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Introduction

WHY AN APPLE
REPAIR MANUAL?

This book is written and dedicated to all the others
who have experienced long, anxious hours waiting for a
computer or peripheral device to be fixed and then
almost had a coronary when the repair bill was presented.

I am, like yourself, one of the 100 million computer
users in this country. When I purchased my first real
computer, an Apple II, I was so elated I hardly slept a

wink the first night. It wasn’t long before my machine

was dancing and twirling (figuratively, of course) as it
produced tons of code and useful hard-copy reports,
articles, and various analysis documents. "

And then, one day, the dreaded event happened —
the Apple broke down. I could scarcely contain my
frustration. The key, the doggone “A” key stopped
working! '

My machine was out of warranty. With tenderness,
I lifted it and carried it down to my “friendly” computer
store.

“My Apple is sick.”

“Too bad. What seems to be the problem?”

“Key won’t work.”
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“Oh? Well, we can take care of that for you.”

“Great! When can I get it back all better?”

“How about a week from Wednesday . . . late
afternoon?”

My heart sank. A week from Wednesday? Eight
days just to fix a sick “A” key? Reluctantly, I handed
over my cherished Apple to the technical service person.
Sadly, I turned and left.

The next eight days were rough—for me and my
family. From the third day on, one of us called the store’s
computer service center every day to determine the status
of the repair and to try to get the work expedited.

On the appointed day my whole family escorted me
to the store. I was like a kid at Christmas. There on the
counter was my machine, all neat, clean looking, and
fixed. I was back in computer heaven. My Apple was
coming home.

And then I got the bill. “Wait a minute! This bill
says fifty-four dollars and twenty-three cents!”

“Yes, it does.”

“To fix one key?”

“Well, the key actually cost less than five dollars.
The rest is labor.” '

“But, but . . . ” I was stuttering and stammering as
I paid the bill, and they escorted me and my Apple out
to the car. Althbugh 1 was indeed happy to have my
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computer. back, I never forgot that day and thar bill. 1
knew there had to be a less expensive way. Most compu-
ters don’t often have major failures. Most problems
come from the breakdown of simple chips (those little

black plastic, centipede-looking things) or other easy-to-

spot components. And with a little training, just about
anyone could make most repairs.

A plan began to develop. Why not repair my own
equipment and then pay myself for the labor costs? I
began to read, study, research, and test various
troubleshooting techniques. I spent the next year
preparing myself.

And then it happened again. Right in the middle of
typing out a college report using my word processor pro-
gram, the machine suddenly stopped. It quit printing and
refused to access the disk where the report was stored.

The report was due the next morning. Here was my
first real opportunity to test my knowledge of repairing
our Apple. To my delight, I was able to troubleshoot
and repair our computer in less than an hour. And most
of that time was spent running down to the electronic
parts store to buy a chip. The total cost for the
repair — 82 cents plus tax. Probable savings — forty-five
dollars. I was convinced. We were all delighted. My
research was paying off.

It wasn’t long before our friends who also owned
Apples heard about my success and began calling on me
to help fix their machines too. Another idea began to
develop. Rather than spend my life running from one
friend’s repair to another friend’s repair (youw’ll never
know how many friends you have until you can fix a
computer), I decided to write a book and let everyone
save on their own repairs.

This is the result. In the two years it took to com-
plete this manual, each step, each troubleshooting idea
was tested and verified.

HOW TO USE THIS MANUAL

This manual is structured to make it quick and easy
for either the novice or the experienced technician to
locate and correct most computer failures.

The first chapter introduces troubleshooting and

repair. In easy-to-understand terms, it proceeds step by

step through the diagnostic techniques (called trouble-
shooting) for microcomputer hardware. Chapter 1
covers methods taught the best service technicians and
includes numerous useful hints used by practicing elec-
tronic repair persons.

Chapter 2 describes just what constitutes an Apple

IT system. The chapter begins with a definition and
specification overview, followed by a discussion of
system structure.

In Chapter 3 the operation of the Apple II is
explored from both an internal and an external perspec-
tive. This chapter describes what happens inside the
machine when power is applied and explains what events
you should observe as the system powers up. Each of the
major subsystems of an Apple II Plus is discussed, and
numerous drawings are included to help you understand.

Chapter 4 describes specific hardware malfunctions
(failures) that can happen to the Apple II Plus. The
main focus of the book, Apple-specific failure diagnosis
and repair, begins in this chapter. The chapter starts
with a trouble symptom index table that guides you
quickly to the page that treats a specific problem.
Malfunctions are organized by computer subsystem.
Each type of failure is analyzed to the chip level with
ample drawings, including a picture layout of the board
on which the failure is most probably located. Chips are
highlighted for easy identification.

Chapters 5, 6, and 7 are specific to the Apple Ile. In
Chapter 5 we describe the Apple Ile and delve into what
makes this machine so great.

Chapter 6 begins the detailed discussion of how the
Apple Ile operates. Again, ample drawings are provided
to help you understand the system.

Then, in Chapter 7, we address troubleshooting and
repair questions specific to the Apple Ile. Chapter 7 is
organized the same way as Chapter 4. A quick reference at
the beginning of the chapter makes your diagnostic search
easier. Drawings and a chip layout chart help you under-
stand why a particular chip could cause a specific problem
and where the chip can be found in the Apple Ile.

A good repair manual should not just help locate
and correct computer failures; it should also provide
guidance in preventing further failures. Chapter 8
provides valuable periodic preventive maintenance
(PM) suggestions to help maintain a healthy system.
This chapter covers such subjects as maintenance of
disks and disk drives, electrical and magnetic interfer-
ence, and recommended cleaning techniques. This chap-
ter also includes a preventive maintenance schedule
which you can use to keep the system in peak operating
condition and extend its “on-line” life.

By the time you’ve mastered Chapters 1 through 8,
you should be able to troubleshoot and repair 95 percent
of all Apple II Plus or Apple Ile computer failures.
Chapter 9 was written for those who wish to go after the
remaining 5 percent of malfunctions. In this chapter
you’ll become familiar with the tools of the repair tech-
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nician’s trade — logic probes, logic pulsers, current
tracers, oscilloscopes, logic analyzers, and signature
analyzers. The chapter even provides guidance in devel-
oping some of your own diagnostic tools, both hard-
ware and software.

The Appendix provides a wealth of backup infor-
mation. It includes step-by-step disassembly and reassem-
bly instructions, conversion tables, specification data
sheets, and system configuration record and repair
sheets.

A reference section, a glossary, and a lengthy index
complete the manual.

This book is a detailed troubleshooting and repair
document. It is not a treatise on basic computer theory
or a discussion of chip operation, registers, busses, and
logic gates. It is an all “meat and potatoes” manual to
enable the computer user to repair his or her own
machine in those 95 percent of circumstances where
knowledge and a good reference are enough to find and
repair a failure.

Using this manual, you should be able to isolate
and correct most Apple failures. This book has brought
me much success in my own troubleshooting, and I trust
it will do the same for you.






CHAPTER 1

‘Basic Troubleshooting

Like automobiles, computers break down after lots
of use. Some break down sooner than others. Finding
what broke can be easy or difficult, depending on your
understanding of how to analyze a problem, identify the
failed part, and step toward the correct repair:- This
chapter will show you how to find problems in your
Apple in the shortest amount of time.

INTRODUCTION
TO TROUBLESHOOTING

Imagine for a moment that you’re in the midst of
printing a lengthy analysis report when suddenly the
printer halts, the screen display goes blank, and your
Apple ceases to function. What do you do? What failed?

This chapter is devoted to a subject we often wish
we could pass off or ignore — trouble. Trouble is like a
flat tire: no one wants one, but when it occurs we all
wish we could fix it quickly and get the experience
behind us. Knowledge and action are required to over-
come trouble.

You know from reading the owner’s manual that
came with your computer that it’s a digital machine; it
operates in binary, where every condition is either true
(logic 1) or false (logic 0).

17

A digital computer like the Apple generally doesn’t
break down slowly, with graceful degradation. If it fails,
it’s usually with a hard, consistent failure. In addition,
the digital devices that make up your Apple function
within strict rules of logic. The most effective way to
respond to a failure in these devices is to think the
problem through just as the machine operates — logic-
ally. Understand what should happen and compare the
“shoulds,” one by one, with what is really happening.

An interesting deductive technique called trouble-
shooting is particularly appropriate for solving digital
equipment failure problems. Troubleshooting could be
a really frustrating experience if you were left to struggle
through the process by yourself without a good guide.
This book provides you with techniques for quick and
easy troubleshooting and repair.

STEPS TO SUCCESSFUL
TROUBLESHOOTING

Effective and efficient troubleshooting requires
gathering clues and applying deductive reasoning to iso-
late the problem. Once you know the cause of the prob-
lem, you can follow a process of analyzing, testing, and
substituting good components for each suspected bad
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component to find the particular part that has failed.

The use of special test equipment such as logic
probes and logic clips can speed the analysis, but, for
most failures, good old brain power can suffice quite
well. Once the problem has been isolated to a particular
group of chips, deductive analysis changes to intelligent
trial-and-error replacement. Reducing the number of
suspected chips to just a few and using intelligent substi-
tution is the fastest way to identify the faulty device in
the least amount of time.

In general, you can follow these “Apple Optimum”
steps to success when your computer fails:

Don’t panic.

Observe the conditions.

Use your senses.

Retry. |

Document.

Assume one problem.

Diagnose to a section (fault identification).
Localize to a stage (fault localization).

© %N AW N

Isolate to a failed part (fault isolation).

....
e

Repair.
11. Test and verify.

The following pages discuss the steps to troubleshooting
success in detail.

LOOKING AT THE COMPONENTS

Every computer is composed of functional sections
as shown in Fig. 1-1. Any of these sections can fail.

PROGRAM MASS
MEMORY STORAGE

m RAM/ROM DISKS/TAPES
> OTHER
CPU PERIPHERAL

110 DEVICES

l CLOCK ! ISPEAKER I IKEVBOARDl | DISPLAY]

Fig. 1-1. The functional parts of the Apple II computer.

When something goes wrong, the first step is to
determine whether the trouble results from a failure or
just a loose connection or human error. Once you’re
sure a failure has occurred, the next step is to determine
which functional section of the system is not operat-

ing — disk drive, keyboard, display, or some other part.

Then, step by step, break each section up into
stages and try to track the trouble to a single compo-
nent. If a display isn’t working, for example, the prob-
lem could be in the display monitor itself, in the video
cable, or in the video circuitry of the Apple computer.
Each of these can be considered a stage of the video
display functional section.

Next, to troubleshoot your computer, you need to
understand what your Apple is all about physically and
how it interacts with the other parts of the system.

COMPONENT RECOGNITION

What’s an Apple II made of? Let’s take a look.

That strong housing or case with the built-in key-
board is made of high-strength, flame-retardant molded
plastic — an improved material called Cycolac KIW
from Borg-Warner Chemicals, Inc. in Parkersburg,
West Virginia. The case is not likely to fail under
normal use.

Make sure the power is off and open the lid on your
Apple computer. Inside the case opening, you'll notice a
long silver-or-gold-colored rectangular box at the left.
This is' the switching power supply. It delivers all the
necessary voltages to the rest of the computer via some
wires that come out of the keyboard end of the supply
and connect through a plug to a large green board. Touch
the top case of the power supply, and then carefully
remove the power plug from the back of the computer.

The large green board with many components
mounted on it in the main part of your Apple is called
the “main printed circuit board,” or simply the “mother-
board.” Also inside the case you’ll see a small speaker.
Notice that the power supply, the speaker, and the
motherboard are all attached to a metal baseplate. Let’s
concentrate on the motherboard since this is where most
failures occur.

Fig. 1-2 compares the Apple II Plus and Apple Ile
motherboards.

The motherboard is made of fiberglass and has lots
of colorful devices mounted on it — sockets, connectors,
and wire traces embedded into the board, integrated
circuits (or chips), resistors, capacitors, transistors, and
(for the Ile) light-emitting diodes (or LEDs). Fig. 1-3
shows the types of devices that you will find mounted on
the motherboard. The numbers indicated in the figure
are the actual identification numbers of components on
the Apple 11 Plus motherboard.

A matrix of letters and numbers are used to locate
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Fig. 1-2. A comparison of the Apple II Plus
and Apple Ile main circuit boards (motherboards).
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VARIABLE VARIABLE ELECTROLYTIC
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INDUCTOR RESISTOR RESISTOR
(L2) NETWORK (R29)
(RA-03)
INDUCTOR CRYSTAL FILM CAPACITOR
(27uH) (C33)
Fig. 1-3. Components found on Apple II motherboards.

devices on the motherboard. Rows are marked with
letter designations, and columns are marked with
number designations. Thus, A-8 would refer to a device
located at the intersection of row A, column 8.

Chips

Those black-case, centipede-looking things are the
chips. They serve the function of hundreds of transis-

tors (or vacuum tubes, the predecessors of transistors),
and cause the computer to work logically. The Apple II
is a Von Neumann machine: it works in Binary digITs
(bits); all conditions are either ON (logic 1) or OFF
(logic 0), and all operations occur in sequence. Dr. John
Von Netmann first described his idea of a binary com-
puter at a conference in 1945 at the Moore School of
Electrical Engineering.

There are five sizes of chips on your motherboard:
8-pin, 14-pin, 16-pin, 24-pin, and 40-pin. The Apple Ile
also has two 40-pin custom chips. Apple Computer
Company placed these chips in sockets, so repair is
quick and easy with no unsoldering and soldering.

Notice how each chip has a notch or groove at one
end as shown in Fig. 1-4. This notch marks the end of the
chip where pin 1 can be found. Pin 1 is to the left of the
groove as you look down upon the top of the chip with
the groove pointed away from you. The pins are num-
bered counterclockwise starting from pin 1, so that the
highest-numbered pin is directly across from pin 1. As
you'll learn later, in chip replacement, you must insert the
new chip into the socket with pin 1 in the right place.

PIN1

PIN1

Fig. 1-4. Identification of pin 1 on a chip.

Chips have special markings that tell a lot about
what’s inside. Look at the printing on the top of the
chips on your Apple’s motherboard. First, you’ll notice
that many different companies make chips, and that
many of these companies are outside the United States —
Japan, Malaysia, Indonesia, and El Salvador, for
example. Some companies place their logo on the chip.
Some of the logos represented in your Apple chips are
shown in Fig. 1-5.
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COMPANY

~ ADVANCED MICRO DEVICES

AMERICAN MICROSYSTEMS
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MOTOROLA

NATIONAL SEMICONDUCTOR
OKI JAPAN
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SYNERTEK

LSS ENG

TEXAS INSTRUMENTS

Fig. 1-5. A sampling of the logos
you’ll find on chips in your Apple 1.

You'll also notice letter-number combinations on
the chips. Some chips have two sets of letter-numbers.
One set identifies the type of device, and the other set
tells when the chip was made.

The first, or primary, set of letter-numbers is called
the manufacturer’s type number or manufacturer’s device
code. It appears in three sections as shown in Fig. 1-6.

[s N[7 4 L s 16 1]a N]

#
PREFIX CORE NUMBER SUFFIX

Fig. 1-6. The manufacturer’s device code for a 74LS161 chip.

The prefix (“SN” in SN74LS161AN) is usually used
to identify the manufacturer, although sometimes it is
used to identify the device family (also associated with a

manufacturer) or a temperature range (N = commer-
cial temperatures, S = military temperature require-
ments). The prefix is something omitted. In Fig. 1-6,
the SN represents the Texas Instruments Company.

All the chips on both the Apple II Plus and the
Apple Ile motherboards are listed in the Appendix.

The core number is three to six digits long with a
letter or letters in the middle. It indicates the basic logic
family. Most of the chips on the Apple II are 74xx
series, which represents TTL logic (transistor-transistor-
logic). The core number 74LS161 represents a 4-bit
binary counter. The letters in the middle of the number
describe particulars about the logic used in the chip such
as speed or power. In Fig. 1-6, the LS stands for low
power schottky, a particular type of TTL logic design.

The suffix represents the package type or tempera-
ture range. Usually it describes the package type. In Fig.
1-6, the AN denotes a dual in-line package (DIP), a type
of chip. Other package types include the flatpacks, single
in-line package (SIP), and leadless chip.

The second letter-number combination on a chip
represents the manufacturer and the year and week the
chip was made. For example, the UA/LM741CN is an
operational amplifier chip made by Signetics or
National (UA = Signetics, LM = National). The suffix
CN refers to DIP packaging, and the 8108 printed below
the manufacturer’s device ‘code represents the eighth
week in 1981, the date of manufacture of this chip.
Likewise, the chip in the upper right part of the Apple 11
Plus motherboard marked NE558N and 8114 is a quad
timer manufactured by Signetics in the fourteenth week
of 1981.

Capacitors

In addition to chips, your motherboard has
mounted on it a number of devices called capacitors.
Fig. 1-7 shows what some of the capacitors look like so
you can pick them out on your motherboard. Capaci-
tors come in four varieties: (1) electrolytic, (2) tantalum,
(3) film, and (4) variable. Your Apple boards have some

of each type.
Capacitors are measured in fractions of farads.

You'll see values listed in “uF” for microfarads and “p”
for picofarads. Micro means “to the sixth decimal
place” or .000001 (one millionth) and pico means “to the
twelfth decimal place” or .000000000001 (one trillionth).
Thus .022 microfarads means .000000022 farads and 47
picofarads means 47 trillionths of a farad.

Capacitor (cap) value identification is one of the
most challenging tasks you ca‘p encounter because most
companies like to use their own identification standards.
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Fig. 1-7, Four types of
capacitors found on Apple II motherboards.

On the side of C17 in your Apple II Plus, you’ll find the
numbers “16 V> and “10 uF.” This means that C17 is a
ten-microfarad capacitor and is rated at 16 volts.

On the side of another cap, C6, is printed “223 K.”
The first two digits (22) represent the significant figures.
The last number (3) represents how many zeroes to add
after the first two numbers to get the true value in pico-
farads. Thus 223 represents 22,000 picofarads, which is
the same as .022 microfarads.

The 47 picofarads capacitor, C2, is not much easier
to decode. On the side of C2 you will see the word
“Mexico.” Under Mexico there are two letter-number
sets: the first, “47 JI,” represents 47 picofarads (the J
represents a tolerance of 5 percent). Beneath the 47 J is
“N 750,” which refers to the capacitance effect under
changes in operating temperature.

The color trim adjust (C3 on your Apple 11 Plus) is
a variable tuning capacitor that can be varied between 5
and 50 picofarads. You won’t be able to see the values
stamped on this capacitor. The capacitor is so small that
printing the variable capacitance on the side of it is
impractical. The value was probably printed on the side
of the bag in which the capacitor was shipped to Apple.

Resistors

Fig. 1-8 shows the three types of resistors found in
the Apple circuitry.

~EED

A. CARBON FILM
RESISTOR

B. VARIABLE
RESISTOR

C. RESISTOR
NETWORK

Fig. 1-8, Three types of resistors found in the Apple circuitry,

Resistors are used to restrict or limit the flow of elec-
trical current through the board’s circuitry. One type of
resistor is the cylindrical carbon film device shown in Fig.

, 1-8A. The value of resistance is given in ohms, and can be

determined by comparing the color bands with the colors
in Table 1-1.

Table 1-1. Color Codes for Carbon Film Resistors
Color Digit Multiplier

Black 0 1
Brown 1 10
Red 2 100
Orange 3 1000
Yellow 4 10000
Green 5 100000
Blue 6 1000000
Violet 7
Gray 8
White 9

Gold +5% tolerance

Silver +10% tolerance

For example, R10 (over by the video jack at the top
right of the Apple II Plus board) has the color code red-
violet-black-silver. The first two bands describe the
primary number. The third band represents the number
of zeroes to add to the primary number. The last band is
the tolerance value, or how close to the color band value
the actual value must be. As Table 1-1 shows, the red
band stands for 2, the violet for 7, and the black for 0,
or no zeroes after the 27. Thus; by using Table 1-1,
R10’s value can be found to be 27 ohms. This matches
the value given on Apple’s schematic of the II Plus. The
silver band represents a 10 percent tolerance value. (This
means the actual resistance value can be plus or minus
10 percent away from the 27-ohm designation.)

Fig. 1-8B shows a variable resistor like the one
labelled R11 at location J-14 on the motherboard. Resis-
tor R11 is used to fine tune the video output going to
your monitor. Its resistance can be varied between 0
ohms and 200 ohms. The value of a variable resistor is
stamped on the side or top of the device.

A recently developed electronic device, the resistor
