• 46 Reserved 
47 •• 48 Reserved 
49 •• 50 Reserved 

Figure 12-12. 135-MB Tape Backup Control Connector 
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135-MB Tape Backup Commands 

Because the 135-MB tape backup uses the SY-TOS Tape Operating System for typical tape drive functions, this section 
only lists and briefly describes the 135-MB commands (Table 12-17). 

Table 12-17. 135-MB Tape Backup Command Summary 
Command Command Code 
Select QIC-24 
Select QIC-120 
Select QIC-150 
Write Data 
Write without 
Underruns 
Write File Mark 
Write File 
Mark/Write 

Write File Mark/Write 
without Underruns 

Read Data 
Read Continuous 

Read Block (n) 

Space Forward 

Space Reverse 

27h 
2Bh 
29h 
40h 
41h 

60h 
62h 

63h 

80h 
82h 

8Ah 

81h 

89h 

Search to End of Recorded A3h 
Media 

Action 
Instructs the tape drive to read a 9-track QIC-24 format tape. 
Instructs the tape drive to write in the 15-track QIC-120 format. 
Instructs the tape drive to write in the 18-track QIC-150 format. 
Causes data to be written on the tape. 
Instructs the tape drive to perform all functions of a WRITE command. 
Causes continuous tape movement. 
Causes a FILE MARK to be written on the tape. 
Instructs the tape drive to combine the Write File command with a Write command 
to achieve streaming tape operation when writing file marks. Stops if underrun 
occurs. 
Instructs the tape drive to combine the Write File Mark and a Write command to a 
achieve streaming tape operation whe writing file marks. Does not stop if 
underrunn occurs. 
Causes data to be read from the tape to the tape drive. 
Instructs tape drive to begin or continue a read operation, without stopping at 
File Marks. 
Allows the host to read to read any given block by addressing the block via its 
block number (n). 
Instructs the tape drive to logically move the tape forward over the subsequent 
data block or file mark. 
Instructs the device to logically move the tape in a reverse direction over the 
previous data block or file mark. 
Instructs the device to search for the end of the recorded media. 

(Continued) 



12-30 80286-Based Products Technical Reference Guide 

Table 12-17. (Continued) 
Command Command Code 
Read File Mark A Oh 

Read File Marks Blh .. BFh 

Read Status Conmand COh 
Erase Tape 22h 
Rewind to BOT C2h 
Initialization 
(Retension) 24h 
Rewind to BOT C2h 
Rewind to BOT C2h 
Run Self-Test C2h 
Run Self-Test 2 CAh 
Run Self-Test 3 CBh 
Read Firmware 
Identification CFh 
Select Drive Olh 

Action 
Causes the tape in the tape drive to move to the EOM side of the next file 
mark. 
Identical in function to Read File Mark conmand except that the number of file 
marks read are equal to the binary value of nnnn. For example, 1011 0001 
causes one file mark to be read and 1011 0010 causes to files marks to be read. 
In the case where nnnn is zero (0011 0000), the tape drive returns a illegal 
conmand status. 
Causes the tape drive to transfer to the host information about itself. 
Completely erases the tape in the tape drive. 
Positions the tape in its tape drive. 

Conditions the tape as per specifications of media manufacturer. 
Positions the tape in its tape drive. 
Positions the tape in its t~pe drive. 
Instructs the tape drive to 'perform self-test operati ans. 
Instructs the tape drive to perform unique self-test operations. 
Instructs the tape drive to perform self-test operations. 
Instructs the tape drive to transfer to the host adapter six-bytes of 
identification data. 
Selects the tape drive for on-line operation. 



SY-TOS Tape Operating System 

The 135-MB tape backup uses the SY-TOS Tape Operating 
System for all tape backup functions. 

For detailed information on the SY-TOS Tape Operating 
System, refer to the SY-TOS User's Guide provided 
with the 135-MB tape backup. 

COMPAQ Tape Host Adapter 

The COMPAQ Tape Host Adapter provides the interface 
for the 135-MB tape backup to the 12-MHz DESKPRO 286. 

The tape host adapter: 

• Interfaces the 135-MB tape backup to the 
DESKPRO 286 

• Plugs directly into the 8-bit expansion slot (Jl08) 

• Provides an 8-position switch for setting 
options and configuration settings. 

Figure 12-14 shows the COMPAQ Tape Host Adapter. 
Figure 12-15 shows the COMPAQ Tape Host Adapter 
functional block diagram. 
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J801, Control Connector 

SW1 

Figure 12-14. COMPAQ Tape Host Adapter 
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Tape Host Adapter 1/0 Port Description 

The tape host adapter interface is configured as two 
I/O addresses, beginning at one of two possible jp25 

selectable base addresses. Table 12-18 defines the 
port addresses and their functions. 

A more detailed description of the l/O port addresses 
follows Table 12-18. 

Table 12-18. COMPAQ Tape Host Adapter l/0 Port 
Oescription 

Address (Hex) 
Primary/Secondary 
300/200 
301/201 

Read 
Function 
Status register 
Data register 

Write 
Function 
Control register 
Data register 
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Data Register (Read/Write) (301/201) 

The data register is the port through which all 
command, status, and data bytes are transferred 
between the 12-MHz DESKPRO 286 and the tape host 
adapter. Command and status bytes are transferred by 
programmed I/0. Data bytes are transferred using DMA 
operations. 
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Status Register (Read Only) (300h/200h) 

This register contains the status from the tape host 
adapter and the tape backup. 

BIT 
76543210 I '-- ROY- ,, th• , •• dy blt. It ,, '''''ted '"' 

deasserted by the RDY- signal in the QIC02 
interface. 

EXC- is the exception condition bit. It is 
asserted and deasserted by the EXC- signal 
in the QIC02 interface. 

'----- DTH- is the direction-to-host bit. It is 
asserted and deasserted by the DIRTOHOST
signal in the QIC02 interface 

'---- ONL is the online bit. This bit is the 
inverted loopback of the ONL bit in the 
control register. 

'----- RST is the software reset bit, which is 
looped back from the control register. 

'------ REQ is the request bit, which is 1 ooped 
back from the control register. 

L...L.----- These bi ts are the DMA and interrupt 
enables looped back from the control 
register 

Control Register (Write Only) 

BIT 
76543210 I ONL ;, tho oolioo bit. Whoo '''''tod, 

this bit asserts ONL- in the QIC02 
interface. When deasserted, this bit 
deasserts ONL-. 

RST is the reset bit. When asserted, 
this bit resets the tape host adapter and 
tape backup and holds them reset until 
deasserted. When RST- is asserted, it 
clears any pending DMA request and 
disables any DMA requests. RST- also h· 
the selectad DRQn in a high impedance 
state, and deasserts XFER- and asserts 
RST- in the QIC02 interface. Deasserting 
this bit reenables the tape host adapter 
for normal operations. 

--- REQ is the request bit. When asserted, 
this bit asserts REQ- in the QIC02 
interface. When deasserted, this bit 
deasserts REQ-. 

........... ___ These are the interrupt and DMA enable 
bits. When asserted, they allow the tape 
host adapter to generate interrupts on the 
selected IRQ line, and to perform DMA 
transfers. Either bit may be used to 
perform this function. 

~~----- Unused 



Command Protocol 

Commands for the COMPAQ Tape Host Adapter consists of 
the following general types: 

• Status Transfer 

• Data Transfer 

• Drive Stand-alone 

A command may be issued any time the tape backup is 
ready (RDY- active), and not online (ONL- is 
inactive), or when EXC- is asserted. Commands are 
issued by writing the comnand code to the data 
register of the tape host adapter,. asserting ONL for 
data transfer comnands, asserting the control 
register REQ bit, and waiting until the tape backup 
transition from not-ready to ready. When this 
transition has occurred, deassert REQ and wait for 
another not-ready-to-ready transition. 
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On Drive Stand-alone commands, this second transition 
indicates the completion of the comnand. 

For a Status Transfer command, this second transition 
and subsequent not-ready to ready transitions 
indicate that one of the bytes of status information 
is ready for reading by the host in the data 
register. After each status byte is read from the 
data register, REQ is asserted, not-ready is 
verified, and REQ is deasserted to complete the 
handshake protocol. When all status bytes have been 
transferred, the next not-ready to ready transition 
signals the completion of the comnand. 

During Data Transfer commands, the second and all 
subsequent not-ready to ready transitions signal the 
first byte of each new block of data. On the first 
block of data, the tape host adapter DMA should not 
be enabled until after the Data Transfer command has 
been issued and accepted. The tape backup DIRTOHOST
signal must also be in the correct state and the 
DESKPRO 286 OMA controller has been programned for 
the transfer. 

The DESKPRO 286 OMA channel should then be unmasked, 
allowing the OMA transfer to take place. When the 
transfer is complete, which may be polled, or is 
signaled by an interrupt, the process starts over 
again at the next not-ready to ready transition. To 
begin the next transfer for each following block of 
data, take the following actions: 
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• Program the DESKPRO 286 DMA controller 

• Unmask the DESKPRO 286 DMA channel 

A Data Transfer coITTTiand is terminated by reaching the 
end of tape, reading a file mask, or by deasserting 
the ONL bit in the control register. 

When EXC- is asserted by the tape backup, the status 
of the tape backup must be transferred to the host 
before any other operation can begin. Typical times 
for EXC- to be asserted are: 

• At power up 

• After a software reset 

•When the drive does not recognize an issued coITTTiand 
code as a valid coITTTiand 

• When a coITTTiand other than Read Status is issued 
when EXC- is active 

This condition will be signaled by an interrupt, if 
interrupts are enabled, and will be available in the 
status register for polling. In response to seeing 
the EXC- bit asserted, the host must issue a Read 
Status coITTTiand, any other coITTTiand will be rejected. 

Tape Host Adapter Connector 

The 135-MB tape backup interfaces the COMPAQ tape 
host adapter through J801, the interface connector. 
The COMPAQ tape host adapter interfaces the 8-/16-bit 
expansion bus of the DESKPRO 286 through Pl. Table 
12-19 shows the signal functions for the tape host 
adapter interface connector, J801. 



Table 12-19. Tape Host Adapter, J8Dl Connector 
Signal Descriptions 

Pin 
12 
14 
16 
18 
20 
22 
24 
26 
28 

30 

32 

I/O 
I/O 
I/0 
I/O 
I/O 
I/0 
I/0 
I/0 
I/0 

0 

Signal Signal Description 
DDATA7- Negative true 
DDATA6- bidirectional data bus between the 
DDATA5- tape host adapter and the tape 
DDATA4- backup. Bit <7> is the most 
DDATA3- significant. 
DDATA2-
DDATA1-
DDATAO-
ONL- Online. Asserted before beginning 

a Read or Write corrmand. 
Deasserted to terminate corrmand. 

0 REQ- Request. Handshake signal for 
corrmand or status byte transfers 
between the tape host adapter and 
system. It is asserted to 
indicate that the corrmand byte has 
been placed on the data bus 
(DDATA) or that a status byte has 
been taken from the bus. 

D RST- Reset. When asserted, RST- resets 
and holds the tape backup reset. 
Reenables tape backup when 
deasserted. 

(Continued) 
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Table 12-19. (Continued) 
Pin 1/0 Signal Signal Description 
34 0 XFER- Transfer. Handshake signal for 

data byte transfers between the 
tape host adapter and the tape 
drive backup. It is asserted to 
indicate that a byte has been 
placed on the data bus (DDATA) 
during a write corrmand, or that a 
byte has been taken from the data 
bus during a read corrmand. 

36 ACK- Acknowledge. Handshake signal for 
data byte transfers between tape 
host adapter the tape backup. It 
is asserted to indicate that a byte 
has been taken from the data bus 
(DDATA) during a write corrmand, or 
that a byte has been placed on the 
data bus during a read corrmand. 

38 RDY- Drive Ready. This signal has three 
functions. First, it is an 
indication that a non-data transfer 
corrmand has completed. Second, it 
is a handshake signal for corrmand 
or status byte transfers between 
the tape host adapter and the tape 
backup. And third, it is an 
indication that the next block of 
data is ready for transfer during a 
Data Transfer corrmand. 

(Continued) 
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Table 12-19. (Continued) 
Pin I/0 Signal Signal Description 
40 I EXC- Exception condition. I ndi cation 

from tape backup that a condition 
exists which requires the tape host 
adapter to perform a Get Status 
command before any other operation 
is be un 

42 I DIRTOHOST- Direction to host. Indicates 
direction in which the tape backup 
is prepared to transfer data. When 
asserted, the transfer 

2, 4 Reserved 
6, 8, 10 
44, 46 
48, 50 

direction is to the tape host 
adapter. When deasserted, the 
direction is to the tape backup. 
Reserved. These pins are not 
driven or received. 

All Odd Ground Signal Ground. 
Pins 

Switch Settings 

Table 12-20 lists the switch settings for the COMPAQ 
Tape Host Adapter. 

Table 12-20. Switch Settings for the COMPAQ Tape 
Host Adapter 

Reference 
Designator Function 
SWl-1 Tape host 
SWl-2 interrupt 

SWl-3 
SWl-4 
SWl-5 
SWl-6 

SWl-7 
SWl-8 

select switches 

Tape host adapter 
OMA channel 
select switches 

Tape host adapter 
base address 
select switch 

* Default setting 

Description and Default 
SWl-1 = ON SWl-2 = OFF* 
Interrupt 5 (IRQ5) 
selected. 

SWl-1 = OFF SWl-2= ON: 
Interrupt 3 (IRQ3) 
selected. 
SWl-3 and SWl-5 = ON* 
SWl-4 and SWl-6 = OFF:* 
OMA channel 3 
selected. 

SWl-3 and SWl-5 = OFF 
SWl-4 and SWl-6 = ON: 
OMA channel 1 selected 
SWl-7 = ON * 
SWl-8 = OFF:* 
Primary base address 
(300h) selected. 

SWl-7 = OFF 
SWl-8 = ON: 
Secondary address 
(200h) selected. 
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Schematics 

The schematics for the COMPAQ Tape Host Adapter are shown in Figure 12-16. Compaq Computer Corporation does not 
guarantee the accuracy of the schematics. They are provided as an aid to understanding the operation of the tape 
host adapter. 

J_ J_ l l 
NOTES UNLESS OTHERW[SE SPECIF!EO. 

1. ALL RESISTORS ARE l/O, Sl. 
2. ALL CAPACITORS ARE SOV, •S0/-20.t Atll lN HICRCFARADS. 

3. JBOl-XX IS CLIPPED FOR l<EYIHG. 

4. SVITCH SWI. POSiflOUS 1 AllO 2. SELECT THE ADAPTER HHERRUPT. IF SYITCH I 
ts al AtiO SWITCH 2 rs OFF. INTERRUPT 5 IS SE1.£CTEO CSTAtlOAAOl. IF SVITCH 
I JS CFF At() SWITCH 2 IS Df4. INTERRUPT 3 IS SD...fCTEO. OtE. Alll DULY ONE 
SlllTCH M/\Y 9E OH AT A TIME. 

S. SWITCH SVI. POSlTIOUS 3 THROUGH 6, SELECT THE /.OAPTER OKA CHANUEl. IF 
SVITOfES 3 AUO 5 ARE 00 IJO 5¥(TCHES -4 AHO 6 ,I.RE OFF, OMA CHAla-IEL 3 IS 
SELECTED (5JAHOAROl, IF SVITOES 3 ANJ 5 ARE OFF AHO SWITCHES 4 "''° 6 ARE 
ON. OHA OM.mEL l IS SELECTED. SVlTCH 3 ~ST BE SET THE SANE AS SV1TCH S 
ANO SVITCH 4 t-UST SE SET TlE SAIE AS svnrn 6. C»E. ANO Oil.. y O!E SWITCH [JI 
EACH PAIR CJ, 4 Mil S. 6) MAY BE c:tl AT A TIKE. 

6. SVITCH SVI. POSITIOHS 7 MIO B. SELECT THE AOAPTEH 1/0 ADDRESS. IF SVCTCH 7 
15 CJl AtlO ~ITCH 9 15 QfF, Tl-E PR[HARY AOOOESS <300 HEX> IS SEl...ECTEO 
<STAfll,1,RQ). IF SVITCH 7 IS OFF AtlD SVlTCH a IS OH. THE SECOl/OARY AOORESS 
C200 HEX> 15 SELECTEll. CJIE, AllO OtLY OIE SVITCH MAY BE CJI AT A TUE. 

7. l.2 HAY BE OPTIONALLY IHSTALLEO TO TERMlllATE BOTH EmS OF THE CATA BUS. PER 
THE 01002 SPEC. 
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Chapter 13 
MONITORS 

13.1 COMPAQ® DUAL-MODE 
MONITOR 

COMPAQ monitors have the following features: 

• Dual-mode capability 

• Amber and green screen available 
(external monitors only) 

• 12-volt DC operation 

The COMPAQ Dual-Mode monitors are capable of 
displaying in either the high-resolution text mode or 
the graphics mode with the same monitor. Mode 
selection is accomplished via the COMPAQ Video 
Display Controller Board by changing the monitor scan 
rates. The COMPAQ Video Display Controller Board 
changes the scan rates in response to software 
interrupts (See Chapter 7) or to multiple-key 
commands from the keyboard (See Chapter 8). 

The COMPAQ PORTABLE 286® has an internal dual-mode 
monitor that is internally connected to the COMPAQ 
Video Display Controller Board. The COMPAQ Dual-Mode 
Monitor is an external monitor which may be used with 
the COMPAQ DESKPRO 286® or, optionally, with the 
COMPAQ PORTABLE 286. 

Figures 13-1 and 13-2 show the COMPAQ Dual-Mode 
Monitors. 

13-1 

Figure 13-1. COMPAQ PORTABLE 286 Dual-Mode Monitor 

Figure 13-2. COMPAQ Dual-Mode Monitor 
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Figures 13-3 and 13-4 show the monitors' functional block diagrams. 

COMPAQ PORTABL£ 286 
Video Interlace 

Analog 
Video 

Video 
Ampllfler 

Vertical 
Oscnlator 

Deflection 
Ampllfler 

Monitor 
Power 
Input 

'----+----t--1 Brlghtnen 1-+----' 

Control 

Figure 13-3. Functional Block Diagram for COMPAQ 
PORTABLE 286 Monitor 

COMPAQ DESKPRO 286 
RGBI Video Input 

RGBl-to-Analog 
Conversion 

Video 
Amplifier 

'------! 

Vertical 
Osclllator 

Deflection 
Amplifier 

Horizon ta I 
Osclllator 

Horizontal 
Driver 

High-Voltage 
Supply 

'----+----t--1 Brightness 
Control 

Monitor 
Power 
Input 

Figure 13-4. Functional Block Diagram for COMPAQ 
DESKPRO 286 Monitor 



COMPAQ Dual-Mode Monitor Specifications 

Table 13-1 lists the monitor specifications. 

Table 13-1. COMPAQ Dual-Mode Monitor Specifications 

Screen: 
CRT size 
Phosphor 

Active area (see Figure 13-5) 
Horizontal 
Vertical 

Power Requirements: 
Voltage 
Current 

Signals: 
Video 

Horizontal Sync 
Vertical Sync 

Connectors: 
Power 

Signal 

COMPAQ PORTABLE 286 

9 in. diagonal 
Green, medium persistence 

6.3 in. (16.0 cm) 
4.6 in. (11. 7 cm) 

12.3 Vdc, ±4% 
1. 5 A max, 
2.0 A surge (5 ms) 

Analog, 1.0 to 2.5 V 
into 470 ohms min. 

Positive, TTL-level 
Negative, TTL-level 

6-pin single row, 
AMP 102409-5, or equiv. 
12-pin double row, 
AMP 87227-6, or e uiv. 

COMPAQ DESKPRO 286 

12 in. diagonal 
Green, medium persistence 

or 
Amber, medium persistence 

8.1 in. (20.6 cm) 
6.0 in. (15.2 cm) 

12.4 Vdc, ±4% 
1.8 A max, 
2.5 A surge (10 ms) 

Digital, TTL-level RGBI 
yielding a 15-level gray 
scale 
Positive, TTL-level 
Positive, TTL-level 

3-pin male circular DIN 
AMP 211502-5, or equiv. 
9-pin male subminiature D 

Monitors 13-3 
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Figure 13-5 shows the active area on the screen. 

Vertical 

Horizontal 

' ~ 

--V 

Figure 13-5. Screen Active Area 

Table 13-2 lists the monitor resolution (pixel 
density) and frequency for the high-scan and low-scan 
modes. 

Table 13-2. Monitor Resolution and Freguencies 
Mode Resolution Horiz. Vert. 

Scan Mode Si2nal (in Eixels) Freg. Freg. 
High-Scan LOW 720 x 350 18.5 KHz 50 Hz 
Low-Scan HIGH 640 x 200 15. 7 KHz 60 Hz 

Table 13-3 lists the Safety Compliances for the 
monitors. 

Table 13-3. COMPAQ Dual-Mode Monitor Safety 
Comeliances 

Safety 

RF! 
u s 

UL 1418 
UL 478 
OHHS 21 CFR Subchapter J 
CSA 22.2 #154 
VDE or TUV in accordance with 

DIN !EC 380/VDE 806 

FCC Class B 
International VOE 0871 Level B 

(See Note) 
Note: Units shipped internationally comply with 

this regulation and include COMPAQ part numbers 
102508-3, green phosphor, international 
and 102508-4, amber ehosehor, international. 
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COMPAQ Dual-Mode Monitor Waveforms 

References to the red, green, blue, and intensity signals in the COMPAQ Video Display Controller Board translate to 
variations in intensity on COMPAQ monochrome monitors by assigning a weighted value to each signal. Figures 13-6 
through 13-8 show the timing parameters for the monitors. 

J402, 
J403 

0 

c 
0 0 [ 

0 
~ "' c 

~ i 0 
0 u 0 

~ 
0 [ ~ ffi u "' ::>: u ~ 

0 ~ u Jl ~ e :j :j :j ffi ffi u "' ::>: " ~ 

HS---~ 

Notes: 1. Burst Is only pre:nint In the 40 x 25 text mode or the 320 x 200 graphics mode. 
2. This is a block-frame format without equalization pulses, 

] 
~ 

Figure 13-6. COMPAQ Dual-Mode Monitor Video Timing Waveforms 
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Figure 13-7. COMPAQ Dual-Mode Monitor Horizontal Timing 

Figure 13-8. COMPAQ Dual-Mode Monitor Vertical Timing 



COMPAQ Dual-Mode Monitor 
Connectors 

The COMPAQ PORTABLE 286 Dual-Mode Monitor signal 
cable connects to the COMPAQ Video Display Controller 
Board connector J401 (connector J401 is an internal 
connector). The COMPAQ PORTABLE 286 monitor-power 
cable connects to the system board connector Jll2. 
Figure 13-9 and Table 13-4 describe the monitor 
signal connector. Figure 13-10 shows the monitor 
power connector. 

Mani tors 13-7 

The COMPAQ Dual-Mode Monitor signal cable connects to 
the COMPAQ Video Display Controller Board RGBI 
connector (J404). The COMPAQ Dual-Mode Monitor power 
cable connects to the monitor power receptacle. 
These connectors are on the back of the system unit. 
Figure 13-11 and Table 13-5 describe the monitor 
signal connector. Figure 13-12 shows the monitor 
power connector. 
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Table 13-4. COMPAQ PORTABLE 286 Monitor Signal Connector 
Signal Pin 1/0 Description 
Chassis ground 11,12 Cable Shield. 
HS 7 

MODE 3 

Signal ground 2,4,8 
VID 5 

Video ground 6 
vs- 1 

Signal Pin Pin 

vs- a a 2 
MODE 3 a a 4 
VlD 5 a a 6 
HS 7 a a 8 
Key 9 10 
Chassis Ground 11 a a 12 

Horizontal sync is an active-high TTL signal in both level and drive characteristics. 
Refer to the Waveforms section for the horizontal sync signal timing characteristics. 
The mode signal (TTL) indicates whether the monitor should be in the high- or 
low-scan mode. During a mode change, both horizontal and vertical sync are suppressed 
for up to 16 vertical frames. The mode signal is high (logic 1), for the 
low-scan mode, and low (logic 0) for the high-scan mode. 
This is the ground reference for the TTL signals. 
This is the analog video output signal. The signal voltage ranges from 1.0 volts 
(black) to 2.5 volts (white) into 470 to 6800 ohms (impedance). This signal is 
referenced to the video signal ground (pin 6). 
This is the ground reference for the VID signal (pin 5). 
Vertical sync is an active-low TTL signal in both level and drive characteristics. 
Refer to the Waveforms section for the vertical sync signal timing characteristics. 

Signal 

Signal Ground 1 • 12 Vdc Return 
Signal Ground 2 • Bright, CW 
Video Ground 3 • 12 Vdc 
Signal Ground 4 • Bright, w 
Key 5 Key 
Chassis Ground 6 • Bright, ccw 

Figure 13-9. COMPAQ PORTABLE 286 Dual-Mode 
Monitor Signal Connector 

Figure 13-10. COMPAQ PORTABLE 286 Dual-Mode 
Monitor Power Connector 



Table 13-5. 
Signal 
B 
G 
HS 

MODE 

R 
Signal Ground 
VS 

Signal Pin 

6 
MODE 7 
HS 8 
vs 9 

Figure 13-11. 

COMPAQ 
Pin 
5 
4 
8 

6 
7 

3 
1. 2 
9 

•• •• •• •• • 

Monitors 13-9 

Dual-Mode Monitor Signal Connector 
1/0 Description 
I Blue, active-high TTL video signal. 

Pin 

2 
3 
4 
5 

Green, active-high TTL video signal. 
Horizontal sync is an active-high TTL signal in both level and drive characteristics. 
Refer to the waveform section for the timing characteristics. 
Intensity, active-high TTL video signal 
The mode signal controls the monitor high- or low-scan mode. During a mode change, 
both horizontal and vertical sync are suppressed for up to 16 vertical frames. The 
mode signal is high for the low-scan mode and low for the high-scan mode. 
Red, active-high TTL video signal. 
TTL signal reference. 
Vertical sync is an active high TTL signal in both level and drive characteristics. 
Refer to the waveform section for the timing characteristics. 

Pin Sign al 
Signal 1 +12 Vdc 

Signal Ground 2 CHASSIS GROUND 
Signal Ground 1 3 3 SIGNAL GROUND 
R • • 
G 
8 

Chassis Ground CHASSIS GROUND 

COMPAQ Dual-Mode Monitor Figure 13-12. COMPAQ Dual-Mode Monitor 
Signal Connector Power Connector 
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13.2 OTHER COMPAQ MONITORS 

COMPAQ monitors other than the COMPAQ Dual-Mode Monitor each have individual technical reference guides. To obtain 
these manuals, contact your Authorized COMPAQ Computer Dealer. 
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Chapter 15 15-1 

COMPAQ 300-/600-MEGABYTE FIXED DISK DRIVE EXPANSION UNIT 

15.1 INTRODUCTION 

The COMPAQ 300-/600-Megabyte Fixed Disk Drive 
Expansion Unit is an option available for the 12-MHz 
DESKPRO 286 Personal Computer. This option provides 
greatly expanded mass storage to meet the needs of 
advanced applications, mainframe communications, 
multi-user systems, and networking activities. 

Figure 15-1 shows the fixed disk drive expansion unit 
and Figure 15-2 shows a block diagram of this 
expansion system. 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

-------- - --~-----~-------~-~ 

--------------------------------

Figure 15-1. COMPAQ 300-/600-Megabyte Fixed Disk 
Drive Expansion Unit 



15-2 80286-Based Products Technical Reference Guide 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

As shown below the expansion unit comes with an external ESDI interface adapter board and an external ESDI 
controller board. 

12-MHz Fixed Disk Drive 
Deskpro 286 Expansion Unit 

External 
External ESDI 

ESDI Interface 
Controller Adapter 

Board 

\Interface Cable 

Board 

Figure 15-2. COMPAQ Fixed Disk Drive Expansion Unit System Block Diagram 
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15.2 FEATURES 

The expansion unit holds one standard and one 
optional COMPAQ 300-Megabyte Fixed Disk Drive. A 
total of two expansion units may be used with the 
80286-Based Personal Computer. 

The 300-megabyte fixed disk drives are controlled by 
the COMPAQ 1:1 interleave buffered ESDI External 
Fixed Disk Drive Controller. Data retrieval time is 
reduced by a forward reading buffer and 1:1 
interleave. Data-transfer rate is 10 Mb/s. 

Performance is also enhanced with MS DOS Version 3.3, 
as published by Compaq Computer Corporation. It 
enables each 300-megabyte fixed disk drive to be 
formatted as a single logical drive, providing the 
capability to create or download files up to the 
total capacity of the fixed disk drive. 

1.2 Gigabytes Maximum Storage 
Capacity 

Two expansion units, each holding two 300-megabyte 
fixed disk drives, may be combined to offer a total 
of 1.2 gigabytes of mass storage. 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

LAN Fault Tolerant Configuration 

The expansion unit offers an ideal platform for 
specialized software design to address the high fault 
tolerance requirements of LAN (Local Area Network) 
operation. Two configurations that address those 
requirements are referred to as disk mirroring and 
disk duplexing. Disk mirroring and disk duplexing 
provide integrity of data on two fixed disk drives 
with duplicate read and write actions. These 
configurations also provide quicker read response 
time, since the first drive to access the data 
provides the read. 

Disk Mirroring 

In disk mirroring, two identical fixed disk drives 
use the same ESDI controller. Mirroring ensures that 
data integrity is maintained; should a data fault 
occur on the primary fixed disk drive, the system can 
continue to function using the secondary fixed disk 
drive and the data duplicated there. 
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Disk Duplexing 

Disk duplexing, therefore, provides the highest 
degree of fault tolerance and system reliability, as 
well as increased performance in write operations. 
Disk duplexing requires two fixed disk drive 
controllers and two identical fixed disk drives. 

15.3 HARDWARE CONSIDERATIONS 

The COMPAQ 300-/600-Megabyte Fixed Disk Drive 
Expansion Unit comes with an external ESDI controller 
board and an external ESDI interface adapter board. 

External ESDI Controller Board 

The ESDI controller board, which fits in an expansion 
slot of the personal computer, is required when using 
one or two 300-megabyte fixed disk drives mounted in 
an expansion unit. Figure 15-3 shows a block diagram 
of the ESDI controller board. 



" !OR- EXPANSION 
row- BUS INTERFACE 

ADDRESS LOGIC AND 
1/0 DECODE 

DATA--
LOW ORDER BYTE 

Z{. '/, 

INTERRUPT REQUEST 

DATA--
HIGH ORDER BYTE DATA BUFFERS 7:77: 7, AND LATCHES 

EXPANSION 
BUS CONNECTOR 

COMPAQ 300-/600-Megabyte Fixed Disk Drive Expansion Unit 15-5 

DISK DATA 

'.L '.L 
HOST INTERFACE 

AND RAM MANAGER 

ADDRESS/ 
DATA 

V, '/, 77ZZ'.L 

~ '.L 

(/) 
(/) 
w 

it -., RAM DATA 
BK RAM 

_J 

] [ COPY 
BK RAM 

BUFFER 

TI 5J 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

READ DATA AND CLOCK 

WRITE DATA AND CLOCK~ 
!;:::= 

~ 

FORMATTER 
[ZL. 

CONTROLLER 
MICROPROCESSOR 

J 

DATA DRIVERS J;= AND RECEIVERS !;:::= CL1 ~ (ORV 0) 

V1 J;= 

I/'. J;= 
~ rLLL, DATA DRIVERS !;:::= 

I/'. 7, 
AND RECEIVERS 

(ORV 1) J;= 
J;= 

HEAD SELECTS 

DRIVE STATUS 

ESDI COMMANDS _L_STATUS 

ESDI 
CONTROL 

CONNECTOR 

ESDI 
DATA 
CONNECTORS 

Figure 15-3. External ESDI Controller Board Functional Block Diagram 
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The external ESDI controller board conforms to the 
ESDI standard of signal, connector, and command 
protocols, and includes the following features: 

• 1:1 interleave with 16-Kbyte buffer 

• 56-bit Error Correction Code (ECC) polynomial for 
error detection and correction 

• On-board diagnostics 

The external ESDI controller board supports all 
corrmands and uses the same registers discussed in 
Chapter 6. The Write Precompensation Cylinder 
register (1/0 address lFlh) is reserved, however, 
since write precompensation is not prograrrmable 
on the ESDI controller. An additional register 
unique to the external ESDI board is described in 
Section 15.4. 

The external ESDI controller board uses one of two 
addresses (primary or secondary) available to the 
DESKPRO 286 CPU for fixed disk drive operation. The 
external ESDI controller board can be configured for 
either address (refer to Section 15.6). 

Table 15-1 shows the possible configurations 
and fixed disk drive board requirements for 
286-based products. 

Table 15-1. Fixed Disk Drive Controller Board 
Requirements For 300-Megabyte Fixed 
Disk Drives 

Configuration 
External 300 MB 
External 600 MB 

Fixed Disk D~ive Controller 
Board Required 
1 ESDI board 
1 ESDI board 

External 900 MB 2 ESDI boards 
or 1200 MB (two expansion units) 
NOTES 1. Expansion unit not used. 

2. With two external ESDI controller boards 
installed, Winchester Controller on FSPW 
board must be disabled (FSPW switch SW500-3 
in ON position). 

Since only two 1/0 addresses are available to the CPU 
for fixed disk drive operation, no more than two 
fixed disk drive controllers can be active in the 
personal computer, with each controller configured 
for a different address (refer to note 2 in 
Table 15-1). 
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The 300-/600-Megabyte Fixed Disk Drive Expansion Unit comes with the expansion interface adapter board installed. 
This board provides an interface between the one or two 300-megabyte fixed disk drive(s) in the expansion unit and 
the external ESDI controller board mounted in the PC. Figure 15-4 shows a functional block diagram of the 
expansion interface adapter circuitry. 
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Figure 15-4. External ESDI Interface Adapter Board Functional Block Diagram 
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15.4 SOFTWARE 
CONSIDERATIONS 

NOTE: The 300-/600-megabyte fixed disk drive 
expansion unit requires that the 12-MHz 
DESKPRO 286 either have system ROM revision 
P.lG (or later) installed, or uses the MS-DOS 
driver EXTDISK.SYS. The system ROM revision 
level can be determined by using the ROMREV 
program on the DIAGNOSTICS diskette. 

The expansion unit requires that the current system 
ROM INT 13h Fixed Disk Drive 1/0 interface allow 
support of a fixed disk drive controller set to 
alternate address (170h-177h). The MS-DOS driver 
EXTDISK.SYS provides this support for older system 
ROM revisions. 

To determine if INT 13h support for the alternate 
fixed disk drive adapter is present, execute an INT 
13h with AH= 08h (Get Drive Parameters) and 
Dl = 82h. If support is present, then the carry flag 
is not set on return (CF= NC), otherwise the carry 
flag is set (CF= CY). 

To determine the number of fixed disk drives 
supported by INT 13h, calling INT 13h with AH= 08h 
and DL = 80h will return the number of drives on the 
primary fixed disk drive adapter in Dl (0 ... 2). In 
addition, calling INT 13h with AH= 08h and Dl = 82h 
will return the number of drives on the alternate 
fixed disk drive adapter in DL (0 ... 2). Drives on 
the primary adapter are accessed as 80h and 8lh. 
Drives on the secondary are accessed as 82h and 83h. 
If one fixed disk drive is on the primary adapter and 
one fixed disk drive on the alternate adapter, then 
drives 80h and 82h are present. 

Functions AH= 88h, Get Pointer to Fixed Disk Drive 
Parameter Table, and AH = 89h, Set Pointer to Fixed 
Disk Drive Parameter Table, provide access to the 
Fixed Disk Drive Parameter Tables for drives 82h and 
83h much like INT 41h and INT 46h provide pointers to 
the Fixed Disk Drive Parameter Tables for drives 80h 
and 8lh. 
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INT 13h Fixed Disk Drive 1/0 Changes 

For all INT 13h I/O, drives 82h and 83h wi 11 access 
drives 0 and 1 of the alternate fixed disk drive 
adapter. If the requested drive is not 82h or 83h, 
control is passed to the old INT 13h handler. 

INT 13h, AH = OOh - Reset 

If DL is 82h or 83h on entry, the alternate and the 
primary fixed disk drive controllers are reset. If 
DL is 80h or 8lh, the primary fixed disk drive 
controller is reset, but the alternate fixed disk 
drive controller is not. 

INT 13h, AH= 02h, 03h, 04h, 05h - Read Sectors/Write 
Sectors/Verify Sectors/Format Track 

There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 

INT 13h, AH = 08h - Get Drive Parameters 

If DL is 80h or 8lh on entry, Get Drive Parameters 
1~i 11 return in DL, the number of drives on the 
primary fixed disk drive controller. The number 
of fixed disk drives on the alternate fixed disk 
drive controller will be returned if DL is 82h or 83h 
on entry. 

Addendum 114271-001 (12-88) 
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INT 13h, AH = 09h - Set Drive Parameters 

There is no change except that drives 82h and 83h set 
the drive parameters for the fixed disk drives on the 
alternate fixed disk drive controller. 

INT 13h, AH = OAh, OBh - Read Long/Write Long 

There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 

INT 13h, AH= OCh - Seek Cylinder 

There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 

INT 13h, AH = ODh - Alternate Disk Reset 

There is no change except that drives 82h and 83h 
cause the alternate fixed disk drive controller to 
be reset. 
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INT 13h, AH = OEh, OFh - Reserved 

INT 13h, AH = lOh, llh - Test Drive 
Ready/Recalibrate Drive 

There is no change except that drives 82h and 83h 
access the fixed disk drives on the alternate fixed 
disk drive controller. 

INT 13h, AH = 12h, 13h - Reserved 

INT 13h, AH= 14h - Controller Diagnostic 

There is no change except that drives 82h and 83h 
will cause the controller diagnostic to be performed 
on the alternate fixed disk drive controller. 

INT 13h, AH = 15h - Get Type of Drive 

There is no change except that drives 82h and 83h 
return the drive type and capacity (in sectors) for 
the fixed disk drives on the alternate controller. 

New INT 13h Fixed Disk Drive 1/0 Calls 

INT 13h, AH = 88h - Get Pointer to Fixed Disk Drive 
Parameter Table and Drive Count 

Returns a pointer to ES:BX to the fixed disk drive 
parameter table for drive 82h or 83h, the number of 
fixed disk drives on the alternate fixed disk drive 
adapter in AL, and the hardware interrupt number (11, 
12, 14, or 15) in CL. 

INPUT: 

AH 
BX 
ex 
DH 

8Bh 111111111111111 /_!_ 

/////l/////////lllll/ll///////I/ 
//////////////////////////////// 
/////////////ll"/l DRIVE 

Where DL = 82h or 83h 

AL 

DL 
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OUTPUT: CL = IRQ (11, 12, 14, or 15) 

AH 
BX 
CH 
DX 

88h 1 # DRIVES 
OFFSET OF POINTER 

l//l//lll/lllllll CNTLR I NT 
ll//l//ll//llll l DRIVE 

Es~l~~-S_E_GM_E_NT~O_F_P_OI_N_T_ER~~--' 

All other registers are preserved. 

AL 

CL 

If INT 13h support is not present for drives 82h and 
83h, then AH is set to Olh (bad command) and the 
carry flag is set to CY on return. The drive count 
returned in AL is the number of drives sensed during 
the power-on self-test routines. 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

INT 13h AH = 89h - Set Pointer To Fixed Disk Drive 
Parameter Table and Drive Count 

Sets the pointer from ES:BX to the Fixed Disk Drive 
Parameter Table for drive 82h or 83h and the 
number of fixed disk drives on the alternate fixed 
disk drive adapter. 

INPUT: 

AH 
BX 
ex 
DX 

89h l # DRIVES 
OFFSET OF POINTER 

l/ll/ll//lllll/ll/ll///lllllllll 
/lll/l/llllllll l DRIVE 

Es~l~~SE_G_M_EN_T_O_F~PO_I_NT_E_R~~~~ 

Where DL = 82h or 83h 

OUTPUT: 

89h l # DRIVES 
OFFSET OF POINTER 

AH 
BX 
ex //l/lllllllllll/ll/l/lllllllll/I 

AL 

DL 

AL 

DX DL 11111111111111111 DRIVE 

ES I SEGMENT OF POINTER 

All registers are preserved. The drive count being 
set by AL is analogous to setting the primary fixed 
disk drive adapter count at 40:75. 
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Interrupt Support 

The interrupt for the fixed disk drive controller 
shipped with an expansion unit can be selected with a 
switch located on the external ESDJ controller board. 
In addition, the interrupt can be changed via 
software. The INT 13h of EXTDISK.SYS will use the 
interrupt selected by the ESDI switch settings (refer 
to Section 15.6). If IRQ14 is selected, additional 
overhead in INT 13h will be incurred because the 
primary fixed disk drive controller must be disabled 
before an interrupt from the alternate fixed disk 
drive adapter can occur. 

The ESDJ Interrupt configuration register (address 
llFlh) determines interrupt control of the 
ESDI fixed disk drive controller. This register 
enables one of four interrupts that are 
hardware/software selectable. 

The bits in this register are as follows: 

BIT 
76543210 

E 
Sofh1are IRQll Enable (Write/Read) 

Software IRQ12 Enable (Write/Read) 

Software IRQ14 Enable (Write/Read) 

Software IRQ15 Enable (Write/Read) 

O=Power-on default IRQll Enable 
(Read only) 

O=Power-on default IRQ12 Enable 
(Read only) 

D=Power-on default IRQ14 Enable 
(Read only) 

D=Power-on default IRQ15 Enable 
(Read only) 

At power-on, the settings of switch SWSOO (Table 
15-5) are used by register bits four through seven 
to select the interrupt enable. The first write 
to the register, however, overrides the switch 
SW500 settings, and the value written into bits 
zero through three is then used to select the 
interrupt enable. 

A read to this register will yield either the 
power-on default setting if a write has not yet 
occured, or the software setting if a write 
has occured. 
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CMOS RAM Bytes 1 Bh and 1 Ch 

CMOS RAM bytes lBh and !Ch are used to contain the 
fixed disk drive types for drives 82h and 83h 
respectively. If CMOS RAM byte lBh is OOh, drive 82h 
is assumed to be not present; if CMOS RAM byte lCh is 
OOh, drive 83h is assumed to be not present. 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

15.5 CONNECTORS 

Connectors for the expansion unit are located on two 
separate boards, the external ESDJ interface adapter 
board and the external ESDJ controller board. The 
external ESDI interface adapter board is mounted 
in the expansion unit. The external ESDI controller 
board is mounted inside the 12-MHz DESKPRO 286 
Personal Computer. (See Figures 15-5, 15-6, and 
15-7.) 

The connectors mounted on the external ESDI 
interface adapter board are identical to those found 
on the ESDJ portion of the FPSE controller board 
used to control internally mounted 300-megabyte fixed 
disk drives. 

The external ESDI controller is connected to the 
expansion unit by means of a multiconductor cable via 
the 44-pin expansion interface connector. 
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Figure 15-5. External ESDI Interface Adapter Board 
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GND 
V1DATA+ 

WDATA-
CMeOAT-

RG-
GND 

SCT-
crm 

HS0-
INDEX-

HSl-
GND 

RDATA+ 
HS2-

HSJ-
RDA TA-

GND 
GND 

XACK-
WG-

TXREQ-

GND 
READY-

AME-
050-

GND 
DS1-

Figure 15-7. 44-Pin Expansion Unit Interface 
Cable Connector 

Table 15-2 contains the pin descriptions and signal 
functions for this connector. 
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Table 15-2. 

Signal 
DOSLTD-

DlSLTD-
WCLK+ 

WCLK-
DOCMDCMPLT-

DlCMDCMPLT-

RCLK+ 

RCLK-
CSD-

Addendum 114271-001 (12-88) 
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44-Pin Expansion Cable Signal 
Description 

Pin 1/0 
2 

3 
5 0 

6 0 

8 

9 

11 

12 
14 

Description 
Lines that indicate 
the drive currently 
selected 

A differential clock 
pair used for writing 
data bits to the drive 
Status lines that 
indicate command 
completion from 
a drive to the 
controller 
A differential clock 
signal used for reading 
data bits from a drive 
Configuration/Status 
Data (serial) present 
on this line from a 
drive, at the request 
of the controller 

ATN- 15 A signal from a drive 
indicating the drive 
wishes the controller 
to request its status 

WDATA+ 17 0 A differential pair 
that defines the 
data to be written 

WDATA- 18 0 to the drive 
NOTE: I/O direction is defined using the controller 

as the signal source; therefore, INPUT or 
OUTPUT is to or from the controller 
respectively. 

(Continued) 
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Table 15-2. {Continued) 
Signal Pin 1/0 
SCT- 20 

INDEX- 21 

RDATA+ 23 

RDATA- 24 

XACK- 26 

Description 
Signal that 
indicates the 
beginning of a sector 
Signal that indicates 
the beginning of a track 
Data recovered by 
reading previous 
written information is 
transmitted to the 
controller via this 
differential pair 
Line from a drive 
indicating that a 
TXREQ- has been 
acknowledged and 
valid data transferred. 
All transfers handshake 
with TXREQ- and XACK-

TXREQ- 27 0 Line from the 
controller requesting 
that one bit of data be 
transferred from the 
drive to the 
controller. All 
transfers handshake 
with TXREQ- and XACK-

DSO- 29 0 These bits provide the 
binary coded drive 

DSl- 30 0 select address 
NOTE: I/O direction is defined using the controller 

as the signal source; therefore, INPUT or 
OUTPUT is to or from the controller 
respectively. 

(Continued) 

Table 15-2. (Continued) 
Signal Pin 1/0 Description 
CMDDAT- 32 0 When a command is 

issued to the drive, 16 
information bits of 
serial data, plus 
parity, are sent to the 
drive via this line 

RG-

HSO-

HSI-
HS2-
HS3-
WG-

READY-

AME-

GND-

NOTE: 

33 

35 

36 
37 
38 
40 

42 

43 

1. 4. 7. 

0 

0 

0 
0 
0 
0 

0 

10, 13,16, 19, 
22, 25,28, 31, 
34, 39,41. 44. 

Signal that allows data 
to be read from the 
disk (READ GATE) 
Lines that allow 
selecting individual 
read/write heads in a 
binary code sequence 

Signal that allows data 
to be written to a disk 
(WRITE GATE) 
Signal from a drive 
that the spindle is up 
to s eed 
The trailing edge of 
this signal, with the 
WRITE GATE- asserted, 
initiates writing the 
sync field on the drive 
Signal Return 

1/0 direction is defined using the controller 
as the signal source; therefore, INPUT or 
OUTPUT is to or from the controller 
respectively. 
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Figure 15-8 shows the ESDI connector on the External 
Interface Adapter board. 

Signal Pin Signal 

GROUND 

GROUND 

HEAD SELECT 2 3 -

HEAD SELECT 2 2 -

WRITE GATE-

CONFIG/STATUS DATA-

TRANSFER ACK-

AffiNTION-

HEAD SELECT 2 0 -

HEAD SELECT 2 l -

INDEX-

READY-

TRANSFER REO-

DRIVE SELECT 0-

DRIVE SELECT !-

Reserved 

READ GATE-

COMMAND DATA-

Figure 15-8. ESDI (Drive Control) Cable Connector 

Table 15-3 shows the pin/signal descriptions for this 
connector. All I/O designations are with respect to 
the drive. 

Addendum 114271-001 (12-88) 
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Table 15-3. 34-Pin ESDI Connector Signal Description 
Pin 

Signal (note) I/O 
HEAD SELECT 23-

22-
20-

2 
4 
14 

21- 18 
WRITE CATE- 6 

CON FIG/ 
STATUS DATA-

TRANSFER ACK-

ATTENTION-

SECTOR-

INDEX-

8 

10 

12 

16 

20 

0 

0 

0 

0 

0 

Description 
Lines that allow 
selecting individual 
read/write heads in a 
binary code sequence 
Allows data to be 
written on the disk 
Serial data received in 
a 16-bit plus parity 
format from controller. 
Line from the drive 
indicating that a 
transfer request has 
been acknowledged and 
valid data transferred. 
All transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-
Signal from the drive 
indicating the drive 
wants the controller to 
request its stauts 
Indicates the beginning 
of a sector 
Indicates the beginning 
of a track 

NOTE: All odd numbered pins are ground. 
(Continued) 
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Table 15-3. (Continued) 
Pin 

Signal (note) 
READY- 22 

TRANSFER REQ- 24 

DRIVE SELECT 1- 26 
DRIVE SELECT 2- 28 

READ GATE- 32 

COMMAND DATA 34 

RESERVED 30 

I/O 
0 

Description 
Signal indicates only 
that the spindle is up 
to speed 
Line from the 
controller requesting 
that one bit of data be 
sent between the drive 
and the controller. 
All transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-. 
These bits provide the 
binary-coded drive 
select address. 
Signal allows data to 
be read from the disk 
A command issued in a 
serial 16-bit plus 
parity format. 

NOTE: All odd numbered pins are ground. 

Figure 15-9 shows the drive (1 or 2) connector on the 
External Interface Adapter board. 

Signal Pin Signal 

SECTOR-

COM!.4AND COMPLETE- ADDRESS MARK ENABLE-

SIGNAL GROUND 

+\'JRITE CLOCK -\','RITE CLOCK 

RESERVED +READ/REFERENCE CLOCK 

-READ/REFERENCE CLOCK SIGNAL GROUND 

+NRZ WRITE DATA -NRZ WRITE DAT A 

SIGNAL GROUND SIGNAL GROUND 

+NRZ READ DATA -NRZ READ DATA 

SIGNAL GROUND RESERVED 

Figure 15-9. DRIVE l/DRIVE 2 Data Cable Connector 

Table 15-4 shows the pin/signal descriptions for this 
connector. All I/0 designations are with respect to 
the drive. 
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Table 15-4. DRIVE 1/DRIVE 2 Data Cable 
Connector Signal Descriptions 

Signal Pin I/0 Description 
DRIVE 
SELECTED-

0 A status line provided to 
inform the controller system 
of the selection status of 

SECTOR- 2 0 

COMMAND 3 0 
COMPLETE-

ADDRESS 4 0 
MARK ENABLE-

+READ/ 10 0 
REFERENCE 
CLOCK 
-READ/ 11 0 
REFERENCE CLOCK 
+NRZ WRITE 13 
DATA 
-NRZ WRITE 14 
DATA 
+NRZ READ 
DATA 

-NRZ READ 
DATA 

17 0 

18 0 

the drive 
Indicates the beginning of 
sector 
A status line that indicates 
conmand completion to the 
controller 
The trailing edge of this 
signal with the WRITE GATE-
asserted initiates writing the 
slnc field on the drive. 
Differential clock signal used 
for reading data bits from the 
drive. 

A differential pair that 
defines the data to be written 
on the track 

Data recovered by reading 
previously written 
information is transmitted 
to the controller via this 
this differential pair. 

(Continued) 

Table 15-4 (Continued) 
Signal Pin 1/0 
+WRITE CLOCK 7 
-WRITE CLOCK 8 

GROUND 5, 6, 
12' 15, 
16, 19 

Addendum 114271-001 (12-88) 
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Description 
A differential pair of clocks 
used for writing data bits to 
the drive. 
Signal returns 
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15.6 SWITCHES 

The external ESDI controller board and the FPSE 
controller board located in the 12-MHz DESKPRO 286 
Personal Computer have switches which allow 
configuring the expansion unit. Switch positions and 
functions for switch SW500 of the FPSE controller 
board are shown in Chapter 6, Table 6-8. 

The location of switch SW500 on the external ESDI 
controller board is shown in Figure 15-6. 

Switch settings for the external ESDI controller are 
listed in Table 15-5. There are no switches or 
jumpers on the expansion interface board. 

Table 15-5. External ESDI Controller Board Switch 
SW500 Description 

Switch Number Function 
Controller Address 

(note 1) SW500-1 =OFF, Primary Address 
SW500-1 = ON, Secondary Address 

2 & 3 
(note 2) 

Power-On Default Interrupt 
SW500-2 = ON, -3 = ON, IRQll 
SW500-2 =OFF, -3 =ON, IRQ12 
SW500-2 = ON, -3 = OFF, IRQ14 
SW500-2 = OFF, -3 = OFF, IRQ15 

NOTES: 1. When using two fixed disk drive controller 
boards, each board should be configured to 
a different address. 

2. The interrupt determined by these switch 
settings can be overridden by writing to 
the ESDI Interrupt Configuration register 
on the controller board. 
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15.7 SCHEMATICS 

The schematics for the external ESDI interface adapter board are shown in Figure 15-10 and the schematics for the 
external ESDI controller board are shown in Figure 15-11. 

Compaq Computer Corporation does not guarantee the accuracy of the schematics. They are provided to aid in a 
general understanding of the operation of the controller boards. 

a 

8 

8 

NOTES UNLESS OTHERWISE SPECIF[EQ, 

t. ALL RES(STORS ARE l/4 WATT. 5% 

Z. ALL CllPACITORS ARE SOV. •80/-201. AtlO ltl MICROFARAOS. 

3. CHi\SSIS GROUUO IS BROUGHf aura THE 80,.RO THROUGH Tt-E HOLtHftlG BRhCKET. 

4. C7 At~ R20 ALLO\I AC COUPLlflG, DC COUPlltlG. OR fSOl.MION OF CHASS[S 
AHO SfGUAL GROUND. AS lltl ENCIHEERltlG OPTCOU. DUCE THE OPTIK.IH 
GROUUOIUG COUFIGURATlOU HAS BEEU OETERMlrlED. THE BILL OF MATER[/ILS 
WILL REFLECT HISTllLLATIOU OF OlllY C7 OR R20. rmr BOTH. OR OH(SSIOU 
Of BOTH COHPQr,'fNTS IF GROUt.'Cl ISOLATI01' IS REOOLRED. 

Pwe. 001090 
ASSY: 001088 

PVROK 

"' U• ~ 

Figure 15-10. Schematic of the External ESDI Interface Adapter Board (Page 1 of 2) 
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Figure 15-10. Schematic of the External ESDI Interface Adapter Board (Page 2 of 2) 
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o 

B 

NOTES UNLESS OTHERWISE SPECIFIED, 
l. ALL RESISTORS ARE l/4W. 5%. 

2. ALL CAPACrTOOS ARE SOY ... 001-207. Mil !ti HICROFllRAOS. 
3. CHASSIS GROt.tm IS BROUGHT ONTO THE BOARD THROuGH H£ MOU'HltlG BRACkET. 

4. SVITCH SWSOO. POSfTIOU I SELECTS THE COIHROLLER ADDRESS. AS FOLLO'lfS1 

OPEIUOFF: PRCHARY ADDRESS 
CLOSEO/Ot/, SECOUOAR'f ADDRESS 

'S. swrrcH swsoo. POS[TIONS 2 M4l 3 SELECT THE POWER UP OEFMJLf ltHERRUPT 
FOR THE BOARD. THIS DEFAULT CM/ BE OVERRIDOEtl Bi' llRIT!tlC THE 
COtlF!GURAf(Otl REGISTER OU THE BOARD. THE DEFAULT SWITCH SETTWGS ARE 
AS FOLLOWS1 

POSJT[Otl 3 POSITIO/l 2 

OPEii/OFF 
OPEii/OFF 
CLOSEO/Qll 
CLOSED/Oil 

OPEtl/QFF 
CLOSED/Oil 
OPEH!OFF 
CLOSED/ON 

!ROIS 
IROJ.4 
£ROl2 
IROJ I 

6. THE COt.IFCGUR.HIOtl REGISTER (S LOCATED AT "OORESS I lf"I HEX. THE FIRST 
VRITE TO THCS REGISTER FOLLOVIUG POWER UP RESET DISABLES THE OEFMA..T 
IIHERRUPT SELECTIOU MADE BY SV500. THE BITS Ill THIS REGISTER ARE AS 
FOLLOWS, 

BIT Q, 

arr 1: 
err z, 
e1 r J: 

!ROI l SOFTVARE EtMBLE 
IR012 50FT\IARE Etll\BLE 
lR014 SOFTVARE EtlABLE 
lRO 15 SOFTVARE £tlA8LE 

BIT 4: SVITCH !ROI\ EtlABLE
BIT 5: SVITCH IROl2 EflA.BLE
BIT 6: SV[TCH IR0l4 EtlA8LE-
8[T 7: S'VITCH !ROIS Et/ABLE-

8(TS 0 THROl.LH 3 ARE BOTH READABLE AtlO VRITABLE. All(} BITS 4 THROUGH 7 
AP.E READ OUL Y. 

7. C40 MIO RSO ALLOY AC COUPLll/G. DC COUPLlllG. OR lSOLATIOU OF CHASSIS 
mo SIGIML GROl.tlO. AS At/ EtlG!flEERUJC Of'TIOtl. OllCE THE OPTIMUH 
C.ROUUOIUG CG'IFIC.LfU1TIDrl HAS BEEM OETERHl!IEO. THE BILL OF MATERIALS 
WILL REFLECT ItlSTALLATIOtl OF 0t1..~· C40 OR R50. llOT BOrH. OR OMISSIO/l 
OF BOTH COHPOIE:IHS (F GROUllO ISOUTIOll IS REQUIRED. 

9. THE PWB 15 LA YEO OUT TO i\LLOW ltlST i\LLA T IOll OF RAH W EITHER . 5·· OR 
. 3"" W IOE OIPs. 

Plf8: 001093 
ASSY: 001091 
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Figure 15-11. Schematic of the External ESDI Controller Board (Page 1 of 5) 
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Chapter 16 
2400-BAUD INTERNAL. MODEM 

16.1 INTRODUCTION 

The 2400-Baud Internal Modem is a Hayes compatible 
modem that uses standard Bell and CCITT protocols and 
speeds. Information contained in this chapter can be 
used as a programming reference in developing 
software to allow communication between the COMPAQ 
80286-Based Personal Computer and other computer 
services. The information can also be used to help 
determine the appropriate configurations and settings 
when using the 2400-Baud Internal Modem existing 
communications software. 

The 2400-Baud Internal Modem is compatible with the 
following standard protocols and speeds: 

• Bell 103 at 300 bps 

• CCITT V.21 at 300 bps 

• Bell 212A at 1200 bps 

• CCITT V.22 1200 bps (asynchronous) 

• CCITT V.22 bis at 2400 bps (asynchronous) 

16-1 
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This chapter contains the following information about 
the 2400-Baud Internal Modem option; numbers indicate 
the number of the section which the indicated topic 
is discussed: 

• Modem functional description and block diagram; 
COM1/COM2 selection 

• Modem commands and result codes [16.2] 

• Modem operation registers [16.3] 

• Modem programming information [16.4] 

• Universal asynchronous receiver/transmitter (UART) 
registers [16.5] 

• Modem connector [16.6] 

Functional Description 

The modem connects to the system board via a 62 pin 
industry standard board edge connector. This 
connection provides signals to and from the system 
board as well as power to the modem. All signals are 
CMOS level. 

The modem is functionally equivalent to a Hayes 
internal modem. The UART of the internal modem is 
compatible with the National Semiconductor NS16C450 
UART used on COM adapters. 
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Once the modem is installed in the computer and 
connected to a telephone line, turning on the system 
unit power switch resets and automatically configures 
the modem for operation. For proper modem 
conrnunications to occur, purchased communications 
software must first write a valid setup sequence to 
the modem UART. This sequence must include selection 
of the following parameters: 

• Baud Rate: 300, 1200, or 2400 

• Format: 7 or 8 data bits; start bits; stop bits; 
odd, even, or no parity 

The 2400 Baud Internal Modem utilizes the Hayes AT 
conrnand set for computer/modem conmunications. This 
conrnand set allows the 2400 Baud Internal Modem to be 
configured through software and thus eliminates 
setting switches. 

At power-on or modem reset, the modem goes into the 
conrnand state and interprets the AT conrnands sent to 
it from the UART. These conrnands are used to 
configure, establish, and control a connection with a 
remote modem. 

When a connection is successfully made, the modem 
goes into the online state. In this state, data 
rather than AT conrnands are passed to the remote 
computer. The modem remains in the online state 
until an escape code is received; receipt of this 
code causes the modem to revert to the conrnand state. 
The modem also reverts to the conrnand state when the 
connection is broken by either the internal modem or 
the remote modem. 

Included as part of the AT conrnand set are twenty 
eight 8-bit registers (0 through 27). The registers 
store operating instructions for the modem, such as 
timing parameters, counters, and ASCII values for 
frequently-used characters. 

Figure 16-1 shows a block diagram of the 2400 baud 
modem. 

Audio In 

Audio Out 

Address 

---~/ 

Data UART 

«iZ~~~ ~~~~~~!1g~ 
Control 

ANALOG 
CIRCUITS 

CONTROLLER 

Figure 16-1. Block Diagram of 2400 Baud 
Internal Modem 



COM1/COM2 Selection 

The modem (or another serial device) can be 
configured for either of two l/O ports, COMl or COM2, 
for asynchronous (serial) communications devices, 
although only one device at a time can use COMl or 
COM2. COMl and COM2 interrupt requests (IRQ) can 
also be addressed for either the internal modem or 
another serial device. COM2 is the default l/0 port 
for the 2400-Baud Internal Modem. 

COMl or COM2 is hardware-selected by a switch on the 
modem labeled COM 1/2. 

COMl uses the hex addresses 3F8h through 3FFh and 
generates an interrupt request on line IRQ4. COM2 
uses hex addresses 2F8h through 2FFh and generates an 
interrupt request on line IRQ3. If you change the 
l/O port for the modem, be sure that you do not set 
the modem to occupy a COM port address that is 
already being used. 
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16.2 MODEM COMMANDS AND 
RESULT CODES 

Hayes-compatible commands and result codes are 
defined in Table 16-1 and Table 16-2 respectively. 

Table 16-1. Modem Commands 
Command Description 
Escape Commands: 
Prefix, Repeat, Escape 

AT Attention prefix: precedes all command 
lines except A/ (repeat) and+++ 
(escape) commands. For command to 
function, both letters of prefix must 
be in either uppercase or lowercase. 

A/ Repeats last command line. A/ is not 
preceded by AT or followed by pressing 
the ENTER key. 

+++ Escape code: Allows you to go from 
online state to command state (1-second 
pause before and after escape code 
entry. +++ is not preceded by AT or 
followed by pressing the ENTER key.) 

Selection of Mode of Operation Commands: 
BO CCITT V.22 bis (2400 bps) 

CCITT V.22 (1200 bps) 
CCITT V.21 (300 bps) 

*Bl Bell 212A (1200 bps) 
Bell 103 (300 bps) 

Dialing Commands: 
Dn Dial [n = any digits to dial]. 0 - 9 

are valid characters for pulse (rotary) 
or tone dialing; A,B,C,D, #, or* are 
valid characters for tone dialing only. 

NOTE: * denotes factory setting 
** NVRAM default 

(Continued) 
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Table 16-1. (Continued) 
Command Description 
*p Pulse (rotary dial) 
T Touch-tone 

Pause (causes modem to pause for 2 
seconds before dialing) 
Flash (used for PABX special features, 
such as call forwarding or call 
transfer) 

@ Wait for silence 
W Wait for second dial tone (often used 

when dialing through a PABX or when 
using a long distance telephone 
service) 
Return to conmand state after dialing 

R Reverse mode (to call originate-only 
modem) 

S Dial stored number 
Other Conmands: 
A Answer call manually without waiting 

for rin 
EO Disable conmand echo; characters not 

echoed 
*El Enable conmand echo; characters echoed 

FD Responds ERROR 
*Fl Full duplex 
*HO On-hook (hang up) 

Hl Off-hook, (request off-hook) 
IO Request product ID code 
Il Request checksum 
I2 Verify checksum (OK or ERROR) 
I3 Request ROM revision code 

NOTE: * denotes factory setting 
** NVRAM default 

(Continued) 

Table 16-1. 
Command 

LO, Ll 
*L2 

L3 
MO 

*Ml 
M2 
M3 

00 
01 

*02 
03 

*QO 
Ql 
r? 

r=n 
VO 

*Vl 
Xn 
XO 
Xl 
X2 
X3 

*X4 

(Continued) 
Description 
Low speaker volume 
Medium speaker volume 
High speaker volume 
Speaker always off 
Speaker on until carrier detected 
Speaker always on 
Speaker on until carrier detected 
except during dialing 
Go to online state 
Go online and request retrain 
Enable automatic request for retrain 
Disable automatic request for retrain 
Result codes displayed 
Result codes not displayed 
Requests current value of register r 
and reports to host; r = 0-27 (number 
of registers) 
Assigns a value n to register r 
Numerical result codes 
Word result codes 
Result code selection 
Basic result code set (0-4) 
Extended result code set (0-5,10) 
Add dial tone detection (0-6,10) 
Add busy signal detection (0-5,7,10) 
Add dial tone and busy signal detection 
(0-7,10) 

*YO Long space disconnect disabled 
Yl Long space disconnect enabled 
Z Software reset: restores all NVRAM 

default settings 
NOTE: * denotes factory setting 

** NVRAM default 
(Continued) 



Table 16-1. (Continued) 
Command Description 

*&CO 
**&Cl 

*&DO 

&Dl 

**&D2 

&D3 

&F 

&G = 

*&GO 
&Gl 
&G2 

Data carrier detect (DCD) always on 
DCD ON only when data carrier is 
present 
The modem ignores the data terminal 
ready (DTR) 
The modem assumes the asynchronous 
command state if an ON-to-OFF 
transition of DTR is detected 
The modem hangs up, assumes the 
asynchronous command state, and 
disables auto-answer when an ON-to-OFF 
transition of DTR is detected 
A modem reset occurs when an ON-to-OFF 
transition of DTR is detected 
Modem loads default configuration from 
modem ROM firmware 

Guard tone selection (CCITT) (used for a call 
from the United States to a European country) 

No guard tone 
550-Hz guard tone 
1800-Hz guard tone 

&J = Means 
*&JO 

of connection to telephone network 
Typical USOC RJllC telephone jack 

&Jl 

&P = 
&PO 
&Pl 

NOTE: 

A/Al lead control; USOC RJ12/RJ13 jack. 
A/Al lead control not supported in 
hardware; however, the AT commands and 
S register status bit responds as if it 
were supported. 

Make/break dial pulse ratio selection 
United States/Canada ratio of 39/61 
UK/Hong Kong ratio of 33/67 

* denotes factory setting 
** NVRAM default 

(Continued) 
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Table 16-1. (Continued) 
Command Descri tion 

&R = Request-to-send (RTS and clear-to-send 
selection (CTS) 

*&RO 
&Rl 

&S = Data 
*&SO 
&Sl 

CTS follows RTS; responds with ERROR 
CTS is always on (modem ignores RTS); 
responds with ERROR 

Set Ready (DSR) command 
DSR always ON 
DSR complies with RS232C 
specifications; responds with ERROR 

&T = Test command 
*&TO Terminates any test in progress 
&Tl Starts local analog loopback test 
&T3 Starts local digital loopback test 
&T4 The modem grants a request from a 

&TS 

&T6 
&Tl 
&TB 

&W 

remote modem for remote digital 
loopback (RDL) 
The modem denies a request from a 
remote modem for RDL 
Starts remote digital loopback test 
Starts RDL with self-test 
Starts local analog loopback test with 
self-test 
Write (save) active (current) 
configuration to NVRAM 

&Zn Write (save) telephone number n to 
NV RAM 

NOTE: * denotes factory setting 
** NVRAM default 
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Table 16-2. Modem Result Codes 
Code Command Description 
0 OK Command line executed without error 
1 CONNECT Connected at 300 bps (Xl, X2, X3, X4 

commands) Connected at 300, 1200, 
or 2400 bps (XO command) 

2 
3 
4 

5 

6 

7 

8 

10 

RING Ringing signal detected 
NO CARRIER Carrier signal not detected or lost 
ERROR Illegal command; error in command 

line; command line exceeds 

CONNECT 

buffer (40 characters, including 
punctuation); cannot operate 
at 300 bps in CCITT V.22 mode; 
invalid character format 
at 1200 bps; invalid checksum 
Connected at 1200 bps; (Xl, X2, X3, 
X4 commands) 1200 

NO Dial tone not detected and 
DIALTONE subsequent commands not processed 

(X2, X4 commands) 
BUSY 

NO 
ANSWER 

CONNECT 

Busy signal detected and subsequent 
commands not processed (X3, X4 
commands) 
Silence not detected and subsequent 
commands not processed 
(@dial modifier only) 
Connected at 2400 bps (Xl, X2, X3, 
X4 commands) 2400 

16.3 MODEM OPERATION 
REGISTERS 

Included as part of the AT command set are 
twenty-eight 8-bit registers (0-27) referred to as 
operation registers. Eight of these registers can be 
saved into NVRAM, so that during power-on or reset 
the configuration which the user defines is 
automatically loaded by the modem. Three modem 
configuration profiles can exist: 

• Factory Configuration: This configuration, saved 
in ROM, sets the modem into a state which most 
communications software can recognize. This 
configuration can become the active configuration 
by execution of the AT&F command. It can become 
The user configuration by execution of the AT&F&W 
command. 

• User Configuration: This configuration is the 
configuration saved in NVRAM. The user or the 
communications software package creates this 
configuration by changing the active configuration 
and then executing the AT&W command. 

• Active Configuration: This configuration consists 
of the current modem settings during a 
communication session. It can become the factory 
configuration if an AT&F command is executed, or 
it can be the user configuration if the settings 
have not been changed after a reset. 



This section provides general information about 
viewing the current value of a register, changing the 
current value of one or more registers, and returning 
all registers to their original default settings. 
This information is followed by detailed discussions 
of the 28 operation registers. 

Each register is assigned a default value at power-on 
and at modern reset. 

The value of a register is expressed as a string of 
ASCII characters. However, some coTT111unication 
software may have to convert the ASCII values into 
hexadecimal or other coTT111on notation when using the 
internal registers (and UART registers). 

flJ()'TE: All register coTT111ands are preceded by 
typing the letters AT. All register coTT111ands 
are terminated by pressing the ENTER key. 
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Viewing the Current Value of a Register 

To see the current value of a register, follow these 
instructions: 

1. Type ATr? (r =the number of the register) 
2. Press the ENTER key 

The current decimal value of the specified register 
is displayed in ASCII. 

Viewing the Current Values of More 'Than 
()ne Register 

The values of several registers can be shown with one 
coTT111and. For example, to view the current decimal 
values in registers 0 and 7, follow these 
instructions: 

1. Type AT0?7? 
2. Press the ENTER key 

The ASCII value stored in each register specified is 
dis~layed in order. For example, the display shown 
in response to the COITTTland issued in Step 1 might be: 

001 
030 

This display indicates that 001 is stored in register 
0 and 030 is stored in register 7. 
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Changing the Value of a Register 

To change the current value of a register, follow 
these instructions: 

1. Type ATr=n r =the number of the register; 
n = the new decimal value to be entered in the 
register. The valid values for n vary with the 
individual register. 

2. Press the ENTER key 

For example, to enter 030 in register 7, type 
AT7=030, then press the ENTER key. 

The value of n specified is entered in the named 
register. 

Returning to User NVRAM Configuration 

To return to the user NVRAM configuration, follow 
these instructions: 

1. Type ATZ 
2. Press the ENTER key 

All registers are returned to the user configuration 
values. 

NOTE: This command a 1 so breaks the connection 
when the command is issued in conjunction 
with the escape code command (+++) while 
online. 

To store a programmed value to the user NVRAM 
configuration, follow these instructions: 

1. Type AT&W 
2. Press the ENTER key 

Returning to Original Factory Configuration 

To return to the original factory configuration, 
follow these instructions. 

1. Type AT&F 
2. Press the ENTER key 



Register Descriptions 

This section provides complete information on all 28 
operation registers. Registers 0 through 12 and 18, 
25, and 26 can be set by the user. Registers 14, 16, 
21 through 23, and 27 are bit-mapped and merely 
reflect parameters that have been set for the modem. 

The registers described in this section are: 

• 0 - Ring to answer on 

• 1 - Ring count 

• 2 - Escape code character 

• 3 - Carriage return 

• 4 - Line-feed character 

• 5 - Backspace character 

• 6 - Wait for dial tone 

• 7 - Wait for carrier after dialing 

• 8 - Pause time for comma 

• 9 - Carrier detect response time 

• 10 - Delay between carrier loss and hang up 
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• 11 - Dual-tone multifrequency (DTMF) dialing 
speed (DTR) 

• 12 - Escape code guard time 

• 13 - Reserved 

• 14 - Bit mapped 

• 15 - Reserved 

• 16 - Bit mapped 

• 17 - Reserved 

• 18 - Test timer 

• 19 - Reserved 

• 20 - Reserved 

• 21 - Bit mapped 

• 22 - Bit mapped 

• 23 - Bit mapped 

• 24 - Reserved 

• 25 - Delay to data terminal ready 

• 26 - RTS to CTS delay 

• 27 - Bit mapped 
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O - Ring to Answer On 

Register 0 determines the number of times the 
telephone rings before the internal modem 
automatically answers the call. 

Value Range: 0 through 255 (number of rings) 

Default: 00 (the modem does not answer at all) 

If register 0 is set at the default (0), the internal 
modem does NOT automatically answer the telephone. 

When register 0 is set to a number greater than 0, 
the internal modem answers the telephone 
automatically (auto-answer) on the ring specified. 

1 - Ring Count 

Register is a read-only register which works with 
register 0 to track the number of times the telephone 
rings. 

Value Range: 0 through 8 (number of rings) 

Default: 00 

When register 1 is a value greater than 0, and no 
ring occurs for 8 seconds, the register reverts to 
the default of 0 rings. 



2 - Escape Code Character 

Register 2 holds the ASCII value of the escape 
command. 

Value Range: 0 through 127 (ASCII) 

Default: 43 

If you are echoing remote modem commands, it is 
possible that your modem can be put into the corrrnand 
state accidentally while rece1v1ng a signal. This 
situation can be avoided by changing the value of 
your escape code. 

f\l()l"E: Do not enter a value greater than 127. A 
value greater than 127 completely disables 
the escape command; that is, the modem does 
not recognize any commands, including the 
hang-up (HO) command. This situation would 
prevent you from breaking the connection, and 
you would be forced to wait for the other 
modem to disconnect. 

3 - Carriage Return 
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Register 3 holds the ASCII value that is transmitted 
to signify the end of line when you press the ENTER 
key. 

Value Range: 0 through 127 (ASCII) 

Default: 13 

The end-of-line character terminates both the conrnand 
line and the result code. 
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4 - Line-Feed Character 

Register 4 holds the ASCII value that is transmitted 
to signify a line feed when you press the ENTER key. 

Range Value: 0 through 127 (ASCII) 

Default: 10 

If you do not want a line-feed character, set the 
value at 0. When result codes are displayed as 
words, the line-feed character is output after you 
press the ENTER key. 

5 - Backspace Character 

Register 5 holds the ASCII value of the backspace 
character. 

Value Range: 0 through 127 

Default 08 

The backspace character acts as both the BACKSPACE 
key and the character to move the cursor back one 
space. The BACKSPACE key is echoed back to the 
computer and is followed by an ASCII space character 
and a second backspace character (three characters in 
all). Because the time required to process a 
backspace character is the same as the time required 
by the modem to transmit three characters, a 
repeat-key function may not work properly on 
backspaces. 



6 - Wait For Dial Tone 

Register 6 controls the amount of time (delay) the 
modem waits to dial after the phone is picked up. 

Value Range: 2 through 255 (seconds) 

Default: 02 

This delay allows the telephone system time to detect 
the off-hook condition and for the dial tone to come 
on. This feature allows you to increase the delay if 
a dial tone does not occur within 2 seconds. If you 
set register 6 for less than 2 seconds, the modem 
still waits 2 seconds before dialing. 

Register 6 is used only if X-codes XO, Xl, or X3 are 
selected. Do not set register 6 if you have selected 
codes X2 or X4, which enable dial tone detection and 
disable blind dialing, as these X-codes override the 
register 6 setting. 

Register 6 does not control the W (Wait for Dial 
Tone) command. 
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7 - Wait For Carrier After Dialing 

Register 7 controls the number of seconds the 
internal modem waits for an answering modem's carrier 
signal after dialing. 

Value Range: 1 through 255 (seconds) 

Default: 30 

If the internal modem does not detect a carrier 
within 30 seconds (default), it hangs up and sends 
the NO CARRIER result code. 

Register 7 also controls the number of seconds the 
internal modem waits for a dial tone after the W 
(Wait for Dial Tone) command is issued before hanging 
up and sending the NO DIALTONE (issued as two words) 
result code. 
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8 - Pause Time for Comma 

Register 8 determines the number of seconds the pause 
(generated by the"," comma dial modifier) lasts. 

Value Range: 0 through 255 (seconds) 

Default: 02 

9 - Carrier Detect Response Time 

Register 9 determines the length of time that a 
carrier signal must be present for the internal modem 
to recognize the signal and to send a carrier detect 
tone. 

Value Range: 1 through 255 (0.1 through 25.5 
seconds) 

Default: 06 (0.6 second) 

This feature safeguards against the modem mistaking a 
busy signal or a ring for a carrier signal. 

The value range and default for register 9 represent 
0.1 (1/10) second increments. The higher the value, 
the easier the internal modem detects a carrier 
signal without error. 



10 - Delay Between Carrier Loss and Hang-Up 

Register 10 allows you to set the amount of time that 
elapses after a remote modem carrier signal is lost 
before the internal modem disconnects. 

Value Range: 1 through 255 (0.1 through 25.5 
seconds) 

Default: 14 (1.4 seconds) 

Setting the delay time allows the carrier to 
disappear momentarily without causing the internal 
modem to disconnect. 

The value range and default for register 10 
represents 0.1 (1/10) second increments. If your 
line has a lot of static, set register 10 for a value 
greater than 1.4. Setting register 10 to 255 causes 
the modem to ignore actual carrier status and to 
function as though a carrier were constantly present. 

NOTE: If the value in register 10 is set for 
less than the value of register 9, even a 
momentary loss of carrier signal causes the 
internal modem to disconnect. This occurs 
because the end of the delay period (before 
the modem disconnects) is reached before the 
carrier signal is detected. 
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11 - Dual-Tone Multi-frequency (DTMF) Dialing Speed 

Register 11 sets the duration and spacing of touch 
tones in DTMF dialing. 

Value Range: 50 through 255 ( .05 through .255 
seconds) 

Default: 95 milliseconds 

The value range and default for register 11 represent 
0.001 (1/1000) second increments. The default 
dialing speed settings give the equivalent of 7.14 
digits per second. The minimum length of time for 
reliable dialing is 50 milliseconds, or 10 digits per 
second. A maximum of 255 milliseconds slows dialing 
speed to 1.9 digits per second. 

NOTE: Setting register 11 has no effect on pulse 
dialing speed, which is 10.5 pulses per 
second in the United States and 10.3 pulses 
per second outside the United States. 



16-16 80286-Based Products Technical Reference Guide 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

12 - Escape Code Guard Time 

Register 12 controls the escape code guard time. The 
escape code guard time is the time delay required 
before and after entering escape code characters. 

Value Range: 0, 20 through 255 (0, 0.4 through 5.1 
seconds) 

Default: 50 (1 second) 

The guard time also determines how quickly you must 
enter the escape code characters. The interval 
between each of the (three) escape code characters 
must be less than the guard time; otherwise, the 
escape code is not recognized. 

The value range and default for register 12 represent 
0.02 (1/50) second increments. To instruct the modem 
to disregard guard time entirely when recognizing the 
escape code, set the guard time to 0. 

13 - Reserved 

This register is reserved. 

14 - Bit Mappped 

Register 14 for the 2400-Baud Internal Modem is 
defined as follows: 

BIT 
76543210 E Reserved 

0 = Local echo disabled 
1 = Local echo enabled (default) 

(see Ecommand) 

0 Result codes enabled (default) 
1 Res4lt cqdes disabled 

0 
1 

'-----0 = 

1 = 

0 
1 

lSee ll conrnandJ 

Numeric Result codes as digits 
Result codes as words (default) 
(see V conrnand) 

Modem will receive conrnands and 
send result codes to data terminal 
equipment (smart Mode) (default) 
Modem will ignore conrnands and not 
send)result codes (dumb Mode) (not 
us ea 
Tone dial (see T conrnand) 
Puls,e dialiT\g (see P conrnand) 

\aefaultJ 

Reserved 

....__ _____ 0 = Answer (see A, D, R conrnands) 
1 = Originate (default) 

CAUTION 

Writing to register 14 may cause 
unpredictable results. 



15 - Reserved 

This register is reserved. 

16 - Bit Mapped 

This register controls the modem testing features for 
the 2400-baud modem: 

BIT 
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ll'I__ A"'''' loopb,ok (loo,1) 
(see &Tl co111Tiand) 

0 =Disabled (default) 
1 = Enabled 

Reserved 
Digital loopback (local) 
(see &T3 co111Tiand) 

0 = Disabled (default) 
1 = Enabled 

~-- Reflects whether the internal modem 
is in remote digital loopback 
(see &T4 and &TS co111Tiands) 

0 = No loopback (default) 
1 = Loopback working 

Start a remote digital loopback 
(see &T6 co111Tiand) 

0 =Disabled (default) 
1 = Enabled 

Start a remote digital loopback with 
test message and error count 
(see &Tl col!ITiand) 

0 =Disabled (default) 
1 = Enabled 

'------ Local analog loopback 
(see &TB co111Tiand) 

0 = Disabled (default) 
1 = Enabled 

'------- Reserved 

CAUTION 

Writing to register 16 may cause 
unpredictable results. 
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17 - Reserved 

This register is reserved. 

18 - Test Timer 

This register is used to determine the length of time 
allowed for a modem diagnostic test. 

Value Range: 0 through 255 (seconds) 

Default: 0 (disables the register) 

The modem automatically cancels any diagnostic test 
when the duration of the test equals the value 
selected. 

19 - Reserved 

This register is reserved. 

20 - Reserved 

This register is reserved. 

21 - Bit Mapped 

This register determines several bit-mapped options, 
as described in the following bit map: 

BIT 
76543210 

l 
Selects jack type (see &J command) 

0 = RJllC (default) 
1 = RJ12/RJ13 (not supported in 

hardware) 
Reserved 
Reserved 
Data terminal ready 

(DTR - see &D command) 
00 =Modem ignores data terminal 

ready (DTR) (Factory default) 
01 = Modem goes to command state 

if an ON-to-OFF transition 
occurs on DTR 

10 =Modem hangs up if an 
ON-to-OFF transition occurs 

on DTR (NVRAM default) 
11 =Modem initializes if an 

ON-to-OFF transition occurs 
on DTR 

Data carrier detect (DCD) 
(see &C command) 
0 = DCD always ON (factory default) 
1 =A valid data carrier causes 

DCD to be ON (NVRAM default) 
Reserved 
Long space disconnect 
(see Y command) 

O = Disabled (default) 
1 = Enabled 

CAUTION 

Writing to register 21 may cause 
unpredictable results. 



22 - Bit Mapped 

This register determines several bit-mapped options 
as described in the following bit map: 

BIT 
76543210 

I I LJ____ ,,.,,., 01 = 
10 = 
11 = 

Speaker 
00 

volume (see L command) 
Low 
Medium (default) 
High 
control (see M command) 
Speaker disabled 

01 Speaker ON until carrier 
detected (default) 

10 = Speaker always ON 
11 = Speaker ON until carrier 

detected, but OFF during dialing 
........___.___ ____ Result code option (see X conmand) 

000 = Basic result code set (0-4) 
100 = Extended result code set (0-5) 
101 = Add dial tone detection (0-6,10) 
110 = Add busy signal detection 

(0-5,7,10) 
111 = Add dial tone and busy signal 

detection (0-7,10) (default) 
Make/break ratio (see &P conmand) 

0 = 39/61 ratio, United States/Canada 
(default) 

1 = 33/67 ratio, UK/Hong Kong 

CAUTION 

Writing to register 22 may cause 
unpredictable results. 

23 - Bit Mapped 
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This register determines several bit-mapped options 
as described in the following bit map: 

BIT 
76543210 

L,__ Remote modem request for remote 
digital loopback test 
(see &T4, &TS commands) 

0 = Disabled 
1 = Enabled (default) 

........_ __ Speed rates 
00 = 0 - 300 bps 
01 = Reserved 
10 = 1200 bps (default) 
11 = 2400 bps 

~--- Reserved 

........._ ____ Parity option (see AT conmand) 
00 = Even 
01 = Space 
10 = Odd (default) 
11 = Mark/none 

........ ______ Guard tones (see &G conmand) 
00 = Disabled (default) 
01 550 Hz 
10 = 1800 Hz 
11 = Reserved 

CAUTION 

Writing to register 23 may cause 
unpredictable results. 
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24 - Reserved 

This register is reserved. 

25 - Delay To Data Terminal Ready 

This register detects a change in the data terminal 
ready (DTR) signal. 

Value Range: 0 through 255 (.05 through 2.55 
seconds) 

Default: 5 ( .05 seconds) 

The value range and default for register 9 represent 
0.01 (1/100) second increments. When the internal 
modem is in the asynchronous mode, a change in DTR 
(to ON or to OFF) lasting for less than the value of 
the register is ignored. 

26 - RTS to CTS Delay 

This register sets the delay from request-to-send 
(RTS) to clear-to-send (CTS). 

Value Range: 

Default: 

O through 255 (0 through 2.55 
seconds) 

00 

The value range and default for register 26 represent 
0.01 (1/100) second increments. 

27 - Bit Mapped 

This register determines protocol selection. 

BIT 
76543210 E'. 1 1 1 1 1 Reserved 

Protocol selection (see B command) 
0 = CCITT Mode 
1 =Bell Mode (default) 

Reserved 

CAUTION 

Writing to register 27 may cause 
unpredictable results. 



16.4 PROGRAMMING INFORMATION 

The following information is provided for the 
computer programmer who has some training or 
experience writing asynchronous communications 
software. This section includes technical details on 
the local and remote interface parameters, sequences 
of events that occur during calling and answering, 
and some special programming considerations. 

Programming Guidelines 

The foundation of communications software is a 
program capable of sending ASCII characters to a 
modem through a communication port. 

To ensure compatibility with remote modems and 
various telephone systems, the program should 
implement all commands and functions available in the 
communications software package. This also gives the 
user complete access to all features. 

The internal modem command buffer can hold a maximum 
of 40 characters. A longer command string will not 
be executed and will return an error message. 

NOTE: Routines that write to bit-mapped 
operation registers are not advisable, since 
writing to these registers can have 
unpredictable results. 
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Software should be able to address the internal 
modem's UART registers to help the modem adapt 
automatically to incoming calls with various speeds 
and communication protocols. 

Pascal, C, Basic, or assembly language can be used to 
develop communications software. All of these 
languages have adequate support for COM! or COM2 
devices. 
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Selecting Interface Parameters 

You must establish the parameters that define how the 
modem communicates with the remote computer and the 
COMPAQ 80286-Based Personal Computer. These 
parameters define the remote and local interfaces. 

Local 

Local interface parameters influence corrrnunication 
between the internal modem and the COMPAQ 80286-Based 
Personal computer. Before any processing, set the 
local interface parameters to ensure that the modem 
accurately processes corrrnands and result codes. 

Table 16-3 defines the recorrrnended local interface 
parameters. 

Table 16-3. Local Interface Parameters 
Parameter 
EO 

QO 
VI 

X3 

SO=O 

S2=29 

S2=28 

S3=30 

Description 
Disables character echo in command 
mode, making it easier to read 
result codes and recognize mistakes 
Enables result codes 
Displays result codes as words rather 
than numbers 
Selects extended result code set and 
informs user of connection speed 
(blind dialing) 
Disables auto-answer; setting SO 
greater than or equal to 1 causes 
the modem to answer automatically on 
that number of rings 
Sets escape code character to ASCII 29 
(CTRL]) when originating a call 
Sets escape code character to ASCII 28 
(CTRL \) when answering a call; 

If the two corrrnunicating modems do not 
use different escape codes, 
the software must be designed to 
handle sudden and unpredictable 
transitions into the corrrnand mode 
Sets the carriage return character to 
ASCII 30 (CTRL -) 

(Continued) 



Table 16-3. (Continued) 
Parameter Description 
S4=31 Sets the line feed character to ASCII 

31 (CTRL _); 

Word result codes are preceded and 
followed by a carriage return/line 
feed, whereas corrrnands and numeric 
result codes are simply followed by 
pressing the ENTER key; setting the 
carriage return and line feed to 
infrequently-used characters better 
offsets the result codes and corrrnands 
from data on the display 

Sl2=20 Establishes an escape code guard time 
at least two to three times 
greater than the time required to 
transmit a character at 300 
bps. the lowest transmission speed 

Remote 
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Remote interface parameters affect communication 
between the internal modem and the remote computer. 
Parameters include characteristics of the phone 
equipment, the remote modem, and the remote computer. 

Three sequences of commands are described to 
illustrate remote interface parameters. Software 
should set these parameters and send them to the 
modem immediately before originating or answering a 
call. 

Sequence 1 - Preparing to Dial 

Command 
ATS6=2 
ATS8=2 
(optional) 
ATS11=70 
ATM! 
ATD; 
(required) 

Description 
Sets time delay before blind dialing 
Sets length of pause generated by the 
co1T111a (,) dial modifier 
Sets the speed of touch-tone dialing 
Selects speaker mode 
Causes the modem to go off-hook, wait 
the time set by register 6, and 
return to the collllland mode 
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If a dial tone is detected within the time specified 
by register 6, the program should proceed with 
sequence 2 and request a number to dial. Sequence 2 
is unnecessary if a number to dial is entered after 
the ATD command instead of the semicolon. If so, the 
number is dialed as soon as the command is entered. 
The program should inform the user when the modem 
goes off-hook. 

In sequence 1, the ATD command is the only required 
command, since the modem defaults can be used for the 
first four parameters. 

Sequence 2 - Dialing 

Command 
ATS6=2 
(optional ) 
ATD 
(required) 

Description 
Resets time delay before blind 
dialing 
Dial command followed by the phone 
number (up to 36 digits) 

In sequence 2, resetting 6 to 2 seconds causes 
immediate dialing, since the modem subtracts an 
automatic 2-second wait for dial tone from the value 
you specify for Register 6. The modem should dial 
the number specified by the user, and the program 
should inform the user when the dialing is taking 
place. 

Sequence 3 - Going Online (Originate or Answer) 

Command 
ATMl 
ATS7=30 
(optional 
ATS9=6 
ATS10=7 

Originating 
ATS2=290 
(required) 
Answering 
ATS2=28A 
(required) 

Description 
Sets the speaker mode 
Sets the wait time for the carrier 

Sets carrier detect time 
Sets the maximum loss of carrier 
that can be tolerated without 
hanging up 
Sets escape command character to 
ASCII 29 and issues the 0 command 
to complete the connection 
Sets escape command character to 
ASCII 28 and issues the A command 
to provide a carrier signal to the 
originating modem 

The software should wait for "CONNECT nnnn" and 
adjust the baud rate of the UART accordingly, or 
inform the user if "NO CARRIER" is received. 



Programming Example 

The following simple BASIC program shows how to cause 
the internal modern to dial a number: 

10 OPEN "COM2: 1200, E, 7'' AS #1 
20 INPUT "Number to dial";A$ 
30 PRINT #!,"ATDT"A$ 
40 GOTO 20 

Selecting Valid Character Formats 

When developing any communications program for the 
internal modern, a subroutine must be included to 
indicate to the UART the standard character format 
you select for transmitting commands, result codes, 
and data. This subroutine should consider the rate 
of data transmission and the maximum word length that 
can be generated by the UART device. The character 
format shown in Figure 16-2 illustrates how 
asynchronous data transmission is performed by the 
UART. 
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Character Time Gap Next Character 

• 
• 
• 

y 
Bit 

Time 

Figure 16-2. Asynchronous Data Transmission 

The combination of bits (start, stop, data, and 
parity) comprising each character determines the 
format of the commands, result codes, and data 
transferred by the modern. 

• 
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Character Format and Transmission Rate 

Although the maximum character length generated by 
the UART is 12 bits, the bit combinations processed 
by the modem are restricted by the transmission 
speed. 

Valid Formats at 300, 1200, and 2400 bps 

If cormnunications at 300, 1200, and 2400 bps are 
supported, character length is 10 bits. The 
following combinations are valid: 

Start Bits Data Bits Parity Stoe Bits 
1 7 mark or space 1 

7 even or odd 1 
7 none 2 
8 none 

Additional stop bits can be added, but are read as a 
delay between characters. 

Valid Formats at 300 bps Only 

If your software is designed for 300 bps 
COITTTlunications only, character length can be 10 or 11 
bits. The following additional combinations are 
val id: 

Start Bits Data Bits 
8 
8 

Parity 
even 
odd 

Stop Bits 

Any additional stop bits are read as a delay between 
characters. 



Detecting Transmission Rate 

The settings of the answering modem determine the 
transmission rate. The AT prefix alerts the modem to 
the communications rate and parity setting of the 
local data terminal equipment. 

When originating a call, the internal modem 
automatically adopts these parameters until another 
AT is received, or until the power is turned off. 
When answering a call, the modem determines the 
transmission speed from the carrier signal of the 
originating modem. 
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Changes in Speed and Format 

Software must monitor changes in the transmission 
rate of commands and result codes from connection to 
connection. This may cause command and result code 
rates to be different before and after the online 
connection is made. 

The modem accepts commands and generates result codes 
at a default rate of 2400 bps (when first turned on), 
or at the speed of the previous command, until either 
the internal modem rate is changed or the modem 
answers a call at a different speed. 

The modem then adjusts to the new transmission rate 
and subsequent conrnands and result codes are 
generated at the new rate. The initial result code 
of the answer-call sequence is generated either at 
the default rate or at the rate of the previous AT 
command. 
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16.5 UART REGISTERS 

UART register values are used by communications 
software to control the internal modem. 

The UART registers can be addressed either 
through 1/0 port COMl or COM2 (default) on the 
COMPAQ 80286-Based Personal Computer for 
asynchronous communication. 

Each addressable UART register is described in a 
separate subsection. The name of each subsection 
gives: 

• The name of the UART register 

• The register base address {in hexadecimal) 

• The register designation, either: 

Read/Write 
Read Only 
Write Only 

Each register is defined. The registers do not have 
to be initialized in a particular sequence, except 
that bit <7> of the Line Control register must be set 
to access certain registers. Certain bits and 
registers function together to transfer information. 

The UART registers are: 

• Divisor Latch (least-significant byte) 

• Line Control 

• Receiver Buffer 

• Modem Control 

• Transmitter Holding 

• Line Status 

• Divisor Latch (most-significant byte) 

• Modem Status 

• Interrupt Enable 

• Scratch Pad 

• Interrupt Identification 



Divisor Latch - Least-Significant Byte 2F8h [COM2], 
3F8h [COMl], (Read/Write) 

This register contains the low 8 bits of the baud 
rate divisor (a formula used to set the baud rate). 

This register is used with the Divisor Latch - most
signi ficant byte, which is the next address - 2F9h 
[COM2] or 3F9h [COMl]. Together both addresses, 2F8h 
[COM2] or 3F8h [COMl] and 2F9h [COM2] or 3F9h [COMl], 
must contain the hexadecimal equivalent value of the 
baud rate divisor to set the desired baud rate. 

Use the following hex values for the appropriate baud 
rate: 

Value 
180h 
60h 
30h 

Baud Rate 
300 

1200 
2400 

The formula for the divisor is: 

divisor = 115200/baud 

NOTE: To access this register, bit <7> (Divisor 
Latch) of the Line Control register must be 
logical 1. 
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Receiver Buffer 2F8h [COM2], 3F8h [COMl], (Read Only) 

This register contains the character that has just 
been received. The character is received serially. 
The least-significant bit (bit <O>) is received 
first. To access this register, bit <7> (Divisor 
Latch) of the Line Control register must be 0. Data 
are valid when bit <O> (Data Ready) of the Line 
Status register is 1. 
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Transmitter Holding 2F8h [COM2], 3F8h [COMl], 
(Write Only) 

This register is used to load a character that is 
about to be transmitted. Bit <5> (Transmitter 
Holding Register Empty) of the Line Status register 
must be 1 before loading the next character (see the 
Line Status register). The least-significant bit 
(bit <O>) is loaded first. To access this register, 
bit <7> (Divisor Latch) of the Line Control register 
must be 0. 

Divisor Latch - Most-Significant Byte 2F9h [COM2], 
3F9h [COMl], (Read/Write) 

This register contains the high 8 bits of the baud 
rate divisor (a formula used to set the baud rate). 

This register is used with the Divisor Latch - least
significant byte, which is at the previous address -
2F8h [COM2], 3F8h [COMl]. Together both addresses, 
2F8h [COM2] or 3F8h [COMl] and 2F9h [COM2] or 3F9h 
[COMl], must contain the hexadecimal equivalent value 
of the baud rate divisor to set the desired baud 
rate. 

Use the following hexadecimal values for the 
appropriate baud rate: 

Value 
180h 

60h 
30h 

Baud Rate 
300 

1200 
2400 

The formula for the divisor is: 

divisor = 115200/baud 

NC>"TE: To access this register, bit <7> (Divisor 
Latch) of the Line Control register must be 
logical 1. 



Interrupt Enable 2F9h [COM2], 3F9h [COM!], 
(Read/Write) 

This register enables the interrupts to activate the 
interrupt output signal. 

BIT 
76543210 
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t___ Enable Received Data Available 
Interrupt (ERBFI) 

!=Causes the UART to generate an 
interrupt whenever Data Ready 
of the Line Status register 
becomes logic 1. 

'------- Enable Transmitter Holding Register 
Empty Interrupt (ETBEI) 

!=Causes the UART to generate an 
interrupt whenever DATA READY 
of the Line Status register 
becomes logic 1. 

'-------- Enable Receiver Line Status Interrupt 
(ELSI) 

!=Causes the UART to generate an 
interrupt whenever an overrun 
error, parity error, framing 
error, or break interrupt occurs; 
see the Line Status register. 

Enable Modem 
!=Causes the UART to generate an 

interrupt whenever Ring 
Indicator or Received Line Signal 
Detect of the Modem 
Status register becomes a logic 1. 

~~~~~~ Reserved 

flJ()l"E: To access this register, bit <7> (Divisor 
Latch) of the Line Control register must be 
logical 0. 
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Interrupt Identification 2FAh [COM2], 3FAh [COMl], 
(Read Only) 

This register stores information that indicates a 
pending interrupt and its priority. 

The information contained in bits <O>, <1>, and <2> 
is always available even if the interrupt capability 
has not been enabled by the Interrupt Enable 
register. 

NOTE: When COMl or COM2 is selected, the modem 
automatically adjusts for either line. 
However, for an interrupt to reach the 
processor, OUT 2 (bit <3> of the Modem 
Control register) must be a logic 1, thereby 
enabling the interrupt line. The bits of the 
Interrupt Enable register must be set high 
(1) to enable the desired interrupt signal, 
although the interrupt sources can be 
individually activated. 

BIT 
76543210 

u: Interrupt Pending 
Indicates that an interrupt has 

occurred 

Interrupt ID 
Indicates the priority of the 
interrupt as follows: 
BIT 
2 1 PRIORITY INTERRUPT SOURCE 

(highest) 

0 2 

0 1 3 

Overrun error or 
parity error or 
framing error or 
Break Interrupt 
(see Line Status 
register) 

Data Ready (see 
Line Status 
register) 

Transmit Holding 
register empty 
(see Line Status 
register) 

0 0 4 Ring indicator 

Reserved 

or received 
line signal 

(lowest) detect (see 
Modem Status 
register) 



Line Control 2FBh [COM2], 3FBh [COM!], (Read/Write) 
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The Line Control register specifies character and word formats and controls access to other UART registers. 

BIT 
76543210 

l_l__ Select word length as follows: 
Bit 1 Bit O Word Length 
O O 5 bits 
O 1 6 bits 
1 0 7 bits 
1 1 8 bits 

'----- Number of Stop Bits (STB) 
1 = 2 per character (1-1/2 for 5-bit words only) 
0 = 1 per character 

..._ __ Parity Enable (PEN) 
1 = Enable parity generation or checking 
0 = Disable parity generation or checking 

...._ ___ Parity Select (EPS) 
1 = Even parity 
0 =Odd parity 

If even parity is set, bit <3> (Parity Enable) must be a logic 1 
,__ ____ Stick Parity 

1 = Set 
0 = Not set (Bit <3> must be a logic 1 to enable Stick Parity) 

..._ ____ Set Break 
1 =Cause modem to transmit a continuous break signal 
0 = Stop break signal 

..._ _____ Divisor Latch (DLAB) 
1 Enable access to divisor latches of the baud rate generator during a read/write operation 
0 = Enable access to the Transmit Holding register, receiver buffer, and Interrupt Enable 

register 
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Modem Control 2FCh [COM2], 3FCh [COM!], (Read/Write) 

This register manages the interface between the 
internal modem and the COMPAQ 80286-Based Personal 
Computer. 

BIT 
76543210 

L Data 
1 

Terminal Ready (DTR) 
Enable modem operation; a required 
setting 

0 Disable modem (the modem neither 
accepts co111T1ands nor auto-answers; 
if online, the modem disconnects) 

...._____ Request to Send (RTS) 
Unused by the modem; setting irrelevant 

'-------- Output 1 (OUT 1) 
1 = Reset the modem (power-off /power-on) 
O =The setting for normal operation; 

after a reset, write a O to clear 
this bit 

....__ __ Output 2 (OUT 2) 
1 =Enable the interrupt line drivers; 

a 11 ows the UART to interrupt the 
computer 

0 = Disable the interrupt line drivers 

~---LOOP 

1 = Activate the loopback feature for 
diagnostic testing of the UART 

0 = The setting for normal operation 

~~---- Reserved 
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Line Status 2FDh [COM2], 3FDh [COM!], (Read Only) (Bit <O>, Read/Write) 

This register provides status information about data transfer and associated error conditions. 

BIT 
76543210 I '--- ,,,, ,,,,, (DRI 

!=Indicates a character has been received in Receiver Buffer register; is reset to 0 when data 
are read or by writing 0 to this bit under program control; writing a 1 has unpredictable 
results 

Overrun Error (OE) 
!=Indicates character in Receiver Buffer register was not read before next character received; 

the previous character deleted; bit is reset to 0 whenever Line Status register is read 

Parity Error (PE) 
!=Indicates parity of character received does not match specified EPS Line Control register; 

reset to 0 whenever Line Status register is read 

'---- Framing Error (FE) 
!=Indicates character received lacks valid stop bit; is reset to 0 whenever Line Status register 

is read 

~--- Break Interrupt (Bl) 
1 = Indicates break signal received; does not indicate when break signal ends; reset to 0 

whenever Line Status register is read 

~----Transmitter Holding Register Empty (DATA READY) 
1 = Indicates UART is ready to accept a new character for transmission; reset to 0 when 

Transmitter Holding register is loaded 

'------ Transmitter Shi ft Register Empty (TRSE) 
1 = Indicates last character in Transmitter Shift register has been transmitted; reset to 0 when 

data have been transferred from Transmitter Holding register to Transmitter Shift register 

~----- Reserved 
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Modem Status 2FEh [COM2], 3FEh [COM!] ,{Read Only) 

The register provides the current status of control 
signals from the modem. When either bit <2> or bit 
<3> is a logic 1, a modem status interrupt is 
generated, if the interrupt is enabled. 

BIT 
76543210 t Delta Clear to Send (DCTS) 

Unused by the modem; always 0 

Delta Data Set Ready {DDSR) 
Unused by the modem; always 0 

Trailing Edge Ring Indicator (TERI) 
l=lndicates that the ring-indicator 

bit (bit <6>) has changed from 
logic 1 to 0; is reset to 0 when 
the Modem Status register is read 

'------ Delta Received Line Signal Detect 
(DRLSD) 

l=lndicates that the received-line 
-signal detect has changed 
states; is reset to 0 when the 
Modem Status register is read 

'-----Clear to Send (CTS) 
Unused by the modem; always 

'---- Data Set Ready (DSR) 
Unused by the modem; always 

'------Ring Indicator (RI) 
l=lndicates that the modem detects 

a ringing signal on the 
telephone line 

'------- Received Line Signal Detect (RLSD) 
l=lndicates that the modem detects 

a carrier signal on the 
telephone line 



Scratch Pad 2FFh [COM2], 3FFh 
[COM1 ), (Read/Write) 

The Scratch Pad register is an additional modem 
register that can store 1 byte in bits <7 .. O>. The 
byte has no effect on the UART or the internal modem, 
but can be used as a scratch pad for software. 
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16.6 MODEM CONNECTOR 

The internal modem interfaces with the 
COMPAQ 80286-Based Personal Computer via a 
ISA 62-pin edge connector. 
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ERROR MESSAGES 

The following pages list the error codes and a brief 
description of the probable source of the error. 

Common Power-On Messages 

Table A-1 lists the messages that could occur when 
the system is turned on or reset. 

Table A-1. Power-On Messages 
Message Beeps 
163-Time & Date Not Set 2S 
(One very short beep) lVS 

(Two very short beeps) 2VS 

RESUME = "Fl" KEY None 

A-1 

Probable Cause 
Invalid Time or Date 
Power-up Successful; 
FAST (8 MHz) Speed 
Power-up Successful ; 
System-board DIP 
Switch Selected 
Speed (HIGH or AUTO) 
Any Failure 
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Initialization Diagnostic Messages 

Table A-2 lists error messages that may occur as part of the Power-On Self-Test (POST). 

Table A-2. Power-On Self-Test (Post) Messages 
Message 
101-1/0 ROM Error 
101-ROM Error 
102-System Board Failure 
102-System or Memory Board Failure 
162-System Options Error 
162-System Options Not Set-(Run Setup) 
164-Memory Size Error 
XXOOOY ZZ 201-Memory Error 
XXOOOY ZZ 203-Memory Address Error 
301-Keyboard Error 
301-Keyboard Error or Test Fixture Installed 
302-System Unit Security Lock is Locked -

Unlock System Unit Security Lock 
303-Keyboard Controller Error 
304-Keyboard or System Unit Error 
402-Monochrome Adapter Failure 
501-Display Adapter Failure 
601-Diskette Controller Error 

Beeps Probable Cause 
lL, lS Option ROM checksum 
lL, lS System ROM checksum 
None DMA, timers, etc. 
None High-order addresses 
2S No diskette drives or mismatch in drive types 
2S System configuration 
2S Memory size discrepancy 
None RAM fai 1 ure 
2S Memory high address error 
None Keyboard failure 
None Keyboard test fixture 
2S System locked 

None Keyboard controller 
None Keyboard interface 
lL, 2S Mono display controller 
lL, 2S Graphics display controller 
None Diskette controller 

(Continued) 



Error Messages A-3 

Table A-2. (Continued) 
Message Beeps Probable Cause 
602-Diskette Boot Record Error None Diskette does not have a valid boot record 
702-Coprocessor Detection Error None Switch setting does not agree with 80287 detection 
1780-Disk 0 Failure None Fixed disk drive 0 not ready 
1781-Disk 1 Failure None Fixed disk drive 1 not ready 
1782-Disk Controller Failure None Fixed disk drive controller 
1790-Disk 0 Error None Fixed disk drive 0 access error 
1791-Di sk 1 Error None Fixed disk drive 1 access error 
Parity Check 2 XXOOOY ZZ None 
Notes: 1. Tables A-13, A-14, and A-15 define XX, 

2. L means a long beep, and S means a short 

Parity RAM failure 
Y, and ZZ. 
beep. 
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Advanced Diagnostics Error Messages 

The following tables list error messages that may 
occur during testing by the advanced diagnostics. 

Processor 

Table A-3 lists error messages that relate to 
the 80386 microprocessor or to other system board 
devices. 

Table A-3. Processor Error Message 
Message Problem Failure 
101-01 CPU test failed 
102-01 Numeric co-processor initial status word 

incorrect 
102-02 Numeric co-processor initial control word 

incorrect 
102-03 Numeric co-processor tag word not all ones 
102-04 Numeric co-processor tag word not all zeros 
102-05 Numeric co-processor exchange command failed 
102-06 Numeric co-processor masked exception 

incorrectly handled 
102-07 Numeric co-processor unmasked exception 

incorrectly handled 
102-08 Numeric co-processor wrong mask bit set in 

status register 
102-09 Numeric coprocessor unable to store real 

number 
102-10 Numeric coprocessor real number calculation 

test failed 
(Continued) 

---------·---- ----------------

Table A-3. (Continued) 
Message Problem Failure 
102-11 Numeric coprocessor speed test failed 
102-12 Numeric coprocessor pattern test failed 
102-14 Switch indicates no numeric co-processor 

resent 
102-15 Numeric co-processor is inoperative or socket 

is unoccupied 
103-01 DMA page registers test failed 
103-02 DMA byte controller test failed 
103-03 DMA word controller test failed 
104-01 Interrupt controller master test failed 
104-02 Interrupt controller slave test failed 
104-03 Interrupt controller software RTC is 

inoperative 
105-01 Port 61 bit 6 not at zero 
105-02 Port 61 bit 5 not at zero 
105-03 Port 61 bit 3 not at zero 
105-04 Port 61 bit 1 not at zero 
105-05 Port 61 bit O not at zero 
105-06 Port 61 bit 5 not at one 
105-07 Port 61 bit 3 not at one 
105-08 Port 61 bit 1 not at one 
105-09 Port 61 bit 0 not at one 
105-10 Port 61 I/0 test failed 
105-11 Port 61 bit 7 not at zero 
105-12 Port 61 bit 2 not at zero 
105-13 No interrupt generated by failsafe timer 
105-14 NMI not triggered by failsafe timer 
106-01 Keyboard controller self-test failed 

(Continued) 



Table A-3. (Continued) 
Message Problem Failure 
107-01 CMOS RAM test failed 
108-02 CMOS interrupt test failed 
108-03 CMOS interrupt test, CMOS not properly 

initialized 
109-01 CMOS clock load data test failed 
109-02 CMOS clock rollover test failed 
109-03 CMOS clock test, CMOS not properly 

initialized 
110-01 Progra111Tiable timer load data test failed 
110-02 Progra111Tiable timer dynamic test failed 
111-01 Refresh detect test failed 
112-01 Speed test slow mode out of range 
112-02 Speed test mixed mode out of range 
112-03 Speed test fast mode out of range 
112-04 Unable to enter slow mode in speed test 
112-05 Unable to enter mixed mode in speed test 
112-06 Unable to enter fast mode in speed test 
112-07 Speed test system error 
113-01 Protected mode test failed 
114-01 Speaker test failed 

L t'l'Ui' Messac1es /\ 'j 

Memory 

Table A-4 lists error messages for memory-related 
errors. 

Table A-4. Memory Error Messages 
Message Probable Failure 
201-01 Memory machine ID test failed 
202-01 Memory system ROM checksum failed 
203-01 Memory write/read test failed 
203-02 Error during saving program memory in 

write/read test 
203-03 Error during restore of program memory 

in write/read test 
204-01 Memory address test failed 
204-02 Error during saving program memory in 

address test 
204-03 Error during restore of program memory 

in address test 
205-01 Walking I/0 test failed 
205-02 Error during saving program memory in 

walking I/O test 
205-03 Error during restore of program memory in 

walking I/0 test 
205-04 Insufficient memory to perform test 
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Keyboard 

Table A-5 lists error messages for keyboard-related 
errors. 

Table A-5. Keyboard Error Messages 
Message Probable Failure 
301-01 Keyboard short test, 8042 self-test failed 
301-02 Keyboard short test, interface test failed 
301-03 Keyboard short test, echo test failed 
301-04 Keyboard short test, keyboard reset failed 

(286/386 only) 
301-05 Keyboard short test, keyboard reset failed 

(88/86 only) 
302-01 Keyboard long test, failed 
302-02 Remaining unstruck keys 
303-01 Keyboard LED test, 8042 self~test failed 
303-02 Keyboard LED test, reset test failed 
303-03. Keyboard LED test, reset failed 
303-04 Keyboard LED test, LED command test failed 
303-05 Keyboard LED test, LED command test failed 
3D3-06 Keyboard LED test, LED command test failed 
303-07 Keyboard LED test, LED command test failed 
303-08 Keyboard LED test, command byte restore test 

failed 
303-09 Keyboard LED test, LEDs failed to light 
304-01 Keyboard typematic test failed 
304-02 Unable to enter mode 3 
304-03 Incorrect scan code from keyboard 
304-04 No make code observed 
304-05 Unable to disable repeat key feature 
315-01 Security lock inoperative 
315-02 Security lock stuck in locked position 

Printer 

Table A-6 lists error messages for printer-related 
errors. 

Table A-6. Printer Error Messages 
Message 
401-01 
402-01 
402-02 
402-03 
402-04 
402-05 
402-06 
402-07 

Probable Failure 
Printer connected test failed 
Printer Data register failed 
Printer Control register failed 
Printer Data and control registers failed 
Printer Loopback failed 
Printer Loopback and data registers failed 
Printer Loopback and control registers failed 
Printer Loopback, data and control registers 
failed 

402-08 Printer Interrupt test failed 
402-09 Printer Interrupt and data registers failed 
402-10 Printer Interrupt and control registers 

failed 
402-11 Printer Interrupt, control and data registers 

failed 
402-12 Printer Interrupt and loopback failed 
402-13 Printer Interrupt, loopback, data registers 

failed 
402-14 Printer Interrupt, loopback, control 

registers failed 
402-15 Printer Interrupt, loopback, control and 

data registers failed 
402-16 Printer unexpected interrupt received 
403-01 Printer pattern test failed 
498-00 Printer failed or not connected 



Video 

Table A-7 lists error messages for video-related 
errors. 

Table A-7. Video Error Messages 
Message Probable Failure 
501-01 VDU controller test failed 
502-01 VDU memory test failed 
503-01 VDU attribute test failed 
504-01 VDU character set test failed 
505-01 VDU 80x25 mode 9x14 char cell test failed 
506-01 VDU 80x25 mode 8x8 char cell test failed 
507-01 VDU 40x25 mode test failed 
508-01 VDU 320x200 mode color set 0 test failed 
509-01 VDU 320x200 mode color set 1 test failed 
510-01 VDU 640x200 mode test failed 
511-01 VDU Screen memory page test failed 
512-01 VDU Gray scale test failed 
514-01 VDU White screen test failed 
516-01 VDU Noise pattern test failed 
517-01 Light pen text mode test failed - no response 
517-02 Light pen text mode test failed - invalid 

response 
517-03 Light pen medium resolution mode test failed 

- no response 
517-04 Light pen medium resolution mode test failed 

- invalid response 

Error Messages A-7 

Table A-8 lists error messages for monochrome video
related errors. 

Table A-8. Monochrome Video Error Messages 
Message Probable Failure 
8D2-01 Monochrome video memory test failed 
824-01 Monochrome text mode test failed 

Diskette Drive 

Table A-9 lists error messages for diskette-related 
errors. 

Table A-9. Diskette Drive Error Messages 
Message Probable Failure 
6DO-xx Floppy ID test 

05 Failed to reset controller 
20 Failed to get drive type 

601-xx Floppy format 
05 Failed to reset controller 
09 Failed to format a track 
23 Failed to set drive type in ID media 

602-xx Floppy read test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 

(Continued) 
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Table A-9. (Continued) 
Message Problem Failure 

05 Failed to reset controller 
06 Fatal error while reading 

603-xx Floppy write read compare test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 
05 Failed to reset controller 
06 Fatal error while reading 
07 Fatal error while writing 
08 Failed compare of write/read buffers 

604-xx Floppy random seek test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 
05 Failed to reset controller 
06 Fatal error while reading 

605-xx Floppy ID media test 
20 Failed to get drive type 
24 Failed to read floppy media 
25 Failed to verify floppy media 

606-xx Floppy speed test 
26 Failed to read media in speed test 
27 Failed speed limits 

607-xx Floppy wrap test 
10 Failed sector wrap test 

608-xx Floppy write protect test 
28 Failed write protect test 

609-xx Floppy reset controller test 
05 Failed to reset controller 

(Continued) 

Table A-9. (Continued) 
Message Problem Failure 
610-xx Floppy change line test 

21 Failed to get change line status 
22 Failed to clear change line status 

694-00 Pin 34 not cut on 360-Kbyte diskette drive 
697-00 Diskette type error 
698-00 Diskette drive speed not within limits 
699-00 Drive/media ID error - Rerun SETUP 

Serial Communications 

Table A-10 lists error messages for serial 
co1T1Tiunications-related errors. 

Table A-10. Serial Corrrnunications Error Messages 
Message Probable Failure 
llxx-yy Serial port test failed 

01-01 UART DLAB bit failure 
01-02 Line input or UART fault 
01-03 Address line fault 
01-04 Data line fault 
01-05 UART control signal failure 
01-06 UART THRE bit failure 
01-07 UART DATA READY bit failure 
01-08 UART TX/RX buffer failure 
01-09 INTERRUPT circuit failure 
01-10 COM 1 set to invalid interrupt 
01-11 COM 2 set to invalid interrupt 
01-12 DRIVE/RECEIVER control signal failure 
01-13 UART control signal interrupt failure 
01-14 DRIVER/RECEIVER data failure 

(Continued) 



Table A-10. (Continued) 
Message Probable Failure 

09-01 Clock register initialization failure 
09-02 Clock register rollover failure 
09-03 Clock reset failure 
09-04 Input line or clock failure 
09-05 Address line fault 
09-06 Data line fault 

Modem 

Table A-11 lists error messages for serial 
communications-related errors. 

Table A-11. Modem Error Messages 
Message Probable Failure 
1201-xx Modem Internal Loopback Test 

01 UART DLAB bit failure 
02 Line input or UART fault 
03 Address line fault 
04 Data line fault 
05 UART control signal failure 
06 UART THRE bit failure 
07 UART DATA READY bit failure 
08 UART TX/RX buffer failure 
09 INTERRUPT circuit failure 
10 COM 1 set to wrong interrupt 
11 COM 2 set to wrong interrupt 
12 DRIVER/RECEIVER control signal failure 
13 UART control signal interrupt failure 
14 DRIVE/RECEIVER data failure 
15 Modem detection failure 

(Continued) 

Error Messages A-9 

Table A-11. (Continued) 
Message Probable Failure 

16 Modem ROM checksum failure 
17 Tone detection failure 

12D2-xx Modem Time-out 
1202-01 Modem Timed out waiting for SYNC 

02 Modem Timed out waiting for modem response 
03 Modem Exceeded data block retry limit 

1203-xx Modem External Termination Test 
01 Modem external TIP/RING failure 
02 Modem external DATA TIP/RING failure 
03 Modem line termination failure 

1204-xx Modem Auto Originate Test 
01 Modem Timed out waiting for SYNC 
02 Modem Timed out waiting for modem response 
03 Modem exceeded data block retry limit 
04 RCV exceeded carrier lost limit 
05 XMIT exceeded carrier lost limit 
06 Timed out waiting for Dial Tone 
07 Dial number string too long 
08 Modem timed out waiting for remote response 
09 Modem exceeded maximum re-dial limit 
10 Line Quality prevented remote connection 
11 Modem timed out waiting for remote 

connection 
12D5-xx Modem Auto Answer Test 

01 Modem Timed out waiting for SYNC 
02 Modem Timed out waiting for modem response 
03 Modem exceeded data block retry limit 
04 RCV exceeded carrier lost limit 
05 XMIT exceeded carrier lost limit 
06 Timed out waiting for Dial Tone 
07 Dial number string too long 

(Continued) 
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Table A-11. (Continued) 
Message Probable Failure 

08 Modem timed out waiting for remote response 
09 Modem exceeded maximum re-dial limit 
10 Line Quality prevented remote connection 
11 Modem timed out waiting for remote 

connection 
1210-xx Modem Direct Connect Test 

01 Modem Timed out waiting for SYNC 
02 Modem Timed out waiting for modem response 
03 Modem exceeded data block retry limit 
04 RCV exceeded carrier lost limit 
05 XMIT exceeded carrier lost limit 
06 Timed out waiting for Dial Tone 
07 Dial number string too long 
08 Modem timed out waiting for remote response 
09 Modem exceeded maximum re-dial limit 
10 Line Quality prevented remote connection 
11 Modem timed out waiting for remote 

connection 

Fixed Disk Drive 

Table A-12 lists error messages for fixed disk drive
related errors. 

Table A-12. Fixed Disk Drive Error Messages 
Message Probable Failure 
1700-xx Hard disk ID test 

05 Failed to reset controller 
09 Failed to format a track 
41 Failed to ID hard disk (drive not ready) 
42 Recalibrate drive failed 
45 Failed to get drive parameters from ROM 
46 Invalid drive parameters found in ROM 
64 Not a COMPAQ HD Controller ROM 
66 Failed init drive parameter 
69 Failed to read drive size from controller 
70 Failed translate mode 
71 Failed non-translated mode 

1701-xx Hard disk format test 
05 Failed to reset controller 
09 Failed to format a cylinder 
42 Recalibrate drive failed 
58 Failed to write sector buffer 
59 Failed to read sector buffer 
66 Failed init drive parameter 

(Continued) 



Error Messages A-11 

Table A-12. (Continued) Table A-12. (Continued) 
Message Problem Failure Message Problem Failure 
1702-xx Hard disk read test 1703-xx Hard disk write read compare test 

01 Exceeded max soft error limit 68 Failed to read long 
02 Exceeded max hard error limit 70 Failed translate mode 
03 Previously exceeded max soft error limit 71 Failed non-translate mode 
04 Previously exceeded max hard error limit 72 Bad track limit exceeded 
05 Failed to reset controller 73 Previously exceeded bad track limit 
06 Fatal error while reading 1704-xx Hard disk random seek test 
40 Failed cylinder 0 01 Exceeded max soft error limit 
65 Exceeded max bad sector per track 02 Exceeded max hard error limit 
68 Failed to read long 03 Previously exceeded max soft error limit 
70 Failed translate mode 04 Previously exceeded max hard error limit 
71 Failed non-translated mode 05 Failed to reset controller 
72 Bad track limit exceeded 06 Fatal error while reading 
73 Previously exceeded bad track limit 40 Cylinder 0 error 

1703-xx Hard disk write read compare test 55 Cylinder 1 error 
01 Exceeded max soft error limit 65 Exceeded max bad sector per track 
02 Exceeded max hard error limit 70 Failed translate mode 
03 Previously exceeded max soft error limit 71 Failed non-translate mode 
04 Previously exceeded max hard error limit 72 Bad track limit exceeded 
05 Failed to reset controller 73 Previously exceeded bad track limit 
06 Fatal error while reading 1705-xx Hard disk controller test 
07 Fatal error while writing 05 Failed to reset controller 
08 Failed compare of write/read buffers 44 Failed hard disk controller diagnostics 
40 Cylinder 0 error 56 Failed controller RAM diagnostics 
55 Cylinder 1 error 57 Failed controller to drive diagnostics 
63 Failed soft error rate 1706-xx Hard disk drive ready test 
65 Exceeded max bad sector per track 41 Drive not ready 
67 Failed to write long 1707-xx Hard disk recalibrate test 

(Continued) 42 Failed to recalibrate drive 
(Continued) 
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Table A-12. (Continued) 
Message Problem Failure 
1708-xx Hard disk format bad track test 

02 Exceeded max hard error limit 
05 Failed to reset controller 
09 Format track bad failed 
42 Recalibrate drive failed 
43 Failed to format a cylinder bad 
58 Failed to write sector buffer 
59 Failed to read sector buffer 

1709-xx Hard disk reset controller test 
05 Failed to reset controller 

1710-xx Hard disk park head test 
45 Failed to get drive parameters from ROM 
47 Failed to park heads 

1714-xx Hard disk file write test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 
05 Failed to reset controller 
06 Fatal error while reading 
07 Fatal error while writing 
08 Failed compare of write/read buffers 
10 Failed floppy sector wrap during read 
20 Failed to get floppy drive type 
24 Failed to read floppy media 
25 Failed to verify floppy media 

(Continued) 

Table A-12. (Continued) 
Message Problem Failure 
1714-xx Hard disk file write test 

48 Failed to move disk table to RAM 
49 Failed to read floppy media in file 

write test 
50 Failed File 1/0 write test 
51 Failed File 1/0 read test 
52 Failed File 1/0 compare test 
55 Failed cylinder 1 
65 Exceeded max bad sector per track 
70 Failed translate mode 
71 Failed non-translate mode 
72 Bad track limit exceeded 
73 Previously exceeded bad track limit 

1715-xx Hard disk head select test 
45 Failed to get drive parameters from ROM 
53 Failed Drive/Head register test 
54 Failed Digital Input register test 

1716-xx Hard disk conditional format test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
05 Failed to reset controller 
06 Fatal error while reading 
07 Fatal error while writing 
08 Failed compare of write/read buffers 
09 Failed to format a cylinder 
40 Cylinder 0 error 
42 Failed recalibrate 
55 Cylinder 1 error 

(Continued) 



Table A-12. (Continued) 
Message Problem Failure 
1716-xx Hard disk conditional format test 

58 Failed to write sector buffer 
59 Failed to read sector buffer 
60 Failed to compare sector buffer 
65 Exceeded max bad sector per track 
66 Failed init drive parameter 
70 Failed translate mode 
71 Failed non-translate mode 
72 Bad track limit exceeded 
73 Previously exceeded bad track limit 

1717-xx Hard disk ECC test 
01 Exceeded max soft error limit 
02 Exceeded max hard error limit 
03 Previously exceeded max soft error limit 
04 Previously exceeded max hard error limit 
05 Reset controller failed 
06 Fatal error while reading (BIOS st. >= Ox20) 
07 Fatal error while writing 
08 Failed compare of write/read buffers 
40 Cylinder 0 failed 
55 Cylinder 1 failed 
61 Failed uncorrectable error 
62 Failed correctable error 
65 Exceeded max bad sector per track 
67 Failed to write long 
68 Failed to read long 
70 Failed translate mode 
71 Failed non-translate mode 
72 Bad track limit exceeded 
73 Previously exceeded bad track limit 

1799-00 Invalid fixed disk drive type 

Error Messages A-13 

Fixed Disk Drive Backup (Tape) 

Table A-13 lists fixed disk drive backup-related 
errors. 

Table A-13. Fixed Disk Drive Backup (Tape) 
Error Messages 

Message Probable Cause 
1900-xx Tape ID 

01 Drive not installed 
02 Cartridge not installed 
26 Can not identify drive 
27 Drive not compatible with controller 
37 Drive installed in other than drive 3 

1901-xx Tape servo write 
01 Drive not installed 
02 Cartridge not installed 
03 Tape motion error 
04 Drive busy error 
05 Track seek error 
06 Tape write protected error 
07 Tape already servo written 
08 Unable to servo write 
11 Drive recalibration error 
21 Got servo pulses 2'nd time but not l'st 
22 Never got to EQT after servo check 
25 Unable to erase cartridge 
27 Drive not compatible with controller 
91 Power loss during test - replace cartridge 

or bulk erase it 
1902-xx Tape format 

01 Drive not installed 
02 Cartridge not installed 

(Continued) 
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Table A-13. (Continued) Table A-13. (Continued) 
Message Problem Failure Message Problem Failure 
1902-xx Tape format 34 No data detected 

03 Tape motion error 35 Power-on reset occured 
04 Drive busy error 19Q5-xx Tape read test 
05 Track seek error Ql Drive not installed 
06 Tape write protected error Q2 Cartridge not installed 
09 Unable to format Q3 Tape motion error 
10 Format mode error Q4 Drive busy error 
11 Drive recalibration error Q5 Track seek error 
12 Tape not servo written 14 Drive timeout error 
13 Tape not formatted 16 Block locate (block ID) error 
21 Got servo pulses 2'nd time but not l'st 17 Soft error limit exceeded 
22 Never got to EQT after servo check 18 Hard error limit exceeded 
27 Drive not compatible with controller 19 Write error (probably ID error) 
28 Format gap error 27 Drive not compatible with controller 

1903-xx Tape drive sensor test 3Q Exception bit not set 
01 Drive not installed 31 Unexpected drive status 
23 Change line unset 32 Device fault 
27 Drive not compatible with controller 33 Illegal command 

1904-xx Tape BOT EQT test 34 No data detected 
01 Drive not installed 35 Power-on reset occured 
02 Cartridge not installed 19Q6-xx Tape write/read/compare test 
03 Tape motion error Ql Drive not installed 
04 Drive busy error Q2 Cartridge not installed 
05 Track seek error 03 Tape motion error 
15 Sensor error flag 04 Drive busy error 
27 Drive not compatible with controller Q5 Track seek error 
3Q Exception bit not set Q6 Tape write protected error 
31 Unexpected drive status 14 Drive timeout error 
32 Device fault 16 Block locate (block ID) error 
33 Illegal command 17 Soft error limit exceeded 

(Continued) (Continued) 



Table A-13. (Continued) 
Message Problem Failure 

18 Hard error limit exceeded 
19 Write (probably ID error) 
27 Drive not compatible with controller 
30 Exception bit not set 
31 Unexpected drive status 
32 Device fault 
33 Illegal command 
34 No data detected 
35 Power-on reset occured 

1907-xx Tape Write-Protected Test 
24 Failed write-protected test 
30 Exception bit not set 
31 Unexpected drive status 
32 Device fault 
33 Illegal command 
34 No data detected 
35 Power-on reset occured 

Error Messages A-15 

Enhanced Color Graphics and Video 
Graphics Controller Boards 

Table A-14 lists the Enhanced Color Graphics and 
Video Graphics Controller Boards-related errors. 

Table A-14. Enhanced Color Graphics and Video 
Graphics Controller Boards-Related 
Error Messages 

Message Probable Failure 
2402-01 VDU memory test failed 
2403-01 VDU attribute test failed 
2404-01 VDU character set test failed 
2405-01 VDU 80x25 mode 9x14 char cell test failed 
2406-01 VDU 80x25 mode 8x8 char cell test failed 
2407-01 VDU 40x25 mode test failed 
2408-01 VDU 320x200 mode color set 0 test failed 
2409-01 VDU 320x200 mode color set 1 test failed 
2410-01 VDU 640x200 mode test failed 
2411-01 VDU Screen memory page test fa.i 1 ed 
2412-01 VDU Gray scale test failed 
2414-01 VDU White screen test failed 
2416-01 VDU Noise pattern test failed 
2417-01 Lightpen text mode test failed - no 

response 
2417-02 Lightpen text mode test failed - invalid 

response 
2417-03 Lightpen medium res. mode test failed -

no response 
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Table A-14 (Continued) 
Message Probable Failure 
2417-04 Lightpen medium res. mode failed - invalid 

response 
2418-01 ECG or VG memory test failed 
2418-02 ECG or VG shadow RAM test failed 
2419-01 ECG or VG ROM checksum test failed 
2420-01 ECG or VG attribute test failed 
2421-01 ECG or VG 640x200 graphics mode test failed 
2422-01 ECG or VG 640x350 16 color set test failed 
2423-01 ECG or VG 640x350 64 color set test failed 
2424-01 ECG or VG monochrome text mode test failed 
2425-01 ECG or VG monochrome graphics mode test 

failed 
2431-01 Failed 640 x 480 graphics 
2432-01 Failed 256-color mode test 

Memory-Error Codes 

Memory-error codes result when the system detects a 
memory fault during the power-on self-test or as a 
result of a diagnostic test. The test programs 
attempt to isolate the memory fault to a specific 
chip, then generate a memory-error code that 
specifies which memory chip to replace. 

In some cases, replacing the memory chip will not 
solve the problem because: 1) the system may not be 
able to accurately determine which chip or chips are 
at fault, and 2) the problem may be due to a failure 
in the memory-support circuitry, not the memory 
device. 

If replacing the indicated memory devices does not 
solve the problem, return your system to an 
Authorized COMPAQ Dealer for service. Memory boards 
with soldered memory devices should also be returned 
to an Authorized COMPAQ Dealer for service. 

The memory-error code points to a specific memory 
address. The physical location of the memory address 
depends on the type of system, the number and type of 
memory boards installed, and type of memory device 
used (64K RAMs or 256K RAMs). 



This section provides 10 tables to help you identify 
which memory device to replace when the system shows 
a memory error. Use the following chart to determine 
which of the 10 tables to use to find the suspected 
defective chip. 

COMPAQ PORTABLE 286 Memory Configurations 
System 
Board 
RAM 
Type 
64K 

256K 

64K 

Error Code 
XX Value 
00 to 02 
(0-256 KB) 
10 to 2E 
(1-3 MB) 
00 to 08 
(0-640 KB) 
10 to 2E 
(1-3 KB) 
00 to 08 
(0-640 KB) 
00 to 08 
(0-640 KB) 
10 to 2E 
(1-3 MB) 

Memory Lookup 
Device Location Table 
System Board 1 

Memory Expansion 3 
Board 
System Board 2 

Memory Expansion 3 
Board 
System Memory Board 4 

Version 2 System 6 
Board 
Memory Expansion 3 
Board 

Note: XX codes OA to OF represent the memory space 
for the video memory and system ROMs. Errors 
in the video memory or system ROM space are 
not reported in the XXOOOB YYZZ error message 
format. 

(Continued) 

Error Messages A-17 

(Continued) 
System 
Board 
RAM 
Type 
256K 

Note: 

Error Code 
XX Value 
00 to 08, 
10 to 26 
(0-640 KB, 
1-2.5 MB) 
00 to 08, 
10 to 26 
(0-640 KB, 
1-2.5 MB) 

Memory 
Device Locati.on 
System Memory Board 

Version 2 
System Board 

28 to 46 Memory Expansion 
(2.5-4.5 MB) Board 
48 to 66 Memory Expansion 
(4.5-6.5 MB) Board 
68 to 86 Memory Expansion 
(6.5-8.5 MB) Board 

Lookup 
Table 
5 

9 

6 

7 

10 

XX codes OA to OF represent the memory space 
for the video memory and system ROMs. Errors 
in the video memory or system ROM space are 
not reported in the XXOOOB YYZZ error message 
format. 
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Table 1. Defective Memory Chip Isolation Map for the COMPAQ PORTABLE 286 
System Board using 64K RAMs (0-256 KB) 

Memory-error codes are in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "020001 0010" specifies chip USO. 

Use the following chart to locate a defective memory chip: 
xx = 00 xx = 02 
Bank 0 Bank 1 

Data Bit B = 0 B = 1 B = 0 B = 1 
YY or ZZ Low High Low High 

01 ~ ~ [fil ~ 
02 ~ ~ ~ ~ 
04 ~ ~ ~ ~ 
08 ~ ~ ~ ~ 
10 ~ ~ ~ ~ 
20 ~ ~ ~ ~ 
40 ~ ~ ~ ~ 
80 ~ ~ ~ ~ 
00 ~ ~ ~ ~ 



Table 2. Defective Memory Chip Isolation Map for the COMPAQ PORTABLE 286 
System Board using 256K RAMs (0-640 KB) 

Memory-error codes are in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 

Error Messages A-19 

B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "020000 0100" specifies chip U7. 

Use the following chart to locate a defective memory chip: 
xx = 00 xx = 02, 04, 

06, 08 
Bank 0 Bank 1 

Data Bit B = 0 B = 1 B = 0 B = 1 
YY or ZZ Low High Low High 

01 ~ ~ ~ ~ 
02 ~ ~ ~ ~ 
04 ~ ~ ~ ~ 
08 ~ ~ ~ @ill 
10 ~ ~ ~ ~ 
20 ~ ~ [@ ~ 
40 ~ ~ ~ ~ 
80 []ill ~ ~ ~ 
00 ~ ~ ~ ~ 



A-20 80286-Based Products Technical Reference Guide 

Table 3. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 1-3 MB Memory Space (256 KB RAMs) 

This isolation map is valid for a system memory board that uses 64K RAMs. 
Memory-error codes are in the format XXOOOB YYZZ. 

XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = l, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message ''240000 0100" specifies chip USS. 

Use the following chart to locate a defective memory chip: 

xx = 10' 12' XX = 18, lA, xx = 20, 22, xx = 28, 2A 
14, 16' lC, 1 E. 24, 26, 2C, 2E 

Bank 1 Bank 2 Bank 3 Bank 4 
Data Bit B = 1 B = 0 B = 1 B = 0 B = 1 B = 0 B = 1 B = 0 
YY or ZZ High Low High Low High Low High Low 

80 ~ @ill ~ ~ ~ ~ ~ ~ 
40 ~ ~ ~ ~ ~ [ili] ~ ~ 
20 ~ §] ~ ~ ~ ~ ~ ~ 
10 ~ ~ [Qill ~ ~ ~ ~ ~ 
08 ~ ~ ~ ~ ~ ~ []ill ~ 
04 ~ ~ ~ ~ ~ ~ ~ ~ 
02 ~ ~ ~ ~ ~ ~ ~ ~ 
01 ~ ~ ~ ~ ~ ~ ~ ~ 
00 ~ ~ ~ ~ ~ ~ ~ ~ 



Error Messages A-21 

Table 4. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
System Memory Board using 64K RAMs (0-640 KB) 

The memory-error code is in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "040001 0010" specifies chip U24. 

Use the following chart to locate a defective memory chip: 
xx = 00 xx = 02 xx = 04 
Bank 0 

Data Bit B = 1 B = 0 
YY or ZZ 

80 

40 

20 

10 

08 

04 

02 

01 

00 

High 
Ul 

Low 
U2 

Bank 1 
B=l B=O 
High 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

Low 

~ 
~ 
~ 
~ 
@ill 

~ 
~ 
~ 
~ 

Bank 2 
B=l B=O 
High 

~ 
~ 
~ 
~ 
~ 
[]ill 

~ 
~ 
~ 

Low 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

xx = 06 
Bank 3 

B = 1 B = 0 
High 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

Low 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
@ill 

~ 

xx = 08 
Bank 4 

B = 1 B = 0 

High 

~ 
~ 
~ 
~ 
~ 
[@ 

~ 
~ 
~ 

Low 

~ 
~ 
~ 
~ 
[§] 

~ 
~ 
@ill 

~ 
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Table 5. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
System Memory Board using 256K RAMs (0-640 KB, 1-2.5 MB) 

Memory-error codes are in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "040001 0010" specifies chip U6. 

Use the following chart to locate a defective memory chip: 

Data Bit 
YY or ZZ 

80 

40 

20 

10 

08 

04 

02 

01 

00 

xx = 00 xx = 02 ' 04 ' xx = 10 ' 12 ' 

Bank 0 
B=l B=O 
High Low 
Ul U2 

06, 08 
Bank 1 

B=l B=O 
High Low 

~ @!U 

~~ 
~~ 
~~ 
~~ 
~ @!U 
~~ 
~~ 
~~ 

14' 16 
Bank 2 

B = 1 B = 0 

High Low 

~~ 
~~ 
~~ 
~~ 
~ @i!J 
~~ 
~~ 
~~ 
~~ 

XX = 18, lA, 
lC, lE 

Bank 3 
B=l B=O 
High Low 

~~ 
~~ 
[§] ~ 
~ @ill 
~~ 
~ @ill 
~~ 
~ @ill 
~~ 

xx = 20, 22, 
24, 26 

Bank 4 
B = 1 B = 0 

High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
[]ill ~ 
~[@ 

~~ 
~~ 
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Table 6. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
Version 2 System Board using 64K RAMs (0-640 KB) 

The memory-error code is in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "040001 0010" specifies chip U96. 

Use the following chart to locate a defective memory chip: 

Data Bit 
YY or ZZ 

80 

40 

20 

10 

08 

04 

02 

01 

00 

xx = 00 xx = 02 xx = 04 
Bank 0 

B = 1 B = 0 
High 
lu124 I 

lu12s I 

lu12s I 

lu121 I 

lu128 I 

lu12s I 

lu130 I 

lu131 I 

lu132 I 

Low 
I u101I 

I u108I 

I u10sl 

I u11ol 

I u111I 

I u112I 

I Ull3I 

I U114I 

I u11sl 

Bank 1 
B = 1 B = 0 

High Low 
Ul21 Ul18 

Ul20 Ul17 

Bank 2 
B=l B=O 
High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
luiool ~ 

lu101 I ~ 

xx = 06 
Bank 3 

B = 1 B = 0 
High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
[]ill~ 

~~ 
[§] ~ 

xx = 08 
Bank 4 

B = 1 B = 0 

High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
[]ill ~ 
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Table 7. Defective Memory Chip Isolation Map for the COMPAQ DESKPRO 286 
Version 2 System Board using 256K RAMs (0-640 KB, 1-2.5 MB) 

The memory-error code is in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "040001 0010" specifies chip U121. 

Use the following chart to locate a defective memory chip: 

Data Bit 
YY or ZZ 

80 

40 

20 

10 

08 

04 

02 

01 

00 

xx = 00 

Bank 0 
B = 1 B = 0 
High Low 
lu124 I I u101I 

lu12s I I u10sl 

lu126 I I u10sl 

lu121 I I uuol 

lu128 I I Ullll 

lu12s I I u112I 

lu130 I I u113I 

lu131 I I u114I 

lu132 I I uusl 

xx = 02, 04, 
06, 08 

Bank 1 
B = 1 B = 0 

High Low 
U121 U118 

U120 U117 

xx = 10. 12. 
14. 16 

Bank 2 
B=l B=O 
High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
IUlool ~ 

lu101I ~ 

XX = 18, lA, 
lC, lE 

Bank 3 
B=l B=O 
High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 

xx = 20, 22, 
24, 26 

Bank 4 
B=l B=O 
High Low 

~~ 
~~ 
~~ 
~~ 
[@ ~ 
~~ 
~~ 
[§I] ~ 
~~ 



Table 8. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 2.5-4.5 MB Memory Space (256 KB RAMs) 

This isolation map is valid for a system memory board that uses 256K RAMs. 
Memory-error codes are in the format XXOOOB YYZZ. 

XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 

Error Messages A-25 

B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = l, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "2A0001 0080" specifies chip U3. 

Use the following chart to locate a defective memory chip: 
xx = 28, 2A, xx = 30, 32, XX = 38, 3A, xx = 40, 42, 

2C, 2E 34, 36 3C, 3E 44, 46 
Bank 1 Bank 2 Bank 3 Bank 4 

Data Bit B = 1 B = 0 B = 1 B = 0 B = 1 B = 0 B = 1 B = 0 
YY or ZZ High Low High Low High Low High Low 

80 ~ ~ ~ ~ ~ ~ ~ ~ 
40 ~ ~ ~ [gill ~ ~ ~ ~ 
20 [@] ~ ~ [Qill ~ ~ ~ ~ 
10 ~ ~ ~ ~ ~ ~ ~ ~ 
08 ~ ~ ~ ~ ~ ~ ~ ~ 
04 ~ ~ ~ ~ []ill ~ ~ ~ 
02 ~ ~ ~ ~ ~ ~ ~ ~ 
01 ~ ~ ~ ~ ~ ~ ~ ~ 
00 ~ ~ ~ ~ ~ ~ ~ ~ 
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Table 9. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 4.5-6.5 MB Memory Space (256 KB RAMs) 

Memory-error codes are in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 
B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = l, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "S20000 0400" specifies chip U3S. 

Use the following chart to locate a defective memory chip: 

Data Bit 
YY or ZZ 

80 

40 

20 

10 

08 

04 

02 

01 

00 

XX = 48, 4A, XX = SO, S2, XX = S8, SA, 
4C, 4E 

Bank 1 
B = 1 B = 0 
High Low 

~ [Yill 
[§] ~ 
[]U [@ 
~~ 
~§] 

~~ 
~~ 
~~ 
~~ 

S4, S6 
Bank 2 

B = 1 B = 0 
High Low 

[]ill ~ 
[]ill ~ 
[]ill ~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 

SC, SE 
Bank 3 

B = 1 B = 0 
High Low 

~~ 
~~ 
~~ 
~~ 
~ @gJ 
~~ 
~~ 
~~ 
~~ 

xx = 60, 62, 
64, 66 

Bank 4 
B=l B=O 
High Low 

~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 
~~ 



Table 1 O. Defective Memory Chip Isolation Map for a Memory Expansion Board 
Mapped into the 6.5-8.5 MB memory space (256K RAMs) 

Memory-error codes are in the format XXOOOB YYZZ. 
XX equals the 128-KB memory segment in which an error is detected. 
000 is always equal to 000 (not used) 

Error Messages A-27 

B identifies whether the defective memory chip is in the high byte or the low byte of the memory bank. 
When B = 0, YY defines the defective-chip row location within the low byte of the memory bank. 
When B = 1, ZZ defines the defective-chip row location within the high byte of the memory bank. 

For example, the memory-error message "860000 0200" specifies chip U72. 

Use the following chart to locate a defective memory chip: 

Data Bit 
YY or ZZ 

80 

40 

20 

10 

08 

04 

02 

01 

00 

XX = 68, 6A XX = 70, 72, XX = 78, 7A, 
6C, 6E 

Bank 1 
B = 1 B = 0 
High 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

Low 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

74. 76 
Bank 2 

B=l B=O 
High 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

Low 

~ 
~ 
[YE] 

~ 
~ 
~ 
~ 
~ 
~ 

7C, 7E 
Bank 3 

B=l B=O 
High 
[gill 

~ 
[@] 

~ 
~ 
~ 
~ 
~ 
[]ill 

Low 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

xx = 80, 82, 
84, 86 

Bank 4 
B=l B=O 
High 

~ 
~ 
~ 
~ 
[]ill 

~ 
~ 
~ 
~ 

Low 

~ 
~ 
~ 
~ 
~ 
~ 
@ill 

~ 
~ 
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2-166, 2-167, 2-168, 2-169, 2-170, 2-171, 8-1, 8-18 
14-3, 14-4, 14-78 

8042 Date 1/0 Register 2-18 
8042 Port Functions 2-43 
8042 Output Port 2-43 
8042/Keyboard Conmunications Time Restraints 2-53 
8088/8086 1-15, 2-6, 14-21 
8237 OMA Controllers 2-18, 2-21, 2-143 
8254 2-53, 2-140, 2-180, 14-21 
8259A 2-35 

8259A Interrupt Controller 2 2-19 
8259A Interrupt Controller 1 2-18 
84-key keyboard 8-1. 8-7 

A 
AC Input 9-2 
ACE INTERRUPT ID REGISTER (3FAh, READ-ONLY) 5-13 
ACE MODEM STATUS REGISTER (3FEh, READ-ONLY) 5-15 
ACE LINE STATUS REGISTER (3FDh, READ-ONLY) 5-15 
ACE RECEIVER BUFFER (3F8h) 5-12 
ACE LINE CONTROL Register B-9 
ACE RESERVED Register B-11 
ACE LINE STATUS, Register B-10 
ACE LINE CONTROL REGISTER (3FBh) 5-14 
ACE INTERRUPT ID Register B-8 
ACE Receiver Buffer or Transmitter Holding B-7 
ACE MODEM CONTROL REGISTER (3FCh) 5-14 
ACE MODEM CONTROL Register B-9 
ACE MODEM STATUS, Register B-10 
ACE INTERRUPT ENABLE REGISTER (3F9h) 5-13 
ACE BAUD RATE DIVISOR LATCH Register B-7, 5-12 
ACE INTERRUPT ENABLE Register B-8, 5-13 
ACE RESERVED (3ffh) 5-15 
ACK (FAh) Keyboard Response 8-15 
Address Handling 2-62, 2-189 
Address bus 1-15 
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Address decoding 
Advanced Diagnostics Error Messages 
Memory 
Printer 
Serial Communications 
Keyboard 
Modem 
Fixed Disk Drive Backup (Tape) 
Processor 
Video 
Diskette Drive 
Alarm Service 
ALTERNATE STATUS Register (3F6h, READ-ONLY) 
AM2966 
Architecture 

2-62 
A-4 
A-6 
A-7 
A-9 
A-6 
A-9 

A-14 
A-4 
A-7 
A-8 

14-10 
6-9 
2-8 

2-181 
Asynchronous Conmunication/Parallel Printer Board B-1 
ASYNCHRONOUS COMMUNICATIONS INTERRUPTS 14-70, 14-71 
Asynchronous conmunications5-ll, 5-19, 5-20, 5-22, 5-
26 
Asynchronous Conmunications Connector 
Asynchronous conmunications ports 
AUTO mode 
Autocycle Circuitry 

B 
BASE AND CURRENT WORD COUNT - CHANNELS 0-3 

5-26 
14-70 
2-199 

9-3 

2-28 
2-136 Base Memory 

Size 2-37, 2-136, 2-163 
Size Switch Settings 2-14 
Base Memory Size 14-30 
BASE AND CURRENT WORD COUNT - CHANNELS 0-3 2-151 

BASE AND CURRENT ADDRESS - CHANNELS 0-3 2-28, 2-150 
Battery 1-2, 2-31, 2-71, 2-73, 2-156, 2-198, 

2-199, 2-200, 2-203 
BAUD RATE DIVISOR LATCH (3F8h, 3F9h) 5-12 
BIOS 2-11, 2-17, 2-31, 7-4, 8-18, 14-1 
coprocessor interrupts 14-19 
extensions 14-30, 14-33 
firmware 14-9 
Initialization 
Interrupts 
keyboard interrupts 
processor interrupts 
printer interrupts 
RAM 
ROM 
stack 
Type Code 
variables 
Boot Fai 1 

14-3 
14-9 

14-79 
14-14 
14-64 

14-3, 14-5, 14-21 
14-3, 14-9, 14-126 

14-3 
14-129 

14-7 
14-10, 14-30, 14-47 

Bootstrap 14-4, 14-10, 14-30, 14-47 
Bootstrapping 14-3 
Bound Exceeded 14-10, 14-14, 14-65 
BREAK (FOh) Keyboard Response 8-15 
Bus Timing 2-68, 2-195 
Bus Driving/Loading Information 2-67 
Bus functions 2-3 
Byte-DMA Operations 2-65, 2-192 



c 
CBC Gate Array 2-75, 2-76, 2-201, 2-202, 2-135 
Character Codes 7-16 
Character generator 7-6 
Clock Function 2-132 
Clock generator and READY interface 2-6, 2-130, 2-132 
Clock circuits 2-7, 2-40, 2-41, 2-71, 2-74 

2-167, 2-168, 2-198, 2-200, 7-18 
COLOR Register (3D9h, WRITE-ONLY) 7-12 
Color Graphics board 1-2 
COMl 5-6, 5-11, 5-190, 5-20 
COM2 5-11, 5-19, 5-20 
COMMAND Register 2-15, 2-144, 2-147 
COMMAND Register (1F7h, WRITE-ONLY) 6-8 
Cornnand codes 2-167, 2-172, 2-174 

Commands, 
DISABLE (F5h) 
ECHO (EEh) 
ENABLE (F4h) 
MASTER RESET 
NOP ( F7h .. FDh) 
NOP (EFh .. F2h) 
RESEND (FEh) 
RESET ( FFh) 
RESET MASK 
RESET POINTER FLIP-FLOP 

SET STATUS INDICATORS (EDh) 
SET KEY REPEAT RATE (F3h) 
SOFTWARE DRQx REQUEST 
SET DEFAULT CONDITIONS (F6h) 
WRITE ALL MASK BITS 
WRITE SINGLE MASK BIT 
COMMON mode 

INDEX 3 

8-13 
8-12 
8-13 

2-29, 2-153 
8-13 
8-12 
8-13 
8-13 

2-154 
2-28, 2-29, 2-150, 

2-151, 2-152, 2-153 
8-11 
8-12 

2-27, 2-150 
8-13 

2-26, 2-27, 2-149 
2-26, 2-272-149 

2-72, 2-73 
Cornnunication Protocol 8-5 
COMPAQ 16-Bit Custom Interface 11-1 
COMPAQ DESKPRO 286 2-74, 2-128, 2-132, 2-135 
with Version 2 System Board 2-77 
Memory System 2-13 
RAM 2-13 
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COMPAQ DESKPRO 286 Version 1 System Board 1-5, 2-76 
COMPAQ DESKPRO 286 Version 2 system board 2-13, 2-74 
ROM 2-16 
COMPAQ Dual-Mode Monitor 
Waveforms 
COMPAQ Enhanced Keyboard 
Mode 1 
Mode 2 
Mode 3 
COMPAQ PORTABLE 286 

1-5. 7-18. 13-1 
13-5 

8-2, 8-16 
8-18 
8-18 
8-18 

1-1, 2-9, 2-74 
Memory System 2-9 
RAM 2-9 
ROM 2-11 
System Board 2-74, 2-76, 2-77 
COMPAQ Video Display Controller Board 1-2 
Composite Video Monitors 
Configuration 
Configuration Bytes 
OEh--Diagnostic Status Byte 
OFh--Reset Code Byte 
lOh--Diskette Drive Type 
12h--Fixed Disk Drive Type 
14h--Equipment Installed 
15h and 16h--Base Memory Size 
17h and 18h--Memory Amount 
2Dh--Additional Flags 
2Eh and 2Fh--Memory Checksum 
30h and 3lh--Memory Over 1 MB 
32h--Date, Century 
33h--System Information 
CONFIGURATION MEMORY 2-12, 2-35, 
Control bus 

7-20 
2-35 

2-35 
2-35, 2-161 
2-36, 2-161 
2-36, 2-162 
2-37, 2-162 
2-37, 2-163 

2-37 
2-38, 2-164 
2-38, 2-164 
2-38, 2-165 
2-39, 2-165 
2-39, 2-166 

2-36, 2-37, 2-38 
1-15, 2-3 

Coprocessor 2-6 
Coprocessor Interrupts 14-19 
Counter, Timer-Ticks-Since-Midnight 14-3 
CPU 2-62, 2-64, 2-65, 2-67, 2-73, 2-74, 2-76 

2-128, 2-130, 2-187, 2-189 
interrupts 
speed 

14-9 
2-73, 2-76, 2-199, 2-202, 14-80, 14-86 

Speed Control 2-71 
CPU and CPU support circuitry 2-128, 2-131 
CURRENT WORD COUNT - CHANNELS 0-3 2-28, 2-152 
CURRENT ADDRESS CHANNELS 0-3 2-28, 2-151 
Custom LSI device 5-9 
CYLINDER LOW Register (1F4h)· 6-6 
CYLINDER HIGH Register (1F5h) 6-6 

D 
Data bus 1-15, 2-9 
Data format 2-168, 2-169 
Data Handling 2-63. 2-190 
Data Timing Parameters 2-169 
Data transfer 2-151, 2-168 
DATA TRANSFER RATE CONTROL (3F7h, WRITE-ONLY) 5-8 
Data I/0 register 2-44 
Data Cable Connector 11-8 
Data transfers 2-146, 2-153 



DATA Register (lFOh) 6-3 
DATA Register (3D5h) 7-9 
Determining Media 14-48 
Devices 2-135, 2-138 
Direct Memory Access 2-21 
Direct Memory Access Controllers 2-21, 2-143 
DISABLE Command (F5h) 8-13 
Disk Operating System 2-3 
Diskette Change 14-49 
Diskette drives 10-1, 14-48 
Diskette I/0 Function Summary 14-53 
DISKETTE DRIVE TYPE 2-36 
Diskette Drive Status Codes 14-52 
Diskette Param·eter Table 14-50 
Diskette drive parameter 14-55 
Diskette drive type 2-161 
Diskette Drive Interrupts 14-48, 14-49, 14-50, 14-62 
Diskette drive parameter table 14-55, 14-56, 14-57, 

4-63 
DISKETTE! AND FIXED DISKl STATUS (3F7h, READ ONLY)5-8 

INDEX 5 

OMA 2-17, 2-18, 2-21, 2-62, 2-63, 2-64, 
2-65, 2-66, 2-72, 2-80, 2-139,2-143, 2-189, 5-7 

channels 2-21,2-29, 2-30, 2-64, 2-67, 2-143, 

Controller 
2-154, 2-155 

1-16, 2-20, 2-21 - 2-23,2-29, 
2-64 - 2-66, 2-140, 2-143, 2-144,2-146, 

Controller Registers 
Memory Page Register 

Operations 
Page Register 
DOS 

2-154, 2-191 - 2-193, 2-205 
2-23, 2-145 

1-16, 2-21, 2-29, 2-30 
2-139, 1-154 
2-65, 2-192 

2-18 
2-3, 2-130 

DRIVE CONTROL (3F2h, WRITE-ONLY) 5-7 
DRIVE CONTROL Register (3F6h, WRITE-ONLY) 6-10 
DRIVE ADDRESS REGISTER Register (3F7h, READ-ONLY)6-10 
DRIVE Register, ADDRESS REGISTER (3F7h, READ-ONLY) 

6-10 

Drive Controller Circuits 5-7 
Dynamic RAM Refresh 2-66, 2-193 

E 
ECC 14-92, 14-98, 14-99, 14-103, 14-104 
ECHO Command (EEh) 8-12 
ECHO (EEh) Keyboard Response 8-15 
ENABLE Command (F4h) 8-13 
Enhanced Keyboard 14-77 
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Enhanced Color Graphics Error Messages A-15 
EPROM 2-16, 2-138 
ERROR Register (lFlh, READ-ONLY) 6-4 
EXECUTE CONTROLLER DIAGNOSTIC 6-17 
Expansion board 2-7 
Expansion bus 2-3, 2-62, 2-63, 2-68, 2-128, 

2-188, 2-189 
Expansion Memory 
Size 
Size Switch Settings 
Extended integer 

F 

2-136. 2-163 
2-14 

2-6, 2-132 

FAST mode 2-68, 2-72, 2-73, 2-171, 2-174 
2-198, 2-199 

FIGURATION BYTES 17h AND 18h--EXPANSION MEMORY SIZE 
2-163 

File allocation table (FAT) 12-12 
Fixed disk drives 
Fixed disk drive backup (tape) 
Fixed disk drive controller (ESDI) 
command descriptions 
error reporting 
Fixed disk drive controller board 

11-1 
12-1 

11-15 
6-8, 11-16 

6-19 
6-1 

Fixed Disk Drive Controller Error Reporting 6-19 
Fixed Disk DRIVE Interrupts 14-89 
Fixed Disk Drive Parameter Table 14-105 
Fixed Disk Drive Status Code 14-91, 14-92 
FIXED DISK DRIVE TYPE 2-63, 2-162 

Floating point 
FORAMT TRACK 
Formatting a Diskette 
Fuses 

G 
GATE ARRAY DEVICES 
CBC 
MAP 
MSC 

2-6, 2-132 
6-15, 14-48 

14-49, 14-58, 14-61 
2-74 

2-75, 2-201 
2-75, 2-76, 2-135, 2-201, 2-202 

2-75, 2-76, 2-201, 2-202 
2-75, 2-135, 2-201 

General Timing Information 2-7 
Get drive type 
Get Type of Drive 
Get Key function 
Get drive parameters 
Get change line status 
Get Printer Status 
Graphics Displays 
Graphics mode 

dot table 

14-48 
14-53' 14-60 

14-79 
14-48 
14-48 
14-69 
7-17 

7-15, 14-115, 14-116, 14-118, 
14-119, 14-125 

14-106 



H 
Hardware Concepts 1-15 
Hardware interrupts 14-17, 14-18, 14-20, 14-28, 

14-88, 14-126, 14-127 
HIGH mode 2-171, 2-174, 2-175, 2-195, 2-198, 2-199 
Horizontal Timing 7-21 
Host Adapter 5-28 

I/O address decoding 2-19, 2-20 
I/O addresses 5-20, 5-23 
I/O Port Decoding 2-142 
I/O address decoding 2-141, 2-142 
I/O map 1-1, 1-15 
I/O Port Decoding 2-20 
IDENTIFY 6-17 
INDEX Register (3D4h, WRITE ONLY) 7-9 
Initialization Diagnostic Messages A-2 
INITIALIZE DRIVE PARAMETERS 6-11 
Interrupts - Coprocessor 14-19 
Interrupts - PROCESSOR 14-14 

INDEX 

Interrupts 2-132, 14-2, 14-4, 14-7, 14-9, 
14-11, 14-14, 14-18, 14-19 

INT OOh - CPU - DIVIDE BY ZERO 14-15 
INT Olh - CPU - SINGLE STEP 14-15 
INT 02h - HW - NON-MASKABLE INTERRUPT (NMI) 14-47 
INT 03h - CPU - SOFTWARE BREAKPOINT 14-15 
INT 04h - CPU - ARITHMETIC OVERFLOW 14-16 
INT 05h - CPU - BOUND EXCEEDED 14-16, 14-65 
INT 05h - SW - PRINT SCREEN 14-16, 14-65 
INT 06h - CPU - INVALID OPCODE 14-17 
INT 07h - CPU - 80287 NOT PRESENT 14-19 
INT 08h - CPU - DOUBLE-EXCEPTION 

ERROR 14-17, 14-28 
INT 08h - HW - IRQO, 'TICK COUNTER 14-17, 14-28 
INT 09h - CPU - 80287 SEGMENT OVERRUN 14-20, 14-88 
INT 09h - HW - IRQl, KEYBOARD 14-20, 14-88 
INT OAh - CPU - INVALID TASK-STATE SEGMENT 1-17 
INT OAh - CPU - INVALID TSS 14-127 
INT OAh - HW - SIMULATED IRQ2 14-17, 14-127 
INT OBh - CPU - SECMENT NOT PRESENT 14-17 
INT OBh - HW - IRQ3, COMM, SECONDARY 14-17 
INT OBh - SW - IRQ3, COMM, SECONDARY 14-75 
INT OCh - CPU - STACK SEGMENT OVERFLOW 14-18 
INT OCh - HW - IRQ4, COMM, PRIMARY 14-18, 14-76 
INT ODh - CPU - GENERAL PROTECTION 14-18, 14-127 
INT ODh - HW - IRQ5 14-18, 14-127 
INT OEh - HW - IRQ6, DISKETTE DRIVE 

INTERRUPT 14-62 
INT OFh - HW - IRQ7, PRINTER INTERRUPT 14-70 
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Interrupts (Continued) 
INT lOh - SW - VIDEO l/D 
INT lOh, AH = ooh - SET VIDEO MODE 
INT lOh, AH = Olh - SET CURSOR TYPE 
INT lOh, AH = 02h - SET CURSOR POSITION 
INT lOh, AH = 03h - READ CURSOR POSITION 
INT lOh, AH = 04h - READ LIGHTPEN POSITION 
INT lOh, AH = 05h - SELECT ACTIVE DISPLAY 

PAGE 
INT lOh, AH = 06h - SCROLL ACTIVE PAGE UP 
INT lOh, AH = 07h - SCROLL ACTIVE PAGE DOWN 
INT lOh, AH = 08h - READ ATTRIBUTE/CHARACTER 

AT CURSOR POSITION 
INT lOh, AH = 09h - WRITE ATTRIBUTE/CHARACTER 

AT CURSOR POSITION 
INT lOh, AH = OAh - WRITE CHARACTER AT CURSOR 

POSITION 
INT lOh, AH = OBh - SET COLOR PALETTE 
INT lOh, AH = OCh - WRITE PIXEL 
INT lOh, AH = ODh - READ PIXEL 
INT lOh, AH = OEh - WRITE TTY 
INT lOh, AH = OFh - READ VIDEO STATE 
INT lOh, AH = 13h - WRITE STRING 
INT lOh, AH = BFh - VIDEO BIOS EXTENSIONS 
INT lOh, AH = BFh, AL = OOh - SWITCH TO 

EXTERNAL MON !TOR 
INT lOh, AH = BFh, AL = Olh - SWITCH TO 

INTERNAL MON !TOR 
INT lOh, AH = BFh, AL = 04h - SWITCH 

MONITOR DELAY 

14-108 
14-108 
14-109 
14-110 
14-111 
14-112 

14-112 
14-113 
14-114 

14-115 

14-116 

14-116 
14-117 
14-117 
14-118 
14-119 
14-119 
14-119 
14-121 

14-121 

14-122 

14-122 

Interrupts (Continued) 
INT llh - SW - EQUIPMENT CONFIGURATION 
INT 12h - SW - BASE MEMORY SIZE 
INT 13h - SW - DISKETTE I/0 
INT 13h - SW - FIXED DISK DRIVE I/O 
INT 13h, AH = ooh - RESET DISKETTE DRIVE 

SYSTEM 
INT 13h, AH = OOh - RESET FIXED DISK DRIVE 

SYSTEM 
INT 13h, AH = Olh - SENSE STATUS OF LAST 

OPERATION 
INT 13h, AH = 02h - READ SECTORS 
INT 13h, AH = 03h - WRITE SECTORS 
INT 13h, AH = 04h - VERIFY SECTORS 
INT .13h, AH = 05h - FORMAT TRACK 
INT.i3h, AH= 08h - GET DRIVE PARAMETERS 
INT 13h, AH = 08h - READ DRIVE PARAMETERS 
INT 13h, AH = 09h - INITIALIZE FIXED DISK 

DRIVE PARAMETERS 
INT 13h, AH = OAh - READ LONG 
INT 13h, AH = OBh - WRITE LONG 
I NT 13h, AH = OCh - SEEK CY LI.ND ER 
INT 13h, AH = ODh - ALTERNATE DISK RESET 
INT 13h, AH = lOh - TEST DRIVE READY
INT 13h, AH = llh - RECALIBRATE DRIVE 
INT 13h, AH = 14h - CONTROLLER DIAGNOSTIC 

14-54, 
14-55, 
14-56, 
14-57, 
14-58, 

INT 13h, AH = 15h - GET TYPE OF DRIVE 14-60, 
INT 13h, AH = 16h - GET DRIVE DISKETTE 

CHANGE- SIGNAL STATUS 
INT l3h, AH = 17h - SET DRIVE TYPR FOR 

FORMAT 
INT 13h, AH = 18h - SET MEDIA TYPE FOR 

FORMAT 

14-31 
14-33 
14-53 
14-92 

14-54 

14-93 

14-93 
14-94 
14-95 
14-96 
14-96 
14-97 
14-59 

14-97 
14-98 
14-99 

14-100 
14-100 
14-101 
14-101 
14-102 
14-102 

14-60 

14-61 

14-61 
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Interrupts (Continued) Interrupts (Continued) 
INT 14h - SW - COMMUNICATIONS 1/0 14-72 INT 16h, AH = 05h - PLACE SCAN CODE/CHARACTER 
INT 14h, AH = OOh - INITIALIZE PORT 14-72 IN TYPE-AHEAD BUFFER 14-83 
INT 14h, AH = Olh - TRANSMIT CHARACTER 14-73 INT 16h, AH = lOh - GET ENHANCED KEY FROM 
INT 14h, AH = 02h - RECEIVE CHARACTER 14-74 TYPE-AHEAD BUFFER 14-83 
INT 14h, AH = 03h - SENSE COMMUNICATIONS INT 16h, AH = llh - CHECK FOR ENHANCED KEY 

STATUS 14-74 IN TYPE-AHEAD BUFFER 14-84 
INT 15h - SW - BIOS EXTENSION 14-33 INT 16h, AH = 12h - GET ENHANCED KEY STATUS 14-85 
INT 15h, AH = 4Fh - KEYBOARD SCAN CODE INT 16h, AH = FOh - SET CPU SPEED 

INTERCEPT 14-34 (12-MHz System) 14-86 
INT 15h, AH = 80h - DEVICE OPEN 14-34 INT 16h, AH = FOh - SET CPU SPEED 
INT 15h, AH = 81h - DEVICE CLOSE 14-35 (8-MHz SYSTEM) 14-85 
INT 15h, AH = 82h - PROGRAM TERMINATE 14-35 INT 16h, AH = Flh - READ CURRENT CPU SPEED 
INT 15h, AH = 83h, AL = OOh - EVENT WAIT 14-36 (12 MHz SYSTEM) 14-87 
INT 15h, AH = 83h, AL = Olh - CANCEL EVENT INT 16h, AH = Flh - READ CURRENT CPU SPEED 

WAIT 14-36 (8-MHz SYSTEM) 14-86 
INT 15h, AH = 84h - JOYSTICK 14-37 INT 16h, AH = F2h - DETERMINE ATTACHED 
INT 15h, AH = 85h - SYS REQ KEY ROUTINE 14-38 KEYBOARD 14-87 
INT 15h, AH = 86h - UNCONDITIONAL WAIT 14-39 INT 17h - SW - PRINTER 1/0 14-67 
INT 15h, AH = 87h - MOVE BLOCK 14-39 INT 17h, AH = OOh - PRINT CHARACTER 14-67 
INT 15h, AH = 88h - EXPANSION MEMORY INT 17h, AH = Olh - INITIALIZE PRINTER 14-68 

DETERMINATION 14-40 INT 17h, AH = 02h - GET PRINTER STATUS 14-69 
INT 15h, AH = 89h - ENTER PROTECTED MODE 14-41 INT 18h - SW - BOOT FAIL 14-47 
INT 15h, AH = 90h - DEVICE WAIT 14-42 INT 19h - SW - BOOTSTRAP 14-47 
INT 15h, AH = 91h - DEVICE POST 14-43 INT lAh - SW - TICK COUNTER/RTC 14-22 
INT 15h, AH = COh - RETURN SYSTEM INT lAh, AH = OOh - READ TICK COUNTER 14-23 

ENVIRONMENT 14-46 INT lAh, AH = Olh - SET TICK COUNTER 14-24 
INT 16h - SW - KEYBOARD 1/0 14-80 INT lAh, AH = 02h - READ RTC TIME 14-24 
INT 16h, AH = OOh - GET KEY 14-81 INT lAh, AH = 03h - SET RTC TIME 14-25 
INT 16h, AH = Olh - CHECK FOR KEY AVAILABLE 14-81 INT !Ah, AH = 04h - READ RTC DATE 14-25 
INT 16h, AH = 02h - READ SHIFT STATUS 14-82 INT lAh, AH = OSh - SET RTC DATE 14-26 
INT 16h, AH = 03h - SET REPEAT KEY RATE AND INT lAh, AH = 06h - SET RTC ALARM 14-26 

DELAY 14-82 INT lAh, AH = 07h - RESET RTC ALARM 14-27 
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Interrupts (Continued) 
INT lBh - SW - CTRL + BREAK SERVICE 
INT lCh - SW - TICK COUNTER SERVICE 
INT lDh - PTR - PARAMETER TABLE 
INT lEh - PTR - DISKETTE DRIVE PARAMETER 

TABLE VECTOR 
INT lFh - PTR - DOT TABLE 
INT 40h - SW - DISKETTE DRIVE 1/0 
INT 41h - PTR - FIXED DISK DRIVE 1 PARAMETER 

TABLE 
INT 46h - PTR - FIXED DISK DRIVE 2 PARAMETER 

TABLE 
INT 4Ah - SW - RTC ALARM SERVICE 
INT 70h - HW - IRQ8, RTC INTERRUPT 
INT 71h - HW - IRQ9 
INT 72h - HW - IRQlO 
INT 73h - HW - IRQll 
INT 74h - HW - IRQ12 
INT 75h - HW - IRQ13, 80287 ERROR 
INT 76h - HW - IRQ14, FIXED DISK INTERRUPT 

14-88 
14-27 

14-123 

14-62 
14-125 
14-62 

14-103 

14-104 
14-28 
14-29 

14-127 
14-128 
14-128 
14-128 
14-20 

14-103 
Interrupt controller 1-5, 2-140, 2-186 - 2-188 
Interrupt priority encoder 2-59, 2-139, 2-186 
Interrupt Service Calls 14-1, 14-2 
Interval timer 1-5, 2-17, 2-20, 2-53, 2-56, 

2-74, 2-139, 2-142, 2-180, 2-181, 2-182, 
2-183, 2-184, 2-185, 2-188, 2-200 

Architecture 2-181 
Control Word Format 2-57 
Counter-latch Command 
Initial Values 
Operating Modes 
Read-back Command 
INTR Interrupts 

2-57 
2-56 
2-56 
2-58 

2-59, 2-186 

J 
Joystick 
Jumper 

K 
Keyboard 
Keyboard BIOS interrupt 

14-33' 14-37 
2-3, 2-11, 2-12, 2-16, 2-17, 
2-138, 3-10, 4-3, 7-23, 10-2 

Controller 2-3, 

8-1, 14-80 
14-45 

2-17, 2-39, 2-72, 2-130, 
2-166, 2-167, 2-199, 8-1 

8-15 
8-15 
8-15 

ACK (FAh) 
BREAK (FOh) 
ECHO (EEh) 
1/0 Function Summary 
Indicators 
Interrupts 
LED indicators 

2-139, 

POWER-ON COMPLETED (AAh) 
RESEND (FEh) 
Scan Codes 
Keyclick 

L 
Lightpen 

14-80 
14-77 
14-76 
14-78 
8-15 
8-16 
2-50 

14-78 

14-108, 14-112 



M 
Machine ID 14-129 
Machine-Type Code 14-129 
MAIN STATUS (3F4h, READ-ONLY) 5-8 
MAP Gate Array 2-21, 2-75, 2-76, 2-201, 2-202 
Mask Register 2-22, 2-24, 2-29, 2-31, 

2-144, 2-146, 2-153, 2-154, 2-156, 2-186 
MASTER RESET 
Math coprocessor 
Media State Byte 
Memory 
Address Decoding 
boards 
configurations 
map 
Page register 
Page Register 
refresh 
Support 
SYSTEM 
Memory-error codes 
Miscellaneous Interrupts 
Miscellaneous BIOS Keyboard 

2-29, 2-153 
2-6, 2-37 

14-50. 14-51 

2-7, 3-5, 2-133 
2-186 

3-7 
2-9 

2-143, 2-144 
2-76 
2-8 

2-8, 2-134 
2-133, 2-135 

A-16 
14-126, 14-127 

14-78 
Miscellaneous System Board Information 2-3 
MODE register 2-26 
MODE Register 2-144, 2-148 
Mode speed 2-174 

Mode 
320 x 2000-Pixel Graphics 
640 x 200-Pixel Graphics 
AUTO 
FAST 
Graphics 

INDEX 11 

7-17 
7-17 

2-199 
2-198, 2-199 

7-15 
HIGH 2-195, 2-198, 2-199 

14-17, 14-41 
2-35, 2-161 

14-2, 14-3, 14-4 

PROTECTED 1-15, 14-2, 14-4, 
PROTECTED VIRTUAL MEMORY 
REAL 1-15, 2-35, 2-161, 
Text 
MODE Register (3D8h, WRITE-ONLY) 
Monitor 
Resolution and Frequencies 
Connector 
Composite Video 
RGBI 
Move Block 
MS-DOS File Storage (Tape) 

7-15 
7-11 

13-4 
13-16 
7-20 
7-19 

14-33 
12-12 

MSC Gate Array 2-75, 2-135, 2-201 
Multipurpose fixed disk controller board 10-2 
Multipurpose controller board 10-2 

N 
NEC765A Floppy Disk Controller 5-9 
NM I Interrupts 5-59, 2-186, 2-188 
Non-CPU Operations 2-64, 2-191 
NOP Command (F7h .. FDh) 8-13 
NOP Command (EFh .. F2h) 8-12 
Normal Reset 14-3 
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0 
Operating Modes 2-183 

p 
Parallel Printer Connector Signals 5-26 
Parallel Printer Connector 5-28 
Parallel printer circuits B-1, B-11 
Parameter Table 14-10, 14-55, 14-89, 14-97, 14-123 
Port addresses 2-139, 2-145, 2-146, 2-154, 

2-155, 2-170, 2-171, 5-7 
Port Functions 2-169 
Port 64h, Conmand/Status Register 2-45 
PORTABLE 286 2-162 
Power Cable Connector 11-8 
Power Supply Connector 9-8 
Power supply 9-1 
Power-down sequence 9-2 
Power-on 14-106 
Power-On Self-Test 2-12 
Power-On System Initialization 14-7 
Power-On Sequence 9-2 
POWER-ON COMPLETED (AAh) Keyboard Response 8-15 
Power-On Self-Test (Post) Messages A-2 
Power-On Messages A-1 
Print Screen 14-64, 14-66, 14-125 
Print Screen Status 14-65 
Print Character 14-64, 14-67, 14-68 

Printer 
I/O 
Interrupt 
Port 
Port 0 
Port enabled 
status 
PRINTER CONTROL Register 
Printer Circuits 
PRINTER DATA Register 

14-65 
14-64, 14-67 
14-64, 14-70 

14-67, 14-68, 14-64, 14-69 
14-65 

5-20, 5-23 
14-64, 14-68, 14-69 

B-13, 5-18 
5-16 
B-12 

PRINTER DATA REGISTER (3BCh) 5-17 
PRINTER STATUS REGISTER (3BDh, READ-ONLY) 5-17 
PRINTER STATUS Register B-13 
Pri.ori ti es 2-187, 2-188 
Processor Interrupts 14-14 
PROGRAMMABLE DEVICES 2-17, 2-128, 2-130, 2-139 
Progranming Considerations 
Protected mode 1-15, 14-2, 14-4, 

14-18, 14-20, 14-28, 14-33, 
14-42; 14-88, 

14-5 
14-17, 
14-41, 
14-127 

Protected Virtual Memory mode 2-34, 2-161 
PWRGOOD 2-6, 2-75, 2-132, 2-201, 9-2 



R 
RAM 1-5, 2-3, 2-7 - 2-99, 2-13, 2-16, 

-26, 2-64, 2-75, 2-77, 2-128, 2-130, 
2-133 - 2-135, 2-149, 2-198, 2-199, 3-5, 4-3, 7-5 

RAM locations 14-29 
RAM Refresh 2-62, 2-66 
Read Sectors 14-92 
Read Long 14-92 
Read status 14-48 
Read sectors 14-48 
Read Onlx Memorx (ROM) 2-138 
READ SECTORS 6-13 
READ LONG 6-13 
READ BUFFER 6-18 
Read-Only Memory (ROM) 2-3 
Real Mode 1-15,. 2-35, 2-161, 14-2, 14-3, 14-4 
Real-time clock 2-142, 2-155, 2-186, 14-3 
Real-Time Clock and Configuration Memory 2-30, 

2-59, 2-71, 2-73, 2-155, 2-198, 2-199 
Recalibrate Drive 14-92, 14-101 
RECALIBRATE 6-12 
Refresh 2-180, 2-181, 2-182, 2-134, 2-135, 

2-140, 2-155 
Refresh requests 2-66 

INDEX 13 

Registers, 
ACE BAUD RATE DIVISOR LATCH 
ACE INTERRUPT ENABLE 
ACE INTERRUPT ENABLE (3F9h) 
ACE INTERRUPT ID 
ACE INTERRUPT ID (3FAh, READ-ONLY) 
ACE Line Control 
ACE LINE CONTROL (3FBh) 
ACE LINE STATUS (3FDh, READ-ONLY) 
ACE LINE STATUS (READ ONLY) 
ACE MODEM CONTROL 
ACE MODEM CONTROL (3FCh) 
ACE MODEM STATUS (3FEh, READ-ONLY) 
ACE MODEM STATUS (READ ONLY) 
ACE RESERVED 
ALTERNATE STATUS (3F6h, READ-ONLY) 
BASE AND CURRENT ADDRESS - CHANNELS 0-3 
BASE AND CURRENT WORD COUNT -

CHANNELS 0-3 2-28, 
COLOR (3D9h, WRITE-ONLY) 
COMMAND 2-55, 2-144, 
COMMAND (1F7h, WRITE-ONLY) 
CURRENT ADDRESS CHANNELS 0-3 2-28, 
CURRENT WORD COUNT - CHANNELS 0-3 
CYLINDER HIGH (1F5h) 
CYLINDER LOW (1F4h) 
DATA (lFOh) 
DATA (3D5h) 
DATA TRANSFER RATE CONTROL (3F7h, WRITE-ONLY) 
DISKETTE! AND FIXED DISK! STATUS 

(3F7h, READ-ONLY) 

B-7 
B-8 

5-13 
B-8 

5-13 
B-9 

5-14 
5-15 

B-104 
B-9 

5-14 
5-15 
B-10 
B-11 
6-9 

2-150 

2-151 
7-12 

2-147 
6-8 

2-151 
2-152 

6-6 
6-6 
6-3 
7-9 
5-8 

5-8 
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Registers (Continued) Reset codes 14-4. 14-5 
DRIVE CONTROL (3F2h, WRITE ONLY) 5-7 RESET Co1T1T1and (FFh) 8-13 
DRIVE CONTROL (3F6h, WRITE-ONLY) 6-10 Reset diskette 14-48 
ERROR (lFlh, READ-ONLY) 6-4 RESET LIGHTPEN Register (3DBh, WRITE-ONLY) 7-14 
INDEX (3D4h, WRITE ONLY) 7-9 

RESET MASK 2-154 MAIN STATUS (3F4h, READ ONLY) 5-8 
MASK 2-144 RESET MASK REGISTER 2-29 
MODE 2-26, 2-144, 2-148 RESET POINTER FLIP-FLOP 2-28, 2-29, 2-150, 
MODE (3D8h, WRITE-ONLY) 7-11 2-151. 2-152, 2-153 
PRINTER CONTROL B-13 Revision Code 14-129 
PRINTER CONTROL (3BEh) 5-18 RGBI monitors 7-19 
PRINTER DATA B-12 ROM Revision Code 14-129 
PRINTER DATA (3BCh) 5-17 ROM 2-7, 2-9, 2-11, 2-12, 2-13, 2-16, 
PRINTER STATUS (3BDh, READ-ONLY) 5-17 2-77. 2-128, 2-130, 2-133, 2-134, 2-138, 2-198 
PRINTER STATUS (READ ONLY) B-13 

RS-232-C 5-26 RESET MASK REGISTER 2-29 
SECTOR COUNT (1F2h) 6-5 RTC 2-lB, 2-30, 2-140, 2-155, 14-3, 14-21 
SECTOR NUMBER (1F3h) 6-6 
SECTOR SIZE/DRIVE/HEAD (1F6h) 6-7 
STATUS 2-25, 2-147 s 
STATUS (1F7h, READ-ONLY) 6-7 Save Set DescriEtion 12-15 
STATUS (3DAh, READ-ONLY) 7-14 
TEMPORARY 2-29, 2-152 Sector Table 6-16 

TEMPORARY 2-29 SECTOR SIZE/DRIVE/HEAD Register (1F6h) 6-7 
TRANSMITTER HOLDING (3F8h) 5-12 SECTOR NUMBER Register (1F3h) 6-6 
WRITE PRECOMPENSATION CYLINDER SECTOR COUNT Regsiter (1F2h) 6-5 

(lFlh, WRITE-ONLY) 6-5 Securitl Kel Lock 2-53, 2-180 
RESEND Corrmand (FEh) 8-13 Seek Cllinder 14-92 
RESEND (FEh) Kelboard ResEonse 8-16 SEEK 6-12 
Reset 2-130, 2-132, 2-147, 2-149, 2-153, Sense Status 14-72 

2-154, 2-156, 2-161 



Sense Communications Status 14-74 
Serial port 5-14, 14-72, 14-74 
Serial Connector Signals 5-26 
Set media types for format 14-48 
Set drive types for format 14-48 
SET STATUS INDICATORS CoTI111and (EDh) 8-11 
SET KEY REPEAT RATE CoTI111and (F3h) 8-12 
SET DEFAULT CONDITIONS CoTI111and (F6h) 8-13 
SET LIGHTPEN Register (3DCh, WRITE-ONLY) 7-14 
SETCLOCK 2-31 
SETUP 2-12, 2-31, 2-73 
Software interrupt 14-106 
Software Reset 14-4 
SOFTWARE DRQx REQUEST 2-27, 2-150 
Software Concepts 1-15 
Speaker Interface 2-71, 2-74, 2-198, 2-200 
Special BIOS ROM locations. 14-129 
Speed control 2-198 
Speed 2-170, 2-171, 2-174, 2-176 
ST506 6-1, 11-1, 11-3, 11-5 
Status codes 
STATUS register 
Status register 
Byte OAh 
Byte OBh 
Byte OCh--Read-Only 
Byte ODh 
Register (1F7h, READ-ONLY) 
Register (3DAh, READ-ONLY) 
Switch settings 2-76, 

14-51 
2-147 
2-25 

2-33, 2-158 
2-34, 2-159 
2-34, 2-159 
2-34, 2-160 

6-7 
7-14 

2-77, 2-135, 2-136, 5-23 

SYS REQ Key 
Sys Reg Key Routine 
System board 

2-20, 
I/O Map 
Memory Configurations 
Power Requirements 
System, 
bus 
Characteristics 
Configuration Word 
control circuitry 
initialization 
Interconnections 
Interrupts 
Memory Board 
memory map 
ROM 
Scan Codes 
Specifications 

INDEX 15 

14-76 
14-33, 14-38 

1-1, 2-9, 2-11, 2-13, 2-16, 
2-30, 2-62, 2-64, 2-75, 2-189 

2-18, 2-140 
2-137 

2-75, 2-201 

2-62, 14-127 
1-2 

14-109 
2-6 

2-3, 2-130 
1-11 

14-30 
2-77, 3-1 
1-1, 1-15 

14-115 
2-50, 2-177 

1-9 
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T 
Tape Backup (see Fixed Disk Drive Backup) 
Tape Format 
Tape header (HDR) 
Tape Identification area (TID) 
Tape Sections, 
File Allocataion Table 
Save Set Description 
Tape Header 
Tape Identification Area 
Tape ut il it i es 
TEMPORARY 
Text Mode 
Tick Counter/RTC 
Interrupts 
Timer-Ticks-Since-Midnight counter 
Timing 
Transmit Character 
TRANSMITTER HOLDING (3fBh) 
Type Code 

v 

12-10 
12-12. 12-15 

12-15 

12-15, 12-19 
12-15, 12-18 

12-15 
12-15, 12-16 

12-11 
2-29, 2-152 

7-15 
14-9, 14-10 

14-21 
14-3 

2-14B, 2-169 
14-72, 14-73 

5-12 
14-102, 14-4214-129 

Verify Sectors 6-15, 14-48, 14-53, 14-57, 14-92 
Vertical Timing 7-21 
Video Parameter Table 14-107 
Video mode parameter tables 14-123 
Video Interrupts 14-106. 14-107 
Video I/0 14-107, 14-108, 14-109, 14-125 
Video BIOS Extensions 14-108, 14-121 

Video controller 2-3 
Video l/0 14-1, 14-10 
Video memory 7-4, 7-5 
Video display controller board 7-1 
Video buffer 7-25 

w 
Word-DMA Operations 2-66, 2-193 
WRITE ALL MASK BITS 2-26, 2-27, 2-149 
WRITE BUFFER 
Write Long 
Wr·i·~e Precompensat ion 
WRITE PRECOMPENSATION CYLINDER Register 

(lFlh, WRITE-ONLY) 

6-19 
6-14. 14-92 

5-10 

6-5 
WRITE SECTORS 6-14, 14-48, 14-53, 14-56, 14-92 
WRITE SINGLE MASK BIT 2-26, 2-27, 2-149 
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