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About This Book

What this book is about

CBIOS for IBM PS/2 Computers and Compatibles is a detailed technical ref-
erence that describes the CBIOS, the portion of the PS/2 ROM BIOS de-
signed to support single-tasking operating systems such as MS-DOS.

The information provided in this book is applicable to all Micro Channel
Architecture-based (MCA) and non-MCA-based IBM PS/2 and compatible
computers, ranging from Models 25 and 30 through Model 80.

Who should read this book

CBIOS for IBM PS/2 Computers and Compatibles provides the most compre-
hensive source of information about the IBM PS/2 and compatible CBIOS
available today. It can be used by anyone interested in learning more about
their PS/2 or compatible computer.

Applications programmers and device driver developers will find a thorough
discussion of each CBIOS device service and function, including the CBIOS
VGA-compatible video service. In addition, CBIOS for IBM PS/2 Computers
and Compatibles defines, to the bit level, all IBM PS/2 and compatible I/0
port addresses and CBIOS-related CMOS RAM and system RAM data.

Hardware technicians and other system troubleshooters will appreciate the
complete list of all CBIOS-generated error messages, their likely causes,
and suggested solutions.
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What we assume you know

This book assumes a basic knowledge of 80x86 assembly language program-
ming concepts, PC architecture, and operating system concepts. If you are
new to these subjects, use this book along with some of the excellent intro-
ductory books listed at the end of this book.

How to find information

CBIOS for IBM PS/2 Computers and Compatibles is organized into two major
parts. Chapters 1-6 provide a general introduction to CBIOS concepts and
describe how to use CBIOS services. Chapters 7-16 describe the individual
CBIOS services and serve as a technical reference. Appendix A provides a
comprehensive list of potential error messages. Appendix B provides infor-
mation on the 8042-based Keyboard/Mouse Controller. Appendix C describes
the hardware environment needed to implement 8086-based systems. Most
readers will want to read chapters 1-6 first to get a basic grasp of the
CBIOS features before turning to the individual service descriptions.

Each service-specific chapter (7-16) is organized in a similar fashion. There
is a description of the service and the hardware environment of this service,
a discussion on how errors are handled for this service, and complete de-
scriptions of each service function. The function descriptions include an
explanation of what the function does, the function’s required inputs and
outputs, and any special programming considerations or hardware
“gotcha’s” associated with the function.

Other volumes in this series

CBIOS for IBM PS/2 Computers and Compatibles is one of several volumes
about BIOS software in the Phoenix Technical Reference Series published by
Addison-Wesley. Other volumes are:

ABIOS for IBM PS/2 Computers and Compatibles — a complete
technical reference describing the portion of a PS/2 BIOS that
supports multitasking operating systems such as 0S/2.

System BIOS for IBM PCIXTIAT Computers and Compatibles — a
complete technical reference for the BIOS in all standard architec-
ture computers.

The volumes of this series are a natural companion for anyone who owns
and programs an IBM PC, XT, AT, or PS/2 model, or any compatible
system.
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Acronyms and Abbreviations

The following abbreviations and acronyms are used in this manual:

ASCII
ASIC
b
BCD
BIOS
bps
CDA
CGA
CRC
CMOS
DMA
DSR
ECC
EGA
EQI
ESDI
FTT
h

INT
110
IRQ
ISR

K
Kbs
LID
LSB
LSI
M, MB
MCGA
MDA
MFM
MHz

American Standard Code for Information Interchange
Application-Specific Integrated Circuit
Binary

Binary coded decimal

Basic input/output system

Bits per second

Common data area

Color graphics adapter

Cyclic redundancy check
Complementary metal oxide semiconductor
Direct memory access

Device service routine

Error checking and correction
Enhanced graphics adapter

End of interrupt

Enhanced small device interface
Function transfer table
Hexadecimal

Interrupt

Input/Output

Interrupt request line

Interrupt service routine
Kilobytes

Kilobits per second

Logical ID

Least significant byte

Large scale integration
Megabytes

Multicolor graphics array
Monochrome Display Adapter
Modified frequency modulation
Megahertz

continued
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Acronyms and Abbreviations, Continued

MSB Most significant byte

NMI Nonmaskable interrupt
08/2 Operating System/2

PGA Professional graphics adapter
POST Power-on self test

PTL Phoenix Technologies Ltd.
RAM Random access memory
RB Request block

RLL Run length limited

ROM Read-only memory

RTC Real time clock

VGA Video graphics array

VLSI Very large scale integration
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Chapter 1
The CBIOS

Overview

What is the PS/2 BIOS?

The ROM BIOS contained in Micro Channel Architecture-based IBM PS/2 and
compatible computers performs the same function that all basic input/
output systems do: it isolates the operating system and application pro-
grams from direct manipulation of the hardware.

When compared with the ROM BIOS contained in IBM PC XT/AT and compat-
ible computers, however, the PS/2 ROM BIOS has one critical difference —
it is designed to support two kinds of operating systems. The PS/2 ROM
BIOS is divided into two discrete parts: the Advanced BIOS (ABIOS) and

the Compatibility BIOS (CBIOS).

The CBIOS

The CBIOS portion of the PS/2 ROM BIOS provides IBM PS/2 and compatible
computers backward compatibility with single-tasking, Intel 80x86 real ad-
dress mode operating systems such as PC- or MS-DOS. As a result, the
CBIOS consists of a superset of the services and functions available in the
IBM PC/XT/AT ROM BIOS, and it interfaces with the operating system in the
same well understood way.

continued
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Overview, Continued

The ABIOS

The ABIOS portion of the PS/2 ROM BIOS provides IBM PS/2 and compatible
computers with “forward” compatibility with multitasking, bimodal (real
mode, protected mode, or both) operating systems, such as IBM 0S/2. The
ABIOS supports the same hardware devices that are supported by the
CBIOS, but its interface and data structures are specifically constructed to
facilitate the multitasking, bimodal nature of its design.

For more information on the ABIOS

For a complete treatment of the ABIOS, see ABIOS for IBM PS/2 Computers
and Compatibles in this series.

In this chapter

This chapter presents a general introduction to the major concepts and
design features of the CBIOS.

The following topics are discussed:

= CBIOS Compatibility

= CBIOS Memory Usage

= |nterrupts

= CBIOS Software Interrupt Handlers

= Summary: The CBIOS Services

CBIOS for IBM PS/2 Computers and Compatibles



CBIOS Compatibility

Introduction

In addition to those BIOS routines responsible for testing/initializing system
hardware, all BIOSs are essentially made up of a group of ROM-based
input/output device services. Each of these routines services one subsystem
of system hardware. Individual BIOS routines service the display, diskette
drives, fixed disk drives, the keyboard, and so on.

Operating systems and applications programs written to the BIOS device
service routines instead of directly to hardware 1/0 ports and control words
are assured a high degree of hardware independence.

CBIOS, BIOS, and application program compatibility

The CBIOS contains a superset of the service routines contained in all ver-
sions of the ROM BIOS written for PC/AT-compatible computers.

Because of this, the CBIOS ensures that operating systems (e.g. MS-DOS)
and applications programs written to these older BIOS versions will be com-
patible with the newer IBM PS/2-compatible MCA-based hardware.

CBIOS and PS/2

Besides service routines contained in previous IBM-compatible BIOSs, the
CBIOS also contains all the added functionality required of the single-tasking
component of the IBM PS/2 MCA-compatible BIOS.

The CBIOS device service routines support:

= All IBM VGA video modes and video functions

= Color and monochrome direct drive analog monitors
= A “mouse” or other pointing device

= Any of 32 IBM-defined fixed disk types

= 360K and 1.2 MB 5.25-inch diskette drives

= 720K and 1.44 MB 3.5-inch diskette drives

= Micro Channel Architecture—-compatible adapter boards
= All PS/2-compatible system board components

= Programmable Option Select

= Password

= Reference Diskette

The CBIOS 3




CBIOS Memory Usage

Introduction
Although the CBIOS routines reside in system Read-Only Memory (ROM),
they also make use of information stored in CMOS RAM and System RAM.

The illustration on the following page outlines the location and use of CBIOS
ROM, System RAM, and CMOS RAM.

continued
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CBIOS Memory Usage, Continued

ROM

RAM

CMOSs

ROM BIOS DATA

The CBIOS contains routines that test and initialize system hardware
and boot the operating system. It also contains routines that service the
microprocessor, the fixed disk, keyboard, display, and other peripheral
devices with which the microprocessor must communicate. Each of the
routines Is stored in system Read-Only Memory (ROM). The CBIOS
(and the ABIOS) are stored at address E0000h to FFFFFh in ROM.

SYSTEM RAM DATA

The CBIOS uses system RAM to store data that it needs to reference
or update in the course of executing its device service routines. The
CBIOS also uses system RAM to store the interrupt vectors.

= [nterrupt Vector Table — An Interrupt vector is the segment:offset
address of a routine invoked by issuing the assembly language “INT"
mnemonic. Interrupt vectors are stored in a “Table of Interrupt
Vectors” in low memory beginning at 00:00h and ending at 00:3FFh.
The CBIOS initializes those table entries that are reserved for BIOS
use during POST. Each entry points to one ROM BIOS service
routine. Other interrupt vector table entries are reserved for use by
the operating system, the microprocessor, and by end users.

= BIOS Data Area — At POST, the CBIOS stores a set of data
definitions in system RAM in absolute memory location 400h-500h. In
the process of executing device service routines, the CBIOS refers
to and updates this data. For example, the CBIOS updates 40:50h,
the location of the cursor on the video page, each time the CBIOS
routine “Set Cursor Position” is executed.

= Extended BIOS Data Area — The CBIOS uses the top 1K of system
RAM to store additional data. The segment of this extended BIOS
data area is located at 40:0Eh in the standard BIOS Data Area. The
data located in this area is concerned with the functions that are
CBIOS enhancements over the historical PC XT/AT BIOSs. For
example, data definitions concerned with the “mouse” or other
pointing devices are stored in the extended BIOS Data Area.

CMOS RAM DATA

The CBIOS uses nonvolatie CMOS RAM to store real time clock,
system configuration, and system diagnostic information. Depending on
the system configuration, the CBIOS can use up to two CMOS RAM
storage areas.

= CMOS Data Area — 64 bytes (32 Words) of time-of-day and
configuration data are located on the system real time clock chip. All
implementations of the CBIOS make use of this information.

= Extended CMOS Data Area — On systems that incorporate more
than four adapter slots, the CBIOS requires an additional 2K of
CMOS RAM storage. This area is mainly used for configuration
information associated with the additional adapter slots.

The CBIOS
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CBIOS Memory Usage, Continued

For more information
To get more information on:

= System RAM Data, turn to Chapter 3 of this volume.
= CMOS RAM Data, turn to Chapter 4 of this volume.

Interrupts

Introduction

Computer systems based on the Intel 80x86 microprocessors are controlled
mainly through the use of interrupts. Interrupts can be generated by the
microprocessor, by system hardware, or by software.

When an interrupt occurs, control of the computer is transferred to an
interrupt handling routine. Once the routine has executed, the processor’s
program counter and flag register are returned to their previous state.

Interrupt numbers

Every interrupt is assigned its own unique interrupt number, ranging from
00h to FFh.

By convention, certain ranges of interrupt numbers are reserved for special
use. The interrupts numbers ranging from 20h-3Fh, for example, are re-
served for DOS. The numbers from 60h-67h and F1h-FFh are reserved for
user—created interrupt routines.

Interrupt vectors

An interrupt vector is the double word, segment:offset address of the routine
assigned to a given interrupt number. Interrupt vectors are stored in a table
in memory beginning at address 00:00h. The vector for INT 00h is stored at
location 00:00h to 00:03h; the address for INT 02h is stored at address
00:04h to 00:07h, and so forth.

continued
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Interrupts, Continued

How interrupt vectors are initialized

The CBIOS writes the Interrupt Vector Table to low memory as part of the
power-on self test (POST) process, and it initializes the vector address of all
those interrupts concerned with the BIOS. When DOS is booted, it, in turn,
initializes all those interrupt vectors concerned with DOS. End users must
take care to initialize the vectors concerned with their own interrupts.

How interrupts are invoked
How a given interrupt is invoked depends on what type it is.
The table below defines the range of interrupt numbers reserved for each

interrupt type. It also summarizes how the various types of interrupts are
invoked.

Type Description

Processor Microprocessor, or logical, interrupts are invoked by the proces-
sor as a result of some unusual program result, such as a pro-
gram attempt to divide by zero.

= [NTs 00h-04h are reserved for the processor.

Hardware Hardware interrupts are invoked by peripheral devices by setting
their respective Interrupt Request Line (IRQ). Each time a key is
pressed, for example, the keyboard hardware generates a hard-
ware interrupt. Hardware interrupts are vectored to Interrupt
Service Routines (ISR) that generally reside in the BIOS.

= [NTs 08h-0Fh and 70h-77h are reserved by the CBIOS.

Software Software interrupts are invoked via the assembly language “INT”
mnemonic. Most software interrupts are vectored to device
service routines (DSR) located in the ROM BIOS or in DOS.
There are three exceptions to this rule, however.

= CBIOS software INTs 1Dh, 1Eh, and 46h do not service a
particular device, but act instead to return various ROM-
resident hardware parameter tables.

= INTs 20h-3Fh are reserved for DOS.

s INTs 05h, 10h-1Ah, 1Dh-1Fh, 40h, 41h, 43h, and 46h are
reserved for the BIOS.

User User interrupts are a special class of software interrupt. They
are invoked in the same way as software interrupts are. That is,
through the INT mnemonic.

= INTs 60h-67h and INTs F1h-FFh are reserved for user inter-
rupt routines.

continued
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Interrupts, Continued

Interrupt vector table

The table below identifies each interrupt by function and type. Where appli-
cable, it lists the interrupt vector address initialized by the CBIOS at POST.

Note: Further discussion of interrupts is limited to those interrupts directly
related to the CBIOS. The column labeled “Ref. Chapter” tells where
to turn for a full description of these interrupts.

INT Function Type Vector C’:\eaf;;.

00h Divide by Zero Logical

01h Single Step Logical

02h Nonmaskable Interrupt (NMI) Logical FE2C3h 7

03h Breakpoint Logical

04h Overflow Logical

05h Print Screen Software FFF54h 16

06h Invalid Op Code Hardware

07h Math Coprocessor Not Present Hardware

08h System Timer Hardware FFEAS5h 16

0%h Keyboard Hardware FE987h 8

0Ah Invalid Task Segment State Hardware

0Bh Serial Communications (COM2) Hardware

0Ch Serial Communications (COM1) Hardware

0Dh Parallel Printer (LPT2) Hardware

OEh Diskette Hardware FEF57h 8

OFh Parallel Printer (LPT1) Hardware

10h Video Software FF065h 9

11h Equipment List Software FF84Dh 16

12h Memory Size Software FF841h 16

13h Fixed Disk/Diskette Software FE3FEh 11

14h Serial Communication Software FE739h 12

15h System Services Software FF859h 18

16h Keyboard Software FE84Eh 8

17h Parallel Printer Software FEFD2h 14

18h Load ROM BASIC Software F1C90h 16
continued
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Interrupts, Continued

Interrupt vector table, cont’d

INT Function Type Vector CFI‘:afﬁ.
19h Bootstrap Loader Software FE6F2h 16
1Ah System Timer & Real-Time Clock Software FFEGEh 15
1Bh Keyboard Break Software FFF53h 8
1Ch User Timer Tick User FFF53h 15
1Dh Video Parameters Table BIOS Table | FFOA4h 9
1Eh Diskette Parameters Table BIOS Table | FEFC7h 10
1Fh Video Graphics Characters User F7F67h 9
20h-3Fh Reserved for DOS
40h Diskette BIOS Revector Software FEC59h 10
41h Fixed Disk Parameter Table BIOS Table | FE401h 11
42h EGA Default Video Driver BIOS Table
43h Video Graphics Characters User 9
44h-45h Reserved
46h Fixed Disk Parameter Table BIOS Table | FE401h 11
47h-49h Reserved
4Ah User Alarm User 15
4Bh-5Fh Reserved
60h-66h Reserved for User Program Interrupts User 1
67h LIM EMS Driver
68h-6Fh Reserved
70h Real Time Clock Hardware F5124h 15
71h Redirect Cascade Hardware F5266h
72h-73h Reserved
74h Pointing Device (Mouse) Hardware F4910h 13
75h 80287 Exception User F5257h 7
76h Fixed Disk Hardware FE2C3h 11
77h-7Fh Reserved
80h-FOh Reserved for BASIC BASIC 16
F1h-FFh Reserved for User Program Interrupts User

The CBIOS




CBIOS Software Interrupt Handlers

Software DSRs, functions, and parameters

Most of the CBIOS software interrupt handlers are capable of executing more
than one device related routine, or function.

Individual functions within a given software interrupt handler are identified by
a hex number, and they are selected by specifying that number in the AH
register when the interrupt is invoked.

Note: Some software DSRs also contain subfunctions. Subfunctions are
usually selected via the AL or the BL register.

Parameter passing

In addition to function numbers, all other parameters are passed to and from
the CBIOS routines via the microprocessor registers. All CBIOS software
interrupt handlers save the program counter registers, the flag register, and
all other registers except the AX register and those registers that return a
value to the caller.

10

continued
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CBIOS Software Interrupt Handlers, Continued

How functions are described

Throughout this manual, the functions performed by the CBIOS software
interrupt handlers are described in terms of their input and output parame-
ters. The sample description below is excerpted from Chapter 3, which
describes the CBIOS Video Service functions.

Example of a function description

Function: AH = 02h Set Cursor Position

Description

The Set Cursor Position function sets the cursor position (in terms of
row-by-column coordinates) for the display page indicated in BL. It
saves the position as a two-byte row-by-column tabie entry in the
cursor coordinates byte at 40:50h. Row and column coordinates are
indicated in registers DH and DL respectively.

The Set Cursor Position function applies to both text and graphics video
modes. In text modes, if the display page selected in BH is the active
display page, the on-screen cursor will move to the coordinates
indicated in registers DH and DL. In graphics modes, the cursor is invis-
ible, but it is used to define a position on the screen.

Input/output
Input: AH = 02h
BH = Display page number (see function AH = 05h)
DH = Row (0 is top row of screen)
DL = Column (0 is leftmost column)
Output: AX = 00h
continued
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CBIOS Software Interrupt Handlers, Continued

Example program

This assembly language program uses INT 10h Video Service function
AH = 02h Set Cursor Position to move the cursor on video page 0 to row 3,

column 14.

MOV AH, 2 ;Select "Set Cursor Position" function
MOV DH, 3 ;Input row parameter into DH register
MOV DL, 14 ;Input column parameter into DL register
INT 10H ;Invoke INT 10h, CBIOS Video Service

12 CBIOS for IBM PS/2 Computers and Compatibles



Summary: The CBIOS Services

Introduction

Each CBIOS service executes at least one function. When a given CBIOS

service is capable of executing more than one function, functions are se-
lected by placing the proper function number in the AH register. Subfunc-
tions are selected via either the AL register or the BL register.

The tables below briefly define each CBIOS service and list each CBIOS
function and subfunction.

Print Screen The CBIOS Print Screen Service prints the
Service contents of the current video screen to printer
number 0.

INT PARAMETER FUNCTION

05h None Print Screen

. The CBIOS Video Service provides I/0 support for
Video both color and monochrome analog monitors.
Service They allow the display of all 17 IBM PS/2 video
modes.
INT PARAMETER FUNCTION
10h AH = 00h Set Mode
AH = 01h Set Cursor Type
AH = 02h Set Cursor Position
AH = 03h Read Cursor Position
AH = 04h Read Light Pen Position
AH = 05h Select Active Display Page
AH = 06h Scroll Active Page Up
AH = 07h Scroll Active Page Down
AH = 08h Read Attribute/Character at Current Cursor Position
AH = 0%h Write Attribute/Character at Current Cursor Position

continued
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Summary: The CBIOS Services, Continued

Introduction, cont’d

14

Video The CBIOS Video Service provides 1/0 support for
Service both color and monochrome analog monitors.
il They allow the display of all 17 IBM PS/2 video
cont’d modes.
INT PARAMETER FUNCTION
10h AH = OAh Write Character At Current Position
AH = 0Bh Set Color Palette
AH = 0Ch Write Dot
AH = 0Dh Read Dot
AH = OEh Write Teletype To Active Page
AH = OFh Read Current Video State
AH = 10h SET PALETTE REGISTERS:

Parameter Subfunction
AL = 00h Set Iindividual palette register
AL = 01h Set overscan register
AL = 02h Set all palette registers and overscan
AL = 03h Toggle intensify/blinking bit
AL = 04h-06h | Reserved
AL = 07h Read individual palette register
AL = 08h Read overscan register
AL = 09h Read all palette registers and
overscan
AL = 10h Set individual color register
AL = 11h Reserved
AL = 12h Set block of color registers
AL = 13h Select color page (not valid for
mode 13h)
BL = 00h Select paging mode
BL = 01h Select page
AL = 14h Reserved
AL = 15h Read individual color register
AL = 16h Reserved
AL = 17h Read block of color registers
AL = 18h-19h | Reserved
AL = 1Ah Read color paging status
AL = 1Bh Sum color values to gray shades

continued
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Summary: The CBIOS Services, Continued

Introduction, cont’'d

Video The CBIOS Video Service provides I/O support for
Service both color and monochrome analog monitors.
) They allow the display of all 17 IBM PS/2 video
cont'd modes.
INT PARAMETER FUNCTION
10h AH = 11h CHARACTER GENERATOR:
Parameter Subfunction
AL = 00h User alpha load
AL = 01h ROM 8x16 font
AL = 02h ROM 8x8 double dot font
AL = 03h Set block specifier (valid in alpha
modes)
AL = 04h ROM 8x16 font
AL = 10h Use)r alpha load (cali after mode
set
AL = 11h ROM 8x14 font (call after mode set)
AL = 12h ROM 8x8 double dot font (call after
mode set)
AL = 14h ROM 8x16 font (call after mode set)
AL = 20h Set user graphics characters
pointer at INT 1Fh
AL = 21h Set user graphics characters
pointer at INT 43h
AL = 22h ROM 8x14 font
AL = 23h ROM 8x8 double dot font
AL = 24h ROM 8x16 font
AL = 30h Get font Information
10h AH = 12h ALTERNATE SELECT:
Parameter Subfunction
BL = 10h Return EGA Information
BL = 20h Select alternate print screen routine
BL = 30h Select scan lines for alphanumeric
modes
BL = 31h Default palette loading during
set mode
BL = 32h Video
BL = 33h Summing to gray shades
BL = 34h Cursor emulation
BL = 35h Display switch
BL = 36h Video screen off/on
continued
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Summary: The CBIOS Services, Continued

Introduction, cont’d

Video The CBIOS Video Service provides I/0 support for

Service both color and monochrome analog monitors.
, They allow the display of all 17 IBM PS/2 video
cont’d modes. :

INT PARAMETER FUNCTION

10h AH = 13h ALTERNATE SELECT:
Parameter Subfunction
AL = 00h Cursor not moved
AL = 01h Cursor is moved
AL = 02h Cursor not moved (text modes only)
AL = 03h Cursor is moved (text modes only)

AH = 14h-19h Reserved ‘
AH = 13h READ/WRITE DISPLAY COMBINATION CODE:

Parameter Subfunction
AL = 00h Read display combination code
AL = 01h Write display combination code
AH = 1Bh Read/Write Display Combination Code
AH = 1Ch Save/Restore Video State

AH = 1Dh-FFh Reserved

Equipment List The CBIOS Equipment List Service returns the
Service system equipment list, as determined by the
CBIOS POST routine.

INT PARAMETER FUNCTION

11h None Read Equipment List

continued
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Summary: The CBIOS Services, Continued

Introduction, cont’d

i The CBIOS Memory Size Service returns the
Megmry Size amount of available base memory (in Kilobytes),
ervice as determined by the POST routine.

INT PARAMETER FUNCTION

12h None Read Memory Size

The CBIOS Diskette Service performs BIOS-level
read, write, format, initialization, and diagnostic
support for up to two internal diskette drives.

Diskette Note: If a fixed disk is installed, the CBIOS auto-
Service matically revectors all 13h Diskette Service
requests to INT 40h. This revectoring is
transparent to end users. End users should
continue to use INT 13h for both fixed disk
and diskette service requests.

INT PARAMETER FUNCTION

13h AH = 00h Reset Diskette System
AH = 0t1h Read Diskette Status
AH = 02h Read Diskette Sectors
AH = 03h Write Diskette Sectors
AH = 04h Verify Diskette Sectors
AH = 05h Format Diskette Track
AH = 06h-07h Reserved
AH = 08h Read Drive Parameters
AH = 0%h-14h Reserved
AH = 15h Read Drive Type
AH = 16h Detect Media Change
AH = 17h Set Diskette Type
AH = 18h Set Media Type for Format
AH = 19h-FFh Reserved

continued

The CBIOS 17



Summary: The CBIOS Services, Continued

Introduction, cont’d

18

The CBIOS Fixed Disk Service performs BIOS level

Fig:gwlgiesk ;ead,_ write, format, initialization, and diagnostic
unctions for up to two fixed disk drives.
INT PARAMETER FUNCTION
13h AH = 00h Reset Disk System
AH = 01h Read Disk Status
AH = 02h Read Disk Sectors
AH = 03h Write Disk Sectors
AH = 04h Verify Disk Sectors
AH = 05h Format Disk Cylinder
AH = 06h-07h Reserved
AH = 08h Read Drive Parameters
AH = 09h Initialize Drive Parameters
AH = 0Ah ‘Read Long Disk Sectors
AH = 0Bh Write Long Disk Sectors
AH = 0Ch Seek to Cylinder
AH = 0Dh Alternate Disk Select
AH = OEh Diagnostics
AH = OFh Diagnostics
AH = 10h Test Drive Ready
AH = 11h Recalibrate
AH = 12h-14h Reserved
AH = 15h Read Disk Type
AH = 16h-18h Reserved
AH = 19h Park Heads
AH = 1Ah-FFh Reserved

continued
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Summary: The CBIOS Services, Continued

Introduction, cont’'d

Serial The CBIOS Serial Communication Service per-
Communication forms RS-232-C character |/0O for IBM-compatible
Service serial port adapters.
INT PARAMETER FUNCTION
14h AH = 00h Initialize the Communications Port
AH = 01h Send Character
AH = 02h Receive Character
AH = 03h Read Status
AH = 04h Extended Initialize
AH = 05h Extended Communications Port Control
AH = 06h-FFh Reserved
The CBIOS System Services is composed of
System several miscellaneous system-level subservices,
Services all of which are invoked via the INT 15h
mnemonic.
INT PARAMETER FUNCTION
15h AH = 00h-03h Reserved
AH = 04h Build ABIOS System Parameters Table
AH = 05h Build ABIOS Initialization Table
AH = 06h - 20h| Reserved
AH = 21h POWER-ON SELF TEST ERROR LOG:
Parameter Subfunction
AL = 00h Read POST error log
AL = 01h Write error code to POST error log
AH = 22h-4Eh Reserved
AH = 4Fh Keyboard Intercept
AH = 50h-7Fh Reserved
AH = 80h Device Open
AH = 81h Device Close
continued
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Summary: The CBIOS Services, Continued

Introduction, cont’d

System The CBIOS System Services is composed of
Services several miscellaneous system-level subservices,
L all of which are invoked via the INT 15h
cont’d mnemonic.
INT PARAMETER FUNCTION
15h AH = 82h Program Termination
AH = 83h Set Event Wait Interval
AH = 84h Joystick Support
AH = 85h System Request Key
AH = 86h Wait
AH = 87h Move Block
AH = 88h Read Extended Memory Size
AH = 89%h Set Protected Mode
AH = 8Ah-8Fh Reserved
AH = 90h Device Busy Loop
AH = 91h Interrupt Complete
AH = 92h-BFh Reserved
AH = COh Return System Configuration Parameters
AH = C1h Return Extended BIOS Data Area Segment Address
AH = C2h POINTING DEVICE INTERFACE
Parameter Subfunction
AL = 00h Enable/Disable pointing device
AL = 01h Reset pointing device
AL = 02h Set sample rate
AL = 03h Set resolution
AL = 04h Read device type
AL = 05h Pointing device Initialization
AL = 06h Extended commands
BH = 00h Return status
BH = 01h Set scaling to 1:1
BH = 02h Set scaling to 2:1
AL = 07h Device driver far call

continued
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Summary: The CBIOS Services, Continued

Introduction, cont’d

System The CBIOS System Services is composed of
Services, several miscellaneous system-level subservices,
all of which are invoked via the INT 15h
cont’d mnemonic. '
INT PARAMETER FUNCTION
15h AH = C3h ENABLE/DISABLE WATCHDOG TIME-OUT
Parameter Subfunction
AL = 00h Disable watchdog time-out
AL = 01h Enable watchdog time-out
AH = C4h PROGRAMMABLE OPTION SELECT
Parameter Subfunction
AL = 00h Enable cursor for setup
AL = 01h Adapter enable
AH = C5h-FFh Reserved
Keyboard The CBIOS Keyboard Service interfaces the
Service operating system and application programs with
the keyboard.
INT PARAMETER FUNCTION
16h AH = 00h Read Next Keyboard Character
AH = 01h Return Keyboard Status
AH = 02h Return Shift Flag Status
AH = 03h Set Typematic Rate And Delay
AH = 05h Store Key Data
AH = 06h-0Fh Reserved
AH = 010h Return Extended Key Values
AH = 011h Return Extended Key Status
AH = 012h Return Extended Shift Flags
AH = 013h-FFh | Reserved
continued
The CBIOS 21



Summary: The CBIOS Services, Continued

Introduction, cont’d

Parallel Printer
Service

The CBIOS Printer Service provides I/0 support for
parallel printer ports.

INT PARAMETER

FUNCTION

17h AH = 00h

Print Character

AH = 01h Initialize Printer
AH = 02h Read Status
AH = 03h-FFh Reserved

Time-of-Day

The CBIOS Time-of-Day Service contains func-
tions that support and maintain the time-of-day

Service portion of the Motorola MC 146818A (or
equivalent) CMOS clock chip.
INT PARAMETER FUNCTION
1Ah AH = 00h Read System Timer Counter
AH = 01h Set System Timer Counter
AH = 02h Read Real Time Clock Time
AH = 03h Set Real Time Clock Time
AH = 04h Read Real Time Clock Date
AH = 05h Set Real Time Clock Date
AH = 06h Set Real Time Clock Alarm
AH = 07h Reset Real Time Clock Alarm
AH = 08h Set Real Time Clock Activated Power-On Mode
AH = 08h Read Real Time Clock Alarm Time and Status
AH = 0Ah Read System Timer Day Counter
AH = 0Bh Set System Timer Day Counter

22
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Chapter 2
Hardware Environment

Overview

Introduction
This chapter describes the hardware environment supported by the CBIOS.

Note: The hardware environment described here also applies to the ABIOS
portion of PS/2-compatible ROM BIOSs.

Hardware overview only

The hardware contained in IBM PS/2 and compatible systems provides the
user with a rich and powerful computing environment. A precise description
of each IBM PS/2 hardware component, however, is beyond the scope of
this book. The material presented here is intended to give CBIOS users a
general survey of the PS/2 hardware and is not intended to substitute for
the hardware data sheet or documentation available from individual hardware
manufacturers.

continued
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Overview, Continued

CBIOS benefits

By its very nature, the CBIOS is designed to isolate the user from direct
manipulation of hardware 1/0 ports, registers, and control words. As such,
the CBIOS provides a high level interface to hardware that is guaranteed to
remain the same when hardware components change.

This has a number of benefits:

= |f programs use CBIOS calls instead of reads and writes to hardware, they
will be more portable across differing hardware environments.

= Using the CBIOS services spares the programmer from having to master
many details about hardware that may change.

Additional information

Two appendices are included in this reference with additional hardware
information.
= Appendix B — provides a detailed look at the 8042 controller chip.

= Appendix C — describes the Model 25/30 and compatibles hardware
environment.

In this chapter

The following hardware information is presented:
= 80286/80386/80386SX Microprocessors

= Math Coprocessors

= Micro Channel

= |/O Devices

= System Time-Related Devices

= CMOS RAM Service

= DMA Controller

= Programmable Option Select (POS)

= Intel 8259A Programmable Interrupt Controllers
= System Control Port Definitions

= Power-On Password

= NMI Mask

= Hardware |/O Port List

24
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80286/80386/80386SX Microprocessors

Introduction

The CBIOS must be implemented in systems that employ the Intel 80286,
80386, or 80386SX microprocessor, an equivalent, or a superset.

The table below lists the CBIOS microprocessor support.

Item Support
Processor Speeds 6 to 20 MHz (80286); 6 to 33 MHz (80386 and 80386SX)
Note: Currently verified range of supported speeds.
Wait States 0 or 1 wait states
Address Modes Real and protected address modes
Note: See “Address mode support” below.

Address mode support

The ROM BIOS for IBM PS/2 and compatible systems can be addressed in
both the real and the protected address modes of the microprocessor.

This statement holds true for both the CBIOS and the ABIOS portions of the
ROM BIOS. The difference between the CBIOS and the ABIOS portions of the
ROM BIOS lies not in the modes under which they can be addressed but in
the kind of operating systems each is designed to support.

= The ABIOS is designed specifically to support multitasking operating sys-
tems (e.g. IBM OS/2) that execute exclusively in the microprocessor’s
real mode, exclusively in protected mode, or bimodally — switching be-
tween real and protected modes.

= CBIOS is primarily designed to support single-tasking operating systems
(e.g. MS-DOS) that execute exclusively in the microprocessor’s real
mode.
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Math Coprocessors

Introduction

The CBIOS can be implemented in systems that include an Intel 80287 or
80387 math coprocessor (80387SX for 80386SX processors) or an equiva-
lent math coprocessor.

Description

The math coprocessor performs high speed arithmetic, logarithmic, and
trigonometric floating point arithmetic calculations, permitting much speedier
processing for mathematically intensive processes.

The math coprocessor works in parallel with the microprocessor, allowing
both to process instructions separately. See the user manual for the
coprocessor for details about the extended data types, registers, and
instructions available with this chip.

Math coprocessor hardware interface

The coprocessor operates in an asynchronous mode and can use the same
clock generator as the microprocessor. It functions as an I/0 device and can
be accessed through I/O ports 00F8h, 00FAh, and OOFCh.

The coprocessor BUSY signal tells the microprocessor that the coprocessor
is operating. The WAIT signal means that it is executing, and forces the
microprocessor to wait until the coprocessor is done.

The coprocessor can operate in either the real or protected address mode.
It is in real address mode after a power-on, a reset, or when returning from
protected address mode.

The math coprocessor generates an error signal which sets IRQ 13, and the
BUSY signal from the coprocessor is then held in the BUSY state. The BUSY
signal can be cleared by an /O Write to I/0 port 00FOh or by a write of zero
to I1/0 port address OOFOh with bits 0-7 set to zeros, which also clears

IRQ 13.

continued
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Math Coprocessors, Continued

CBIOS: INT 75h Numeric exception error handling
IRQ 13 (which is generated by a math coprocessor numeric exception error)
is vectored to INT 75h hardware interrupt service routine as part of the
CBIOS initialization. When IRQ 13 goes high, INT 75h clears the BUSY signal
and issues a software interrupt, INT 02h.

Note: User programs which enable numeric exceptions must provide a
method for intercepting and processing either INT 75h or INT 02h.

Micro Channel

Introduction

The CBIOS supports such IBM Micro Channel-compatible features as Pro-
grammable Option Select (POS) and configurabie Direct Memory Access
(DMA) arbitration levels.

The following table lists the Micro Channel hardware supported by the CBIOS:

Feature Description

1/0 address width is 8-bit Allows either 8-bit or 16-bit I/O transfers.

or 16-bits.

Ceintral arbitration control Arbitrates among as many as 15 devices.

point.

8 DMA channels. Serial DMA protocol for 8 channels; either 8-bit or 16-bit
DMA transfer.

Level-sensitive interrupts. Interrupt controller operated in level-triggered mode to
allow devices to share Interrupt levels.

Pr?grammable option Eliminates need for jumpers and configuration switches.

select

Channel extension Support future growth and additional channel features.

connectors

No support for PC-type Supports only adapters designed for the Micro Channel.

adapters.

continued
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Micro Channel, Continued

Micro Channel connectors

The CBIOS supports three types of channel connectors:

= 16-bit, made up of an 8-bit section, and a 16-bit extension,
= 16-bit with auxiliary video extensions, and

= 32-bit connectors in Intel 80386-based systems.

Programmable option select (POS)

POS data is accumulated in adapter description files (ADFs) which are cre-
ated by adapter manufacturers for each adapter. The reference diskette
supplied with MCA-compatible systems reads .ADF files and stores configu-
ration information in CMOS RAM. The CBIOS power-on self test (POST)
reads CMOS RAM and writes the configuration information to the POS regis-
ters of the adapters.

The POS I/0 addresses are 0094h - 0097h and 0100h - 0107h.
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1/0 Devices: Introduction

The CBIOS supports the following I/O devices:

= a diskette controller,

= a fixed disk controller,

a VGA video controller,

an Intel 8042/8242 or equivalent keyboard controller,
= a serial port, and

= a parallel port.

Each of these capabilities is discussed below.

1/0 Devices: Diskette and Disk Hardware

Diskette controller
The CBIOS supports an NEC 765 or equivalent diskette controiier. Four types
of diskette drives are supported:
= 720K 3.5-inch,
= 1.44 MB 3.5-inch,
s 360K 5.25-inch, and
= 1.2 MB 5.25-inch drives.

Diskette drive configuration

The ROM BIOS supports a maximum of two diskette drives.

Fixed disk controller

The ROM BIOS supports up to two fixed disks. The CBIOS supports an
ST506 fixed disk adapter or equivalent. This adapter should be PS/2-compat-
ible. The ST506 adapter is single-tasking and must complete one operation
before starting another, even though the next operation may be for the other
fixed disk. The hardware interrupt request for fixed disk is 14.

RLL and ESDI fixed disk controllers are also supported by the CBIOS.

Hardware Environment
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1/0 Devices: Video Hardware

Introduction
The CBIOS video service supports IBM VGA-compatible hardware, including:
» a VGA-compatible chip or chip set that includes a:
= CRT Controller
= Sequencer
Graphics Controller, and
= Attribute Controller
= DAC chip — INMOS G171 or compatible Digital-to-Analog Converter
» Video RAM — 256K of dynamic read/write RAM configured as four 64K
maps
= Monochrome or color direct drive analog monitor
= Monochrome or color multiple sync frequency monitors

VGA-compatible chip (or chip set)

The VGA chip (or chip set) provides all CRT control signals. It consists of
four components: CRT Controller, Sequencer, Graphics Controller, and
Attribute Controller.

The function of each VGA component is summarized in the table below.

Component Function CRT Controller

CRT Controller Generates horizontal and vertical CRT sync timings, cursor
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