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Introduction

elcome to Upgrading and Repairing PCs! This book is geared
for those of you who want to upgrade, repair, maintain, and
troubleshoot your own or your companies’' computers. This book is
designed to cover the range of hardware that is compatible with
IBM's Personal Computer and Personal System/2 series of systems.
Actual IBM systems are covered as well as all available IBM
compatibles or clones.

What Are the Main Objectives
of This Book?

Upgrading and Repairing PCs focuses on several objectives. One is
to help you understand the family of computers that stems from the
original IBM PC. This book examines each system in depth, outlining
the differences among the models and presenting the options
available for configuring each system at purchase time. And many
sections give you detailed information about each of the internal
components that make up a personal computer system.

Another objective is to help you understand the newer PS/2 systems
from IBM. From an upgrade and repair point of view, you will
examine how these systems differ from the earlier systems.

Upgrading and Repairing PCs also will help you gain an

understanding of the peripheral and add-on market surrounding this
incredibly popular family of systems. The IBM-based microcomputer
family is rapidly moving forward in terms of power and capabilities.
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Available storage is increasing rapidly in terms of directly
addressable memory and peripheral storage such as hard disks. This
book examines the options available in modern high-performance PC
configurations and how to use them to your proper advantage. This
book focuses on much of the hardware and software available today
and relates what are the optimum configurations for achieving the
maximum benefit for the time and money spent. And this book
focuses on all areas of system improvement such as floppy disk,
hard disk, central processor unit, math coprocessor, and power
supply improvement.

The main objective of Upgrading and Repairing PCs is to help you
learn how to maintain, upgrade, and repair your PC system. You will
find discussions on proper system and component care. This book
examines and indicates the most failure-prone items in the various
PC systems and how to locate and identify a particular failing
component. Also examined is powerful diagnostics software that
enables the system to help you determine the fault and the proper
procedures for repair. When you finish reading this book, you will
have the required knowledge to perform repairs at circuit board and
component levels.

What Is in This Book?

Upgrading and Repairing PCs is designed for individuals who really
want a good understanding of how their PC systems work. Each
section gives full explanations and reasons for each problem or
situation that you may encounter so you will be better able to
handle tough problems. You will gain a real understanding of disk
configuration and interfacing, for example, that will greatly improve
your diagnostics and troubleshooting skills. You will develop a real
“feel”” for what goes on in the system so that you can rely on your
own judgment and observations and not some table of canned
troubleshooting ‘“steps.” This book is really geared for people who
truly are interested in these systems and just how they operate.

Upgrading and Repairing PCs is for those of you who will select,
install, configure, maintain, and repair the systems that you or your
companies will use. To accomplish these tasks, you will need a level
of knowledge much higher than the average system user. You must



Introduction

know exactly which tool to use for the task at hand and how to use
that tool correctly. This book can help you achieve this level of
knowledge. '

You receive in Chapter 1 a basic introduction to the development of
the IBM PC and compatibles. Chapter 2 gives detailed information
about the different types of systems you will encounter and what
separates one type of system from another. Chapter 2 also explains
the memory architecture of the various system types, which helps
you build a foundation of knowledge essential for the remainder of
the book.

Chapters 3 and 4 cover each of the IBM PC and PS/2 models, and
these chapters list differences among the individual versions of each
system. The technical specifications of each system also are
highlighted here. This information will be especially useful for those
of you who are compatible system owners so that you can determine
easily where your systems differ from the IBM standard.

Chapter 5 covers compatible systems. This chapter gives detailed
information on differences between compatible systems and
standard IBM systems, and it also lists some important features of
various compatible systems. This chapter is especially useful for
those of you who are making purchasing decisions. You can use
Chapter 5 as a general guideline for what features make a particular
compatible good or bad.

Chapter 6 examines the proper teardown, disassembly, and
inspection procedures for a system, and Chapter 7 covers each of the
components that make up a typical system, from the power supply
to the microprocessor.

Chapters 8 and 9 examine floppy disk drives and hard disk drives in
great detail. This information will be invaluable for those of you who
install drives in systems either as replacements or for upgrading a
system, as well as for those of you who need to troubleshoot and
repair malfunctioning drives.

Chapter 10 covers standard peripherals, such as video boards and
monitors, and communications boards, such as serial and parallel
ports.

Chapter 11 focuses on preventive maintenance and backup
procedures. This chapter emphasizes proper system care and
cleaning and examines how to maintain a system so that a minimum
number of problems will occur. Backup of data also is discussed.

3
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Chapter 12 lists specific system upgrades and examines how these
upgrades may be accomplished. Adding different floppy drives (such
as 3 1/2-inch drives) to any system and adding more or larger hard
disk drives are covered. Other topics include speeding up a system,
adding memory, and converting from one type of system to
another—from an XT to an AT, for example.

Chapter 13 focuses on system diagnostics and covers the required
tools you need to perform such diagnostics. The manufacturer-
provided diagnostics as well as various aftermarket diagnostics
utilities are discussed.

Chapters 14 and 15 cover hardware and software troubleshooting.
These chapters explain the most common problems and the
procedures you use to successfully discover the source of the
problem.

Chapter 16 is the conclusion of the book, and an Appendix follows.
In the Appendix, you will find many tables and data that will be a
valuable reference. Many of you will refer to this section of the book
over and over again when you're troubleshooting various system
problems. Most of this information has never before appeared in one
place!

I think you will find that Upgrading and Repairing PCs is the first
book of its kind on today's market. This book covers the extreme
breadth of IBM and compatible equipment but also offers a great
deal of in-depth coverage of each topic. This book will be valuable
as a reference tool, for understanding just how the various
components of a system interact and operate, and it will be valuable
as a guide to the repair and service problems you may encounter.
Upgrading and Repairing PCs is far more than just a ‘‘repair’
manual. I sincerely hope you enjoy it!
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Personal Computer
Background

evolutionary process leading to today's microcomputers has
been extremely rapid. Although many discoveries and
inventions have contributed to the machine known as the ‘‘personal
computer,” examining a few important landmarks can help to bring
the whole picture into perspective.

The History of Personal
Computing

One of the most important developments leading to the personal
computer revolution was the invention of the semiconductor, or
transistor, in 1948. This feat was accomplished by John Bardeen,
Walter Brattain, and William Shockley, who were engineers working
at Bell Laboratories. The transistor, nothing more than a solid-state
electronic switch, replaced the much larger vacuum tube and
consumed significantly less power in performing the tube’s job.
Thus, a computer system built with transistors was much smaller
and more efficient.

The tube also could act as a switch but was inefficient in this role.
A tube consumed a great deal of electrical power and gave off
enormous heat, which was a significant problem in the earlier
systems. Also, tubes were notoriously unreliable; one failed every
two hours or so in the larger systems.



8 Upgrading and Repairing PCs

The switch to transistors began the trend toward miniaturization
that has enabled today's small laptop PC systems, which run on
batteries, to have more computing power than many earlier systems
that filled rooms and consumed huge amounts of electrical power.

In 1959, engineers at Texas Instruments figured out how to put
more than one transistor on the same base or substrate material and
connect the transistors without wires. Thus, the integrated circuit, or
IC, was born. The first IC contained only six transistors, but the Intel
80386 in many of today's systems has 280,000. Today, ICs can be
built with millions of transistors on-board.

In 1969, a company called Intel made waves in the industry by
introducing a 1 K-bit memory chip, which was much larger than
anything else available at the time. Because of Intel's success in
chip manufacturing and design, the company was approached by a
Japanese calculator manufacturer called Busicomp and was asked to
produce 12 chips for one of Busicomp’s calculator designs. Engineers
at Intel took the 12-chip design and incorporated all the desired
functions and capabilities into a single ‘‘generic’’ multipurpose chip.
This chip was different from previous designs, which were hard
wired for a single purpose with “built in"" instructions. The new chip
read a variable set of instructions from memory, which Intel already
had been producing. The concept was to design what was almost an
entire computing device on a single chip. This first microprocessor
was the Intel 4004, a 4-bit microprocessor, introduced in 1971. The
successor to the 4004 chip was the 8008 8-bit microprocessor in
1972.

In 1973, some of the first microcomputer kits based on the 8008 chip
were developed. These kits were little more than demonstration
tools and could not do much except blink lights. In late 1973, Intel
introduced the 8080 microprocessor, which was 10 times faster than
the earlier 8008 chip and also could address a whopping 64K of
memory. This breakthrough was the one the personal computer was
waiting for.

With a cover story in the January 1975 issue of Popular Electronics
magazine, a company called MITS introduced the Altair kit, which is
generally considered to be the first personal computer. This kit
included an 8080 processor, a power supply, a front panel with a
great deal of lights, and an enormous 256 bytes (not kilobytes) of
memory. The kit sold for $395 and had to be assembled. This
computer included an open architecture (slots) that prompted all
sorts of add-ons and peripherals from aftermarket companies. The
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new processor inspired other companies to write programs,
including the CP/M (Control Program for Microprocessors) operating
system and the first version of Microsoft BASIC.

Now things really started moving. IBM introduced its first “personal
computer” in 1975. The Model 5100 had 16K of memory, a built-in
BASIC language interpreter, and a built-in cartridge tape drive for
storage. And the cost? Only $9,000! This price placed this system
clearly out of the mainstream ‘‘personal”’ computer marketplace,
which was dominated by experimenters (hackers) who built low-cost
kits ($500 or so) as a hobby. This IBM system, needless to say, was
not in competition for this market and did not sell very well. The
Model 5100 was succeeded by the 5110 and 5120 before IBM
introduced the IBM Personal Computer (which was called the Model
5150).

In 1976, a new company called Apple Computer introduced the
Apple I for $695. This system consisted of a main circuit board
screwed onto a piece of plywood. A case and power supply were not
included; the buyer had to supply them. Only a handful of these
computers were made, and today these collectors’ items have sold
for more than $20,000! The Apple I was followed in 1977 by the
Apple II. The Apple II, because of its enormous success, helped to
set the standards for nearly all the important microcomputers to
follow, including the IBM PC.

All this activity set the stage for the introduction of the IBM
Personal Computer. In 1980, the microcomputer world was
dominated by two main factions of computers. One faction was the
Apple II, which claimed a large following of loyal users and a
gigantic software base that was growing at a fantastic rate. Also
available were all the systems that had evolved from the original
MITS Altair. These systems were compatible with each other and
were distinguished by their use of the CP/M operating system and
expansion slots that followed the S-100 (for slot with 100 pins)
standard. Although built by a variety of companies and selling under
various names, these systems all were able (for the most part) to use
the same software and plug-in hardware.
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The IBM Personal Computer

At the end of 1980, a small group called the Entry Systems Division
was established at IBM. The original staff consisted of 12 engineers
and designers under the direction of Don Estridge. The team’s chief
designer was Lewis Eggebrecht. This division was given the task of
developing IBM's first real PC. (IBM considered the 5100 system

developed in 1975 to be an intelligent programmable terminal rather
than a genuine computer, even though it truly was a computer.)

Estridge and the design team rapidly developed the design and
specifications of the new system. The team studied the marketplace,
which had enormous influence in the IBM PC’s design. The
designers looked at the prevailing standards, learned from the
success of those systems, and incorporated all the features of the
popular systems—and more—into the new PC. IBM was able to
produce a system that filled its niche in the market perfectly.

With the parameters for design made obvious by the market, IBM
was able to bring its system from idea to delivery in one year. The
company accomplished this feat by purchasing as many components
as possible from outside vendors. IBM, for example, contracted out
the PC’s languages and operating system to a small company called
Microsoft. (IBM originally contacted a company called Digital
Research, which invented CP/M, but apparently Digital Research
wasn't interested in the proposed deal. Microsoft was interested,
and the company has become one of the largest software companies
in the world.) In addition to aiding in the speedy delivery of the
finished product, the use of outside vendors was an open invitation
for the aftermarket to jump in and support the system. And that it
did.

The debut of the IBM PC, using PC DOS, occurred on Tuesday,
August 11, 1981. On that date, a new standard took its place in the
microcomputer industry. Since that time, IBM has sold more than 10
million PCs, and the PC has grown into a complete family of
computers and peripherals. More software is written for this family
than for any other system on the market.
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=€ hapter Summary

This chapter traced the evolution of personal computing from the
development of the transistor to Intel's first memory chip. Intel's
continuing development of ICs led to a succession of
microprocessors, reaching a milestone in the 1973 introduction of the
8080 chip. In 1975 MITS introduced the Altair computer kit, based on
the 8080 microprocessor, and the computer industry was off and
running. IBM jumped into the ‘‘personal computer’’ market with the
Model 5100 in 1975.

In 1976 Apple sold its first computers, followed in 1977 by the
enormously successful Apple II. Because of its success, the Apple II
played a major role in the setting of standards for all microcomputers
to follow.

Finally, in 1980, IBM introduced its Personal Computer into a
microcomputer world dominated by the Apple II and the somewhat
Apple-compatible computers that had evolved from the Altair, both
of which used the CP/M operating system. The IBM PC, designed
with the needs of the market in mind and with many of its
components produced by outside vendors, immediately set the new
standard for the microcomputer industry.

Chapter 2 covers the technical fundamentals of IBM personal
computers and their compatibles, differences between PC and AT
systems, the structure and usage of memory, and how to obtain and
use maintenance manuals.
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System Features

is chapter covers the differences in system architecture of IBM
~and compatible systems, as well as the structure and usage of
memory. This chapter also discusses how to obtain the necessary
service manuals.

Types of Systems

Many types of IBM and compatible systems are on the market today,
and most of these systems are similar to one another. A few
important differences among the various systems should be
discussed, however. These differences in system architecture are
going to become more and more apparent during the next few years
as the new OS/2 operating system and applications software become
popular.

From a hardware and software point of view, all IBM and compatible
systems can be broken down into two basic system types, with a
few subcategories:

1. PC and XT types of systems
o Industry Standard Architecture (ISA) bus

8086 CPU (8-bit ISA)
8088 CPU (8-bit ISA)

13
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2. AT types of systems
e Industry Standard Architecture (ISA) bus

80286 CPU
80386 CPU

e PS/2 Micro Channel Architecture (MCA) bus

80286 CPU (16-bit MCA)
80386 CPU (32-bit MCA)

e Enhanced Industry Standard Architecture (EISA) bus
80386 CPU

AT systems can be broken down into subcategories: those with
either the standard ISA slots or the newer Micro Channel
Architecture slots. Also, some AT types of systems have either
80286 or 80386 processors; the '386 systems have a few distinct
capabilities with memory addressing and the possibility for 32-bit-
wide access to data. The Micro Channel Architecture systems with
80386 chips have special 32-bit slots for taking advantage of the '386
capabilities.

Recently, a consortium of compatibles manufacturers have
introduced a new slot system called the Enhanced Industry Standard
Architecture (EISA). This system is a new type of 32-bit slot for use
with '386-based systems. These manufacturers seemingly developed
EISA because IBM charges excessive royalties for any competitors
using the MCA slot design in IBM's systems. Because of the
royalties IBM charges, the competitors developed EISA, which they
can use with no royalties to IBM. Whether EISA actually becomes
another standard remains to be seen because systems using this
type of slot are not due until late 1989. By that time, between three
and four million MCA systems will have been sold.

Table 2.1 summarizes the primary differences between a standard
PC (or XT) type of system and an AT type of system. This
information includes all IBM and compatible models and identifies
these systems from one another.
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Table 2.1
Differences between PCs (or XTs) and ATs
System Attributes PC or XT Type AT Type
Supported 8086 or 8088 -
Processors: V-30 or V-20 (1) -
80186 or 80188 -
80286 (2) 80286
80386 (2) or 80386 or
80386SX (2) 80386SX
Processor modes: Real Real,
Protected,
Virtual real
(3)
Expansion slot 8-bit ISA 16-bit ISA,
width: MCA, or 32-bit
MCA (4)
Total interrupts: 8 + NMI 16 + NMI
Total DMA 4 8
channels:
Maximum RAM: 1 megabyte 16 or 4,096
megabytes (5)
Real time clock: No Yes
Basic configuration: Switches/jumpers CMOS memory
Motherboard ROM  F0000-FFFFF OEOOOQ-OFFFFF
space: and FE0000-
FFFFFF
Floppy controller: Double density High/double
density
Boot drive: 360K or 720K 1.2M or 1.44M

Hard disk BIOS:
Hard disk tables:
Serial port UART:

Controller ROM
Controller ROM
8250B

Motherboard ROM
Motherboard ROM
16450
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Supplem bie 2.1
The following information will help you understand the material
presented in table 2.1:

ISA = Industry Standard Architecture

MCA = Micro Channel Architecture

NMI = Non-Maskable Interrupt

DMA = Direct Memory Access

RAM = Random-Access Memory

ROM = Read-Only Memory

CMOS = Complementary Metal Oxide Semiconductor
BIOS = Basic Input/Output System

UART = Universal Asynchronous Receiver Transmitter

Notes:

(1) The V-30 and V-20 are NEC replacement chips for the Intel
8086 and 8088, respectively.

(2) These processors normally are on expansion cards called
accelerator boards. They simply provide additional speed for
the PC XT and do not give the capability to run enhanced
software, such as 0S/2 and Windows 386. (The exceptions
are the Intel Inboard and Microsoft Mach 20 accelerator
boards.)

(3) Virtual real mode is supported only on '386-based systems.
(4) 32-bit slots are supported on '386-based systems only.

(5) 4,096 megabytes of maximum RAM are supported on certain
'386 systems only.

Table 2.1 highlights the primary differences between the PC and AT
architecture. Using the information in this table, you can properly
categorize virtually any system as either a PC type or an AT type.
For example, a COMPAQ Deskpro is a PC type of system, and the
Deskpro 286 and Deskpro 386 are AT types of systems. IBM's own
XT Model 286 is actually an AT type of system. The AT&T 6300
qualifies as a PC type of system, and the 6310 is an AT type of
system.

You usually can tell PC and XT types of systems by their Intel
design 8088 or 8086 processors; this criterion, however, is really not
the best to use because many possibilities are available. Some
systems have the NEC V-20 or V-30 processors instead, but these
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processors are functionally identical to the Intel chips. A few PC or
XT systems actually have an 80286 or 80386 processor for increased
performance. These systems usually have one or more 8-bit slots of
the same system bus design featured in the original IBM PC. The
design of the system includes only half the total DMA and interrupts
that are in an AT design, which limits severely the use of expansion
slots by various adapter boards that require the use of these
resources. A system of this type is capable of running most software
that runs under MS-DOS but is limited from more advanced
operating systems such as 0S/2. A system of this type will not run
0OS/2 or any software designed to run under OS/2. These systems
cannot have more than 1 megabyte of processor-addressable
memory, of which only 640K is generally available for user programs
and data.

You usually can tell AT systems by their use of the Intel 80286 or
80386 processors. Some AT systems differ in the types of slots
included on the main system board. The earlier standard called for 8-
and 16-bit slots that were compatible with the original IBM PC and
AT. The newer standard is IBM's Micro Channel Architecture (MCA),
and it consists of 16- and 32-bit slots, with the 32-bit slots present
only on 80386-based systems.

Some manufacturers have integrated proprietary 32-bit slots in their
non-Micro Channel AT systems, but no expansion boards are usually
available to take advantage of these special 32-bit slots except
memory boards produced by the system manufacturer. Because of
these nonstandard implementations, several manufacturers have
banded together and announced a standard 32-bit AT type of slot to
compete with the Micro Channel Architecture from IBM. As
mentioned earlier, this Enhanced Industry Standard Architecture
(EISA) will be available in systems sometime in late 1989. The basic
AT system design provides twice the number of interrupts and DMA
channels for adapter boards to use, which allows for greater system
expansion with fewer conflicts among adapters.

Another difference between PC and AT types of systems is the use
of a real time clock; the AT architecture uses one, and the PC types
of systems don't. A real time clock is the built-in clock implemented
by a special CMOS memory chip on the motherboard that is found in
any AT system. You can have a clock added on some expansion
adapters of a PC system, but DOS will not recognize the clock unless
some special program is run first. This CMOS memory in the AT
system also stores the system's basic configuration. On any PC or
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XT type of system, these basic configuration options, such as the
amount of installed memory, number and types of floppy drives and
hard disks, and type of video adapter, are all set through the use of
switches and jumpers on the motherboard and various adapters.

PC systems decode 64K of memory for the motherboard ROM, using
the last segment in the 1 megabyte of total space. The actual
addresses for this memory are FOO00-FFFFF in hexadecimal. An AT
system decodes 128K at the end of the first megabyte as well as at
the end of the last (16th) megabyte of memory. The addresses used
are OE000O-OFFFFF and FEOOOO-FFFFFF in hexadecimal. In the AT,
each set of 128K bytes of ROM space is actually the same code—
double mapped—which means that really only 128K total are
available as far as the amount of actual memory, but the system has
it positioned simultaneously in two different places so that the total
actual memory consumed is 256K. This double mapping is required
in the AT systems because of the microprocessor design.

PC systems usually have double-density floppy controllers, but AT
systems must have a controller capable of both high- and double-
density operation. Thus, the boot drive on any PC system must be
either the double-density 5 1/4-inch 360K or 3 1/2-inch 720K drives,
but the AT needs either the 5 1/4-inch 1.2M or 3 1/2-inch 1.44M
drives for proper operation.

The PC types of systems use a hard disk controller with an on-board
hard disk ROM BIOS. This controller ROM either will contain a set of
built-in tables for supported drives or will have an ‘‘autoconfigure”
option that can dynamically configure a drive by building a table
entry on the spot and storing it on the drive directly. AT types of
systems will have the controller BIOS embedded in the motherboard
ROM, and the supported drive table also will reside in this
motherboard ROM. This motherboard-resident hard disk BIOS will be
designed for a particular type of controller, and any other controllers
that are used must “look like"" the one expected by the motherboard
code.

Finally, the serial port control chip or UART is a National
Semiconductor 8250B for the PC types of systems, but AT systems
use the newer NS 16450.

Some of these differences, such as the expansion slots, the systems
interrupts, and the DMA channel availability, are absolute. The
processors are less absolute. The AT systems, however, must use
the 80286 or higher, and the PC systems can use the entire Intel
family of chips from the 8086 to the 80386 and even the NEC V-20
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and V-30. Other parameters are less absolute, and your own system
may not follow the true standard properly, especially if your system
is a no-name compatible. If your system does not follow all the
criteria listed for it—especially if it is an AT type of system—you can
expect compatibility and operational problems in the future.

Some people may have the misconception that they always can boot
from lower density floppy drives in an AT system by simply having
a 360K or 720K drive in the drive A position. True, you can boot DOS
that way, but an AT also can run 0S/2, which is supplied only on
high-density disks due to the size of the system files. Therefore, a
high-density drive must be in the drive A position. Some people also
may believe that the type of serial port or hard disk controller they
have does not make much difference. True, under DOS you can get
away with using a serial port or hard disk controller for an XT (or
with an on-board BIOS), but you also cannot run any of the
protected-mode operating systems, such as OS/2 or Novell Advanced
Netware, on your ‘‘AT-compatible’” system.

The bottom line is this: All the items listed in table 2.1 are
meaningful and required for a system to follow the industry-standard
definition of what an AT or PC system is.

The System Memory Map

The memory map is one of the most important areas of the system
that you should understand well. This type of map shows all the
memory that is possible for the system to address and how the
memory is used in a particular type of system.

A PC- or XT-compatible system has 1 megabyte of processor-
addressable memory workspace. This workspace is sometimes called
RAM (random-access memory). The 1M of RAM is divided into
several sections; some of these sections have special uses. A portion
of RAM space, called user memory, is where conventional programs
and data can reside. This space is conventionally limited to the first
640K of the total RAM. The next 128K is reserved as video RAM for
use by video adapters. This space is where text and graphics reside
when displayed on-screen.

The following 128K is reserved for ROM (read-only memory) control
programs and other special memory uses for all the adapter boards
plugged into the system slots. ROM is a subset of RAM that stores
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programs that cannot be changed. The programs are stored on
special chips that have fused circuits on the chip so that the PC
cannot alter them. ROM is useful for permanent programs that
always must be present while the system is running. Graphics
boards, hard disk controllers, communications boards, and expanded
memory boards all are examples of adapter boards that may use
some of this memory.

Finally, the last 128K of memory is reserved for ROM on the
motherboard. This space is where the Basic Input/Output System
(BIOS) resides as well as the POST (power-on self test) and
bootstrap loader. These programs are the master test and control
programs for the system and also enable the system to load an
operating system from floppy or hard disk.

Figure 2.1 represents all the memory in an XT system and shows
how the memory may be allocated. Each symbol on a line is equal to
1 kilobyte of memory. Each line or segment is 64K, and the entire
map is 1,024K or 1 megabyte.

In figure 2.1, these symbols are used:

. = Program-Accessible Memory

v = Video RAM

a = Adapter Board ROM and RAM
r = Motherboard ROM BIOS

b = IBM Cassette BASIC

Il

Fig. 2.1.
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Note that addresses A0000 to FOO00 are reserved for various
purposes. At least 10 segments are not reserved, each with 64K,
which gives a total of 640K of memory for DOS and programs. The
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rest of the reserved space may be used completely in some systems
and used sparsely in other systems. Not all video adapters, for
example, use all 128K of the space allocated to them. Those that use
less may allow DOS to use the additional memory for programs and
data.

In an AT system, the memory map extends beyond the 1M boundary
and continues all the way to 16 megabytes. For this reason, the
industry calls any memory beyond 1 megabyte extended memory. A
small portion of the last megabyte is reserved for a shadow or
duplicate of the AT ROM BIOS, so not all of the last megabyte may
be used for programs and data. This additional ROM (128K) located
at the end of the last megabyte of addressable memory causes the
total reserved space in an AT to be 512K, which is up from the 384K
reserved in an XT system.

For an AT to be able to ‘“‘see” any of the memory beyond the
standard 1 megabyte of address space, the 80286 or 80386 processor
must be in the processor’'s protected mode of operation. Protected
mode is the native mode of these advanced processors and allows
for greater access to memory, a modified instruction set, and other
operational differences.

Unfortunately, these operational differences prevent the system from
being compatible with the original IBM PC systems. Intel, therefore,
designed an ‘“8086/8088 mode' within the 80286 and 80386 called
real mode, which allows for full compatibility with the earlier
processors. Unfortunately, this compatibility is necessarily complete,
which means that any AT running in this mode is not really an AT
at all; instead, the AT is more like a ‘“‘turbo” PC!

The real problem is that although the 80286 can emulate the 8086 or
8088, the 80286 cannot provide its own native features at the same
time, which is the reason that you cannot merely extend DOS to take
advantage of the protected-mode features of an AT. An entirely new
operating system written from the ground up to run in protected
mode was needed. This operating system is now known as OS/2.
0S/2 does have the capability to switch rapidly from real to
protected modes and back again, which seems to give it the
capability to run DOS software as well as new OS/2 specific
programs. But even the DOS mode under OS/2 is still limited to
running within the first megabyte of the 16 total possible on an AT.

Figures 2.2 and 2.3 show the total 16M map for an AT type of
system in protected mode. Figure 2.2 shows where the real-mode



2 z Upgrading and Repairing PCs

addressable memory ends. Figure 2.3 shows where extended

memory picks up. An 80286 or 80386 system running in protected
mode is required to address memory beyond the 1M boundary. In

the figures, the following symbols are used:

. = Program-Accessible Memory
v = Video RAM
a = Adapter Board ROM
r = Motherboard ROM BIOS
b = IBM Cassette BASIC

Fig. 2.2.
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Note the ‘““‘shadow’ duplicate of the ROM BIOS at the end of the
16th megabyte. The memory in these last two segments is a mirror
image of what is in the last two segments of the first megabyte,
which is required by the 80286 and 80386 designs to provide for
switching between the real and protected modes of operation.

Some systems also incorporate another type of memory called
expanded memory. This memory really is not the same as the
conventional (1 megabyte) or extended (2 to 16 megabytes) memory,
which is directly addressable by the processor. Expanded memory is
not directly addressable by the processor except through a small 64K
window. Expanded memory is really a segment-switching scheme in
which a memory adapter has on-board a large number of 64K
segments. The system will use one available segment to map into
the board, and when this 64K is filled, the board simply can ‘‘rotate”
that segment out and rotate a new one in the same place as the old.

Generally, segment E000 in the first megabyte is used for all this
mapping. This segment is largely unused by most adapters, so
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Fig. 2.3.
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Lotus, Intel, and Microsoft (founders of the LIM specification for
expanded memory called LIM EMS) decided that this segment would
be used. Programs must be specially written to take advantage of
this segment-swapping scheme, and then only data can be placed in
this segment because it is above the area of contiguous memory that
DOS can use. Also, a program cannot run while it is “swapped out”
and not visible by the processor! Needless to say, this type of
memory has a limited use; it is usable only by systems that don't
have real extended (processor addressable) memory available to
them. Chapter 10 covers expanded and extended memory usage in
much more detail.
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DOS Program Memory

Many people have a great deal of trouble understanding how the
reserved memory affects the map as a whole. You really need to
know what goes where to understand how the various hardware
and software you use will work.

You always hear talk of some “DOS 640K barrier.” In reality, no
actual barrier is at this location, and DOS can and does work with
the entire RAM address space of a PC, which is 1 megabyte. The
reason that your programs cannot use all this space is that the
hardware engineers of the IBM PC reserved some of the space for
the system’s own use. DOS can read and write to the entire
megabyte but can only manage the loading of programs in
contiguous memory.

DOS, therefore, can use all the memory available until it runs into
some obstruction. The first obstruction in the system is the video
RAM, which is the topic of the next section. This obstruction will be
in different locations depending on which video adapter is installed
in the system. Additionally, the different video adapters use varying
amounts of RAM for their operations. In general, the higher
resolution adapters use more memory than those offering lower
resolution.

In a system with any standard configuration, the reserved video
RAM begins at address A0000, which is at the 640K boundary. Thus,
any system with a normal configuration, or especially those with
EGA, MCGA, or VGA graphics, will find that the memory after 640K
is reserved for use by the graphics boards, other adapters, and the
motherboard ROM BIOS.

Video Memory

If you have a video adapter installed in your system, the video
adapter will use some of the system’s memory to hold graphic or
character information for display. Some of the more advanced
adapters such as the EGA or VGA adapters also have an on-board
ROM that is mapped into the system's space reserved for such types
of adapters. Generally, the higher the resolution and capabilities of
the video adapter, the more memory the video adapter will use.
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In the standard system memory map, a total of 128K is reserved for
video RAM, which is where the adapter can store information
currently displayed. The adapter may have additional on-board
memory that is hidden or switched out, making the total memory on
the card actually more than 128K. The reserved video memory is in
segments A000 and B000, and space for any ROM on the video
board is reserved in segment C000.

Now you will examine how standard video adapters use the
system's memory. Figures 2.4 through 2.8 show where each type of
standard video adapter uses memory in a system. Each symbol in
these figures is equal to 1K of memory.

The following symbols are used in the figures:

. = Reserved for Program-Accessible Memory

a = Reserved for Adapter Board ROM and RAM
1 = Reserved for Motherboard ROM BIOS

b = IBM Cassette BASIC

Other symbols pertain to each individual figure and are covered
before the figure is presented.

Figure 2.4 shows where the Monochrome Display Adapter (MDA)
uses the system’s memory. This adapter uses only a small 4K portion
of the reserved video RAM from B0000-BOFFF. The ROM code used
to operate this adapter is actually a portion of the motherboard
ROM, so no additional ROM space is used in segment C000.

In the figure, the letter M stands for Monochrome Display Adapter
(MDA) video RAM.

Fig. 2.4.

The Monochrome
Display Adapter’s
memory use.
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Figure 2.5 shows where the Color Graphics Adapter (CGA) uses the
system's memory. It uses a 16K portion of the reserved video RAM
from B8000-BBFFF. The ROM code used to operate this adapter is
also a portion of the motherboard ROM, so no additional ROM space
is used in segment C000.

In the figure, the letter C stands for Color Graphics Adapter (CGA)
video RAM.

Fig. 2.5.
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Figure 2.6 shows where the Enhanced Graphics Adapter (EGA) uses
the system’s memory. This adapter uses all 128K of the video RAM
from A0000-BFFFF. The ROM code used to operate this adapter is on
the adapter itself and consumes 16K of memory from C0000-C3FFF.

In addition to the symbols listed earlier, the following symbols are
used in the figure:

E = Enhanced Graphics Adapter (CGA) Video RAM
X = EGA ROM BIOS

Figure 2.7 shows where the IBM PS/2 Display Adapter uses the
system's memory. The IBM PS/2 Display Adapter is essentially a
Video Graphics Array (VGA) on a board for the standard PC and AT
types of systems. It uses all 128K of the video RAM from A0000-
BFFFF. The ROM code used to operate this adapter is on the
adapter itself and consumes 24K of memory from C0000-C3FFF.
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In figure 2.7 these symbols are used:
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X

VGA Adapter ROM BIOS

00000:
10000:
20000:
30000:
40000:
50000:
60000:
70000:
80000:
90000:

A0000:
B0C0O:

€0000:
D0000:

E0000:
FOO000:

: 0---1---2---3---4---5---6---7-=-8=-8-=-A-=-B---C---D---E---F---

¢ 0---1---2--3---4-=-5-=Buv-T=-Bm=-9m=-A-w-B--Co=Dmm-E-oFomm

VVVVVVVVVIVVVVVVVVVVVVVVWWW VYWYV VYV YV VWYVVVV VW VWYYV
VYWYV VYWYV VWYYV VVWWYWWVY

¢ Omm-1-=-2--3-=-d==-5-o-foo-T==-8-=-Gum A= --B---Cm-Do--E---F---

XXXXXXXXXXXXXXXXXXXXXXXX

: 0---1---2---3---4---5------T=--B---Q=--A-=-Bo--C-n-D---E---F---

IITIIrr I I I I I I T I T T I I T I T T T I I T T I T I T I T I T T T TTITT

TITITITTITIITITITTTTTTTrTbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrrrrrrrr

Fig. 2.6.

The Enhanced
Graphics
Adapter’s memory
use.

PS/2 Display Adapter Video Graphics Array (VGA) Video

Fig. 2.7.

The IBM PS/2
Display Adapter's
memory use.

For PS/2 systems with the Video Graphics Array (VGA) or Multi-
Color Graphics Array (MCGA), the built-in display systems also use
all 128K of the reserved video RAM space; but because these
display systems are built into the motherboard, the control BIOS
code is built into the motherboard ROM BIOS and, as such, needs no
space in segment C000. Figure 2.8 shows where such PS/2 systems
use the system memory.
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In figure 2.8, the following symbol is used:

V = PS/2 Video Graphics Array (VGA) and Multi-Color Graphics
Array (MCGA) Video RAM
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and MCGA
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Each type of video adapter on the market uses two types of memory.
Video RAM is used to store the display information, and ROM code,
which controls the adapter, must exist somewhere. The nongraphics
or lower resolution adapters such as the MDA and CGA are
controlled by ROM code built into the motherboard ROM on standard
PC and AT systems. The EGA and VGA adapters for the PC and AT
systems all use the full 128K of the video RAM and also use some of
the ROM space at the beginning of segment C000. According to
IBM's technical reference manuals, the memory between C0000-
C7FFF is specifically reserved for ROM on video adapter boards.
Note that the VGA and MCGA that are built into the motherboards
of the PS/2 systems have the ROM control software built into the
motherboard ROM in segments E000 and F000, and they require no
other code space in segment C000.

The nongraphics or lower resolution adapters such as the MDA and
CGA will allow DOS access to more than 640K of system memory.
DOS can use all available memory in the first megabyte that is
contiguous, which means that all memory until the “video wall” is
hit. The location of this “wall"’ begins at A0000 for the EGA, MCGA,
and VGA systems, but the MDA and CGA do not use as much video
RAM, leaving some of the space usable by DOS and programs. Thus,



Chapter 2: System Features 29

you can see from the figures that the MDA allows an additional 64K
of memory for DOS (all of segment A000), bringing the total for DOS
program space to 704K. Similarly, the CGA allows for a total of 736K.
The EGA, VGA, or MCGA is limited to the normal maximum of 640K
due to the large amount used by video RAM. The maximum DOS
program memory workspace depends on which video adapter is
installed:

Maximum
Video Adapter Memory
Monochrome Display Adapter (MDA) ............... 704K
Color Graphics Adapter (CGA)........covvvvivvinn.. 736K
Enhanced Graphics Adapter (EGA) ................. 640K
Video Graphics Array (VGA)................oinnn. 640K
Multi-Color Graphics Array (MCGA) ................ 640K

The actual use of this memory to 736K may or may not be possible
depending on the video adapter, the types of memory boards
installed, and the ROM programs on the motherboard. Later, you will
learn about some ways to use this extra memory, but forgetting
about the extra memory is usually best because of the lack of
memory boards that can be addressed in these locations and
because any video adapter upgrade disallows the use of this
memory anyway!

Adapter ROM and RAM Memory

Segments C000 and D000 are reserved for use by adapter board
ROM and RAM. Here are some boards that use this space:

Adapter Memory Usage
Enhanced Graphics Adapter ROM 16K at C0000
PS/2 (VGA) Display Adapter ROM 24K at C0000
XT Hard Disk Controller ROM 8K at C8000
ESDI Fixed Disk Adapter/A 16K at C8000
Token Ring Network Adapter ROM 8K at CC000
Token Ring Network Adapter RAM 16K at D8000

LIM Expanded Memory Adapter RAM 64K at D000O
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This list is just a small sample of some of the boards that use space
in these segments. Note that some of the apparent usages overlap,
which is not allowed in a single system. If two adapters both have
ROM or RAM addresses that overlap, neither of the boards usually
operates. Each board operates independently—but not together.
Many adapter boards allow for the actual memory locations used to
be changed with jumpers, switches, or some type of software, which
may be necessary to allow two boards to coexist in a single system.

Note that the entire amount of segment D000 is used by the LIM
EMS specification for expanded memory. The use of all of segment
D000 by the LIM EMS can put a real crunch on the available ROM
and RAM space for other adapters, and forces many of these
adapters, such as the Token Ring network adapter, to be
reconfigured so that their memory usage excludes this segment.

This sort of conflict can cause real problems for troubleshooters. If
you simply install a Token Ring network card and an Intel Above
Board (EMS board), following the factory-set default configuration
with each, neither adapter card works in the same system. You are
required to read the documentation for each adapter to find out
what memory the adapter is using and how to change the memory it
uses, to allow coexistence with another adapter. Most of the time,
you can work around these problems by reconfiguring the board or
changing jumpers, switch settings, or software driver parameters. In
the case of the Token Ring card, changing the software driver
parameters used in the CONFIG.SYS file moves the memory used by
the card from D8000 to something such as C4000. This change
allows these two boards to coexist and stay out of each other’'s way.

A good idea is to use a chart or template to mock up the memory
configuration of various adapters you want to install in a system
before actually installing them. This procedure helps you resolve any
potential conflicts with memory addressing and ensures that you
configure each board correctly the first time. After a system is
configured, the template you created showing how each board in the
system uses memory is important documentation when you consider
any new adapter purchases. Any new adapters incorporating a ROM
that must be recognized by the system will have to fit in the
available workspace.
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Motherboard ROM Memory

The ROM memory is part of the RAM in each system. Manufacturers
permanently store this memory by fusing circuits in special chips
called Programmable Read-Only Memory (PROM) chips. These chips
store programs that must be activated every time the system is
turned on. Because these programs must be available immediately,
they cannot be loaded from a device such as a disk drive. As a
matter of fact, ROM programs instruct the system during the boot-up
procedure.

Segments E000 and F000 in the memory map are reserved for the
motherboard ROM software. Although both segments are considered
to be reserved for the motherboard ROM, only the AT systems
actually reserve all the area. PC systems actually reserve only
segment FO00 and allow segment E000 to be used by ROM or RAM
on other adapter cards. This information may be important when
you're attempting to ‘“‘cram’ an expanded memory adapter into a
system that already has a full complement of other boards using
memory in segments C000 and D0OQO.

Each system has on the motherboard a set of chips that stores the
ROM BIOS. This ROM contains several routines or modules that are
designed to operate the system. The main functions follow:

® Power-On Self Test. The POST is a set of routines that tests
the motherboard, memory, disk controllers, video adapters,
keyboard, and other primary system components. This
routine will be useful when you troubleshoot system failures
or problems.

e Basic Input/Output System. The BIOS is essentially the
“master control program,” which is the software interface to
all the hardware in the system. The ROM BIOS allows a
program to have easy access to features in the system by
calling a ROM BIOS program module instead of talking to the
device directly.

® Bootstrap Loader. This routine initiates a search for an
operating system on a floppy disk or hard disk. If an
operating system is found, it is loaded into memory and
given control of the system.

Various systems produced by IBM and others have differing ROM
BIOS software installed. Just how close in function this software is
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to what IBM has is a critical issue with any compatible. The
compatible software needs to duplicate the functionality of an IBM
ROM in order for software to run on the systems exactly as it would
on an equivalent IBM system. Fortunately, this software has been
relatively easy to duplicate functionally, and the modern compatibles
are at no real disadvantage here.

Many different ROM interface programs are in the IBM
motherboards, but the location of these programs is always fairly
consistent. Figures 2.9 through 2.12 show the memory usage in
segments E000 and FO00O.

Figure 2.9 shows the memory usage in an IBM PC and XT with a

256K motherboard. The following symbols are used:

b
R

Il

IBM ROM Cassette BASIC
Motherboard ROM BIOS

x = Decoded by Motherboard, Unavailable

Fig. 2.9.

Memory usage in
IBM PC and XT
with 256K
motherboard.
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Figure 2.10 shows the memory usage in an XT with a 640K
motherboard and in the PS/2 Models 25 and 30. The following
symbols are used:

b = IBM ROM Cassette BASIC
R = Motherboard ROM BIOS

Fig. 2.10.

Memory usage in
IBM XT with 640K
motherboard and
in PS/2 Models 25
and 30.

Figure 2.11 shows the memory usage in an XT-286, AT, and Model
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30-286. The following symbols are used:

b = IBM ROM Cassette BASIC
R = Motherboard ROM BIOS
x = Decoded by Motherboard, Unavailable




Chapter 2: System Features 33

¢ Om-1-=-2-=-3--4= -5 BT BeeQ-~~A-m-Bon-Cm--D---E---F--- Fig. 2.11.
000 ARPARPPPAFAEPARRARR S A st s L ARRAARRR Memory usage in
- IBM XT-286, AT,

and Model 30-286.

Figure 2.12 shows the memory usage in the PS/2 Models 50, 60, 70,
and 80. The following symbols are used:

A = Advanced ROM BIOS (for protected-mode operation)
b = IBM ROM Cassette BASIC
R = Motherboard ROM BIOS
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E0000: AAAAAAAAAAAAAAAAAAAARAARARAAAAARAARAAAAARAARAAAAARAARAAAAARAARAR Memory usage in
| FO00D: RRRRRRRRRRRRRRRRRRRRRRARbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbRRRARRRR | IBM PS/2 Models

50, 60, 70, and 80.

Note that the newer systems use more of the allocated space for
their ROM BIOS. The PS/2 Models 50, 60, 70, and 80 each have an
additional 64K of advanced BIOS, which is to be used when these
systems are running protected-mode software. Protected mode is the
mode of operation currently used by powerful operating systems
such as 0S/2. The earlier AT systems, which lack this advanced
BIOS, still can run 0S/2 but will have to load the equivalent of this
advanced BIOS software from disk instead of having it in ROM.

The amount of ROM allocated from RAM in each of the IBM systems
is presented in table 2.2.

Table 2.2
ROM Allocated from RAM (IBM Systems)
Actual

System ROM Size  Reserved Space
PC 40K 64K
XT (64/256 Motherboard) 40K 64K
XT (256/640 Motherboard) 64K 64K
XT-286 64K 128K
AT 64K 128K
PS/2 Model 25 64K 64K
PS/2 Model 30 64K 64K

PS/2 Model 30-286 64K 128K
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Table 2.2—continued

Actual
System ROM Size Reserved Space
PS/2 Model 50 128K 128K
PS/2 Model 60 128K 128K
PS/2 Model 70 128K 128K
PS/2 Model 80 128K 128K

The ROM maps of most compatibles equal the IBM system with
which they are compatible. The only real exception is the Cassette
BASIC portion. Cassette BASIC is a special version of Microsoft that
was designed for the original IBM PC and built-in ROM to allow for
diskless operation. The user of one of these systems can save and
load programs and data to or from a cassette tape recorder plugged
into the cassette port on the back of the original IBM PC. Because
no other IBM system (and virtually no compatibles) has a cassette
port, but all have the Cassette BASIC interpreter in ROM, this type
of BASIC language interpreter is fairly useless.

However useless this type of BASIC language interpreter is, the disk
version of BASIC from IBM uses Cassette BASIC as an overlay to
save the duplication of that software code on the disk, which means
that IBM's BASICA.COM will expect to find Cassette BASIC in ROM
and will not work without it. No compatible system that I know of
has Cassette BASIC in ROM, so none will run IBM's BASICA.COM
program from the PC DOS disk.

If you have a non-IBM system, you must get an equivalent version of
Microsoft BASIC called GWBASIC (Graphics Workstation BASIC) from
the manufacturer of your system. This GWBASIC.EXE file will have
the equivalent program code of the IBM BASICA.COM file and allow
for interpreted BASIC programs to run in exactly the same way as
on an IBM system.

Review of System Memory Maps

You now have learned how memory is used in any systems that are
compatible with the IBM standard. Of note is the reserved memory
and where it is located. Also notable is that the reserved memory
cannot normally be used by any operating system, so it is deducted
from what is available for programs and data.
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Table 2.3 lists the maximum available memory of the different
systems.

Table 2.3
Maximum Available Memory

System Type Maximum Addressable Memory (RAM)
PC/XT (or AT real 1,024K (1 megabyte)

mode)
AT (protected mode) 16,384K (16 megabytes)
System Type Maximum Usable Memory
PC/XT (or AT real 640K ( 0.625 megabytes)

mode)

AT (protected mode) 15,872K (15.5 megabytes)

From reviewing the table, you can see that the next “barrier’” to
cross is the 15.5M barrier!

Documentation

One of the biggest problems in troubleshooting, servicing, or
upgrading a system is finding the proper documentation. As with
the actual system units themselves, IBM has set the standard for
what type of documentation a manufacturer makes available for a
particular system. Some of the compatible manufacturers duplicate
both the size and content of IBM's manuals for their own systems,
and other manufacturers produce absolutely no documentation for
their systems at all. Generally, the type of documentation provided
follows in proportion to the size of the manufacturing company.
Large companies can afford to produce good documentation, but the
guy in his garage building ‘“‘clones’ cannot. Unfortunately, some of
this documentation is absolutely essential for even the most basic
troubleshooting and upgrading tasks. And some documentation is
necessary only for software and hardware developers with special
requirements.

Three main types of documents basically are available for each
system. Some of the manuals cover an entire range of systems,
which can help save both money and shelf space! The types of
manuals you can get are the following:
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e Guide to operations manuals {quick-reference manuals for the
PS/2)

® Technical reference manuals

e Hardware maintenance manuals

Guide to Operations and
Quick-Reference Manuals

A guide to operations manual is included with the purchase of a
system. For the PS/2 systems, these manuals have been changed to
quick-reference manuals. They contain basic instructions for system
setup, operation, testing, relocation, and option installation. A
“customer level” basic diagnostics disk (usually called the
Diagnostics and Setup disk) is included.

For PC and XT types of systems, you will find listings of all the
jumper and switch settings for the motherboard. These settings
control the number of floppy disk drives, math chip usage, memory
usage, the type of video adapter, and other items. For AT systems,
the basic diagnostics disk also has the SETUP routine, which is used
to set the date and time, installed memory, installed disk drives, and
installed video adapters. This information is saved by the SETUP
program into CMOS battery backed-up memory. For the PS/2
systems, this included disk is called the Reference disk, and it
contains the special Programmable Option Selector (POS)
configuration routine as well as a hidden version of the advanced
diagnostics.

Technical Reference Manuals

The technical reference manuals provide system-specific hardware
and software interface information for the system. The manuals are
intended either for technical people who design hardware and
software products to operate with these systems or for people who
simply must integrate other hardware and software in a system.
Three technical reference manuals are available: one is a technical
reference manual for your particular system, another covers all
options and adapters, and a third covers the ROM BIOS interface.
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FEach system has a separate technical reference manual, which
should give you an idea of the specific nature of these documents.
These publications provide basic interface and design information for
the system units. Information is included for the system board, math
coprocessor, power supply, video subsystem, keyboard, instruction
sets, and other features of the system. This information is absolutely
necessary for the integration and installation of aftermarket floppy
and hard disk drives, memory boards, keyboards, network adapters,
or virtually anything you want to plug into your system. This manual
often contains schematic diagrams showing the circuit layout of the
motherboard as well as pinouts for the various connectors and
jumpers. The manual also includes listings of the floppy and hard
disk drive tables, which show the range of installable drives for a
particular system. Also in this manual are power specifications for
the power supply. These figures are necessary for determining
whether the system has adequate current to power a particular add-
on device.

The options and adapters technical reference manual begins with a
base manual that is augmented through supplements. The basic
manual covers a few IBM adapter cards, and supplements are
constantly issued for new adapters and options. These publications
provide interface and design information for the options and
adapters available for the various systems. This information includes
a hardware description, programming considerations, interface
specifications, and BIOS information.

The third manual is the BIOS interface technical reference manual.
This publication provides Basic Input/Output System (BIOS) interface
information. This is a compendium that covers all the BIOS that have
been available in IBM's systems. The manual is intended for
developers of hardware or software products that operate with the
IBM PC and PS/2 products.

Hardware Maintenance Manuals

Each hardware maintenance library consists of two manuals: a
hardware maintenance service manual and a hardware maintenance
reference manual. These are real service manuals intended for
service technicians, and IBM as well as the local computer retail
outlet use these manuals to diagnose and service your system.
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For IBM systems, two sets of these manuals are available. One set
covers the PC, XT, Portable PC, AT, and PS/2 Models 25 and 30. The
other manual set covers the PS/2 systems except the Models 25 and
30. Those people who are familiar with the Models 25 and 30 will
not be surprised to find that these systems are treated as ‘‘old” PC
or XT systems rather than ‘‘true” PS/2 systems.

The manuals are purchased in basic form and then are updated with
various supplements covering new systems and options. The PS/2
Model 25 and Model 30, for example, really are covered by
supplements that update the PC maintenance library, and the PS/2
Model 80 is covered by a supplement to the PS/2 maintenance
library.

The basic hardware maintenance service manual for the PC or PS/2
contains all the information necessary for you to troubleshoot and
diagnose a failing system. This book contains special flowcharts that
IBM calls Maintenance Analysis Procedures (MAPs), which can help
lead you to a proper diagnosis in a step-by-step fashion. The
hardware maintenance service manual contains information on
jumper positions and switch settings, a detailed parts catalog, and
disks containing the advanced diagnostics. The hardware
maintenance service manual is an essential part of the
troubleshooter’s toolkit.

As just mentioned, the Maintenance Analysis Procedures (MAPs) are
flowcharts that can be extremely helpful in diagnosing system
problems. Many technicians with troubleshooting experience never
need to use the flowcharts, but when technicians have a tough
problem, these flowcharts really help them organize a
troubleshooting session. The MAPs inform you to check the switch
and jumper settings before the cables, to check the cables before
replacing the drive or controller, and so on. This type of information
is extremely valuable and can work over a range of systems without
getting too specific. I highly recommend that you obtain the IBM
hardware maintenance service manual or an equivalent manual from
your own manufacturer.

The basic hardware maintenance reference manual for the PC or
PS/2 contains general information about the systems. It also
describes the diagnostic procedures and Field Replaceable Unit
(FRU) locations, system adjustments, and component removal and
installation. Although valuable, this book usually is not considered a
necessary item. Good information is in it, but the information is
useful primarily to those with no experience in disassembling and
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reassembling a system or to those who would have a hard time
identifying components within the system. Most people do not need
this manual after the first time they take down a system for service
and may consider it superfluous.

Obtaining This Documentation

I consider the technical reference manual for a system to be the
most important. As a matter of fact, I will not purchase a system
whose manufacturer does not make this document available. You
cannot accurately troubleshoot or upgrade a system without this
manual. Because of the specific nature of the information in the
technical reference manual, it must be obtained from the
manufacturer of the system, which means that the IBM AT Technical
Reference Manual is useless to a person with a COMPAQ Deskpro
286. A person with a Deskpro 286 must get the manual from
COMPAQ.

The hardware maintenance service manual is also a necessary item,
although it is not available from most manufacturers. Fortunately,
the manual is not nearly as system specific as the technical
reference manual, so the one from IBM works quite nicely for most
compatibles. Some information such as the parts catalog is specific
to IBM systems and therefore does not apply to any compatible, but
most of the book is general.

Many knowledgeable reviewers use the IBM advanced diagnostics
(included with the hardware maintenance service manual) as a real
“acid test” for compatibility. If the system is truly compatible, it
should pass the tests with flying colors. Most do, which is good
because many manufacturers do not have or sell a book/disk
equivalent to the hardware maintenance service manual. COMPAQ,
for example, has a service manual, but COMPAQ will not sell it, or
any parts, to anyone who is not a COMPAQ-authorized dealer, which
makes any servicing or upgrading to these systems more costly and
limited by how much your particular dealer will help you.
Fortunately, the IBM manual and advanced diagnostics work quite
nicely on the COMPAQ systems.

To get the hardware service documentation, first contact the dealer
who sold you the system and then possibly contact the manufacturer
directly. I prefer the direct route myself because dealers rarely stock
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any of these items. You can get these items easily from IBM. To
order the IBM manuals, you can call the following number toll-free:

1-800-IBM-PCTB (1-800-426-7282)

TB stands for Technical Books. The service is active Monday through
Friday, from 8 a.m. to 8 p.m. Eastern time. When you call, you may
request copies of the Technical Directory, which is a catalog listing
all the part numbers and prices of the available documentation. You
also can inquire about the availability of IBM PC or IBM PS/2
technical information on newly announced products that may not be
listed in this directory.

For other manufacturers’ manuals, the process may or may not be
quite so easy. Simply contact the manufacturer directly, and the
manufacturer can direct you to the correct department so you can
inquire about this information.

=hapter Summary

Despite the overall similarity between IBM computers and their
compatibles, important differences in system architecture do exist.
The two basic types of IBM and compatible computers can be
broken down into PC XT and AT categories, and this chapter
discussed the differences between them.

The system memory map was examined in detail to show how the
computers organize and use RAM and ROM. The differences
between conventional, extended, and expanded memory also were
explained. This chapter covered DOS program memory and video
memory and their operation. The chapter ended with a discussion of
how to obtain the various service manuals necessary for maintaining
and upgrading your computer.
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IBM Personal Computer
Family Hardware

1is chapter is designed to explain and interpret all IBM Personal
Computer system units and standard features. This chapter
separates and identifies each of the Personal Computer systems
offered by IBM, including the complete original line of PC systems
that have been discontinued. Actually, because the entire original
line of systems has been discontinued, much of this chapter really
can be considered a history lesson! Because most of us still own and
manage these types of systems, this ‘‘historical’’ information is quite
valuable. The original line of systems are now often called Industry
Standard Architecture (ISA) systems or ‘‘Classic”’ PCs. The PS/2
systems are examined in Chapter 4.

IBM-compatible systems are examined specifically in Chapter 5, but
even compatible owners will find much interesting and useful
information in this chapter. After all, the idea behind most
compatible systems is to copy, clone, or emulate exactly the features
of a particular IBM system. For upgrade and repair purposes, most of
the compatible systems are treated as if they were particular types
of IBM systems.

In Chapter 2, you learned that all systems can be broken down into
two basic “types'’: PC or AT. AT types of systems often are broken
down into several other subtypes. These are systems that use
80286 or 80386 processors and systems with Industry Standard
Architecture (ISA) slots or Micro Channel Architecture (MCA) slots.
A compatible owner can use this chapter to compare a compatible
system with the particular IBM system after which the compatible

43
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was designed. The results of a feature-by-feature comparison with
an equivalent IBM system model often are interesting because the
compatibles usually offer more features and options at a lower price.

System Unit Features by Model

In the sections that follow, you learn specifically the makeup of all
the various versions or models of each system, as well as technical
details and specifications of each. Each system unit contains a few
standard parts. The primary component is the motherboard, which
contains the CPU (Central Processing Unit, or microprocessor) and
other primary computer circuitry. Also included with each unit is a
case with an internal power supply, a keyboard, and certain
standard adapters or plug-in cards. Usually some form of disk drive
also is included with each system unit.

You also receive an explanation of each system's various submodels
and details about the differences and features of each model. You
learn about the changes from model to model and version to version
of each system, as well.

Also included for your reference is the pricing for each of the
systems and options. Note that these prices are offered for
comparison and reference purposes only, because all these systems
have been discontinued and are no longer generally available. The
listed prices are the last known retail prices for any of the systems
that have been discontinued.

The IBM PC

IBM introduced the IBM Personal Computer August 11, 1981, and
officially withdrew it from marketing April 2, 1987. During the nearly
6-year life of the PC, IBM made few basic changes to the system.
The basic motherboard circuit design was changed in April, 1983, to
allow for 64K RAM chips, and a total of three different ROM BIOS
versions were used during the life of the computer; most of the
other specifications, however, remained unchanged. Because the
system is no longer marketed and because of the PC’s relatively
limited expansion capability and power, the standard PC is obsolete
by most standards.
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The system unit supports only floppy disk drives unless an
expansion chassis is used. The system unit includes IBM
configurations with either a single or dual 360K floppy disk drive.
The PC was based on the 16-bit Intel 8088 microprocessor and
included the BASIC language. All models have at least one 360K
floppy disk drive and a keyboard. For standard memory, the PC
offers 256K directly on the main board. Each system can be further
expanded through customer installable options. You can add memory
to the 256K by installing memory option cards.

The first bank of memory in every PC is soldered directly to the
board. This feature is detrimental; it prevents you from easily
repairing failing memory chips in these positions. These chips must
be desoldered, and the defective chip must be replaced with a
socket so that a replacement can be plugged in. If you have IBM
service the defective memory, IBM will advise you to exchange the
motherboard at a cost of nearly $200. A competent technician
usually charges around $100 for desoldering the defective chip,
soldering in a socket, and popping in a new chip. Repairing the
same chip in a PC XT costs a few dollars for the chip and 10
minutes of time to replace it, because all memory in an XT is
socketed.

The only disk drive available from IBM for the PC is a double-sided
(320/360K) floppy disk drive. You can install a maximum of two
drives in the system unit using IBM-supplied drives.

The system unit contains five slots that support expansion cards for
additional devices, features, or memory. All these slots support full-

length adapter cards. The PC is equipped with at least a floppy disk
controller card in most configurations. A second slot is needed for a

monitor adapter, leaving three slots for future expansion.

All models of the PC include a fan-cooled 63.5-watt power supply.
This power supply usually does not support any further system
expansion, especially power-hungry items such as a hard disk. In
most cases, this low-output supply will need to be replaced with a
higher output unit such as the one used in the XT.

An 83-key keyboard with an adjustable typing angle is included as
standard equipment with the PC. The keyboard is attached to the
system unit with a 6-foot coiled cable.

Each model of the PC system unit usually contains the following
major functional components:



46

Upgrading and Repairing PCs

Intel 8088 microprocessor
ROM-based diagnostics (POST)
BASIC language interpreter in ROM
256K of dynamic RAM

Floppy disk interface

One or two 360K floppy drives
63.5-watt power supply

Five I/0O expansion slots

Socket for 8087 math coprocessor

PC Specifications and Highlights

This section lists the technical information for the Personal Computer
system and keyboard.

The technical information for the PC system follows:

4.77 MHz clock speed

20-bit address bus

8-bit I/0 expansion bus

40K of ROM

200-nanosecond memory access time
63.5-watt power supply

Dimensions

Length: 500 mm (20 in)
Depth: 410 mm (16 in)
Height: 142 mm (6 in)

Weight of 11.3 kg (25 1bs)
Electrical requirements of 104 V to 127 V, 50 Hz to 60 Hz
Air Temperature

System turned on: 60 to 90 degrees Fahrenheit
or 15.6 to 32.2 degrees Celsius

System turned off: 50 to 110 degrees Fahrenheit
or 10 to 43 degrees Celsius
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e Humidity
System turned on: 8 to 80 percent RH (Relative Humidity)
System turned off: 20 to 80 percent RH

e BTU (British Thermal Unit) output of 505 BTU per hour

And here is the technical information for the PC keyboard:

® 83 keys

® Cable length of 6 feet

e Dimensions

Length: 20 in (500 mm)
Depth: 8 in (200 mm)
Height: 2.5 in (57 mm)

e Weight of 6 lbs (2.7 kg)

PC Models and Features

For most people, the power supply is the most critical. Any PC sold
after March, 1983, will have the latest ROM BIOS. Those of you with
earlier PC systems also will have to address the ROM problem, or
you will miss out on a great deal of capability. Both of these
problems are addressed in chapters 7 and 12, as well as other
expansion issues related to all systems in the PC family.

Several models of the IBM PC were available during its lifetime, but
the last PCs were limited to two models. These models differ only in
the number of floppy drives: one or two. The models were
designated as follows:

IBM PC 5150 Model 166: 256K of RAM, one 360K drive
IBM PC 5150 Model 176: 256K of RAM, two 360K drives

The PC has never been available with a hard disk, mainly because
the system unit is a limited base for expansion and offers few
resources to work with. Since the additional configuration of the XT
with floppy disk drives only (April 2, 1985), the PC became obsolete.
The primary reason is that the XT offers much more for virtually the
same price, so investing in a PC was questionable.

IBM officially withdrew the PC from marketing April 2, 1987. IBM's
plans for the system became obvious when the company did not
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announce a new model with the Enhanced Keyboard, as it did with
the other IBM systems.

The original PC has limited expansion capacity, unless you invest a
great deal of money in extra parts and equipment. Expansion,
however, is a major issue for PC owners; after all, millions of users
own plain PCs and they need some way to protect the investment.

With some creative purchasing, you actually can make a usable
system of the PC. You need to add the requisite components, such
as a full 640K of memory and hard and floppy drives, and you still
may have a slot or two to spare. Unfortunately, carrying out this
expansion may require replacing many of the boards already in the
system unit with boards that can combine the same functions in less
space. Only you can decide when the whole process will become too
costly and when the money would be better invested in a new
system.

Before you can think of expanding a PC beyond even a simple
configuration, and to allow for compatibility and reliability, you
usually must address two major areas:

e ROM BIOS level (version)

® Power supply

PC Costs
The PC system unit part numbers and pricing are as follows:
Description Number Price
PC system unit, 256K, 5150166 $1,845
one double-sided drive
PC system unit, 256K, 5150176 $1,995

two double-sided drives

Here are the option part numbers and pricing:

Description Number Price

PC Expansion Unit Model 001 5161001 $2,585
with 10M fixed disk

Double-sided diskette drive 1503810 $250

8087 math coprocessor option 1501002 $230

BIOS update kit 1501005 $35
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The IBM PC Convertible

IBM introduced the IBM 5140 PC Convertible April 2, 1986, which
marked IBM's entry into the laptop computer market. This system
superseded the 5155 Portable PC (IBM's transportable system),
which is no longer available. Many people originally believed that
laptop computers were a solution in search of a problem, but the
sales figures of laptop systems have quieted the detractors. The IBM
5140 system unfortunately is not one of the more successful laptop
systems. Other laptops offer more disk storage, higher processor
speeds, more readable screens, lower cost, and more compact cases,
and they have pressured IBM to improve the Convertible. So far, the
improvements have been limited to the display, meaning that this
system has yet to gain respect in the marketplace.

The PC Convertible is available in several models. The Model 2 is
equipped with a CMOS 80C88 microprocessor, 64K of ROM, 256K of
RAM, an 80-column-by-25-line detachable liquid crystal display, two
3 1/2-inch floppy disk drives, a 78-key keyboard, an AC adapter, and
a battery pack. Also included are special software programs called
the Application Selector, SystemApps, Tools, Exploring the IBM PC
Convertible, and Diagnostics. The Model 22 is the same as the
Model 2 but with diagnostics only. You can expand both systems to
512K of RAM by using 128K RAM memory card features and may
include an asynchronous modem in the system unit. With
aftermarket memory expansion, the computers can reach 640K.

At the back of each system unit is an extendible bus interface. This
72-pin connector enables you to attach the following options to the
base unit: a printer, a serial/parallel adapter, and a CRT display
adapter. Each of these features is powered from the system unit.
The CRT display adapter operates only when the system is powered
from a standard AC adapter. A separate CRT display or a television
set attached through the CRT display adapter requires a separate
AC power source.

Each system unit includes a detachable Liquid Crystal Display (LCD).
As far as LCDs go, this one is fairly good. This LCD lacks
backlighting, which is present on many laptops, and its readability
and resolution are poorer than the electro-luminescent or gas plasma
displays used in other laptops. Apparently, the display has been
selected with power consumption and battery operation in mind
rather than readability or performance. When the computer is not
mobile, the display can be removed for a real monitor. When latched
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in its closed position, the display forms the cover for the keyboard
and floppy disk drives. The LCD is attached with a quick-disconnect
connector, which affords easy removal if you want to place the 5140
system unit below an optional IBM 5144 PC Convertible monochrome
display or IBM 5145 PC Convertible color display.

The PC Convertible system unit includes these standard features:

e Complementary Metal Oxide Semiconductor (CMOS) 80C88
microprocessor

e Two 32K CMOS ROMs containing the following:

POST (power-on self test) of system components
Basic Input/Output System (BIOS) support
BASIC language interpreter

e 256K CMOS RAM (expandable to 512K)
e Two 3 1/2-inch 720K (formatted) floppy drives

e 80-column-by-25-line detachable LCD panel (graphics modes:
640-by-200 resolution and 320-by-200 resolution)

e LCD controller
o 16K RAM display buffer
e 8K LCD font RAM
® Adapter for optional printer (#4010)
e Professional keyboard (78 keys)
o AC adapter
e Battery pack
The system unit options for the 5140 follow:
e 128K memory card (#4005)
Printer (#4010)
Serial/parallel adapter (#4015)
CRT display adapter (#4020)
Internal modem (#4025) .
Printer cable (#4055)
Battery charger (#4060)

Automobile power adapter (#4065)
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Two optional displays are available for the PC Convertible:
e IBM 5144 PC Convertible Monochrome Display Model 1
e IBM 5145 PC Convertible Color Display Model 1

PC Convertible Specifications and Highlights
The specifications of the IBM 5140 PC Convertible system are as
follows:

e Dimensions

Depth: 360 mm (14.17 in)
374 mm (14.72 in) including handle

Width: 309.6 mm (12.19 in)
312 mm (12.28 in) including handle

Height: 67 mm (2.64 in)
68 mm (2.68 in) including foot pads

e Weight

Models 2 and 22 5.5 kg (12.17 1bs)
(including battery)

128K memory card 40 gr (1.41 oz)

Printer 1.6 kg (3.50 1bs)

Serial/parallel adapter 470 gr (1.04 1bs)

CRT display adapter 630 gr (1.40 1bs)

Internal modem 170 gr (6 oz)

Printer cable 227 or (8 oz)

Battery charger 340 gr (12 oz)

Automobile power 113 gr (4 oz)
adapter

5144 PC Convertible 7.3 kg (16 1bs)
monochrome display

5145 PC Convertible 16.9 kg (37.04 1bs)

color display

To operate the IBM 5140 PC Convertible properly, you must have PC
DOS Version 3.2 or later. Previous DOS versions are not supported
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because they don't support the 720K floppy drive. Using the CRT
display adapter and an external monitor will require that the system
unit be operated by power from the AC adapter rather than the
battery.

PC Convertible Models and Features

This section covers the options and special features available for the
PC Convertible.

128K Memory Card

The 128K memory card expands the base memory of the system
unit. Two of these cards can be added, for a system unit total of
512K.

Optional Printer

The optional printer attaches to the back of the system unit or to an
optional printer attachment cable for adjacent printer operation. The
printer has an intelligent, microprocessor-based, 40 cps, nonimpact
dot-matrix design capable of low-power operation. The optional
printer draws power and control from the system unit. Standard
ASCII 96-character, upper- and lowercase character sets are printed
using a high-resolution, 24-element print head. A mode for graphics
capability is also provided. You can achieve near-letter-quality
printing by using either a thermal transfer ribbon on smooth paper
or no ribbon on heat-sensitive thermal paper.

Serial/Parallel Adapter

The serial/parallel adapter attaches to the back of the system unit, a
printer, or another feature module attached to the back of the
system unit. The adapter provides an RS-232C asynchronous
communications interface and a parallel printer interface, which are
compatible with the IBM Personal Computer asynchronous
communications adapter and the IBM Personal Computer parallel
printer adapter.
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CRT Display Adapter

The CRT display adapter attaches to the back of either the system
unit, printer, or another feature module attached to the back of the
system unit. The adapter enables you to connect a separate CRT
display, such as the PC Convertible monochrome display or PC
Convertible color display, to the system. By using optional
connectors or cables, you also can use the CRT display adapter to
attach any standard CGA type of monitor. Because composite video
output is available, you also can use a standard television set.

Internal Modem

With the internal modem, you can communicate with compatible
computers over telephone lines. The modem runs Bell 212A (1200
baud) or Bell 103A (300 baud) protocols. The modem-comes as a
complete assembly, consisting of two cards connected by a cable.
The entire assembly is installed in the system unit. Unfortunately,
this modem is made for IBM by Novation and does not follow the
Hayes standard for commands and protocols. The device, therefore,
is incompatible with most communications software. Fortunately,
you still can operate a regular modem through the serial port; the
convenience and portability, however, are lost.

Printer Cable

The printer cable is 22 inches (0.6 meter) long with a custom 72-pin
connector attached to each end. This cable provides you with the
option of operating the convertible printer when physically detached
from the system unit, enabling you to place the unit for ease of use
and visibility.

Battery Charger

The battery charger is a 110-volt input device designed to charge
the internal batteries of the system. It does not provide sufficient
power output to allow system operation while the batteries are
being charged.
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Automobile Power Adapter

The automobile power adapter is a special adapter designed to plug
into the cigarette lighter outlet in a vehicle with a 12-volt negative-
ground electrical system. This device charges the Convertible's
battery while allowing simultaneous use of the unit.

IBM 5144 PC Convertible Monochrome Display

The 5144 PC Convertible monochrome display is a 9-inch (measured
diagonally) composite video display attached to the system unit
through the CRT display adapter. Provided with the 5144 are the
display stand, an AC power cord, and a signal cable that connects
the 5144 to the CRT display adapter. This display does not resemble,
nor is it compatible with, the IBM monochrome display for the larger
PC systems. The CRT adapter puts out a signal that is the same as
that supplied by the Color Graphics Adapter for a regular PC. This
display is functionally equivalent to that on the IBM Portable PC.

IBM 5145 PC Convertible Color Display

The 5145 PC Convertible color display is a 13-inch color display. It is
attached to the system unit through the CRT display adapter.
Provided with the 5145 are the display stand, an AC power cord,
and a signal cable that connects the 5145 to the CRT display
adapter. This display includes a speaker for external audio output.
The monitor is designed to be a low-cost unit compatible with the
standard IBM CGA type of display.

The special software available for the Convertible includes these
programs:

Application Selector: This program is installed as an
extension to DOS and provides the user
with a menu-driven interface to select
and run applications software, the
SystemApps, and Tools.

SystemApps: This program provides basic functions
similar to many of the memory-resident
programs on the market today. This
application includes Notewriter,
Schedule, Phone List, and Calculator.
This program is equivalent in function
to the popular SideKick program.
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Tools: This is a menu-driven program that can

be used as a front end for DOS to

control and maintain the system, such
as copying and erasing files, copying

disks, etc. With DOS, additional

functions become available, including
printing, formatting, and configuring the
Application Selector function keys. This
program presents many DOS functions

in an easy-to-use menu format.

This additional software, except system diagnostics, is not included

with the Model 22.

PC Convertible Costs

Here are the costs of the IBM Convertible system units and optional

accessories:

Item Price

5140 PC Convertible system unit:
Two drives/256K with system applications $1,695
Two drives/256K without system applications $1,675

Optional features:
128K memory card $160
256K memory card $345
Printer $295
Serial/parallel adapter $80
CRT display adapter $255
Internal modem $225
Printer cable $45
Battery charger $25
Automobile power adapter $25
Standard carrying case $84
Compact carrying case $44
5144 PC Convertible monochrome display $180
5145 PC Convertible color display $400
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The IBM PC XT

Introduced March 8, 1983, the PC XT with a built-in 10M hard disk
(originally standard, later optional) caused a revolution in personal
computer configurations. XT stands for XTended (extended). IBM
chose this name because the IBM PC XT system includes many
features not available in the standard PC. The XT has eight slots,
allowing increased expansion capabilities, greater power supply
capacity, completely socketed memory, motherboards that support
expansion to 640K without using an expansion slot, and optional
hard disk drives. To allow for these advantages, the XT uses a
completely different motherboard circuit design than the PC.

The system unit is available in several models, with a variety of disk
drive configurations: a single 256K floppy disk drive, two 256K
floppy disk drives, one floppy disk and one hard disk drive, or two
floppy disk drives and one hard disk drive. The floppy disk drives
are full-height drives in the carlier models and half-height drives in
more recent models. Because of this arrangement, you can have two
floppy drives and a hard disk in a standard IBM configuration. Hard
disks available from IBM are 10M and 20M full-height hard disks.
The available floppy disk drives include a double-sided (320/360K)
floppy disk drive in either a full- or half-height configuration. A
recent option is a 3 1/2-inch 720K floppy disk drive. The 3 1/2-inch
drives are available in a normal internal configuration or as an
external device. You can install a maximum of two floppy disk drives
and one hard disk drive in the system unit, using IBM-supplied
drives. With half-height hard disks, you can put two hard disk drives
in the system unit.

The XT is based on the same 8- and 16-bit Intel 8088 microprocessor
as the PC and runs at the same clock speed. Operationally, the
systems are virtually identical. All models are equipped with at least
one 360K floppy disk drive and a keyboard. For standard memory,
the XT offers 256K or 640K directly on the main board. In addition,
the hard disk models include a serial adapter.

The system unit contains eight slots that support cards for additional
devices, features, or memory. Two of these slots support only short
option cards due to physical interference with the disk drives. The
XT is equipped with at least a diskette drive adapter card in the

floppy-disk-only models and a hard disk controller card and serial

adapter in the hard disk models. The result is seven or five available
expansion slots (depending on the model).



Chapter 3: IBM Personal Computer Family Hardware 57

All XT models include a heavy-duty fan-cooled 13b-watt power
supply to support the greater expansion capabilities and disk drive
options. This power supply is more than double the capacity of the
PC’s supply.

An 83-key keyboard was standard equipment with the early XT
models and is still available as an option on the newer models. This
keyboard is attached to the system unit with a 6-foot coiled cable.
The newer models have as standard equipment the 101-key
Enhanced Keyboard and a 9-foot cable.

All models of the PC XT system unit contain the following major
functional components:

e Intel 8088 microprocessor

® ROM-based diagnostics (POST)

e BASIC language interpreter in ROM

o 256K or 640K of dynamic RAM

e Floppy disk interface

e One 360K floppy drive (full- or half-height)

e 10M or 20M hard disk drive with interface (enhanced models)

Serial interface (enhanced models)
Heavy-duty 135-watt power supply
Eight I/0 expansion slots

Socket for 8087 math coprocessor

XT Specifications and Highlights .

The following are technical specifications for the PC XT system:
® 4.77 MHz clock speed
® 20-bit address bus
e 8-bit I/0 expansion bus

40K of ROM

200-nanosecond memory access time

135-watt power supply
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Dimensions

Length: 500 mm (20 in)
Depth: 410 mm (16 in)
Height: 142 mm (6 in)

Weight of 14.50 kg (32 1bs)
Electrical requirements of 90 V to 137 V, 50 Hz to 60 Hz
Air temperature
System turned on: 60 to 90 degrees Fahrenheit
or 15.6 to 32.2 degrees Celsius

System turned off: 50 to 110 degrees Fahrenheit
or 10 to 43 degrees Celsius
Humidity

System turned on: 8 to 80 percent RH
System turned off: 20 to 80 percent RH

BTU Output of 717 BTU per hour

The following list is the technical data for the original PC XT
keyboard:

83 keys
Cable length of 6 feet
Dimensions

Length: 20 in (500 mm)
Depth: 8 in (200 mm)
Height: 2.5 in (57 mm)

Weight of 6 1bs (2.7 kg)

The technical data for the PC XT Enhanced Keyboard follows:

101 keys

Cable length of 9 feet
Removable keycaps
Dimensions

Length: 19.37 in (492 mm)
Depth: 8.27 in (210 mm)
Height: 2.28 in (58 mm), legs extended

Weight of 5 lbs (2.25 kg)
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XT Models and Features

The XT has been available in many different model configurations
during its lifetime, but originally only one model was available. This
model, which included a 10M hard disk, marked the first time that a
hard disk was a standard item in a personal computer and was
properly supported by the operating system and peripherals. This
computer helped change the industry standard for personal
computers from one or two floppy disk drives to one or more hard
disks.

Today, I don't even consider a PC to be usable without a hard disk.
The only real drawbacks to the original XT were that it was
expensive and the hard disk could not be ‘“‘unbundled’” or deleted
from the system at purchase time for credit and added later. This
fact distinguished the XT from the PC and misled many people to
believe that the only difference between the two computers was the
hard disk. People who recognized and wanted the greater
capabilities of the XT without the standard IBM hard disk would
have to wait.

The original model 087 of the XT included a 10M hard disk, 128K of
RAM, and a standard serial interface. Later, IBM increased the
standard memory of all PC systems to 256K, and the XT reflected
the change in Model 086, which was the same as the preceding 087
except for a standard 256K of RAM.

On April 2, 1985, IBM effectively rendered the original PC system
obsolete by introducing new models of the XT without the standard
hard disk. Designed for expansion and configuration flexibility, the
new models provided a way for you to expand from a floppy disk
system to a hard disk system. This design meant that the XT could
be considered in configurations that previously could be filled only
by the original PC. The big difference between the PC and the XT is
the XT's expansion capability, provided by the larger power supply,
eight slots, and better memory layout. These models cost only $300
more than equivalent PCs, rendering the PC no longer a viable
option.

The extra expense of the XT is more than justified with the first
power supply replacement you make with an overworked PC. The
floppy disk models of the IBM PC XT follow:

5160068 XT with one full-height 360K disk drive
5160078 XT with two full-height 360K disk drives
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Both these models have 256K of memory and use the IBM PC XT -
motherboard, power supply, frame, and cover. The asynchronous
communications adapter is not included as a standard feature with
these models.

On April 2, 1986, IBM introduced several more models of the PC XT.
These recent models have some significant differences from the
previous ones. The most obvious difference is the Enhanced
Keyboard, which is standard with the new computers. Other
differences are a 20M (rather than 10M) hard disk and high-quality,
half-height floppy disk drives. The new half-height floppy disk drives
allow for two drives where before only one would fit. With two
drives, backing up floppy disks is painless. Also available is a new
3 1/2-inch floppy disk drive storing 720K for compatibility with the
PC Convertible laptop computer. The recent XT system units are
configured with a new memory layout allowing for 640K of RAM on
the motherboard without the use of an expansion slot. This feature
conserves power, improves reliability, and lowers the cost of the
system.

Standard with the XT Models 267 and 268 are one 5 1/4-inch half-
height 360K floppy disk drive and 256K of system board memory.
Models 277 and 278 have a second 5 1/4-inch floppy disk drive.
Models 088 and 089 are expanded PC XTs with all the standard
features of the Models 267 and 268, a 20M hard disk, a 20M fixed
diskette drive adapter, an asynchronous comrmunications adapter,
and an additional 256K of system board memory, for a total of 512K.

Highlights of the new models include the following:
e Enhanced Keyboard standard on Models 268, 278, and 089

101-keys

Recappable

Selectric typing section

Dedicated numeric pad

Dedicated cursor and screen controls
Two additional function keys

9-foot cable

e Standard PC XT keyboard on Models 267, 277, and 088
® More disk capacity (20M)
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New features

20M fixed disk

20M fixed disk adapter

5 1/4-inch half-height 360K floppy drive
3 1/2-inch half-height 720K floppy drive

New 3 1/2-inch 720K floppy drive for added flexibility

Capacity for three storage devices within system unit

Capacity to expand to 640K bytes memory on system board
without using expansion slots

These newest models of the XT have a new, extensively changed
ROM BIOS. The new BIOS is 64K and is internally much the same as
the AT’s. This ROM includes support for the new keyboard and

3 1/2-inch floppy disk drives. The POST also has been enhanced.

The new XTs are incompatible in some respects with some software
programs. All the problems so far have centered on the new
keyboard and the way the new ROM addresses the keys. The
problems are not drastic, and all the problems that I heard of were
solved almost immediately by the software companies.

Seeing how much IBM changed the computer without changing the
basic motherboard design is interesting. The ROM is different, and
the board now can hold 640K of memory without a card in a slot.
The memory trick is actually a simple one. IBM designed this feature
into the board originally and chose to unleash it with these models
of the XT.

During the last several years, I have modified many XTs to have
640K on the motherboard, using a simple technique that IBM
provided for. The new XTs achieve the greater memory capacity by
the same technique. A simple jumper and chip added to the
motherboard can alter the memory addressing of the board. The new
addressing is set up for 256K chips, which are installed in two of the
four banks. The other two banks of memory contain 64K chips, for a
total of 640K. In Chapter 12, a set of detailed instructions for
modifying any IBM XT in this way is given.
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XT Costs
Here are the costs of the XT system units:
Description Number Price
XT system unit/PC XT keyboard, 256K:
one double-sided drive 5160068 $2,145
one half-height double-sided drive 5160267 $2,145
two double-sided drives 5160078 $2,295
two half-height double-sided drives 5160277 $2,295
XT system unit/Enhanced Keyboard, 256K:
one half-height double-sided drive 5160268 $1,395
two half-height double-sided drives 5160278 $1,545
XT system unit/PC XT keyboard,
256K, Async:
one double-sided drive, 5160086 $2,895
one 10M fixed disk
XT system unit/PC XT keyboard,
640K, Async:
one half-height double-sided 5160088 $2,660
drive, one 20M fixed disk
XT system unit/Enhanced Keyboard,
640K, Async:
one half-height double-sided 5160089 $2,660
drive, one 20M fixed disk
And here are the costs for the options:
Description Number Price
PC Expansion Unit Model 002 5161002 $2,090
with 20M fixed disk
20M fixed disk drive 6450326 $630
20M fixed disk adapter 6450327 $200
10M fixed disk drive 1602500 $695
10M fixed disk adapter 1602501 $395
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Description Number Price

5 1/4-inch half-height 6450325 $225
double-sided disk drive

Double-sided disk drive 1503810 $250

3 1/2-inch half-height 6450258 $170
720K internal drive

3 1/2-inch half-height 2683190 $395
720K external drive

8087 math coprocessor option 1501002 $230

Asynchronous serial adapter 1502074 $70

The costs of the Enhanced Keyboard accessories follow:

Description Number Price

Clear keycaps (60) 6341707 $50
with paper inserts

Blank light keycaps 1351710 $25

Blank dark keycaps 1351728 $25

Paper inserts (300) 6341704 $30

Keycap removal tools (6) 1351717 $11

The IBM 3270 PC

On October 18, 1983, IBM announced a special version of the XT
called the 3270 PC. The 3270 PC combines the functions of IBM's
3270 display system with those of the XT. This system is basically a
standard XT system unit with from three to six custom adapter
cards added to the slots. The keyboard and display for this system
are special as well and attach to some of these special adapter
cards. All this hardware is run by a program called the 3270 PC
Control Program. This combination can support up to seven
concurrent activities: one local PC DOS session, four remote
mainframe sessions, and two local electronic notepads. With the
assistance of the 3270 PC Control Program, information can be
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copied between windows, except that a PC DOS window may not
receive information.

The 3270 PC also includes a new keyboard that addresses some of
the complaints about the Personal Computer keyboard. The keyboard
contains more keys in an improved layout. The Enter and Shift keys
are enlarged. The cursor keys are separated from the numeric
keypad and form a little group between the main alphanumeric keys
and the numeric keypad. Twenty function keys are arranged in two
rows of 10 at the top of the keyboard. To help clarify keystroke
operations, the new keyboard is annotated. Blue legends designate
PC-specific functions; black legends indicate 3270 functions.
Although this keyboard is greatly improved, most of the new keys
and features do not work in the PC mode. Often, special versions of
programs must be obtained, or you have to disregard most of the
new keys.

3270 PC Models and Features

The 3270 PC includes several specialized expansion boards that are
added to an XT. These expansion boards are examined in this
section.

3270 System Adapter

The 3270 system adapter supports communication between the 3270
PC and the remote 3274 controller through a coaxial cable. One
physical 3274 connection can support four logical connections.

Display Adapter

The display adapter is used in place of the PC’s monochrome or
color/graphics display adapter and provides text-only displays in
eight colors. Although the extended character graphics of the PC are
available, bit-mapped graphic capabilities are not supported unless
the accessory extended graphics card is added.

Extended Graphics Adapter (XGA|

The Extended Graphics Adapter (XGA) provides the storage and
controls necessary for displaying local graphics in high- or medium-
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resolution mode. High-resolution mode is available in two colors, at
720-by-350 or 640-by-200 pixels.

Medium-resolution mode is available with a choice of two sets of
four colors at 360-by-350 or 320-by-200 pixels. To run in medium-
resolution mode, your system must have an available system
expansion slot adjacent to the display adapter card. If a Programmed
Symbols feature (discussed next) is installed next to the display
adapter, the slot adjacent to the PS feature must be used. Because
the aspect ratio differs for each display monitor, applications
programs must control the aspect ratio parameter; a circle on the
5150/5160 PC with the Color Graphics Adapter looks slightly
elliptical on the 3270 PC with the XGA unless this parameter is
changed.

Programmed Symbols

The Programmed Symbols (PS) adapter provides graphics capabilities
currently available on IBM 3278/3279 display stations. This card
provides storage for up to six 190-symbol sets whose shapes and
codes are definable. Symbol sets are loaded (and accessed for
display) under program control. To accept this board, your system
must have an available system expansion slot adjacent to the display
adapter card. If an XGA feature is installed, you must use the slot
adjacent to the XGA. The PS card is available in only Distributed
Function Terminal (DFT) mode and may be used in only one of the
four host sessions.

Keyboard Adapter

You use the keyboard adapter to adapt the 3270 style of keyboard to
the system unit. The keyboard connects directly to this board rather
than to the motherboard as it does for the PC. This board is short
and must be installed in the special eighth slot of the XT system
unit.

The standard XT system unit provides eight expansion slots; at least
five of those slots normally are filled on delivery with the 3270
system adapter, the display adapter, the keyboard adapter, the
diskette drive adapter, and the hard disk controller. If you want to
add options such as the graphics adapter and a memory
multifunction card, you can see that even with the XT as a base,
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slots are at a premium in this system. An expansion chassis is a
definite consideration for the 3270.

Software

The 3270 PC runs under control of the 3270 PC Control Program in
conjunction with PC DOS and supports concurrent operation of up to
four remote host interactive sessions, two local notepad sessions,
and one PC DOS session. The Control Program enables users to
associate sessions with display screen windows and to manage
those windows by a set of functions that IBM calls advanced screen
management.

Windows

You can define windows that permit viewing of all (up to 2,000
characters) or part of a presentation space. In IBM's vocabulary, a
presentation space is a logical display area presented by a single
host. PC DOS presentation spaces are 2,000 characters (25 lines by
80 characters), remote host spaces are up to 3,440 characters, and
notepad presentation spaces are 1,920 characters.

Up to 7 windows may appear on-screen at once. Each window is
associated with a distinct presentation space. Windows may be as
large as the screen or as small as 1 character and may be positioned
at any point within their presentation space. Thus, a window 20
characters wide and 4 lines long may show the first 20 characters of
the last 4 lines of a host session display. You can change window
size and position within the presentation space at any time without
affecting the content of the presentation space.

At any given moment, only one window on the 3270 PC screen is
the active window. When you enter information from the keyboard,
the information is directed to the session associated with the
currently active window. You can switch between active windows
by using keystroke commands.

You can define the foreground and background colors of host session
windows not using extended data stream attributes. You also may
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