






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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) 
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-------- -

--------------------------------

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) 
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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. 
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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). 



External ESDI Interface Adapter Board 
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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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CONNECTOR ESDI DRIVE 
CONTROL CONNECTOR 

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. 
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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. 
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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. 
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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 15-6. External ESDI Controller Board 
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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-
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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) 
To Manual No. 102789-001 

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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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 

7 
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U2F 

~ 
U2A _..._ 

7'06 
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U2C 

7406 

Vt 
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~ 
U6F 

t.502 
~ ~:ill 

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. 
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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 

2400-Baud Internal Modem 16-19 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

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. 



16-20 80286-Based Products Technical Reference Guide 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

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. 



16-22 80286-Based Products Technical Reference Guide 

Addendum 114271-001 (12-88) 
To Manual No. 102789-001 

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) 
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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 ~ ~ ~ ~ ~ ~ ~ ~ 
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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 

~ 
~ 







INDEX 

1.2-megabyte diskette drive 
1.44-megabyte diskette drive 

101-key keyboard 
12 MHz 80286 
16-bit data bus 
24-bit address bus 
320 x 200-pixel graphics mode 
360-Kbyte diskette drive 

10-2 
1-2, 10-3, 10-4, 14-51. 

14-36 
8-1 

2-128 
2-3 
2-3 

7-17 
10-2, 10-3 

512/2048-Kbyte Memory Expansion Board 4-1 
640 x 200-pixel graphics mode 7-17 
6845 CRT controller 7-4 
6845 Video Controller 7-4 
80286 1-1, 1-2, 1-5, 1-7, 1-15, 

2-1, 2-3, 2-6, 2-7, 2-8, 2-20,2-31, 2-59, 
2-64, 2-74, 2-142, 2-156, 2-130, 2-132, 2-134, 

2-171, 2-186, 2-189, 2-200 
80287 1-5, 1-7, 2-6, 2-19, 2-72, 2-75, 2-201, 

2-130, 2-132, 2-141, 14-19 
8042 2-39, 2-40, 2-41, 2-43, 2-45, 2-50, 2-53, 2-72, 

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 


