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Troubleshooting and Repairing
Personal Computers

by Art Margolis

Includes
an easy-to-follow
introduction to digital
logic system
functions!

Save time, money, and aggravation
when your personal computer breaks

down . . . find out how to take full ad-
vantage of all your micro’s hardware
capabilities . . . even get started in an

exciting and profitable new career—
home computer maintenance and re-
pair!

Here’s a book that takes the mys-
tery out of those “little black boxes”
that control your computer and shows
how anyone can learn to diagnose and
repair all the problems that affect home
computers, and do it easily and confi-
dently! Unlike other repair manuals,
this book doesn’t concentrate on just
one computer model. It gives you the
facts and the hands-on guidance you
need to troubleshoot and repair every
micro model from the TS-1000™ and
ZX81™ to the IBM PC®, the Apple®,
TRS-80™, ATARI®, TI-99", Commodore
64™, VIC-20™, and any other machine
you can think of!

You'll get easy-to-follow instruc-
tion on the functions of digital logic
systems—the key to working with mi-
crocomputers. You'll learn how to dis-
assemble and reassemble your personal
computer, find out how and why it
works, discover the reasons why micros
fail and how to pinpoint trouble spots
(including how to use the micro’s own
video screen to locate problems), and
find all the how-to's for repairing those
problems. This is an essential guide if

(continued on back flap)
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Introduction

A few years ago, in my TV repair shop, a customer
brought in a home computer that had stopped
working. There were very few of these instruments
around at that time and it quickly attracted the
technician’s interest. One of the benchmen took
over the repair. The computer owner had brought in
a service manual with the unit. My star benchman
went to work on the trouble. After a while he waved
me over. He had a scared look on his face. “Well, I'll
be darned Art,” he said as he pointed to the service
notes, “I don’t understand a word that is written
here.”

As it turned out, the computer was dead be-
cause there wasn't any +5 volt power on any of the
chips. The trouble was traced quickly in the analog
style power supply, a little filter capacitor had
shorted to ground. It was replaced and the computer
started computing again. However, I began thinking
about the shock my experienced TV man had as he
tried to comprehend the computer service manual.

This book is a result of that experience. The
computer has introduced a whole new dimension to

electronic servicing in the home. In years past,
technicians and knowledgeable TV and radio own-
ers were able to change tubes, change transistors,
and do all the various repairs that were needed on
electronic equipment. They learned, over the
years, all about the way the equipment worked and
failed. All of these repairs were invariably per-
formed on what is known as analog circuits.

The computer has changed all that. Computers
have a few old-fashioned analog type circuits, like
the power supply, but the great majority of the
computing circuits are digital. Digital circuit
troubleshooting is a different ball game. The digital
circuit theory of operation in the computer service
manual is what threw my star benchman off his
perch. Even after being an expert on analog circuits
for years, understanding what the digital operation
was all about was beyond him at first reading. Today
the situation is different. He repairs home comput-
ers one after the other in a professional expert
manner.

This book covers the knowledge the authors of

vii



factory service manuals assume you know when
they prepare those notes and schematics. Up to and
including the present, there are unfortunately, very
few technical schools that teach courses in digital
electronics. Of course, electrical engineering
schools cover the material from an engineering
point of view, but the training on a technician level
is hard to come by. I hope the information in this
book will help you close the gap.

The first eight chapters of the book deal with
chip changing. This is roughly like old-fashioned
tube changing. Chips are often socketed and can be
tested by direct substitution. The technique re-
quired is the ability to analyze the trouble, be able
to take the computer apart, look for suspect chips
with the aid of a chip location guide, and then gin-
gerly remove the chip with one tool and replace the
chip with a second tool. A cursory acquaintance
with the different chips is needed as well as a block
diagram idea of what's happening. The techniques
in the first eight chapters should enable you to
repair about 50 percent of home computer troubles.

Chapters 9 and 10 launch you into the digital
world of the computer. Digital electronics from the
technician’s point of view is discussed. Chapter 11
begins the more technical repairs. From there to
the end of the book the bench repair techniques that
are required are covered. The majority of the cir-
cuits in the computer are digital.

The last few chapters deal with the computer
signal leaving the digital world, getting converted
from digital to analog, and entering analog
peripheral devices such as the cassette recorder
and the video output. The complexion of the repairs
in the conversion process is a combination of digital
and analog techniques.

viii

Electronic repairs, whether digital or analog,
require a combination of tools, technique, and
theory of operation knowledge. The theory is very
important since it is often impossible to figure out
how something failed, unless you know how it
works. The repair technician does not have to know
the way a piece of equipment works from a design
engineer’s point of view. He only has to understand
the operation from a servicer's viewpoint. This is
admittedly much easier than what the engineer
must learn. In addition the technician does not have
to be an expert programmer to fix a computer.
Programming in high-level languages does little in
locating defective components, when the computer
goes down. Some rudimentary machine-language
programming can be used during a repair, but this is
minimal and is usually provided by the manufac-
turer if needed. The computer troubleshooting job
requires its own point of view not to be confused
with design or programming.

It turns out that in order to be able to trou-
bleshoot and repair a computer you must learn
about the hardware. Once you can handle the
hardware, an extra bonus is provided, all the other
dimensions of computers become easy to learn.
Design and programming is approached from this
hardware view and quickly will make a lot of sense.

I would like to take this opportunity to person-
ally thank Jon Shirley, Vice President, Radio Shack
Computer Merchandising; David S. Gunzel, Direc-
tor, Technical Publications, Radio Shack Research
and Development; F. Wiley Hunt, Publications De-
velopment Supervisor of the Heath Company; and
Barry A. Watzman, Product Line Manager of Zenith
Data Systems, for their kind cooperation in provid-
ing me with material for the book.
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Trouble Symptom Analysis

Years ago, there was a sci-fi movie called The In-
credible Shrinking Man. If you don’t remember, it
was about this fellow who was poisoned by a mys-
terious fog and began to slowly shrink. By the end of
the picture, he could literally walk through the eye
of a needle. I don't remember him needing any
doctoring, but if he had, the doctor, as you can
imagine, would have had a dickens of a time running
medical tests on the germ size man.

While the movies were showing the flick, in
real life scientists were actually creating the In-
credible Shrinking Computer. First Bell Tel pro-
duced transistors. A generation of computers were
born that were only a fraction of the size of vacuum
tube based computers. They required slightly dif-
ferent techniques for servicing, but the changes
were not too drastic. Then companies like Texas
Instruments introduced integrated circuits, and as
they started to be used in computers, the revolution
was on. Computer costs and sizes shrunk as if they
had been placed in that mysterious fog.

Like the shrinking man, the entire computer
shrunk. All the capability, memory, and power of

the computer is still there. Only the cost and physi-
cal size has shrunk. In fact, the new computers are
more powerful and faster than similar ones from the
earlier generations. These computers are finding
their way into the home. This means, when the
computers need doctoring, the repair responsibility
becomes the homeowner’s problem. This book will
wind it's way through the typical home computer’s
microscopic circuits showing how the circuits fail
and what techniques are needed to repair them.

AFTER THE FACT

The servicer arrives on the scene after the
failure has taken place, or as detectives call their
situation “after the fact”. You as a repairman, are
charged with this responsibility. You must examine
the failure, and by logical means, piece together all
clues, working the repair puzzle out and thus pin-
point the defective part. Then that part must be
replaced or repaired to get the computer back into
operation once again.

Years ago, during the vacuum tube age, about
80% of repairs consisted of finding a bad tube. Most

1



of the time tubes just burnt their filaments. Locating
an unlit shorted or open tube was a snap. In the
other 20% of repairs, the servicer brought into play
his test equipment, and readily pinpointed shorted
or open capacitors, resistors, coils, connections and
the like. All circuits were relatively large and ac-
cessible. The schematic showed every component
and connection in the circuit.

During the transistor heyday not too much
changed on the servicing scene, except a lot of the
transistors, which replaced the vacuum tubes, were
soldered in, instead of being plugged in. This
caused the servicer to do a lot of extra squirming
during testing and a lot of soldering during transis-
tor replacing, but the testing and tracing was
straightforward since the schematic exhibited
every part and connection. There were no mystery
or “black box” type units, that held unknown cir-
cuits (Fig. 1-1).

Today in the chip age, while there are a lot of
resistors, capacitors, etc., in plain sight, these dis-
crete components, are a minority compared to the
chips. This fact turns troubleshooting techniques
into different areas. Add to the situation that in each
chip are transistors, diodes, resistors, and ca-
pacitors. These internal components are wired in-

side the chip and in many cases there is no way you
can put a probe on these components. You must rely
on the external input-output connections.

There is another major servicing difficulty that
came along with chips. While bad vacuum tubes
were the major source of failure in vacuum tube
circuits, it was easy finding and plugging in a new
tube. Transistors, while not as failure prone as
tubes, did represent a majority of the troubles in
transistor circuits. Chips on the other hand are
quite rugged, and are usually not the seat of a
trouble. Chips are often wired into a circuit and
can’t always be readily tested by direct replace-
ment. When chips are plugged in they, of course,
can be easily replaced but unfortunately quite often
do not effect the repair.

Allis not lost however, the plug-in chip, during
advanced troubleshooting, as described in later
chapters, plays a large part in narrowing down trou-
bled areas. What happens is, you remove the clip
and then perform a test. The results of the test then
provides valuable information that points out sus-
pects.

EXERCISING THE CIRCUITS
I was in an auto repair shop awhile back. My

Transistor

Open filament

Shorted PN junction

Chip

KAl

12
1 12
6 13
5
7 |"Black box"} 14
9
4 -

3|1o 9]

Fig. 1-1. Troubles in tubes and transistor circuits were traced easily with straightforward tests. Troubles in chips are identified
with indirect input-output measures because of the chip’s “black box™ nature.



Fig. 1-2. Diagnostic type programs can be used to enable the
computer to figure out what is wrong with itself (courtesy of
Michael Gorzeck).

generator indicator told me I had electrical trouble
and I wanted the problem fixed. The mechanic dis-
connected the battery terminals and attached a pair
of cables from a test machine. The machine blinked
a few times then displayed “alternator defective”.
Sure enough, a new alternator cured my problem.
The machine was a special computer, full of chips,
dedicated to testing auto electrical systems.

The computer is a natural tester and especially
so on electrical and electronic gear. Your computer
not only can test these pieces of equipment it can
put itself through the paces. There are many pro-
grams available, that allow you to exercise the
computer circuits and give you an announcement at
the end of the exercise revealing the defect if it
exists.

Unfortunately, there aren’t many universal
programs available. The test programs have to be
tailored to specific computers. Most manufacturers
do have tests and with a bit of effort a servicer can
get ahold of one that he needs. The tests can’t and
do not cover all contingencies, and sometimes will
give false clues, but used judiciously they are a
valuable source of service information. If you are or
become a computer programmer you'll be able to
write your own test programs.

A good example of a thorough test program is
one called Diagnostics for the Radio Shack Color
Computer (Fig. 1-2). It comes on a plug-in board
like a computer game. As we progress through the

book, you'll find that this program and ones like it
are an important tool to quickly isolate a lot of
hardware failures. For instance, suppose you turn
on the computer, the READY message appears so
you begin computing. However, when it becomes
time to print your results, nothing happens. The
failure could be traced to almost every circuit in the
computer. How can you narrow the seat of the
trouble to a particular area of chip circuit?

To come to your aid, a plug-in program could
be used. If the computer doesn’t have such an item
in it’s repertoire, often the manufacturer will sell
you a test and debugging tape that you can put into
memory that will do the same thing. Perhaps you'll
be able to write a test program and install it into
memory to do the job. Whatever method you use,
the circuits can be exercised to help your diagnosis.

The Radio Shack Diagnostics works like this:
Upon experiencing trouble, like I mentioned, where
the computer won't print the results, but does sign
on OK, the first move is to properly connect the
output devices that get tested during the exercis-
ing. On the color computer these are the printer,
joysticks, and cassette tape recorder. Then the TV
monitor is turned on and the program cartridge
diagnostics plugged in. Lastly the computer is
turned on. A list of the tests appears on the TV
screen automatically (Fig. 1-3). If it doesn’t you

MENU

DIAGNOSTICS
B BASIC ROM

E EXPANSION ROM
Q QUICK RAM

L LONG RAM

V VIDEO

R RS-232
S

C

K

J

P

SOUND
CASSETTE
KEYBOARD
JOYSTICK
PRINTER

Fig. 1-3. A typical diagnostic program offers a menu of many
different tests. Each test checks out a different circuit in the
computer.



RAM TEST

Fig. 1-4. A RAM test could put a vertical stripe pattern like this
on the TV screen as it tests each RAM chip in turn.

have to abandon that approach, but we'll assume it
does appear. Incidentally, these lists are called in
computerese “Menus”. The illustration shows what
the Main Menu for this program looks like.

The rest is button pushing. If you want to check
out the RAM memory quickly you Press Q. This
test figures out how much RAM you have (4K bytes,
16K bytes, 32K bytes and so on). Then the program
checks out each byte of memory. It does this by
filling each byte with numbers and then as each
number is installed the computer checks to be sure
the number has been correctly memorized. During
the test you are entertained with a constantly
changing pattern of vertical stripes (Fig. 1-4).

The RAM quick test takes about three minutes
to run through 16K bytes. There is another more
thorough test that takes about four hours. We try to
avoid that if possible. Anyway, the test program is
written to display the results on the TV. If there
aren’t any defective RAMs then the TV will show
RAM TEST COMPLETE...RAMISGOOD. Then
your RAM size will appear and should correspond
with your RAM (Fig. 1-5). If the RAM size does not
match, that could be a clue to trouble. When there is
a RAM trouble the computer nicely displays RAM
ERROR . .. REPLACE CHIP ---. Then you also
receive the chip number and amount of RAM pres-
ent (Fig. 1-6).

The other tests on the program produce simi-

16K

RAM TEST COMPLETE . . .
RAM IS GOOD

Fig. 1-5. When the test is complete the diagnostic program
could give the RAMs a clean bill of health.

lar and appropriate results. No doubt, as time goes
by we will develop all sorts of diagnostic checks and
tests that will guide and aid us in fixing the
machines.

ISOLATING THE SEAT OF THE TROUBLE

Like the old fashioned TV repairs, computer
failures also use the picture tube display as a test

[ 16K

RAM ERROR . . .

REPLACE CHIP
D3

Fig. 1-6. If one of the RAMs should be defective, the program
can tell you so and also tell you which chip is the trou-
blemaker.



Start
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analysis
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Fig. 1-7. The typical start to finish computer repair is like any troubleshooting task. The start is always symptom analysis and
proceeds from there.




instrument. In a large percentage of cases the CRT
tells you what circuit is causing the trouble. By
careful analysis of what is happening on the CRT
face you are told immediately that the video inter-
face is at fault, the keyboard is defective, the sync
generator has problems, the ROM is inoperative,
etc. Even some of the joystick and cassette troubles
can be indicated by the display.

The trick is, of course, an educated analysis of
the TV display and what signals are arriving there.
This means you need a clear understanding of what
signals are being developed in the computer and
how they are processed and displayed.

When the professional electronic tech ap-
proaches a repair he goes through the following
mental warmup (Fig. 1-7). First, he carefully ob-
serves the symptom. He classifies the symptom
into one of the major computer trouble categories.
Then he further classifies the symptom to primary
and secondary indications. Often the display will
show more than one or two symptoms at the same
time. For instance, the picture might be not holding
vertical sync properly but also won’t display
graphics. Sometimes the obvious primary symptom
is indicating the bad circuit and other times one of
the secondary symptoms is really doing the indi-
cating, and is the primary symptom after all.

Once the tech decides on a circuit to check, he
reaches for the proper test equipment and makes
the correct service moves as dictated by the calcu-
lated observations. There is almost a separate ser-
vice approach for each major trouble category, 30 or
40 different approaches. Unless the tech takes this
route he is probably wasting time. For example, if
circuits on the computer board are suspect, he
reaches for his logic probe to test states. Should the
display look shrunk, he begins working in the high
voltage power supply with a voltmeter. When the
sound effects are inoperative he begins examining
the digital to analog circuit. He can go to the most
likely circuit area only if he has a general block
diagram of the computer system firmly fixed in his
mind and he knows how the digital and composite
TV signals are being processed, manipulated and
displayed.

BLOCK DIAGRAM OF A TYPICAL COMPUTER SYSTEM

If you look at a typical home computer system
in action, you'll see the homeowner typing on what
appears to be a portable typewriter. He stares at a
color TV screen as he types. Alongside the TV is a
printing machine and a cassette tape recorder.
Every so often the operator reaches over and
punches buttons on the cassette. Almost as often
the printer buzzes to life and rolls out some printed
copy. A closer look reveals a couple of joysticks
plugged into the back of the typewriter near the
cables from the printer and cassette. That is the
typical home computer system at first glance (Fig.
1-8).

The home computer uses the principles of
television receiving exactly like the TV industry
does. The computer just has a different product to
display. The TV industry produces a composite TV
signal, modulates it with entertainment program-
ming and transmits the total signal out over the air
or cable (Fig. 1-9). The home computer also pro-
duces a composite TV signal, but modulates it with
digital logic signals then sends it into the TV re-
ceiver for display (Fig. 1-10). The home computer
is like both the TV transmitter and the receiver.
The typewriter case contains the complete TV sig-
nal producer like the transmitter. The keyboard
generates the digital logic signal. The joysticks are
like a few more keys on the keyboard, generating
some more logic.

The cassette tape recorder is a storage device.
If the operator wants to save some of the logic
signal, a few strokes on the keyboard in the proper
code will output the logical signal onto the tape.
There are only logic signals sent to the tape, not the
composite TV signal. The tape can save the logic
since it is in the range of voice frequencies. The TV
signals are video frequencies and can’t be saved on
ordinary cassette tape.

Once a tape has logic on it, the tape and cas-
sette become an input device like the keyboard. You
can consider the cassette as both an output and
input device, unlike the keyboard and joysticks
which are solely input devices.

The TV display is often simply a black and



white or color TV. When the computer is not at-
tached to it the TV can be used for regular pro-
gramming. In some systems the display is a sepa-
rate TV monitor. These monitors have no tuning
circuits and can’t be used for home TV viewing.
Then there are the computers with a monitor built
right in the case with the typewriter system. All
these special computer TV monitors are designed
with special care to accommodate digital logic dis-
plays. The resolution for lettering is far better than
the ordinary TV. Yet the regular home TV is quite
satisfactory for computer displaying most of the
time. The TV receiver, of course, is only an output
device. There is no ordinary way it is ever used as
an input.

The typical printer that goes with a computer
is an alternative output device. The typewriter
keyboard and printer, properly programmed can act
just like a complete typewriter. The TV display
could even be left off. The printer can print, in hard
copy, the same information the TV prints on the
screen.

The eye’s view block diagram of the equipment
therefore shows five types that make up a home
system. There is the typewriter and joysticks as
input-only units, the cassette as an input-output
device and the TV and printer as output-only
pieces. The TV, printer, cassette, and joysticks are
all called peripherals. Each is discussed in greater
detail later in the book. From here to those chapters

Cassette

000000
000000
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Home Line printer
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Fig. 1-8. The typical home computer system will have keyboard, joystick, and cassette tape inputs and a TV, line printer, and

cassette recorder output.



Rf modulated composite TV signal
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Fig. 1-9. The TV industry produces an rf modulated composite TV signal that contains entertainment video.

Input-output

Cassette
recorder Rf modulated
Logic Logic Video- composite
states states m m‘ﬂﬂnnm TV signal
e JuL
eyboard o Digtal d\ng:y Rf : TV
e ———B  recei
joysticks system systom modulator receiver
Inputs Logic
states Output
g 1
Line
printer
Output

Home computer system

Fig. 1-10. The home computer system can also produce an rf modulated composite TV signal, but it contains digital logic

information.



we will go into the typewriter appearing part of the
computer, which is not a peripheral, but the com-
puter itself.

MICROCOMPUTER BLOCK DIAGRAM

When you open a computer, all you'll see is a
large print board loaded with integrated circuits.
The hundreds of thousands of circuits are boiled
down to about 50 ICs and associated capacitors,
resistors, etc. The block diagram can be roughed
out into five major functions (Fig. 1-11).

The heart of the microcomputer is the central
processing unit, known as the CPU. It does all the
hard work and as you'll see is really what the com-
puter is all about. It is attached to all the other parts

of the computer. The CPU, while it is a strong
heart, and as you'll see hardly ever fails, needs a
pacemaker to beat. The pacemaker is called the
clock, and is a crystal controlled oscillator that is
hooked into the CPU.

The brains of the computer is not in the CPU.
The brains consist of two separate types. The most
extensive type is called the RAM. RAM stands for
Randowm Access Memory, which is not really an eas-
ily understandable name. A better description is
read-write memory. The RAM consists of rows and
rows of memory banks. As you fill the rows of
memory with digital logic, it is said, that you are
writing to the memory. You can write into the
memory reams of coded instructions and data. All

ROM
Clock read-only
¢
SN CPU G B 170
Q_—‘
| RAM
read-write
Five major functions of a microcomputer

Fig. 1-11. The microcomputer contains a CPU, RAM, ROM, and input/output ports. A clock keeps the computer working and all

components timed together.



the computer programs you devise you can write or
type into RAM. The only limitation is the amount of
RAM in your computer. A small amount of RAM is
4K while 128K is quite a bit of RAM for a home
computer. A good usable amount is 16K.

Once you have written instructions and data
into memory then you can go ahead and read the
information out of the memory. The information in
the memory is like information that you copied into
a notebook. Once written in, it can be read
whenever you need to use it. That's why RAM is
called read-write memory. You can write the infor-
mation into the RAM, and then read the info out at
will. The RAM is just blank pages that can be filled,
read or erased as your needs dictate.

The other type of memory inside the typewrit-
er case is called ROM. ROM stands for Read-Only
Memory. This name is easier to understand than the
RAM nomenclature. The ROM as its name indi-
cates can’t be written into. You can only read from
it. The ROM can be thought of as a published book.
The pages are not blank like the RAM, they are
filled with instructions, data, and addresses. There
are ROMs inside the computer case. The cartridges
that you buy to play games on the computer are
ROMs. The ROM is really the brains of the com-
puter. It takes control when the computer is turned
on, and stays in control. The ROM contains a con-
trol program.

When the computer starts operation it reads
from the ROM. You can’t write into a ROM. It's
permanently filled. It does a specific job and that’s
it. The job the ROM does is all it can do. You can’t
get the ROM to do anything else.

RAM, with its blank pages however, is more
versatile. RAM can do everything a ROM can do if
you fill the blank pages, or program RAM correctly.
At any rate, RAM and ROM are covered in greater
detail in a later chapter. RAM and ROM are both
needed in a home computer. ROMs are fairly rug-
ged and do not fail too often. RAMs on the other
hand, are very susceptible to failure from static
electricity. Extraordinary handling precautions
must be taken during RAM testing and replacement
to avoid troubles.

The fifth major function in the block diagram is
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called I/0. This means Input/Output. In order to
plug printers, cassettes, etc. into the computer case
complex interface circuits must be used. Typical
I/0 circuits for the home computer, are found be-
hind the plugs in the back and sides of the case. In
the circuits are all sorts of components including
many chips. The chips can be as extensive and
complex as the CPU. For instance, a common I/0
chip is the PIA. PIA stands for Peripheral Interface
Adapter. It is a 40-pin unit the same size as the CPU.
Another chip in common use is the ACIA. That
stands for Asynchronous Communications Interface
Adapter. It is a 24-pin package that is in lots of home
computers. These circuits will be covered in detail
in later chapters.

HOW THE BLOCK DIAGRAM WORKS

In order to be able to repair a computer you are
going to have to know how it works. Throughout the
book we'll go over its work process again and again,
each time digging into the circuits a little deeper. At
this juncture, let’s see what the five computer ele-
ments do as they operate together.

For instance, suppose you want to write a
letter on your home computer. To accomplish the
task you need a printer in addition to the typical
typewriter-TV arrangement. The first thing you
need is a letter writing program. The computer can
do very little without being told what to do by a
program. You go to the computer store and buy a
letter writing program. It's on a cartridge. The
cartridge is a ROM.

~ Next, you go home, sit down with your
machine, and plug in the letter writing ROM. You
turn on the equipment. The CPU is made to go
directly to the ROM as soon as it is energized. That
gets all elements ready for action. Here is the
lineup. The ROM is in charge. The CPU is pulsing
away. The RAM is waiting with open memory
banks. The printer is plugged into one output port.
The TV display is connected to another output port.
You are ready to hit typewriter keys at the input
(Fig. 1-12).

You hit a key to begin your letter. The
keyboard sends code for the character you pressed
to the CPU. The CPU holds the character and sends



a plea to the ROM. The CPU in digital logic code
asks ROM, “What should I do with this character
from the keyboard?”

The ROM answers swiftly, “Store the charac-
ter in RAM and also display it on the TV screen.”
The CPU quickly follows orders. It stores the
characters, in code, to RAM and also makes a
record where in RAM the character was placed.
Every RAM now has its own address and the CPU

must keep a record of all addresses (Fig. 1-13).
Then the CPU outputs the character to the video
and you see it on the screen.

Next you press another character on the
keyboard. It heads right into the CPU. The CPU has
practically no brains. It examines the character and
sends a frantic message to ROM. The CPU says,
“There is a character here from the keyboard. What
should I do with it?”

Plug-in
letter
writing
ROM
o D— -
Clock display
ROM
G D
S CPU g o 1/0
4._.......
B RAM
Printer
Keyboard
000000000
000000000
000000000

2\

Fig. 1-12. If you hit an S on the keyboard the character enters the computer through an 1/0O port.
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RAM Memory
addresses rows
—-'-—1’\-_——“__,_’1.
1023
1024 jfoft1jottrjolol1r 1] -s
1025
Section of
1026 RAM
1027
1028
1029
1030
|| |
Stored in Character
address letter Code
1024 S 01010011

Fig. 1-13. The character letter S gets coded into 01010011. Th
row has its own address.

ROM patiently answers, “Store it in RAM and
display it on the TV.” The CPU snaps to and quickly
follows the command. ROM has to be patient be-
cause this same routine is followed over and over
and over as you type the letter. Each character is
stored in a row of memory and the CPU keeps a
record of the address of each character.

Meanwhile you are composing the letter with
the aid of the TV display (Fig. 1-14). Finally you get
your letter fully written and ready to be printed. In
RAM the letter is stored exactly like the TV dis-
play. The printer is waiting. You type PRINT and
the command goes to the CPU.

The CPU as usual asks ROM, “What should I
do with this word PRINT?”” The ROM answers,
“Read all those characters you stored in RAM, one
by one, and send them to the printer.” That’s what
the CPU does. Starting with the first address it
remembered it reads that character and sends it to
the printer. Then the CPU reads the next character
and sends it to the printer. Monotonously it con-
tinues till the entire letter has been read and sent
on.
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e eight code numbers get placed into a RAM memory row. Every

TV display
LETTER
RAM Memory
addresses rows Characters
1023 [
1024|101 1i0f{0|1|]1]O0]0O]-L
102510)110]l0ojoOjt1joO}|1]|-E
1026{0{1f0{11011]0}]0]-T
102710} t]o0|1}j0}1]0j0}-T
1028{0]1jojojo|1fo0]| 1|-E
10290} 1to]l1}lolO] t]O]-R
1030 || -

Fig. 1-14. If you type the word "LETTER"” it will be installed
into successive memory rows and also be displayed on the
TV screen.



At the printer, there is a tiny bit of RAM.
There is usually enough to hold a line of copy. The
printer then waits till a line of copy fills up and then
prints the line.

EYEBALL ANALYSIS

When the home computer fails you are faced
with one of about a dozen general symptoms. The
symptoms are the results of problems in the com-
puter or in a peripheral. If the printer won't print,
the cassette stops working properly, the TV won't
g0 on, or a joystick is busted, you have a peripheral
trouble. Should the computer be dead, not be able to
send sound, video or the display block, send sound
but no display, display video but no sound, have no

color from a color computer, or have color and
sound but display “garbage”, you have a computer
breakdown.

If you can’t decide whether you have a
peripheral or a computer defect, you'll have to try
substitute units. For instance, if you can't figure
whether a loss of color is happening due to the TV
or computer, hook the computer to a known good
color TV. If the color is still missing then the prob-
lem can be blamed on the computer. Should the
color return on the substitute TV then the com-
puter is exonerated and the original TV has a No
Color trouble.

The computer sends four outputs to the
monitor or color TV. (Fig. 1-15) First of all there is

Speaker

&
~
N

4-sound effects

TV display
1-display block
1100} |LIEITIXI=|1{0]0
/
Raster /
/
/
A
/
4
2-video
3-color

Fig. 1-15. The TV that ié used for the computer offers four diétinctive outputs: The display block, video, color, and sound effects.
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Table 1-1. The General Categories of Computer Troubles All Indicate a Specific Circuit to Begin Testing When Those Troubles Occur.

General Home Computer Troubles

Symptom

Indicated Circuits

Dead Computer

Power Supply

Display Block OK,
No sound or video

Video Modulator

No Display Block,
Sound oniy

Sync Circuits

No Sound Effects

Digital to Analog Circuits
Sound Circuits

No Color,
otherwise OK

Color TV chips

Garbage

All Logic Circuits

a Display Block. This is like a raster a TV manufac-
tures. However, the display block is imprinted on
top of the TV raster. The display block is made
mostly with the sync generator in the computer.
When you analyze the TV monitor for symptoms,
you must clearly distinguish the display block made
by the computer, from the raster being made in the
TV.

The second output the computer makes is
video. This can be in the form of alphanumerics,
alpha semigraphics or full graphics. Alphanumerics
are characters such as the alphabet and numbers.
Graphics are symbols and pictorial representations,
while alpha semigraphics are a combination of the
two. Anyway, they are all video which is the main
concern of the servicer.

The third output is a color signal. This is pro-
duced and delivered along with the video. The
fourth output is sound effects. This can be your
voice off the tape recorder, game sounds from a
cartridge, tones from a special digital to analog
circuit or blasts from another little single bit circuit.

When you analyze a TV screen for trouble
caused by the computer look for these four outputs.
By their presence or their absence you will be clued
to begin your repair search at the most likely cir-

14

cuit. Let's go through the general categories of
failures that can beset a computer, both color and
monochrome (Table 1-1).

Dead Computer. A large percentage of com-
puter troubles happen because of power supply
failure. In the typical home computer there can be a
supply that is supposed to produce four highly criti-
cal voltages. They are +5V,—5V, 412V, and - 12
V. When all these voltages are missing the com-
puter goes dead and will respond to power supply
test techniques.

No Sound or Video but the Display Block
is OK. When this set of symptoms appear, the
trouble is indicated to be in the circuits that process
the sound and video together. This narrows down
the suspect areas to the sections starting in the
video modulator where the sound input signal is
converted to a 4.5 MHz signal to be mixed with the
video. It is highly unlikely that separate bad fates
could befall both sound and video at the same time.
One trouble usually occurs at a time. One trouble
that will shoot down both sound and video at the
same time can only happen in circuits where they
are traveling together. The most likely suspect
then is the modulator circuit.

Sound only, No Display Block. This trou-



ble indicates problems in the video processing cir-
cuits. The video and color are probably OK, but the
circuits that produce the display block (that the
video and color are shown in) is in trouble. The
circuits that make horizontal and vertical sync are
the main display block producers. Beginning your
search in the sync generator eliminates checking
circuits that are probably good.

No Sound Effects. The sound produced in-
side the computer, not from the cassette or other
peripherals, is made by the digital to analog cir-
cuitry and a circuit called “single bit sound output.”
These are the prime suspects, ready to be tested,
and the place to begin the no sound trouble.

No Color, Sound and Video OK. The color
signal produced in the computer is almost made

exactly like the color ina TV. Color computers will
have a complete color video modulator chip. This
circuit area is the place to begin the repair search.
Garbage. You'll hear this term used a lot
during computer servicing. Garbage in the display
block means the display is showing lettering or
symbols with no rhyme or reason. The amount of
garbage could be a little or a lot, it could be all over
the display or only on a portion, it could happen
while a program is being run or at any random time.
Garbage is garbage and it indicates a major logic
function has failed. With experience on the same
model machine, the pattern the garbage displays,
could indicate particular circuit sections, but most
of the time, a garbage trouble just means a long
checkout of all the logic circuits in the computer.
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Chapter 2

When I first brought home my personal computer,
an early 4K TRS-80 Color Computer, I could hardly
wait to take it apart. I was a little hesitant to openit
up, since it was operating beautifully and I didn't
want to lose a chip by poking a screwdriver in the
wrong place. Sometimes electronic cabinet de-
signers put holes in places where a long screwd-
river can short out circuits or break open a sensitive
component. I didn’t want to start out with the new
piece by doing a repair job.

I held off breaking the seal until I got ahold of
the factory service manual. The day the manual
arrived though, I waited no longer. I placed the little
beauty on my home bench, and prepared it for the
exploratory. I opened the manual and there was an
exploded view (Fig. 2-1) and step-by-step dis-
assembly/assembly instructions (Fig. 2-2). All of
my tentativeness disappeared immediately. I was
now treading familiar territory.

The first thing I wanted to find was the so-
called factory seals. Following instructions, 1
placed the case upside down on a rubber mat. The

16

instruction said remove the seven screws. There
were eight holes in the bottom of the case. I looked
in all eight holes. There were two holes without
screws, six with screws. I removed the Six screws.
Where was the seventh?

Then I noticed a sticker in the center of the
case bottom. It read, OPENING CASE WILL VOID
WARRANTY. SEE OWNER’S MANUAL FOR
WARRANTY INFORMATION (Fig. 2-3). I peeled
off the sticker. There it was. Another hole with a
screw at the bottom. I removed the seventh screw
and turned the case face up. The case then was
easily lifted off exposing the neatly laid out print
board (Fig. 2-4). The factory seal was composed of
one sticker covering a hole. For an experienced
tech breaking this seal was not really an earthshak-
ing problem.

If you compare opening up a home computer to
taking a back off a TV, it's a bit different, but not
more difficult. In the typical TV the back is removed
while the chassis remains in the cabinet. The home
computer chassis and innards all remain intact as



Case Top

Top Cover Shiald

Keyhoard

CPU PC Board

Ground Plane Insulator

Ground Plane

Case Bottom

Fig. 2-1. The exploded view of a home computer takes all the fiddling and guess work out of how a computer is assembled
(courtesy of Radio Shack, a division of Tandy Corporation).
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DISASSEMBLY

1 Make sure all cables (also power cord) are disconnected.
Place the Color Computer face down on a padded or non-
scratching surface and remove the seven screws from the
Case Bottom. (Because the screws are positioned so
deeply, you may not be abie to actually remove them
until the Computer is turned face up.}

2 Carefully place the Computer face up and lift off the Case
Top and set it aside.

3. Carefully lift the Keyboard off the plastic bosses and
remove the Keyboard Cable

4 Remove the Top Cover Shield and set it aside You may
have to remove the top cover of the modulator (US5) to
get the shield off

5 Remove the three screws supporting the transformer
assembly (two on transformer, one on the board) and
disconnect all jumper cables

6 Remove the ten screws fastening the CPU PC Board and
lift the Board off its plastic bosses

7 Remove the Ground Plane and Insulator from the back of
the PC Board by using a screwdriver or other smali, thin
tool to pry off ali sixteen fasteners from the rear of the
Board

REASSEMBLY

1. Replace the Ground Plane and its Insulator on back of
the PC Board and install the sixteen fasteners. You may
need some pliers to close the tips together and then insert.

2. Replace the PC Board onto the plastic bosses. Be sure that
the ends of the Power Cord are pulled through the square
cutout in the Board where the transformer is positioned.

3. Fastenthe PC Board in place usingten No. 6 x 1/2" screws.

4. Connect the transformer jumper cables, E1 through E4
and the Power Cord jumpers, E6 - white, ES - green, and
E7 - black.

5. Position the Transformer assembly and attach jumper
cable E8. Fasten using two No. 6 x 1 1/2" screws (on Trans-
former) and one No. 6 x 1/2" screw (on board).

6. Replace the Top Cover Shield

7 Reconnect the Keyboard Cable and Cable Shield if used.
Replace the Keyboard onto the plastic bosses in the case
bottom.

8. Replace the Case Top onto the Case Bottom and carefully
turn the entire unit over (face down)

9. Replace the seven screws in the Case Bottom (Two No. 6 x
7/8" toward the front and five No. 6 x 1 1/4” toward the
rear). Do not put the longer screws in the front positions,
it could dent the Computer Case Top.

10. Don't forget to put on the Radio Shack authorized seal
to maintain the warranty.

Fig. 2-2. Following the step by step assembly and disassembly instructions is the best way to avoid causing trouble on top of
the trouble already present (courtesy of Radio Shack, a division of Tandy Corporation).

the cabinet is removed and all of the circuits are
exposed and quite available. This makes the com-
puter more accessible than the usual TV.

DIFFERENT STYLE COMPUTERS

Home computers, in general, are built in two
different styles. The first type has the keyboard and
TV display all in one case. The second has the
keyboard in a separate case while the TV display is
onits own. The all in one type is a bit more compact
and examples are the TRS-80’s models, I, I1, and III
and the Heathkit H-89A. Separate keyboard exam-
ples are the Apple, Atari, and the TRS-80 Color
Computer.

The reason for the keyboard only style is obvi-
ously to save the cost of the built-in TV display. For
commercial usage the TV display cost can be jus-
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tified with the higher resolution available if the
display is designed to match the keyboard activity.
For the home, with plenty of TVs around, the
built-in display can be dispensed with. However,
there are still plenty of both being sold and a ser-
vicer should be prepared to take apart both.

In the computer with a built-in TV, when you
get inside, you must exercise the same care you'd
use in any TV. There is more in there than low
voltage logic components. There is a picture tube
with high vacuum pressure, high voltage circuits,
sharp edges and possible X-radiation. All safety
applications that are used on ordinary TVs must be
used when working on these units (Fig. 2-5).

In the keyboard only machines the safety situa-
tion is much easier. The voltages, aside from the
line voltage are harmless. You can get across 12



volts and not even know it. The only voltage danger
inside these computers is where the 120 volts from
your house plug enters the computer. Your main
concern when working on these keyboard only
types, is accidentally shorting some voltage into a
sensitive chip.

The keyboard only types produce a composite
TV signal. The signal contains four parts as de-
scribed in Chapter 1. To repeat they are, the display
block, the video, color, and sound. The signals can
all be seen on the scope easily (Fig. 2-6). The
display block is composed of mostly horizontal and
vertical sync pulses. The video is like the conven-
tional TV Y signal. The color is like the TV Red,

Green, and Blue signals. The sound is 4.5 MHz
intercarrier sound. All these signals are handled
easily by TV video and audio circuits. However,
there is no carrier for these four signals. These
signals can be injected via a 72 ohm piece of coax
into video and audio circuits of a TV but not into the
tuner’s antenna terminals.

If a computer has a built-in display there is no
problem, the signals are injected into the video and
audio circuits of the monitor. Should a separate
monitor be designed for a specific computer, again
there is no problem as the signals are applied cor-
rectly. What about using a home TV? How can these
signals be applied?
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Fig. 2-3. The factory seals that are placed on home computers are usually stickers that can be located with the aid of the factory

service notes.
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CABINET REMOVAL

Whenever you need to remove the cabinet top: ® WARNING: When the line cord is con-
nected to an ac outlet, hazardous voltages
can be present inside your Computer. See

® Refer to the inset drawing on Pictorial 3-1, Pictorial 3-1.
insert the blade of a small screwdriver into
the notch in the latch plate, and then, as you ® (Carefully tilt the cabinet top back.
lift upward on the front, slide the latch plate
toward the front of the Computer about 1/4”. e Unplug the fan.

© When the top is tilted straight up, carefully

® Likewise, open the latch plate on the other lift the hinges out of the rear panel.

side of the cabinet top.
P Simply reverse this procedure to close and lock the

cabinet top back on the Computer.

WARNING: Boxed-in areas show
hazardous voltage locations.

CABINET
Top

SLIDE
TOWARD FRONT

INSET

Fig. 2-5. The computers that have their own display TV have hazardous high voltage circuits like a TV receiver. Care must be

Eaken tha; is not necessary on the keyboard-only types (© 1981 Heath Company, Reprinted by Permission of Heath
ompany).
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Fig. 2-6. The output of a computer, before it is modulated with
an rf carrier, looks exactly like the composite TV signal in a
color TV, on the ordinary TV service scope.

Another circuit must be used, it's called a
modulator. Some computers like the TRS-80 Color
comes equipped with a modulator. Others like the
Apple do not. You can buy a modulator for about
$50. When there is a modulator on the unit, the four
signals are modulated with a form of carrier wave.
Then the output of the computer is a signal that can
be tuned for on TV channels 3 or 4. That way you
can use an ordinary TV as a monitor.

STEP-BY-STEP DISASSEMBLY

When you want to take a computer apart, an
exploded view is worth a thousand words. The step
by step text the factory wrote to go with the text is
useful too. The importance of the view during a
repair goes far beyond just taking the unit apart and
then reassembling it.

A computer repair, from beginning to end, con-
sists of a finite number of service moves. Each
individual move can be counted like the step-by-
step disassembly instructions. If you assign the
same repair to two techs, one will probably make
more service moves than the other. All things being
equal, the fellow who makes the least moves is the
more expert repairer. He arrives at the seat of
trouble first and cures the trouble with the lesser
effort. One of the areas where he saves moves is
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during the disassembly. He rarely has to take the
gear completely apart. Most of the time he does
little more than get the board exposed.

The more you take apart, the more you will
have to put back together. The more you take apart,
the more possibility “induced” trouble is likely to
occur. Good technique dictates, taking apart only
what is needed. Further dismantling is not only a
waste of time but an invitation to problems that
otherwise would never have occurred. The factory
illustrations and text, used to their fullest, helps
you conduct your repair while avoiding unnecessary
work.

FIXING IT JUST BY DISASSEMBLY

During print board manufacturing a form of
booby trap can be installed on the board. The boards
are soldered with automatic machinery. The
machines generate hot gases that expand rapidly
and blow liquid solder into the air. Some of the
solder may fly over the print board. The solder
hardens and drizzles onto the board. The solder
falls in little balls. The board has flux on it and some
of the little balls stick.

Of course, the factory is aware of this solder
raining and has an extensive cleaning procedure to
get rid of the excess solder. However, some of the
solder balls stick to places where they cause no
immediate problems, and pass board inspection.
The computer then gets assembled and packaged.
The little solder balls get shipped and sold along
with their host computer. Sometime down the line,
as the computer gets used, a solder ball gets loose
and rolls around the innards of the computer. It
settles into another spot. This time though, the ball
touches two copper runs (Fig. 2-7). The computer
stops working intelligently. Only “garbage” ap-
pears on the screen.

When you start checking out the computer, the
first thing you do is, take it apart. As youremove the
case and turn the board up on its side, a tiny solder
ball bounces on your workbench. Then when you
turn on the unit to check it, you find the thing is
working perfectly. Yes, you have completed the
repair. You have eliminated the short simply by
taking the gear apart.
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VISUAL INSPECTION AND CLEANING

The solder ball short is one of the easiest types
of repairs. While you will encounter them, most of
the time the repair is not so convenient. There are
though, quite afew service moves that you canmake
without test equipment that can prove fruitful. First
of all there is the visual inspection.

Once the computer is apart, you can look over
the board for various types of shorts. One common
type happens when an IC lead punctures the insula-
tion between the print board and the grounding
plane. As shown in the exploded view (Fig. 2-1) the
computer is put together in layers. At the bottom is
the case, next is the ground plane, on top of that is
the insulator, with the print board over it all. Ifan IC
lead is a bit long and receives some pressure, it will
poke right through the insulation and short out to
ground. You can see the actual short and clear it by
snipping and bending the excess lead.

Another quick check should be made on the IC
sockets. On occasion a socket pin can get bent
under instead of being soldered into its board hole.
It can make contact during factory checkout and
pass inspection. During customer use the contact
opens up. The open can be spotted with a bright
light and a close look. Moving the pin into its socket
hole and a drop of solder produces a quick fix.

Other board defects can also be found visually.
There are 16 copper etch address lines that travel
side by side all over the board. There are also eight
copper etch data lines that are also traversing the
entire board. These 24 etch trails must be continu-
ous. If any of them, at any place, are either shorted
together, or broken open, the computer will not
work properly. These etchs are a common source of
trouble. An open or short in these bus lines can
cause almost any type of symptom, according to
where the defect occurs. It is good practice to visu-
ally inspect the address and data bus lines carefully
at the beginning of each repair. Odds are favorable
that you might quickly find a solder sliver short or
break in an etch right off.

Another service move that produces favorable
results when the computer is apart is cleaning. As
the computer is used it gathers dust. Dust itself is
an insulator and as such won’t short out the print
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board or its components. However, the computer
needs ventilation and the dust enters through the
ventilation apertures and restricts the circulation of
air. In addition the dust impairs the movement of
the keyboard, cartridge interface and other moving
parts and ports. It is definitely not a desirable prod-
uct to have in the computer.

A good way to remove the dust is with a thin
clean paint brush. The dust removal should be done
slowly and carefully. Be especially careful around
the RAMs since they are susceptible to static elec-
tric charges. It's a safe idea to ground the brush
during the cleaning, as described in the next sec-
tion. Never use any water or cleaning solution on
the print board. The idea is not to make the board
goodlooking, all you want is adequate air circulation
and a clear view of the circuits.

STATIC ELECTRICITY PRECAUTIONS

The two common types of chips you'll findin a
computer are TTL (transistor-transistor logic) and
MOS (metal-oxide semiconductor). The TTLs are
fairly rugged and can withstand some static electric
charges, but the MOSs are sensitive. Even a tiny
spark can rupture one. The MOS performs due to a
very thin insulating layer of oxide, which acts as an
insulator, between the gates and the active channel
in each microscopic transistor in the chip (Fig. 2-8).
If any static spark should puncture any of the oxide
the entire chip could become worthless.

There are a number of ways static electricity
can get to the oxide. First of all, you can carry the
chip death charge. At humidity levels of 40% you
can develop a static potential of hundreds of volts.
If, during a chip replacement you ground a chip in
your hand, the volts will course through the oxide
and kill the chip as it punctures the silicon dioxide.
To avoid this problem you must keep yourself and
everything else that contacts the chip grounded.
This is accomplished easily with a jumper lead at-
tached to your wristwatch or belt and the chassis
you are plugging the chip into.

There are many ways static charges can kill a
MOS chip. If you do have to move them around use a
conductive tube or conductive foam. Don’t let them
brush against any materials, such as silk, nylon, or
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Fig. 2-8. A lot of the chips in a computer are MOS types.
These metal-oxide-semiconductor types are subject to hav-
ing their oxide gate insulators ruptured by static electricity.
Great care must be taken during handling of the MOS chips.
Be sure to keep plenty of jumper leads around to ground your
wristwatch, belt, and any other source of static electricity.

styrofoam. As long as you take care you'll avoid
their electrocution.

CHECKOUT BEFORE REASSEMBLY

Once you have found the trouble, removed the
short, open, or leak, or installed the new replace-
ment, you are ready to reassemble the computer. It
is good technique to test out the gear before you put
it together. There is always the possibility that the
computer will operate out of the case but not back in
the case. If you do not test it before reassembly, and
it does not work after being put back together, you'll
be missing the service information about its preas-
sembly operation. This is an important piece of the
repair puzzle.

For example, suppose you repaired a “gar-
bage” problem by locating a shorted chip, and
changing it. Once all the computer voltages read
correctly you hooked up all the peripherals, and ran
through the “exercise” program. The computer
checked out perfectly. Then you put it back to-
gether and exercised it again. This time though, you
got garbage again!

Your heart sinks, but you stand a chance that

this latest trouble is not serious. The unit was
working ok before the reassembly. You start to take
it apart again. Aha!, you notice one of the screws
was not seated properly. You loosen it and seat it
correctly. Then you try the exercise program again.
To your delight the computer works as it should.
The poorly seated screw was shorting something
out. Your original repair was still fine. The reas-
sembly had induced a new trouble that was easily
dispatched because you suspected it since the open
chassis check had been good.

STEP-BY-STEP REASSEMBLY

The ideal computer repair goes something like
this. You analyze the trouble and correctly diagnose
the keyboard PIA chip has failed. Next you take the
case off the computer and lay all cables, screws and
other dismantling parts in the neat order you re-
moved them. You locate the bad chip, take a re-
placement off your shelf, and replace the defective
one. Then you exercise the computer, pronounce it
fixed, then reassemble it by retracing the disas-
sembly steps. Simple? Easy? Of course. Unfortu-
nately a lot of repairs are not that ideal. More than
likely they happen like the following description.

The computer trouble is analyzed and the
keyboard PIA is diagnosed as defective. You take
the gear apart and sure enough the PIA is bad.
However it is not on the shelf. You have to order it.
Since you need the bench space you put the disas-
sembled piece on a storage shelf, and put all the
chassis hardware in the case. Then you order the
chip and go to work on other things. About a week
later the replacement chip arrives. You are working
on other things so your associate gets the task of
replacing the chip and reassembling the computer.
He does so. When you look over the computer
before returning it, you find two screws and a metal
shield left over. The computer exercises out ok, but
you are not comfortable and confident with the
reassembly. If you are like me you pull the unit
apart again and install the shield and two screws.
After that you feel confident again.

Step-by-step disassembly and reassembly in-
structions along with the exploded view are very
handy and save a lot of head scratching even among
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the most experienced technicians. If you are work-
ing with the same make and model continually, the
instructions become second nature as you mem-
orize them from the constant repetition. When you
are operating on all different makes and models
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though, the best way to go is with as much service
information and factory notes as possible. Most of
the time you'll hardly do more than glance at them,
but those glances are enough to steer you down the
correct repair path.



Chapter 3

The Chip Location Guide

The first piece of service information a TV repair-
man consults is the location guide that is pasted
inside the case of every TV (Fig. 3-1). The guide, as
all techs know, shows the location, name, and
generic number of all tubes and transistors. The
majority of fixes happen as the servicer tests and
replaces suspect parts as indicated with the help of
the guide. The guide has been likened to a roadmap.
A manufacturer would not dare to leave the location
guide out of the TV package he produces.

Home computer manufacturers, on the other
hand, seem to place little emphasis, on a location
guide. Of all the microcomputers I've examined,
there hasn't been a sign of a location guide inside
any of the cases.

SERVICE NOTE PRINTS

While there doesn’t seem to be any location
guides anywhere inside the computer casing, the
location information is available. First of all, most of
the components are labeled clearly right on the
print board itself. For example, the drawing of the
microcomputer on a board shows a lot of informa-

tion (Fig. 3-2). All of the chips are identified with
manufacturer part and generic numbers. The resis-
tors, capacitors, etc. are also easily identified as to
their value and manufacturer. There is all the need-
ed information on the print board. However, the
facts are in a jumble and a lot of valuable servicing
time will be lost as you try to trace the signal from
chip to chip.

Another place you’'ll find roadmap type infor-
mation is in the manufacturer’s service note pack-
age. One of the staples in the notes is a detailed
drawing of the print board. The servicing purpose of
these drawings is to enable you to relate the sym-
bols on the schematic to the actual components on
the print board during signal tracing. There are
usually at least two drawings (Fig. 3-3, Fig. 3-4).
One showing the topside of the board with most of
the components, and another displaying the bot-
tomside with most of the copper traces. Here again
the information is all there but in a complex mix of
chips, capacitors, resistors, and so on. For signal
tracings, voltage and scope readings, short and
open tests, the notes are valuable. For visual peeks
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Fig. 3-1. The first move a TV repairman does is consult a
component location guide that is pasted inside the case of
every TV.

and chip changing though, a lot of servicing time is
lost as you wend your way through the maze.

A large percentage of repairs are completed
quickly by chip changing and visual inspection of
traces. The chip checkout and thorough looks would

go much faster if you had a chip location guide in
addition to the other more complete service notes.

DRAWING YOUR OWN GUIDE

Since the chip guide is not supplied, you can
draw your own. It’s not really time consuming if you
are prepared to draw one. All you need are the
simple school supplies, a pencil, ruler, and some
graph paper. It shouldn’t take more than five min-
utes. You'll easily save more than that on every
repair as you don’t have to stumble through a com-
plex drawing when the repair only requires know-
ing where the chips are. In addition, if the repair
does need more servicing information that the chip
guide provides, you'll already be briefed by doing
the chip guide first and will be able to read the
complicated drawing easier.

Once you are embarked on a repair and you
have the computer case off, reach for your pencil
and graph paper. The first step to draw the guide is

N

135, 136,
137

Fig. 3-2. In the service notes a specially prepared photo or drawing provides a lot of location information (courtesy of Radio

Shack, a division of Tandy Corporation).
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to draw coordinates (Fig. 3-5). All that means is
number the blocks on the paper. On my illustration I
have the numbers across the top of the page going
from 0 to 50. The numbers down the left side of the
page go from 0 to 40. That way every block on the
page has a location. For example, you can locate
every chip on your page quickly. Suppose you need
to find the SAM chip U10. All you have to do is to
look at the 40-pin LSI chart. It shows SAM at 36
ACROSS and 30 DOWN. A glance reveals SAM on
the paper. From the paper to the actual chip is then
only a quick look.

Once you have your coordinates laid out, you
can draw in the chips. The sketch need not be exact.
The shape of the chips do not have to be propor-
tional rectangles. The location of each chip does not
need to be on their precise coordinate. You do not
have to put the manufacturer’s part number on a
chip. You do not even have to put as much informa-
tion on your guide as I've shown, in order for the
guide to save you lots of time.

I usually draw the following information into
the guides I sketch. For instance, the illustration
(Fig. 3-6) is my location guide for a TRS-80 Color
Computer. There are 29 chips. Five of them are 40
Pin Packages. The 40 pin jobs require special atten-
tion. I make a little chart for thein at the top of the
paper. The chart quickly locates any of them as it
has across and down for each chip. The chips are
identified both by their function and schematic
number. For example, the VDG has a schematic
number U7.

After I complete the chart I draw the 40 pin
chips on the paper. In this case then the CPU, VDG,
both PIAs and SAM are placed on the guide paper.
The rest of the chips are then sketched in by using
the 40-Pin Packages as reference. I usually rough
them in the following: the RAMs, ROMs, buffers,
latches, decoders, any flip-flops, gates, com-
parators, separators, op-amps, video circuits, any
modulator, and finally power supply chips like reg-
ulators. '

I'm sure it took you longer to read the last few
paragraphs than it will take you to draw up a rough
location guide. The first time you encounter a
specific microcomputer you will find it useful to

sketch out a location guide for yourself. Once you do
one though, you can keep it with your service notes
for that particular make and model. If you feel mag-
naminous you can make a copy of your sketch and
paste it inside the case to aid the next servicer who
has to repair the same computer.

The amount of information required for the
quick checks is small. You can assemble these valu-
able tidbits on the guide you can draw in a few
minutes. They are the location of the chips on the
board, the function of each chip, the parts list sym-
bol number as designated on the schematic (U7 is
the VDG), and the dc voltages in the power supply.
With only this tiny bit of information you can com-
plete a lot of repairs, on the order of a TV repair-
man, using a tube and transistor guide.

THE SOCKET CONTROVERSY

Vacuum tubes, for the most part, use tube
sockets to operate. There are a few applications
like high voltage rectification that sometimes have
the tubes wired into place, but these uses are few
and far between. As a direct result of the wide-
spread use of tube sockets, and the fact that most
TV troubles were caused by bad tubes, a large
percentage of TV repairs could be performed by any
mechanically inclined person. Technical training
was not required to locate and change a dead tube.

When transistors appeared on the servicing
scene, they arrived both ways. Some manufacturers
used a lot of transistor sockets while others sol-
dered the solid-state devices in place. There is a
good argument for both methods. For the soldered
in types, designers saw transistors do not fail as
often as tubes. In addition, when a transistor is
soldered in place it is much more reliable than if its
skinny and flexible leads are poked into a sock-
et. Tubes were especially designed to operate in
sockets. Transistors were designed with leads like
capacitors and resistors. Would you push a
capacitor into a socket? _

On the other hand, during servicing, if transis-
tors are wired in, a repair hardship occurs. First of
all, the luxury of the quick direct replacement
transistor test is not available. If a transistor is a
suspect it must be tested in-circuit or desoldered
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Fig. 3-3. Most print boards come with a detailed sketch of the component side of the board (courtesy of Radio Shack, a division
of Tandy Corporation).
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Fig. 3-4. There is also a detailed sketch of the copper etched wiring on the bottom of the board (courtesy of Radio Shack, a
division of Tandy Corporation).
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40

40-pin chips

Chip Across Down
u 36 24
U4 25 30
u7z 22 18
U s 21 30
u1o0 36 30

Fig. 3-5. When preparing your own location guide start with a set of coordinates and then locate the large chips.

with a new one resoldered in place. Wholesale re-
placement, which often effects a repair, is out. To
add to the problem, a lot of soldering can induce
additional troubles which complicates an already
poor situation.

Secondly, a transistor socket can be used as a
convenient test point. Even though the transistor is
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fine, by removing it, the circuit is opened up and all
types of signal injection, signal tracing, voltage and
resistance tests can be made. If the transistor is
wired in, the same tests can be made, but only after
the transistor is desoldered with all its attendant
difficulties.

Chips, from a socket point of view, appear
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somewhere between tubes and transistors. The
chips are tiny and not as easy to handle as a tube.
However, they have sturdy little feet, and can be
pulled and inserted into little sockets freely if you
use the proper techniques. The chip package is
designed with a chip socket in mind. The reliability
of a chip in a socket is almost as good as a chip that is
wired onto a print board. If a manufacturer produces
a microcomputer with the large chips soldered into
place, rather than socketed, it’s because he wants to
save the price of the socket. He can’t be blamed,
because in production the savings of the cost of 10
or 20 chips can come to a lot of money, and we are all
anxious to see the price of home computers keep
falling.

The rule of thumb among designers concerning
chip sockets has been the following. During design
and breadboarding, while technicians were hand
wiring a new board, sockets are used exclusively.
The tech is constantly removing and installing all
the components, including the chips, as the design
progresses. Once the project is finished and the
board goes into production, the sockets are re-
moved, except for maybe the 40 pin packages, and
the board has mostly soldered in chips.

As a servicer I naturally would like to enjoy the
benefits the design breadboarder has with a board
full of sockets. As a computer user I am also in-
terested in buying my equipment at the lowest
possible price. The manufacturers are trying to find
some middle ground. They would like to satisfy
everyone. As a result you'll find some computers
with a lot of sockets and others with very few.

Experience is showing that chips are quite
rugged. They do not fail with the same consisten-
cies as tubes or even transistors. This tends to
lessen the need for sockets. However, if a 40- or
24-pin package, that is soldered in, should fail, you
have a considerable replacement job on your hands.
In addition the testing of the chip in-circuit is quite a
chore too. The socket question is knotty, but as
time goes by, and millions upon millions of comput-
ers are installed in homes, I would say more and
more chip sockets will be used to make servicing
easier, and consumer repair bills tolerable.
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THE IMPORTANT PARTS OF THE GUIDE

The location guide, that you prepare, should
contain the following information.

O The location of all the chips. If a chip has a
dot or notch on one end, mark that on the guide. Pin
1 will be found immediately to the left of the mark-
ing (Fig. 3-7).

[0 The location of any metal shields. This
could serve as a reminder to replace the shield after
the repair.

[ The location of any and all plugs, adapters,
and other interface circuits.

(] The location of any extra circuits such as a
TV modulator (Fig. 3-8).

[0 A special marking, to show which chips are
socketed and which are not.

[ It’s handy to show the location of transis-
tors and the position of their collectors.

[0 The location of the off-on and reset buttons.

(0 The function of each chip and its symbol
part number.

[J A dotted line around the power supply
components.

Notch
1 » e»_—40
5;} §36
10-?4; CPU 531
15—::_2 §26
20i i21
Top of chip

Fig. 3-7. The notch or dot on the end of the chip is the keyway
indicator. The pin numbers are counted starting with 1 on the
immediate left of the notch.



J The voltages of the different power supply
components (Fig. 3-9).
[J A small chart of the 40-pin LSI’s.

It is not mandatory that you install all the above
information. A more abbreviated version as de-
scribed earlier in the chapter will be almost as
useful. If you do draw up this one though, you'll find
it will be all the information you'll need for most
jobs. In addition, should you have to go to the
schematic for more information, the schematic
symbols will appear to be much easier to read since
you learned the physical layout so thoroughly as you
drew your location guide. Hopefully manufacturers
will begin to provide location guides for computers
like ones in TVs.

USING THE GUIDE FOR REPLACEMENTS
Let’s see how the guide works on a typical easy

repair. Suppose you want to repair a home comput-
er that has an intermittent program problem. It
works fine on some parts of a large program but
produces garbage on other sections of the program.
Since it is operating somewhat an exercise program
could be useful. You load in the exerciser.

Since the symptom of trouble is only happen-
ing on one part of the program indicates the CPU
and ROMs are probably good. The problem pro-
gram is spread all through the RAMs. If one of the
RAMs is dead it could cause this particular trouble.
You decide to exercise the RAMs as your first test.

The RAM test counts the amounts of RAM and
runs a test on every byte. You get the test going and
watch the TV screen. There is 16K of RAM in the
unit under test. The exerciser takes about three
minutes to test all the RAM. A display of vertical
stripes starts changing colors on the screen. Then

- TV outlet % Reset
i
Rf
modulator
I ;; Cartridge
l I T holder

Metal shield |

Fig. 3-8. The location of extra circuits in the computer and plugs and adapters, is valuable information during troubleshooting.
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Fig. 3-9. The power supply voltages are among the most tested ones. If a record of them is on the guide, the schematic needn't

be consulted.

suddenly the stripes blink and disappear. Some text
appears on the TV face. It reads RAM ERROR . ..
REPLACE CHIP U24.

Sounds great! But where is U24? There are a
lot of chips on the board. Also some of the chips are
socketed and others are not. With the location guide
U24 is located quickly. It's under a metal shield the
fifth chip from the bottom right of the board. Also it
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does not have a socket. It must be desoldered.

The job turns out to be a soldering chore with
extra grounding care needed since you are replac-
ing an MOS chip. All goes well however. The guide
was the only service notes you needed. A good
guide will provide this type of valuable aid most of
the time upstaging the schematic diagram again and
again.



Chapter 4

The Main LSI Chips

If you examine the chips on the board carefully
you'll see about five in 40-pin packages. All the main
functions of the computing are taken care of in these
chips. When you see a 40-pin chip you can be quite
sure that it contains at least a thousand individual
circuits in microscopic form. There is no way you
can test these individual circuits easily and even if
you could, there would not be any way to repair or
replace the defect. To gain service access to the
minute circuits you have to analyze the pin voltages
and waveshapes. The results of your service moves
then indicate whether the chip is good or bad. If all
tests work out well then the chip is left in place.
When the chip is deemed defective then it must be
replaced. There is no middle ground, and those of
you who would like to know just what actually
failed, will not obtain these facts easily. The chip is
atrue “black box” and only the original designer and
manufacturer knows what happens down to the last
detail.

As a matter of fact, to service a home-type
computer, it is not a necessity to learn all there is
concerning computers. You do not need to know the

detailed construction secrets of a large scale inte-
grated chip. It is not necessary for you to be a
computer programmer. The servicing skills that are
used to repair electronic circuits are the ones that
are used to troubleshoot computer circuits. Let’s
take an overview of the main LSI chips with servic-
ing in mind.

TYPICAL LSIs

Four 40-pin LSIs you will encounter often are
known by the initials CPU, PIA, VDG, and SAM.
Another common chip in a 24-pin package is called
the ACIA (Fig. 4-1). These acronyms stand for
Central Processor Unit, Peripheral Interface Adapt-
er, Video Display Generator, Synchronous Address
Multiplexer, and Asynchronous Communications
Interface Adapter. Those definitions are a mouthful
but as time goes by the mystery of their meanings
will clear up. These chips plus some RAM, ROM,
and a power supply make up a complete computer
that will provide all the computing power a user
would need. The only things left to do a computing
job is some input-output equipment like a CRT
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Fig. 4-1. Fiveimportant large chips you are likely to encounter in a home computer are the CPU, PIA, VDG, SAM, and the ACIA.

display, cassette recorder, etc. and some interfac-
ing (Fig. 4-2).

THE CPU

The heart of the computer is the CPU. The
CPU connects to all of the rest of the chips. It has
arteries called address lines (Fig. 4-3), data lines
(Fig. 4-4), and control lines, (Fig. 4-5). The CPU
really doesn’t do that much, but what it does do is
the most important part of the computing. Without a
CPU a computer is not a computer. You can proba-
bly design a computer and leave out any of the other
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chips. You cannot leave out the CPU and still have a
computer. I'll describe what the CPU, in general,
does. It might not have much meaning to you at this
stage, but its duties will become clearer as you go.

The CPU, first of all, has the duty to provide
and request data. During operation the computer
processes data. The data is held in places like ROM,
RAM, or cassette tape. The CPU will send a mes-
sage to one of these places and request the data
(Fig. 4-6). The data is sent back to the CPU on the
data lines. The CPU then works on the data and
sends it back via the same data lines to one of those



storage places mentioned. How does the CPU alert
a storage place that it wants the data?

The message the CPU sends is an address.
The address goes out on the address lines (Fig.
4-7). The way the addressing happens is quite like
telephoning. If you want to call someone you dial
their number on the telephone. Everyone in the
telephone book has a different telephone number.
You get your party by dialing their individual
number. The telephone lines are like the address
lines that connect the CPU to the rest of the com-
puter. The CPU is connected to every major section
of the computer. The typical CPU can address over
65,000 individual addresses in the home computer.

Therefore, when the CPU needs data, it out-
puts an address on the address bus line. Like a

dialed telephone number the address goes right to
the correct storage place in the computer and opens
up that address. As soon as the storage spot opens
up the data stored at that address is outputted to the
data lines and travels to the CPU. In the CPU the
data is then worked upon.

The CPU is capable of doing some limited
mathematical and logical manipulating of the data.
The nature of that work is covered in greater detail
in the chapter on CPUs.

Once the CPU is finished with the data it is
ready to send it back to a storage place. It opens up a
storage spot by outputting an address. Then the
CPU outputs the data. The data travels the data bus
lines, arrives at the correct address and gets stored.

The above is basically what the CPU does as it

COMPUTER SYSTEM

ROM
Power
supply
‘ RAM
CPU —_— - T
SAM

i CRT
display

T

vDG ‘
Cassette
recorder
PIA i
' Printer
ACIA
External

’ devices

_

Fig. 4-2. The addition of a power supply, some RAM and ROM, and the external devices is a complete computer system. .
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Fig. 4-3. The CPU is the originator of the 16 address lines in the home computer. They are labeled A15 through AQ.

works through a program. In computerese this is
known as the “fetch and execute” cycle (Fig. 4-8).
When the cycle breaks down the computer requires
the repairman’s services. While it is necessary for
you as the repairman to understand the hardware’s
location and general operation to apply the fix, the
ability to write a program has little use here.
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THE PIA

Another prominent 40-pin package is the PIA.
It has the duty of connecting, or as it’s called, inter-
facing, the CPU with all the external devices (Fig.
4-9). These include the keyboard and joysticks
which are input only units, the cassette which is an
input-output device and the printer, video and audio
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Fig. 4-4. The CPU is also the originator of the 8 data lines. They are labeled D7 through DO.
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Fig. 4-5. The third set of lines in the CPU are called control lines. There are 13 of them in this CPU and they have a lot of different
names.
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circuits, which are output only pieces of gear. There
is often more than one PIA in a home computer. The
PIAs are connected to the CPU through the same
data lines that go to all the rest of the chips in the
computer. The PIAs have their own addresses.
When the CPU desires access to a PIA it outputs
the PIA’s address and is immediately connected.

One typical use of a PIA is to interface a
keyboard to the data lines of the computer (Fig.
4-10). A PIA has two data buses attached to the
keyboard. One of the data buses is connected to the
rows of keys. The rows are the keys arranged one on
top of another. In the illustration there are seven
rows. The other data bus is connected to the col-

O O O
00— 0—0—0

vData bus Iine -

CPU

OO T OO OO OO @

Q
(o]

jwlw)
[SSES
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» D5
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D3 ROM
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[ D1
DO
» D7
» D6
1
; D2
[ D1
Do
s D7
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- » D5 tape
_-’/bgzl PIA recorder
3
p D2
D0

Fig. 4-6. The data bus is able to send data to and from all the data storage places.

45



&
&

s

! A5 b Address lines A15

1) Al14 o Al4

'S A13 A13

) A12 A12

> A11 At

® A10 A10
A9 A9
A8 A8
A7 A7 SAM >
ﬁg ﬁg Selgcts
Ad A4 chip
A3 A3 and address
A2 A2 on chip
Al A1
A0 AQ

CPU
[}
[} -3

Fig. 4-7. The address lines from the CPU can dial up any data storage place in the computer. It puts out an address that selects

a particular chip and the address of the data on the chip.

umns of keys. The columns are the keys arranged
side-by-side. The illustration shows eight columns.

When you hit a key, the effort presses a switch
at an intersection of a row and a column. For exam-
ple, if you strike Q, you have switched on the inter-
section of row 3 and column 2. The information that
you struck row 3 enters one data bus and the fact
that you simultaneously struck column 2 enters the
other data bus. This information is combined in the
PIA and the letter Q is sent to the CPU for process
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over the computer’s main data bus. This PIA is
doing input only duty.

A second PIA in the computer could perform
the output duties (Fig. 4-11). For instance, its two
data buses could be connected to the audio and
video outputs. One of the data buses could be at-
tached to an audio circuit while the other PIA data
bus is connected to an LSI called the video display
generator. When audio arrives on the computer’s
main data bus, at the PIA’s input, it is directed



inside the PIA to the PIA’s audio output bus. From
there the audio continues on till it is heard from the
speaker. If a video signal like the Q mentioned
before should arrive on the main data bus, the PIA
sends it to the VDG, from where the Q proceeds till
it is displayed on the TV screen.

The PIAs are capable of handling a number of

inputs and outputs. For instance, the PIA that is
processing the keyboard signals can also handle the
joysticks’ switches. The keyboard and joysticks are
both input only devices. In addition, the keyboard
and the joysticks are not used at the same time. Also
both are open circuits when not in use. As a result
the keyboard and the joysticks can be connected

Fetch and execute
Addresses ——{fip
A15 A15
A4 A14
A13 A13
A12 A13
A1 A12
A10 A10
A9 A9
A8 A8
A7 A7 SAM
A6 A6
A5 A5
Ad A4
A3 A3 RAM
A2 & A2 chip is
Al Al selected
A0 A0 &
*R/W address on
chip
is selected
CPU
§— Data — *

D7 ¢ D7

D6 4: D6

D5 ¢ D5

D4 ¢ D4

D3 ¢ D3

D2 D2

D1 D1

DO Do

RAM chip

Fig. 4-8. When a program instruction arrives at the CPU, it can tell the CPU to fetch some data. The CPU outputs an address
where the data s located. The addressing opens the address and the data then goes into the data bus. The data bus connects
the data back to the CPU. The CPU then works on the data. This procedure is called “fetch and execute.”

47



pB7 ¢4
PB6
PB5
PB4 ¢

PB1

CPU

PIA
PA7

PA5 ¢
PA4 ¢

PA2 ¢
PA1

PAO ¢

Chip address
select lines

PB3 ¢4

PB2 ¢4

PBO ¢g

PAG ¢4

PA3 o

P
B
P
P
> o
p &
> Input-output
B lines
to
external
B devices
—>
@ o3}
>4
&
—>
B
B

Fig. 4-9. The PIA is connected to the CPU via the data bus. It connects to external devices with two external data buses, Aand
B.

together to the same PIA pin numbers without in-
terfering with each other.

On the output PIA, in addition to handling the
audio and video, the PIA can accommodate other
input-output lines too. This will be discussed in
greater detail in the chapter on PIAs.

THE VDG

The video display generator type chip is the
place where the composite TV signal that appears
on the TV screen has all its various signals assem-
bled together. The inputs to the chip are the fol-
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lowing. When the computer is capable of displaying
color, a 3.58 MHz color TV signal is applied from
the clock circuit. A horizontal sync pulse and a
vertical sync pulse is injected from the SAM chip.
Video is sent over from the RAM (Fig. 4-12).
From a PIA a set of lines bring in control
signals that set the mode. What is a VDG mode? In
the VDG are a lot of circuits that produce video
outputs to be placed in the composite TV signal for
display. The video outputs are specified by the
individual VDG circuits. Some of the VDG circuits
cause the display to be broken up into little areas to




show alphanumerics (Figs. 4-13 and 4-14). These
are the characters that are on the keys of the
keyboard. When these character blocks are shown
the VDG is said to be producing the alphanumeric
display mode.

Other VDG circuits produce a semigraphic
mode. Besides the numbers and letters, most home
computers can show various symbols like little
checkerboard displays in the same picture tube
areas a character block usually occupies. These are
called graphic characters. There easily can be 60
different graphic characters and crude drawings or
various graphs and charts can be made with these
characters. When the VDG is set to produce graphic

characters it is said to be in one of its semigraphic
modes.

The third major mode type a VDG is able to
produce, is called full graphics. Instead of being
confined to one of the areas the size of a character
block to display a graphic, the entire TV screen is
used. The full graphic mode enables a programmer
to be able to turn every picture element on the TV
screen off and on. That way a picture could be
electronically drawn on the screen. The VDG is
able to arrange a lot of these graphic modes.

While the input to the VDG is a group of digital
signals, the output of the VDG is a group of TV
signals, known as analog signals (Fig. 4-15). The

+i \
IRQA PA7 Rows Keyboard
[ P:
4:IRQB PAG 4
«C82 PAS5
4 CS1 PA4
? CSO PA3
PA2
ENABLE S
5 RS PA1 4
PAO
¢ RSO <
e:R/W
9+RESET
PIA
Left
shift
4—o D7 PB7
<—o D6 PB6 Right
shift
- 49 Ds PB5
%5 g—a D4 PB4
< 44 D3 PB3
4—4 D2 PB2
44— D1 PB1
<—4 DO PBO
- Columns
A PIA connected to a keyboard.

Fig. 4-10. APIA with its two external data buses is able to connect to the keyboard. One bus attaches to keyboard rows and the

other to keyboard columns.

49



To and from
CPU

4—>¢ D5

> +|RQA

» «|RQB
*CS2

> CS1

» CSO

> ENABLE
> RS1
RSO

= R/W

e RESET

P, N V. . G, S . S A

PIA

G——Bg D7

Second PIA !

From

cassette
PA7 o4~
PAG ® To printer
PA5 B
PA4 p To
PA3 P> digital to
PA2 $ analog
PA1 B circuit
PAO 4
PB7 ¢
PB6 & To sound circuit
PB5 ¢
PB4
PB3 ¢
PB2 ¢
PB1 ¢
PBO s

!

!

To VDG chip

Fig. 4-11. The versatile PIA is also able to connect to a number of both input and output devices at the same time.

input to the VDG is tested with digital techniques
and the output of the VDG is tested with analog
equipment along the lines of a TV repair. There will

be a more detailed discussion in Chapter 17.

THE SAM CHIP

The synchronous address multiplexer chip is
nicknamed SAM. SAM takes the place of a lot of the
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cireuits that are needed in the output of the CPU.
SAM also operates as part of the systems clock.
There is a full chapter later on in the book just on
SAM (Chapter 15).

SAM is assigned three major duties in the
scheme of the computer. All of these duties were
performed in separate circuits in early computers.
The number one job for SAM is the system clock




that originates all of the frequencies needed to run
the computer. For instance, in the TRS-80 Color
Computer, SAM along with some capacitors, resis-
tors, and a crystal produce a series resonant oscil-
lator circuit that runs at 14.31818 MHz. This is the
master clock frequency for the computer. All the
various frequencies are derived from the master
(Fig. 4-16).

To generate a good color picture a frequency of
exactly 3.579554 must be produced. This is ac-

complished by 14.31818 divided by 4. The CPU
needs two frequencies called E and Q that run at
0.89 MHz and are 90 degrees out of phase with each
other. These control frequencies are obtained with
14.31818 divided by 16. The division and phase
shifting required is accomplished by internal cir-
cuits in the SAM.

The number two job SAM does is called device
selection. All this means is SAM chooses some of
the devices the CPU wants to communicate with.

From PIA,

to set modes From clock
+51V 3.58 MHz
4
>
4 Clock §
-9
B0
Vertical sync > CHB S '
rtica
y o ’ “‘FS OB Y ’ COlOr TV
‘ I e ) .s:gnal
Horizontal sync *MS 0A > sync
B9 «HS Y ¢————— P
DAO
VDG
lé"
Bo DD7
9 DD6
Be DD5
Digital —Be DD4
video po DD3
from ~ DD2
RAM e DD1
B¢ DDO

!

Fig. 4-12. The VDG chip is the place where all signals to be displayed are assembled and readied. The chip inputs are a color
oscillator signal, vertical and horizontal sync, video from RAM and controls from a PIA. The outputs are the color TV signals.
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16
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blocks

Picture tube

border

Fig. 4-13. Some of the circuits in the VDG produce an alphanumeric mode. This CRT display can place one character from the

keyboard in each character block.

These devices are either the internal registers in-
side SAM or up to eight external devices like RAM,
ROM, or the PIAs.

Let’s examine a very important concept at this
time that is vital to servicing. Notice in the last
paragraph that SAM can select up fo eight external
devices (Fig. 4-17). Why eight? If you look at the
sketch there is achip Ull. U11 has three chip select
lines coming from SAM. They are S0, S1, and S2.
However, there are eight chip select lines exiting
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U11, YO through Y7. The three SAM lines choose
eight chips. How is that done? Well, each of the
three SAM lines can be turned off or on. Now if you
figure out how many total possible off and on situa-
tions three lines can produce you'll see there are
eight. That’s where the eight comes from.

Inside the U11 there are circuits that turn the
eight output lines on or off according to the output
from SAM’s three lines. To be exact the following
can occur. If all three SAM lines are off, then YO0 is




One character block
4—— 8pixels —P
4
"
Individual
picture
elements
ixels)
® 12 pixels
v

Fig. 4-14. Each character block is made up of 96 picture
elements. A special character generator ROM inside the
VDG, can turn the pixels off or on to produce the character in
the block.

turned on. When SO goes on by itself Y1 goes on.
Should only S1 go on then Y2 is turned on. If S2 only,
is on, then Y3 will go on. Figure 4-18 details all
eight possibilities. This concept right now might

not appear earthshaking, but learn well how three
lines can choose and activate one out of eight lines.
It’s the basic idea behind a lot of important com-
puter activity that you will encounter as you trace
out logic circuits during troubleshooting.

The third big job SAM does is called address
multiplexing. Here again is a concept that you can-
not learn quickly with a fast explanation. The way to
eventually master the idea is to read it over and
over again, first from a cursory view and then
deeper and deeper as you go. After awhile the idea
will be installed in your head. Anyway, SAM per-
forms address multiplexing in this manner. It puts
together a final address for the RAM chips. The
address desired is composed of the video signals
and the CPU address lines. The addresses pro-
duced activates the RAMs which in turn activates
the VDG and produces the video display. The actual
step-by-step details are covered in Chapter 15.

THE ACIA

The Asynchronous Communications Interface
Adapter is an input-output device, but of a different
nature than the PIAs. The PIA is known as a parallel
communicator. If you look at the PIA output lines

Jue

Digital code
from PIA,
to set modes

Jut

Digital 3.68 MHz
clock signal

Digital

J1re

video from

VDG

Analog

r——

color TV

RAM

signals

Fig. 4-15. The inputs to the VDG are all digital signals, highs and lows of a square wave. The outputs of the VDG are analog
color TV signals that can be viewed on the ordinary TV service scope.
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Fig. 4-16. One major job a SAM chip performs is taking the master frequency like 14.31818 MHz and dividing it to produce the
other needed frequencies like 3.58 MHz color, and 0.89 MHz system clock.

you'll see two sets of eight lines. Examining one of
the sets shows all of them are in parallel. In most
microcomputers data is composed of “bytes”. A byte
consists of eight “bits” (Fig. 4-19). Therefore, in
order to move data bytes from place to place in the
computer, eight data lines each holding one bit, is
used. The data moves from place to place on the
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data bus, which is a set of eight copper traces that
run side by side all over the print board. Again look
at the PIA (Figs. 4-9 through 4-11). Note the eight
line data bus inputs to DO through D7. Also notice
the twin data bus outputs PAO through PA7 and PBO
through PB7.

The PIA is mostly a parallel device. All eight



bits of a byte enter the PIA via D0-D7 at the same
time. All eight bits of a byte can exit the PIA at the
same time through PAO-PA7 or PBO-PB7. Inside
the computer or to parallel output device this
parallel movement of data is ideal. It’s fast, efficient
and wastes no effort. However, in order to move
data that way, there must be eight data lines in a
bus. The byte is composed of eight distinct, sepa-

rate bits. Each bit needs its own private line (Fig.
4-20).

Suppose you want to send the data over a
telephone. The telephone has only one line, not
eight. Or you want to output the data to a printer
that can handle one bit at a time, not a whole byte as
the data moves in a data bus. A parallel device can’t
perform the interface for you. It's aparallel interface

+5V

—y A15 S

—a A0

¢ *R/W
[ J =!:HS

¢ VCK
¢ OSC out

SAM

90SC in
eF

*Q

OO OO Ol Ol—OOOO
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>
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e B U1 Y4 ¢——P PIA-0
Q ———=0 Y3 ¢— Cartridge ROM-0
T 4
e Y24 ROM-1
D § S Y1 ¢ ROM-0
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Fig. 14-17. Another important job SAM does is transferring address lines like A15, A14, and A13 to a chip select decoder. The

three address lines can choose from among eight chips.
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Choosing one output with three inputs

Outputs
A

YO Y1 Y2 Y3 Y4 Y5 Y6 Y7

SO Off On Off Off Off On On On

St Oft Off On Off On Off On On

Inputs

S2 Off Off Off On On On Off On

Fig. 4-18. The three address lines, S0, S1, and S2, can choose from the eight chip select lines, Y0-Y8, by different
combinations of offs and ons.
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Fig. 4-19. The typical home computer has a data bus that can carry eight bits, which is one byte, from chip to chip.
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Fig. 4-20. While a data bus has bits riding side by side over eight separate lines, or as it is called in parallel, a telephone line

sends the bits over one line, or as it is called in serial fashion.

chip. What you are going to need is aserial interface.
A serial interface is able to take the eight bits all at
once, in parallel fashion, convert the parallel ar-
rangement to serial, and output the bits one at a
time (Fig. 4-21).

The ACIA is an input-output chip that is capa-
ble of receiving or transmitting a byte of data one bit

at a time. For example, the chip can receive eight
bits of data from the data bus all at the same time, or
as it is called, in parallel fashion. Then the ACIA can
take the parallel input and transmit the eight bits to
a printer one bit at a time, or as it is called, in serial
fashion. .

The ACIA can also perform the reverse action.
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It can receive eight bits, one at a time, from a device
like a telephone modem, and transmit the eight bits,
all at the same time, to the data bus in the computer.

How does the ACIA perform these parallel to
serial and serial to parallel chores? If you look to
Fig. 4-22 there are three byte sized registers
shown. The registers are each able to store and
move a byte of data. With this capability the regis-
ters can do the serial-parallel conversions. First let
us examine how the ACIA can output to a line
printer.

When a byte of data is sent to the ACIA it
enters the lefthand register. All of the eight bits
enter D7-DO of the register at the same time. Once
the bits are in the left register, they are then routed
to the top register. The top register also has stor-
age circuits labeled D7-DO0. The two registers are
wired together. The two D7's are connected, the
two D6's are connected and so forth. The eight bits
are therefore transferred to the top register to the
same numbered bit holders.

Once the bits are in the top register, they are

shifted out through an exit in D0. The bits shift from
D7 to DO and out through D0. They come out of DO
one at a time or in serial fashion. From there they
leave the chip at TX and connect to the line printer.

If a telephone modem is connected to RX, the
serial data can be converted to parallel. The serial
data enters D7 of the bottom register. The register
can also contain one hyte. As the bits enter D7 they
keep shifting over till the register is full. Once a
complete byte has arrived the register is able to
move the byte out of the bit holders, so the next
byte of data can be stored. All of the bottom register
bits are wired to the lefthand register too. The bits
are matched up, D7 to D7, D6 to D6 and so on. When
the register fills up with the serial data it transfers
the data to the lefthand register. The lefthand regis-
ter then outputs the eight bits to the data bus, all
eight at the same time. The result, the data that
entered RX in a serial fashion, is transferred to the
data bus in parallel.

The 40-pin packages like the CPU, VDG,
SAM, PIA, and the 24-pin chip like the ACIA are

Chip select
from address
bus
ACIA
? R/W CS0
> D7 CS1
£ D6 *CS2
S £ Bo D5 RS
524 >0 D4
522 o) D3
o O >4 D2 o
[.._.
ol DO RX I Receive from
DATA peripheral

Fig. 4-21. A device like the ACIA is able to transfer data from a one line serial input to an eight line parallel output. Conversely it
can transfer data from an eight line input to a one line output.
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Fig. 4-22. The ACIA performs its job by means of three byte size registers. One register connects to all eight lines in the data
bus. The other two registers connect to the one line receive, and the one line send terminals. An internal chip transfer between

the registers accomplishes the conversions.

representative of the most complex chips in the
computer. During troubleshooting a lot of the ac-
tivity takes place around them. They have all those
pins available to place a logic probe, vom, or scope
upon. It is important to learn their theory of opera-
tion so you can make input and output tests and then

be able to deduce possible reasons why the com-
puter is down. The CPU, VDG, SAM, and PIA all
have separate chapters later in the book. The chap-
ters will introduce you to the type of voltages,
pulses, and waveshapes you can expect to find on
the test points.
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Chapter 5

When a home computer is discussed, it is common
for it to be described by a “K” number. For instance,
someone will say, “It's a 16K type.” When a person
tells another party that a computer is a 16K, he
usually means that the machine has 16,384 bytes of
random access memory (RAM). This is the way
computers have been described from the very be-
ginning. The early large computers usually were 1K
or 2K. Today microcomputers are typically 4K or
16K or more. Let’s clear up the computer meaning
of K before continuing.

The letter K means thousand. One K would
then appear to mean 1000. However, in com-
puterese 1K means 1024 (Fig. 5-1). This is because
it is most convenient to work with a computer if all
important numbers are powers of 2. The reasons for
this will become clearer as you work your way
through the understanding of computers. The pow-
ers of 2 counted up to near 1000 goes like this: 1, 2,
3, 8, 16, 32, 64, 128, 256, 512, and 1024, which is
1K. If you continue the progression the numbers are
2048 (2K), 4096 (4K), 8192 (8K), 16384 (16K),
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32768 (32K), and 65536 (64K). It's a good idea to
memorize the numbers up to 64K as you'll be using
them during signal tracking and other servicing
techniques (Table 5-1).

While computer users call a unit with 16K of
RAM a 16K machine, when the sales and advertis-
ing people of a manufacturer describes the same
computer, they could call it a 24K, 32K, or even a
64K. What are they talking about? In addition to the
RAM in a computer there is also another kind of
memory called ROM, which stands for read-only
memory. There could be 8K, 16K, or more of ROM
in a computer. When you add the available ROM to
the amount of RAM the larger numbers are arrived
upon. Actually, it doesn’t matter how a computer K
is arrived at as long as you know the difference
between the RAM and the ROM. That way you can
decide on the relative memory power for yourself.

THE READ-WRITE MEMORY
The term random-access memory (RAM) is a
holdover description from years ago. It is not really



1K of RAM (1024)

BITs

RAM
128 x 8

RAM RAM RAM
128 x 8 128 x8 128 x8
RAM RAM RAM
128 x8 128 x 8 128 x 8

TOTALS 8 RAM chips
1024 Rows
1024 Bytes (1K)
8192 BITs

Fig. 5-1. One K of RAM is actually 1,024 bytes of memory. In this RAM chip set there are eight chips, each containing 128 rows
of bytes. Since each byte is made up of eight bits, there are 8,192 total bits.

Table 5-1. Each Address Line Can Address Two Addresses.
When the Lines Are Used Together the Number of Bytes That Can Be Addressed Keeps Doubling.

Number of Address Lines

Address Line Numbers

Bytes of Memory They'll Address

CO~ygOoOOHhwWN—

2
4
8

16.
32
64
128
256
512
1024
2048
4096
8192
16384
32768
65536
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an accurate description. Most computer people who
work with the hardware describe RAMs as read-
write memory. Let’s pursue this description.

You've all used these kitchen memory boards
that you can write on to remember a phone number
or item you're out of. The boards have a transparent
plastic face. When you lift the plastic the number
you wrote disappears and the memory board can be
used again for more reminders. The memory board
can be used over and over again until it wears out,
which can be a long time.

The board has these qualities. It starts out as a
blank page. When you want to you can write on it.

Again at your discretion, you can read the informa-
tion it contains. After you are completely finished
with the information, you can lift the plastic sheet
and the information is erased. The board is then
ready to be used over again.

The RAM, in principle, acts in an analogous
way to the kitchen memory board. The RAM chip
though is an electronic package. A typical RAM chip
comes as a 24- or 16-pin package as shown in Figs.
5-2 and 5-3. The RAMs usually come in a set. For
instance the 16K chip set has eight RAM chips (Fig.
5-4). The chips are all identical and form the total
RAM of the computer. The set of chips are con-

Static 24-Pin RAM chip

|

+5V

Internal register
addressing

4 CS0
@ CS1+
6 CS2+
o CS3
o CS4+
® CS5+

Chip select

RAM
(Static)

D7 ¢
D6 ¢
D5 ¢
D4 ¢
D2 ¢
Di1e¢
DOe

Data

R/W¢

Fig. 5-2. This 24-pin static RAM chip is addressed by the six chip selects and the seven address lines AB-A0. The data bus is
connected to D7-D0. The R/W line sets the chip for reading or writing. There is a +5 V to ground power system.
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Fig. 5-3. This dynamic RAM chip only needs six address lines A5-A0. The chip is selected with the three dynamic inputs *CAS,
*RAS and *w. The data uses D and the power is +5 V to ground.

sidered as one if you are going to upgrade the RAM.
For example, if you want to change the RAM from a
total of 16K to 32K, you must change all the chips.
The 16K chips are one type and the 32K chips are an
entirely different kind.

The memory part of each chip is called the
memory matrix. The matrix is rows upon rows of
registers (Fig. 5-5). The registers in the illustration
are all identical and are each composed of eight
little circuits. Typically the circuits are flip-flops. A
flip-flop, which is examined in detail later in the
book, has the ability to be conducting at saturation
or not to be conducting at all. When it is at satura-
tion it is said to contain a zero. If the flip-flop is not

conducting then it is holding a one. Each of the eight
flip-flops can be controlled by one line of the data
bus.

If you recall, the lines in the data bus are called
D7 through D0. D7 is the MSB (most significant bit)
and DO is the LSB (least significant bit). This pat-
tern follows throughout the computer including all
of the RAM (Fig. 5-6). The individual data lines can
install 1’s and O’s into their respective RAM regis-
ters. For instance, if the CPU wants to store eight
1s, it can select a RAM chip, address a register on
the chip, connect the eight data lines to the eight
flip-flops and output eight 1s. The 1s will make
each flip-flop stop conducting. This state of noncon-
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duction of all eight flip-flops gives the register the
value of 1111 1111. The value is thus stored in
memory and will stay there till it is changed or the
computer is turned off. This is how the write part of
the read-write is accomplished. It is said that the
CPU has written to RAM (Fig. 5-7).

On the other hand, the CPU can also read from
RAM. Once the signals 1111 1111 are stored in the
register the CPU can obtain that value when it
needs to. At the proper instant the CPU can connect
the eight data lines to the chip and register that
contains the 1111 1111. The value will then output
from the register into the data lines. Once in the
data lines the value will proceed to the CPU.

The data bus can carry the 1111 1111 to the
register in RAM during the write operation, and
from the register in RAM during the read operation.
The eight lines of the data bus act as a two-way
conduit. However, it can only conduct one way at a
time. There is a special connection from the CPU
that controls the direction the signal can travel.
That special line from the CPU connects to every
RAM chip. It's called the read/write line and is

shown in service notes as R/W (Fig. 5-2). When the
R/W line is given a signal of 1 from the CPU it reads
data from RAM. If the CPU gives R/W a signal of 0
then the control line R/W allows the CPU to write
data to RAM.

It was already mentioned that a typical RAM
chip has rows and rows of eight bit registers. Each
eight bits makes up one byte. There are some
memory chips that have rows and rows of four bit
registers. Four bits in computerese is called a nyb-
ble. Then there are other larger RAM chips that
have 16-bit registers. Sixteen bits in computer
parlance is called a word. During repairs you are
liable to run into any of them but most of the time
you'll be seeing bytes. The memory matrix in the
RAM is described by the number of registers x the
number of bits. For instance, a small RAM chip
could be called 128 x 8. This means there are 128
registers with each register containing eight bits
(Fig. 5-5).

If you find yourself checking a 64 x 4 RAM
chip, you have a chip with 64 registers, each one
able to hold a nybble. Maybe you'll be working on a

16K RAM chip set

RAM RAM RAM RAM
2048 %8 2048 x8 2048 %8 2048x8
RAM RAM RAM RAM
2048 %8 2048 x8 2048 x8 2048 <8

Fig. 5-4. A 16K RAM set could have eight chips, each one containing 2,048 rows of bytes.
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Memory Matrix

RAM or ROM Internal Registers
128 %8 (BITs)

One byte

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012

Bits

Row addresses

0125 T T 1T

0126
0127

Fig. 5-5. Both RAMs and ROMs have a memory matrix that
consists of rows and rows of registers. The RAM registers are
usually flip-flop circuits that can store a logic state and be
changed at will. ROM registers are burned into the chip and
cannot have the burned-in state changed.

unit that shows a 1024 x 16 RAM chip. If so you
have a large chip that has a memory matrix with
1024 registers and each register capable of holding
a full word of 16 bits.

Most home computers use RAM sets that have
chips that contain registers that hold a single byte of
eight bits. That way, properly addressed, an eight
line data bus can make a direct connection upon
command to any register in RAM. With the connec-
tion the CPU can read and write to any register
without complication.

THE READ-ONLY MEMORY
The read-only chips obviously, as their name

indicates, cannot be written to by the CPU. The
CPU can only read from the read-only chips con-
tents. If you think of the read-write memory as an
erasable kitchen memory board, then the read-only
memory can be compared to a printed item like a
calendar, cook book, or HOME SWEET HOME
picture. These items present prepared information
that cannot be erased so the paper can be reused.

The read-only memory is like a RAM chip (Fig.
5-8) except its contents, all those 1s and Os, are
burned into the registers permanently. Instead of
using flip-flop circuits that can store a 1 or 0 that can
be easily erased or changed like a read-write chip,
the read-only registers use diodes, transistors,
shorts and opens, that permanently stores inform-
tion. The read-only memory, known as ROM is
manufactured with the 1s and Os already installed.

In the factory the ROM is built with permanent
programs. When you first turn on the comput-
er, the surge of current charges a capacitor. This
charging action causes the CPU to make a connec-
tion through the data bus with the specific register
in ROM. This register and a number of registers
following contain a little program that is needed to
get the computer operating. Once that program is
executing, the computer is ready for action. Also on
the ROM chips are lots of other programs burnt in.
These programs control the activity in the comput-
er. While the CPU actually does all the work, the
ROM tells the CPU what to do and when to do it.
The CPU is the heart of the computer but the ROM
is the brains.

The ROM is connected to the eight bit data bus
just like RAM. The ROM though does not have a
R/W line. Since the CPU cannot write data to the
ROM, the CPU can only read from the ROM, the
R/W line is not needed.

Data between the ROM and the CPU travels in
one direction only. The data, the 1s and Os, the
contents of each ROM register, goes from the ROM
to the CPU on the data bus lines D7 through DO. You
can see those connections on all the RAMs as well
as the ROMs. The eight data bus lines are familiar
to the servicer. They are eight parallel etch lines on
the print board that snake their way from one end of
the board to the other. They are a common source of
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One RAMregister (1 byte)

= =
5 sy
0 ©
= 3
MSB LSB
FF| FF | FF| FF| FF| FF| FF | FF
D7i{ De | D5} D4 | D3 | D2 D1 DO
G s —3- Do

e DO

® D1

e D2

e D3

e D4

® D5

e D6

e D7

Fig. 5-6. A RAM register is arranged with D7 to the extreme left. D7 here is called the Most Significant Bit (MSB) since its

mathematical position makes it the highest number. DO is in the rightmost position and is the smallest math value and is
therefore called the Least Significant Bit (LSB).
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shorts and opens as soldering is performed in the
close confines of the computer. The data lines con-
vey the contents of RAM memory to and from the
CPU, and the contents of ROM to the CPU.

If you look at the sketch of the 24-pin ROM
package (Fig. 5-8) DO through D7 connect at pins 2
through 9. What about the other pins? Pin 12is +5V
and pin 1 is the ground connection. They power all
the components in the chip at the same time. What
about the CS and A connections?

The CS pins 10, 11, 13, and 14 are the chip
selects. In general, chip selects do exactly as the
name implies. There are, in a typical home com-

puter a set of eight RAM chips and two ROM chips
making a total of ten. While the CPU is operating it
must select one chip after another to get data. The
CPU uses the chip select lines to choose a chip. For
example, this particular chip could be set up to
make a connect with the CPU if it receives the
following signals on its chip select lines. Pins 10 and
11 gets 0 and 0. Pins 13 and 14 are sent 1 and 1.
When these signals arrive at the CS pins, much like
a telephone number is dialed, the ROM is selected
and is activated. With four chip select lines, there
are 16 possible combinations of 1s and 0Os that can
be outputted by the CPU as shown in Tables 5-2 and

Installing 1111 1111

in address 0040

A “write” operation

0039

0040

© 8B
® B

g
@

I Tso] BT s TSI[EI [ v
g @1 8
& ® \ G

[ B
8

—

T~}

0041

N

®
O
o

N

o D1
e D2
e D3

N

N

N

N

e D4
o D5

e D6

N

N

® D7

Square wave high pulse = 1

Yalafs{afafafa|s

Fig. 5-7. When RAM address 0040 is turned on, and the data bus delivers eight high pulses, the binary number 1111 1111 s

installed.
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24-Pin ROMdip

ar

G

AO¢— 24
2_4D0 Ale— 23
3 — Dt A2¢— 22
4 4 D2 Asw-gg)
5-%D3 Ad
6 -4 D4 ROM A5c>——19
7 — D5 4 AGe— 18
8 -4 D6 A7e— 17
9 - D7 A80—.16
10 —¢ CSO= A9 eé— 15
11 — CS1= CS3¢— 14
CS246-13

12|-<»
+5V

Fig. 5-8. The ROM chip looks somewhat like the RAM chip.
This 24-pin dual in-line package (DIP), has four chip selects,
10 address lines and the usual eight line access to the data
bus. Note there is no R/W line since this is a read only chip. It
won't respond if written to.

5-3. Only the one chip combination will activate this
chip. However, the four chip CS lines could be
hooked to 16 chips and the right combination will
select any one of the 16 chips you desire.

The chip select lines are part of the computer’s
addressing system, that is covered in greater detail
in the bus line chapter further on in the book. As you
can see in Fig. 5-8, pins 15 through 24 are called A9
through AO. The A stands for address lines. In the
home computer there are usually 16 address lines.
They also snake their way over the board as etchs
and are subject to shorts and opens in exactly the
same way the data lines are.

The address lines that are connected to the
ROM in this case are ten in number. The ROM has a
memory matrix 1024 x 8. The size of the matrix
requires only ten address lines (Table 5-1), which is
the reason only ten are present. Let’s examine the
requirements in greater detail.

Suppose the CPU wants to read the data that is
contained in the fifth register on the ROM. The first
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thing the CPU does is select the chip by outputting
0011 to the four chip select lines. This signal acti-
vates the ROM. It is ready to do the CPU’s bidding.

On the ROM there are 1024 registers, each
register containing eight bits. Each register has an
address on the ROM. The addresses range from O to
1023. This is the same number of addresses as 1 to
1024, except we are counting from zero instead of
one. Get used to starting with 0. That is the com-
mon method in computers. This gives the fifth
register on the ROM an address of 4. Starting at 0
for the first register, the fifth register is 4.(0, 1, 2, 3,
4).

The ten address lines to the chip are capable of
making individual connections with every register
address from 0 to 1023 on the chip. Each ROM
register contains data. When an address line makes
contact with aregister, the register is activated and
outputs its data into the awaiting data bus.

How can ten address lines make contact with
1024 registers? Let’s figure it out. Suppose there
was only one address line. How many registers
could it activate? It could turn on two registers. The
line could be +5 Vor 0 V. This is the same as calling
the line positive or negative, high or low, 1 or 0, or
even true or false. All these terminologies are used
and they all mean the same thing. The point is, if you
had one register that was accessed with a 1 and
another by a 0, and both were connected to the same
address line, you could turn on one with a 1 and the
other with a 0 (Fig. 5-9).

With two address lines you can access four
registers. For instance, number 0 register will
respond to the signal 00. Number 1 register re-

Table 5-2. The Chip Select (CS) Terminals on Any Chip are Really
Address Lines. Typically, They Come from A15, A14, A13, and
A12. When a CS Terminal is Labeled CS Only. That Terminal Will
Turn on if a High Pulse or 1 Arrives. When the Terminal is « CS it

Will Turn on if a Low Pulse or O Arrives.

Chip Select Code
Does Not
Name Turns On Pin Turn On Pin
CS High-1 Low-0
*CS Low-0 High-1




Table 5-3. With Four Chip Selects on a Chip. 16 Different Combinations of A15-A12
Addresses Can Be Installed on a Chip. This is Useful When Addresses are Assigned to a Chip.

Chip Selection
Chip Number Chip Select Code CPU’s 1s and Os
1 *CS0 *CS1 *CS2 »CS3 0000
2 *CS0 *CS1 *CS2 CS3 0001
3 *CS0 *CS1 (€S2 »CS3 0010
4 *CS0 *CSt CS2 €S8 0011
5 *CS0 CSt1 *CS2 *CS3 0100
6 *SC0 CS1 *CS2 (CS3 0101
7 *CS0 CSt1 CS82 *CS3 0110
8 *CS0 CSt CS2 (CS3 o111
9 CS0 *CS1 *CS2 *CS3 1000
10 CS0 +CS1 *CS2 CS3 1001
11 CS0 *CS1 (CS2 *CS3 1010
12 CS0 *CS1 CS2 CS3 1011
13 CS0 CS1 *CS2 *CS3 1100
14 CS0 CS1 *CS2 (S3 1101
15 CS0 CSt CS2 *CS3 1110
16 CS0 CS1 CS2 CSs3 1111
sponds to address 01. Number 2 register answers to Three address lines can pick from eight regis-

the address lines outputting 10. Number 3 register ters. Four address lines choose from 16 registers.
opens for data accessing upon receiving a signal of Five address lines can contact 32 registers, six
11. Those are the four registers 0, 1, 2, and 3 (Fig. lines can distinguish between 64, seven lines can

5-10). handle 128 addresses, eight address lines contact
One address line Register
CS
01010
Address line
A0 O
Will access CS ‘
Will access + CS Register

Fig. 6-9. If you had two chips to address, one address line could do the job. With a high pulse you could address *CS and with a
low pulse CS could be addressed.
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256 registers, and nine lines can turn on 512 indi-
vidual addresses. Then we come to ten lines A9
through AO which can address any one of the 1024
registers on the ROM. Each of the registers con-
tains an eight bit byte the CPU needs.

Getting back to the situation where the CPU
wants to address the fifth register of the total 1024
registers, the CPU must proffer the correct signal
from the ten lines. Remember, each line can send
either a 1 or 0 to each connection A9 through A0. If
all ten lines send 0’s, the total signal is 00 0000
0000. This is a valid address and opens up the first
register numbered 0. Should the ten lines produce a
total signal 00 0000 0001, then the second register
is being addressed which is numbered 1. The third
register, numbered 2, is addressed as the ten lines
show 00 0000 0010. The fourth register, number 3,

is addressed by the signal 00 0000 0011. The de-
sired fifth register, numbered 4, can be accessed
with the ten address lines having a 00 0000 0100
(Fig. 5-11).

ALL THE CONFUSION

All this addressing is very confusing because a
lot of activity is happening to two different signals,
by two different numbering systems to a group of
registers that are counted starting with zero instead
of the usual 1.

Let’s unravel the skein of facts and clear things
up starting with the way things are numbered in
computers (there is a good reason for it). As you
proceed in computer learning, you'll find that the
decimal numbering system you've learned all your
life doesn’t work too efficiently with computer logic

Two address lines

Register 0
A0

00

Al

JLJ L aco

l||| Al o

© Register 1
A0

[o1]
Al

Register 2

A1-

¢———n=s A

Register 3

AO

1]

_7L

Address

Fig. 5-10. Four registers inside a chip can be addressed with two address lines A0 and A1. Two lows will open up register 0, two
highs will activate register 3 and one high and one low will turn on registers 1 and 2 according to the order of the logic states.

70



Binary addresses

ROM
1024 x8

00 0000 0000

4/1St register

00 0000 0001

00 0000 0010

00 0000 0011

00 0000 0100

¥——— Fifth register

00 0000 0101

00 0000 0110 t———

111111 1101 T T7 ]

111111 1110

111111 1111

A9 —¥
=

1024th register

Fig. 5-11. The logic state 00 0000 0100 will turn on the fifth register and connect its data lines to the data bus.

circuitry. There are other systems that lend them-
selves in a much better fashion. You've probably
heard them mentioned as binary, hex (hexadecimal),
and octal. Decimal is still used so that makes a total
of four numbering systems that could possibly be
needed to use a home computer fully.

For servicing, a lot of the testing requires
decimal and binary. Binary is an easy count and uses
only two numbers, 0 and 1. To count to ten in
decimal you've been taught 1, 2, 3,4, 5,6, 7, 8,9, 10.
To count to ten in binary the count is 0, 1, 10, 11,
100, 101, 110, 111, 1000, 1001. In decimal you
normally start with 1 and end with 10. In binary you
start with 0 and end with 1001. This makes decimal
1 equal to binary 0: The two different systems are
confusing enough but to make 1 equal to 0 is even
more so0. As a result the decimal was adjusted so
that 0=0 and 1=1. All that was needed was to start
counting items in the computer at 0 in decimal
instead of counting at 1. Get used to doing that and
you'll save complications. Eight data lines are
DO-D7. Sixteen address lines are A0-A15. Two

hundred and fifty six registers are addressed 0-255.

Another main confusion area is between data
and addresses. If you look at a RAM chip that has
128 registers and each register has 8 bits, you see it
is called 128 x 8. Now the 8 bits are attached to the
bidirectional data bus. The data is written to the
RAM in 8 bits, all 8 bits travel to the RAM at the
same time in parallel fashion. When the 8 bits arrive
at their destination they are installed in the bit
sections of the register.

How do the 8 bits know what register to go to?
Immediately before the 8 bits leave the CPU for the
RAM register, the CPU outputs an address over the
16 bit address bus. The 16 bits represent an ad-
dress. In fact, the 16 address lines can address
65,536 separate addresses like the 10 address lines
can address 1024 individual addresses. Therefore,
the 8 bits in the data bus can be sent to any one of the
addresses the address bus addresses.

The confusion is between the sequence of
events and the fact that binary bits are used to
represent the data and the addresses. It will take

71



time to learn that first the CPU outputs an address
and then writes or reads a RAM register. Or the
CPU outputs another address and reads a ROM
register. Also the addresses are in binary and so is
the data the registers contain. All of these items of
information will be covered in more detalil, just try
to realize the confusion highlights.

ROM AND RAM ROWS AND COLUMNS

In the typical home computer memory there
are seemingly endless rows of registers. Actually a
count of the registers on any chip shows the rows
are not endless but can be counted. If you look at a
register row count you'll find a mathematical se-
quence similarity to the common chips. All the row
counts total powers of 2. This means the chips have
2,4, 8, 16, 32, 64, 128, 256, 512, 1024, 4096, 8192,
16384, 32768, or 65536 rows of registers. Each
register has 8 cells, each cell capable of holding one
binary bit. Eight bits is known as a byte. Every byte
has an address. For example, on a chip with 16 rows
(Fig. 5-12), the addresses could be numbered 0
through 15, if decimal counting is used. The CPU,
which only counts in binary, would address the chip

16 x8 Memory chip
Decimal - Binary
address address
4———1 byte &

0 0000

1 0001

2 0010

3 0011

4 0100

- 5 0101

é % f;‘ 0110

O = 0111

o 8 1000

9 1001

10 1010

1 1011

12 1100

13 1101

14 1110

15 1111

Fig. 5-12. The decimal address of the registers is the one we
humans understand easily. The equivalent binary address is
the only one the CPU can output.
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with the binary numbers 0000 through 1111.

The CPU can address this chip with four ad-
dress lines. The four address lines can make a
connection to any of the rows by outputting the right
binary number across the four lines. The four lines
connect into a circuit on the chip called the address
decodey. The address decoder in turn connects to all
16 registers. According to what state each line is in,
the decoder will turn on one of the registers. For
instance, if A3is 0, A2is 1, Alis 0, and AOis 1, the
lines have 0101 across them. Since 0101 in binary is
equal to decimal 5, the address lines will activate
register 4 (Fig. 5-13). (Remember A4 is the 5th
register since we start the register count at AQ).

Since it has been established that the address
lines can open up one of the row addresses by
connecting a binary signal to the chip, it is time to
see what happens once the row of bits is activated
and ready to output its contents. Every row on the
typical chip has 8 bits. Each and every bit has its
own place in the row. The most significant Bitis D7.
The Least Significant Bit is DO. Between MSB and
LSB are lesser and lesser bits, D6, D5, D4, D3, D2,
and D1. The D stands, for data.

The registers are all arranged in rows. The
bits in each register are all arranged in columns.
There is one column for all the D7s, another column
for all the D6s, D5s, and so on. Each column is
separate from the one next to it. In this chip we are
discussing, a 16 % 8, there are 8 columns and each
column has 16 bits, one from each register.

All the D7s are connected together, all the
D6s are connected as are the rest of the same
positioned bits in each register (Fig. 5-14). Each
column is connected to a huffer circuit. A buffer
which is discussed later in the book is nothing more
than a form of amplifier. A buffer stands between a
column and the 8 bit data line. Each column is
connected to one of the data lines through a buffer.
The 8 columns are connected to the 8 data lines.
The D7 column that is attached to all 16 D7 bits, is
therefore attached to the D7 data line. The rest of
the columns are all connected in the same way. The
data lines, as mentioned, run back and forth be-
tween the CPU and the chips.

When the CPU upon your command wants



4 address lines choose
from among 16 registers
l 16x8
Address —1 5th register binary
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Fig. 5-13. If 0101 arrives on the address lines A3-AQ the fifth register will be addressed.

some data, here is what happens. The CPU outputs
an address. Suppose that address is 1001. On our
example 16 x 8 chip (Figs. 5-12 and 5-13) the
address 1001 arrives on the four address lines. The
address decoder opens up the tenth register 9.

Let’s say address 9 contains the 8 bits, 1011,
0011. Once 9 is activated, its contents 1011 0011,
goes to the 8 column buffers (Fig. 5-14). The buffers
amplify and otherwise prepare 1011 0011 for
presentation. The buffers then output 1011 0011 to
the 8 data lines. From there the binary signal goes
on to the CPU, where it is said, the CPU has just
read the contents of 1001, address 9 on the 16 x 8
memory chip.

If the 16 x 8 chip was a ROM, then the CPU
can only read it. Should the chip be a RAM the CPU
could write to it in addition to being able to read it.
For example, suppose the CPU wants to write the
binary message 0111 0011 to address 5 (the sixth
register on the chip). The decimal equivalent 5 in

binary is 0101. The CPU promptly outputs 0101
into the four address lines attached to the chip’s
address decoder. The decoder opens up (Fig. 5-13).
Then the CPU outputs 0111 0011 to the 8 data lines.
The data travels to the buffers of the chip (Fig.
5-15).

Meanwhile, since the chip is a read-write type,
the R/W line must be turned to write. The buffers
then allow the signal 0111 0011 into all 8 columns.
Since the only address activated is 0101, decimal 5,
the signal enters each bit of 5. It can now be said that
the CPU has written 0111 0011 to 0101, decimal 5,
of the 16 x 8 RAM chip.

WIRED MEMORY

Even though we can’t stick a probe into the
wiring of a chip, and the only way it can be seen is
through the lens of a microscope, we know the
wiring is alive and active. RAM memories have
wiring in their cells that are able to store and move
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signal bits. The RAM wiring consists mainly of
flip-flop circuits that have no inherent signal of their
own, but rather depend on a signal to be sent to
them so they can manipulate the signal in the way
the CPU instructs. If there are signal bits in RAM
and the computer is turned off, the signal disappears
and is forever lost.

A ROM, on the other hand, is wired with the
signal bits inherent in the wiring. When a ROM is

activated it is bristling with bits. They are burnt
right into the chip and will always be there, as long
as the chip is not'defective. Every time you turn on
the ROM you can be sure it will be ready to deliver
the signal that it has been wired to contain.

How can a ROM be hard wired to deliver the
same signal bits over and over again on demand?
Let’s go back to rows and columns on the 16 x 8
memory matrix on a ROM chip. The address lines

Register columns
16x8
~NOUITONT O
lallaNalalala¥alla)
@ o DO
Tri-state bidirectional | o D1 Data
buffers  —| B o D2 )
RN B o D3 us
N | B e D4 to
B 0 D5 cPU
B e D6
RW | E o D7
RAM memory chip

Fig. 5-14. Each column in the register has a D number. They match the databus D7 to DO. Alithe D7 s are connected together
asis all D6s, D5s and so on. Each column is connected to its respective number in the data bus through a bidirectional buffer
circuit.
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A write operation
RAM
16x8
0
1
2
Address bus from CPU 3
4
Stol1[1[1 oo 1]
Address /
00—BA3  decoder 7
10—+ A2 8
0 O—-B A1 9
10— A0 10
11
12
13
14
15
. g ——0 DO
Tristate buffers ) D1
¢—oA~—o0 D2
¢¢4——+—0 D3  Data
¢ o D4 bus
from
¢§——1—o0 D5 CPU
0 (write) ¢ o D6
o) P R/W T‘--————-—-o D7
RAM memory chip

Fig. 5-15. During a write operation to a 16-register RAM, the following happens. First, address lines A3-A0 receives the register
address 0101. This activates register 5. Next the R/W line gets a 0 which prepares the register for data from the CPU by
adjusting the buffer. Lastly, the data 01110011 arrives on the data bus and goes unimpeded to the fifth register.

attach to the rows of registers and the data lines are Figure 5-13 shows a microscopic section of a
connected (through buffers) to the columns of same 16 x 8 ROM. The addresses, 0000, 0001, 0010 and
numbered bits. One of the simplest ways to hard 0011 are the first four rows on the chip. They are
wire the signals in place is by connecting diodes attached to A0, A1, A2 and A3 address bus lines.
between the rows and columns. Let’s go into this According to the combination of binary bits on the
scheme in more detail. four address lines, one of the addresses will be
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opened up. For instance, if AOhasa 0, Alhasa0, A2
is 1, and A3 is 0, then the third address 0010 will
open up.

Between the row addresses and the columns of
bits, diodes are installed.There is one diode be-
tween each row and every column. For example,
row address 0010 has eight diodes attached (Fig.
5-16). The cathodes of the diodes are connected to
the row side. The eight anodes of the diodes are
connected to the column side. While all eight diodes
are attached in common to the row 0010, they are
attached separately to the eight columns.

The columns are in turn connected to the data
bus. When address 0010 is activated and the eight
diodes are connected between that row and the
eight columns the diodes will all conduct, cathode to
anode. The columns DO through D7, will each re-
ceive the signal 1. The columns will then contain
the total signal data 1111 1111. The columns output
the data 1111 1111 to the data bus. The signal then
proceeds to the CPU.

Suppose you are the manufacturer of this 16 x
8 ROM. You desire address 0010 to output 1001
1100, instead of the 1111 1111 that the diodes pro-
duce as they conduct. You must alter some of the
diodes to produce the change in signal. An analysis
of the change shows you want to alter bits D6, D5,
D1 and DO, D7, D4, D3 and D2 should be left alone,
since they are already outputting 1, 1, 1, and 1. It’s
the 1’s that should be 0’s that need changing.

You proceed to place a voltage high enough to
blow out a diode between the following test points.
Row 0010 is grounded and high voltage is applied to
column bits D6, D5, D1, and DO. This blows open
the four diodes between these points. Now when
you want a signal from row 0010, the blown diodes
output no voltage, which is a signal of 0, and the
remaining good diodes output normal voltage,
which is a signal of 1. The total signal from address
0010 becomes 1001 1100, which is what you wanted
(Fig. 5-17).

While this procedure will work during actual

D7 D6 D5

Row address
0010
G

Rows and columns

D4 D3 D2 Dt DO

Column

NN X X X

e} o
I A
o 1 Ty e
1 1
Data bus

Fig. 5-16. When row 0010 on this ROM is adgﬁressed, all eight diodes conduct producing the data 11111111,
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D7 D6 D5 D4 D3 D2 D1 DO

Row address
0010

o . s - Py o

RN R RN

6 6 b6 b6 8 b b
1 0 01 1 1 0 o0

Fig. 5-17. If the diodes at D6, D5, D1, and DO are blown out,
when 0010 is addressed, only the intact diodes will conduct
producing the data 10011100.

manufacturing, nothing so slow is used, except
during some assembly line troubleshooting as
specific tests. When a ROM is designed, large
printed circuit patterns are made. The junctions
that are going to contain a diode or transistor are
clearly defined on the pattern. They are the junc-
tions that produce the binary 1s. The inactive junc-
tions are also shown. These are the places that
produce the 0’s. Once the patterns are completely
designed they are reduced photographically to chip
size.

The inside of the chip, as mentioned, is not
accessible to the servicer. However, all the pin
connections of the package, the 16 address bus line
etchs, the eight data bus line etchs and a lot of the
discrete supporting circuitry are easy to get to and
are subject to failure. Even though the chip circuits
are microscopic they figure just as importantly in
the repair scheme of things and must be considered
as you troubleshoot the RAMs and ROMs.

PROMS AND EPROMS
During servicing, you will on occasion run into

a computer that uses a special type of ROM called a
PROM or an EPROM. The PROM is a Program-
mable ROM. The EPROM is an Erasable Pro-
grammable ROM .

A good example of a PROM was shown in the
last section. It's a ROM chip before it has the pro-
gram installed. The chip could be a 128 x 8 with
diodes installed, eight to each of the 128 rows,
which makes 128 to each of the eight columns. You
can program the chip by blowing out any diodes
where a 0 is supposed to be, and leaving alone any
diodes where a 1 is to reside. Once the program is
burnt in, the PROM works just like any other ROM.
A good example of a PROM being used for servicing
is an exerciser. Lots of times a servicer will be
given the job of repairing a large number of the same
computers. He could make a PROM that when in-
stalled in the computer would render a few valuable
exercises on components that indicate trouble.

A typical PROM could have npn transistors
installed between rows and columns instead of di-
odes (Fig. 5-18). The emitters are attached to the
rows and the bases to the columns. The collectors
are all connected to a common +5 V. With this
configuration a fusible link connects each collector
to +5 V. To program a bit its fusible link is blown to
install a 0, or the link is left intact if you want a lin
the bit position. Once you blow a link the change is
permanent. That bit will contain a 0. The 1s with
the link intact still are changeable, since you can
make them a 0 by destroying the link with some
excess voltage.

The EPROM, on the other hand, can be used
over and over again. Instead of using conventional
diode type hookups between the rows and columns,
MOSFETs are used. These metal oxide silicon
field-effect transistors have a very useful ability ordi-
nary transistors do not. If you apply about 25 volts
between the source and drain, a phenomenon called
avalanche injection causes the gate to lose its effect
and act like an open circuit. It is as if the gate has
been blown open. No conduction can take place and
a 0 is installed in that bit the MOSFET occupies
(Fig. 5-19). If the bit does not receive any voltage it
retains its manufactured value which is a 1, since it
can conduct.
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The MOSFETS, in addition has another useful
ability. If you expose it to ultraviolet light for a half
hour or so, the avalanche injection effect subsides
and the gate can conduct once again. In other words
the light erases the program on the EPROM. You
can use the EPROM over and over again (Fig. 5-20).

UPGRADING MEMORY

The typical home computer uses a CPU with a
register called the program counter. This register
usually has a capacity of 16 bits. As shown before 16
bits are able to form 65,536 different combinations
of 1s and 0s. The program counter points to the
next address in memory where the CPU can get
data. Since the PC is able to form 64K different
addresses you can fill the computer with devices till
you use up the 64K.

For example, a computer with 16K of RAM
could also have 24K of ROM and about 8K of other
system addresses. This adds up to about 48K total

addresses that the CPU can communicate with.
However, the CPU is able to handle another 16K
worth of addressing. If you look at the memory map
which is the layout of what the addresses are, you
find the addresses numbered 16384 to 32767 are
labeled “not used”. This is expansion territory. You
can add 16K of devices in the unused areas.

There are many schemes available to take ad-
vantage of the gaps in memory maps. In fact, very
few computer systems are originally manufactured
with every address available filled with devices.
There is always a way to upgrade a system as a new
need arises.

Most of the time upgrading consists of adding
more RAM or ROM. RAM is usually added in the
following way. Suppose you have a computer that
has 4K of RAM and you want to upgrade it to 16K.
When you examine the print board there are eight
RAM chips. The parts list describes the chips as
512 x 8 types. This means each chip contains %K

NPN PROM
Columns
D7 D6 D5 D4 D3 D2 D1 Do
Row
O & o PN & & PA
Lo o B e 0 45V
o o} o 0 o o o o}
1 0 1 1 1 0 1

Fig. 5-18. Instead of diodes, npn transistors could be used. A separate +5 V source is needed in this configuration. This

arrangement outputs the data 10110101.
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MOSFET EPROM
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Fig. 5-19. With MOSFET EPROMSs a useful phenomena allows the FETs to act like an open circuit and act as a PROM.

bytes. Eight chips times 12K comes to 4K. A look at
the memory map shows the 4K of RAM occupies
the addresses 0 through 4095. The addresses 4096
through 32767 are labeled Not Used. Those empty
addresses are available for more RAM. The pro-
gram counter is quite able to address the empty
addresses even though it is not doing so with the
1K chips installed.

To upgrade the memory from 4K to 16K you
purchase eight new RAM chips. They have to be
types that will work with the system. These can be
obtained from the original manufacturer or a suit-
able replacement maker. The new eight chips, in-
stead of being %K are 2K each. Instead of the eight
chips totaling 4K of RAM they total 16K.

The conversion consists mainly of removing

the eight 2K RAMs and installing the 2K RAMs in
their place. The RAM chips are sensitive MOS
chips so they must be handled with extreme care to
avoid static electric charge rupture. The additional
compacting of circuits on the chip increases the ICs
distributed capacitance, so part of the conversion
could be disconnecting some of the discrete
capacitors, like the little bypass ones, on the print
board in the RAM circuits. Another problem during
conversion could be that the address changes alters
some decoding between the large chips. If the
changes are needed the mariufacturer usually gives
you service notes to clue you into a successful
conversion.

ROM upgrading works in a similar way. ROM
chips are prepared programs. When they are placed
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Erasable PROM

Fig. 5-20. The E in EPROM stands for erase. With an ul-
traviolet light shining through a quartz window, the EPROM is
returned to its original state of all 1s.
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into a memory map they perform a specific job.
They usually take control of the computer when
they are installed. For instance, a ROM chip could
turn the home computer into a word processor, a
data processor, or a space game. A lot of the ROMs
are cartridges and plug into a receptacle on the print
board. When the ROM is a cartridge the memory
map will show a place for it. It could say, Cartridge
ROM 49152-65279. This would be about 16K ad-
dresses that are reserved for the cartridge. When
the cartridge is plugged in it usually disconnects the
built in ROM. Then the cartridge takes over all the
control of the computer.

Another type of ROM is one that doesn’t fully
take control but simply adds to the capability of the
built in ROM. For example, a home computer when
first purchased will have 4K RAM and a beginner’s
level programming language. As the user progress-
es more RAM is desired and a conversion from 4K
to 16K is made. Since there is additional memory
the user could advance to higher levels of pro-
gramming. There are ROMs available that will sup-
plement the original ROM and extend the language
capability of the computer to the higher levels. The
additional ROM is purchased and installed. It could
be a cartridge or it could be a 40-pin package that is
socketed or soldered into the print board.



Chapter 6
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The Rest of the Chips

If you look at the chip location guide, in addition to
the main chips in 40- and 24-pin packages, there are
many other smaller size packages with fewer pins.
There are 12-, 14-, and 16-pin packages (Fig. 6-1).
These pins are not usually socketed and thus are not
easily replaced as a service test. Fortunately, these
chips are not usually as complex as the CPU and its
large support chips. These smaller packages are
much simpler. The buffers, latches, flip-flops, de-
coders, and individual logic gates can be tested by
routine pin readings. The video mixer, modulator,
and power supply regulators can be tested with
routine TV service techniques.

INTERNAL WIRING

When you decide to test a chip the first piece of
test equipment you reach for is the vom. The vom
lets you take voltage readings of the pins on the
chip. What these readings mean in terms of chip
failure is discussed in later chapters. For now let’s
examine what is available at the pins. Inside chips
are a lot of components and circuits that you cannot

get to with your vom. These internal circuits are
connected together and the circuit nodes cannot be
reached with a vom probe. There can be literally
thousands of these nodes not available for testing.
They are microscopically taken out of the normal
testing range.

In chips like the CPU or RAM about all you can
do during testing is replace the chip or take some
input-output tests. There is no routine way you can
pinpoint the transistor or other defective micro-
scopic component. There can be one input line, one
output line, and a thousand transistors between.

In chips such as a buffer or latch, the internal
wiring is not so extensive. A buffer could have a
number of FETs wired internally (Fig. 6-2). While
you couldn’t read an individual electrode, since the
nodes, are wired internally and not available at a
pin you canread the effect of all the FETs at a pin.
This brings the pin readings closer to routine volt-
age tests. While it is important to realize the read-
ing you are taking represents the total effect of
diodes and FET's operating together, you can adjust
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The rest of the chips

Buffer

Rf

Regulators D
B

modulator
g
E ——— —
| |
| VDG ] Video
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Fig. 6-1. There are many smaller chips in a computer like buffers, latches, decoders, logic gates and so on. They are easier to

test than the large 40-pin packages.

your thinking to encompass all the internal wiring
as a single circuit. Then you can test the pin as a
single entity and come up with a fast analysis.
The single entities, which are in actuality,
many internally wired circuits are called buffers,
latches, flip-flops, gates, etc. On a chip there can be
a lot of these circuits. For instance, there is a chip
called a hex buffer. All that is, is six separate buffer
circuits, all on one 16 pin package (Fig. 6-3). Each
separate buffer has its own pin numbers. If you treat
each buffer as a single circuit, you can test each one
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by reading its individual pin numbers. Let’s
examine these various chips, from the point of view
that they contain a number of individual accessible
circuits. The internal circuits are discussed in later
chapters.

BUFFERS

A buffer is a set of internal circuits arranged to
accept a 0 or 1 and then transfer the data state
through itself. The buffer can’t store the 0 or 1, just
transfer it. The buffer is used when the data has to



MOS buffer
internal wiring

|

Vee

O

|

A A'%A%

I N S I 2

P J11

/77 Vss

Fig. 6-2. Even though a buffer has transistors, diodes, and a resistor, the only test nodes available are the input, output, and

Vee

be transferred from one logic level to another. For
example, when the data has to go from a TTL chip to
an MOS chip, a buffer could be used to effect the
transfer. Actual details are discussed in Chapter 9.
Buffers can come four, six, or eight gates to a
package. The four gate package is called a quad, six
gates a hex, and eight gates an octal. Each gate has
its own pin numbers. Figure 6-3 shows the little
buffers and their pins. There is one pin for an input,
at the base of each triangle, and another pin, the
output on the point of the triangle. What is not
shown are two more connections that go to each
gate (Fig. 6-4). They are the voltage Vcc and return
line (usually grounded) Vss. These two lines are
common to all the gates. If you put +5 V on Vcc and
grounded VsS all the gates would be powered.

This brings up the word ENABLE . That term -

is found all over computers. If you look up enable in
the dictionary, one of the synonyms is empower: to
make one able to do something. If you empower a

Hex buffer chip
Vc: ] ] 16
2 O ] 15
= i H.
e
5 [] 12
6 [ . ] 11
gk ¢ B
8 O] 19

Fig. 6-3. A typical chip contains six buffers. You cantest each
one individually at its inputs and outputs. Vcc and Vss are
common to all of them.
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buffer with +5 V you make the buffer able to trans-
fer a 0 or 1. Should you remove the +5 V power,
then the buffer is disabled and not able to transfer
the digital data states.

In some buffers there is an enable line or EN
(Fig. 6-5). Data can only be transferred through the
gate while the gate is enabled. The enable line can
turn on the gate in one of two ways. The obvious
way is if there is +5 V applied to the gate. When the
gate is enabled with the application of +5 V it is said
to be a HIGH enable.

On the other hand, the circuit setup might, and
often is, arranged so that 0 V is required to enable

the buffer. When the gate is enabled with the appli-
cation of 0 V it is said to be a LOW enable. When the
enable is LOW the EN is changed to EN or * EN.
Note that there is a line over (or an asterisk with)
the letters. That designates the LOW condition for
the eriabling.

This brings up another term servicers must
understand to do their job. This is tristating. These
buffers, as well as other devices with the enable
lines, are said to have tristate capability. There are
three states a buffer could be in. One, is transferring
a 1. Two, is transferring a 0. Three, is transferring
nothing, while the buffer is disabled. The buffer is

Vce
Pin 1 ©

Output
Pin2 ©

Vce input

hex buffer

& To other five buffers

Input
Pin 30

Vss

Fig. 6-4. Vcc is connected to each buffer internally in'this manner. You can't get to the internal Vce nodes and can only test the

Vce at its master input on pin 1.
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Input

Enable line

Enable

Output

Fig. 6-5. Many buffer types have an enable line that can turn the gate off and on. The buffers that have enable lines are said to

be a “tristate” type.

only on while it is enabled. While it is enabled it
assumes a state of 1 or 0. When the buffer is dis-
abled it assumes the third state of having a high
impedance and being off (Fig. 6-6).

There are lots of logic devices that do not have
tristate ability. Yes, these devices can be turned off
but their being turned off doesn’t have any use in the
computer scheme of things. The tristate ability of
buffers does have use. The enable line going off and
on is part of the data-addressing activity.

During servicing you'll be testing pins and test
points for all three states (Fig. 6-7). The vom typi-
cally reads +5 V for a High, 0 V for a Low and
somewhere in between, like +2 V for the tristate
condition. After checking a few circuits the tests
will become automatic.

LATCHES

The most striking difference between buffers
and latches s, a latch can store a logic state of O or 1,
while a buffer must pass the state right through
itself. The latches come in packages of four, six, or
eight devices like the buffers. A latch is also a
tristate device like a buffer (Fig. 6-8). The input is
on the left-hand side of the square symbol. The
output then continues on to the data lines. A third
connection to all the latches in the package is the
latch ENABLE. Note the asterisk in front of the

word ENABLE. This means the latch will store
when the enabling signal is LOW.

Whenever the ENABLE is LOW the latch will
store the 1 or 0 in the data line. If a HIGH pulse
comes along on the enable line, the latch is opened
up and the logic signal is freed. It travels on to the
data line. As soon as the HIGH pulse goes LOW, the
latch closes up and stores the input signal again.
The latch thus stores, releases, and stores again as
the enable line goes LOW, HIGH, and LOW again.

The latch ENABLE is usually held LOW which
is the store position. Whenever the logic state has
to be updated, a momentary high pulse makes the
latch flip-flop. That is, it changes from a store to a
discharge and then back to a store again. There is a
detailed circuit step-by-step description of the
flip-flop in Chapter 9.

THE OCTAL D FLIP-FLOP

The latch is a flip-flop circuit. There are also
chips called octal D flip-flops. What is the differ-
ence? Not very much, they are almost identical. The
only difference is in the way the enable line oper-
ates.

The ordinary latch is a flip-flop that is said to be
sensitive toa dc voltage or to put it another way, the
latch is level sensitive. A 1 or 0 will turn the latch
from store to discharge. The 1 pulse momentarily
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Tristate device
D70 } o
D66 \: : o
D5 ©- N: o
D4 O \: o
[42]
c% D3 © ™ o
g Sl
D2 O \: O
D1 O \‘: O
DO o \: o
O Enable

Fig. 6-6. Tristate buffers are found in data bus lines. This set of eight buffers are all enabled or disabled at the same time.
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The three digital states

High +2.5Vto +5V

.Q/"“,’“\/

oo 00

Vom

Low0OVto +0.8V \

o o0
o £ o

oo 00

Vom

.
Tristating

¢ o
o &1 o

o0 00

Fig. 6-7. The vom will reveal one of three logic states at a test node in the digital circuits. If it reads from about +2.5 V to +5V
there is a HIGH on the node. When the vom reads 0 V to about +0.8 V it represents a LOW. If the reading is somewhere in
between, the test point is in a high impedance state which means it is tristating.
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Input
FF

Latch
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*Enable

Fig. 6-8. If you hook aflip-flop in front of a buffer, the two devices form alatch. The fatch can store a 1 or O untilitis time foritto be
updated. Then the latch is opened, passes its contents to the buffer and receives a new logic state.

unlatches the stored signal to the latch output. The
0 relatches the storage capability.

The other type of flip-flop the octal D, is not
sensitive to a dc level. It is only sensitive to an ac
input like the computer’s clock signal. It is usually
called a D flip-flop (Fig. 6-9). It can be triggered by
the edge of a pulse. As the pulse causes it to flip-
flop, it is said that the clock input moves the data
from the D inputs to the Q outputs.

ENCODERS

In Morse code, as you hit the key, you change a
letter or a number to a series of dots and dashes.
Everybody knows the old SOS call, dididitdah-
dahdah dididit (--- --- ---). When you are sending
out the international distress call you are encoding
the SOS to -+ --- --- In a computer there is a
keyboard. As you type your program in letters and
numbers there is a chip or more in the keyboard
circuit that encodes the letters and numbers into 1s
and Os (Fig. 6-10). The computer does not under-
stand the alphabet or our decimal numbering sys-
tem. It only comprehends binary arithmetic, the 1s
and 0s. Once your program is encoded then the
computer can do something with it. You'll en-
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counter encoders in the computer. For the most
part, they are taking a single letter or number and
coding it into binary output. The binary output can
then be used by the computer as pulses or voltage
levels.

DECODERS

The decoder name implies that it reverses the
encoding. In some cases it does. For instance, in a
line printer there will be decoders like this (Fig.
6-11). When you want to print a hard copy of a
program you wrote, you have the computer output
your program to the printer. The output consists of
binary code. The printer receives the code and a
decoder chip will make the keys of the printer strike
the paper according to the meaning of the code. This
is exactly the opposite of the keyboard encoding.
However, there are other decoders in the computer
that have little or nothing to do with the keyboard
encoding. These are address decoders. A servicer
uses address decoding often. It is the basis of a lot of
the thinking during troubleshooting.

In practice this decoding technique is used to
choose RAM chips (as discussed in the chip select
section in Chapter 5). If there are eight chips in a
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RAM set, each chip contains a decoder. Each de- Code Chip#
coder is capable of turning on if it receives the 0110 6
correct combination of binary bits. The arrange- 0111 7

ment follows:

When the MPU outputs the chip select code,

Code Chip# the selected decoder pulses and turns on the proper
0000 0 RAM chip. For instance, if 0111 is outputted by the
0001 1 MPU, Chip#7 is addressed.
0010 2
0011 3 LOGIC GATES «
0100 4 On the schematic of a computer you'll find a
0101 5 number of symbols that designate gates (Fig. 6-12).
Octal Dflip-flop
O————P4D Q \ o)
CLK /T/
o0—4 oD Q \ 0
CLK 4/
o S— — | Q !\ 0
CLK 1/1/
(2}
e Q ™ o
7 CLK l/T/
(o]
— L oo o ™ o
CLK l/T/
O—-1——PpPe D Q \ o)
CLK /T/
O———BD Q \ o)
CLK /T/
O——1—$2 D Q \ o)
«Latch enable CLK /T/
O———_—_
Jkﬁ:[_—\\Leading edge of pulse

Fig. 6-9. The octal D flip-flop responds only to the leading edge of the clock signal rather than to any dc logic state input.
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Fig. 6-10. In the keyboard input circuits can be an encoder ROM that will change the keyboard characters to ASCII code.

They are a triangle and two bullet-like shapes. They
come with or without tiny circles. They are drawn
with one or more input leads. However, they all
only have one output lead. Furthermore, when a
little circle is present, it is between a lead and the
body shape.

When you relate the schematic drawing to the
actual hardware you find these gates are on chips
(Fig. 6-13). They are in smaller packages, like 12-,
14-, or 16-pin types, but chips just the same. If you
had a microscope you would see these gates are
made up of transistors, resistors, and diodes just
like any other chip. There is a lot of internal wiring
that you can’t get to, so you must analyze the gates
by measuring the inputs and outputs at the accessi-
ble pins. Therefore, gates can be thought of as a
basic computer element, just as gold is an element
even though it’s made of atoms. The transistors, the
gate is composed of, are relegated to the world of
the microscope not the vom probe.

The triangle by itself is not technically a gate.
The triangle is a form of amplifier and is used as a
buffer. All of these gates are discussed in detail in
Chapter 9. The triangle with a tiny circle at its

output (the pointy end is the output) is called an
inverter. It is also known as a NOT gate (Fig. 6-14).
What the inverter does is simple. It inverts any 1s
or 0's that enter. If a 1 comes in the input lead, a 0
exits the output lead. Should a 0 enter the gatea 1l
leaves.

There is no storage capability in a gate like
there is in a flip-flop. When a logic state enters it is
modified and keeps right on going with no hesita-
tion. There is however a third state available in a
buffer or an inverter. The tristate is OFF. The
tristate is accomplished with additional leads like
enable .which is not shown on the schematic.

The first bullet-shaped symbol is called an
AND gate. It never has one input lead. It must have
two or more. The AND gate typically takes two
input signals and processes them into one output
signal. It is called AND because it will only turn on if
the two signals are 1 AND 1 (Fig. 6-15). If there are
any other combination of 0’s and 1’s, the AND gate
does not respond. When there are three input leads,
the AND gate will only turn on when 1,1 and 1 is
applied. Otherwise the gate remains dormant.

If the AND gate has a little circle at its output

Printer decoding system

Character pattern "B"

|5 dots |
B

From CPU .
}@-8 Bits ‘)1
Decoding
01100016 system for
i ng FEUUS » 5 printer

The character "B8° %

encoded in binary

Fig. 6-11. In the printer interface system there is a decoder ROM that accepts binary bits that represent a keyboard character
and changes the bits to a 5x7 dot character pattern that is printed on the paper.
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Typical logic gates

%

Y

Exclusive
OR

Exclusive
NOR

=)

(Negated input AND)

o

Lo

(Negated input OR)

Fig. 6-12. These logic symbols are found on the schematics of home computers. It is essential that you understand what they

are and how they work before you try to repair a computer.

lead, the gate is no longer an AND but becomes a
NAND. All that means is Not AND. It’s as if you
attached a NOT gate in the output of an AND gate
(Fig. 6-16). Whenever you see the little circle it
changes the gate symbol. It inverts the output to the
opposite state.

The other bullet shape is more streamlined. It
designates the OR gate. The OR gate, like the AND
gate also has multiple inputs and only one output.

That’s the end of the similarity. The OR gate pro-
cesses states differently. The OR gate will turn on if
one OR the other of the inputs is a 1. This is unlike
the AND gate where only 1 and 1 produces 1 (Fig.
6-17).

This same OR principle follows through on all
OR gates. If one or more of the OR gate inputsisal
the gate will turn on and output a 1. Even if there are
16inputs only a single 1 is needed to get the gate on.

91



b ] ©
Ak

+5V

13
0

12 11 10
1y I P

14

4 input NAND gate

]
as il

|}
2

|
3

Quad
exclusive OR gate

|
1

Fig. 6-13. In a chip replacement manual the various ones are described like these gate chips. On the schematics, itis common
to show the gates individually with the pin numbers as identification.

When the symbol has a little NOT circle on its
pointy output the gate becomes Not OR. It’'s asif an
inverter is attached. The gate with the circle is
called aNOR gate. If youinput a 1, the gate turns on,
produces a 1, but then inverts it, so the final output
is a 0 (Fig. 6-18).

There is another form of OR gate that is shown
on the schematic with the bottom of the bullet

having a curved piece pulled away so a space exists
between the leads and the gate input. This strange
shape is called EXCLUSIVE OR. It is different than
the OR gate in this respect. In the OR gate the
circuit is arranged so that if any or all of the inputs
are in a state of 1, the gate will go on.

In the typical EXCLUSIVE OR gate (Fig. 6-19)
there are two inputs. Like the OR gate, if either of

NOT gate

L

input

1] Output
NOT O

Fig. 6-14. If you check a NOT gate that has a 1 at its input, there should be a 0 at the output.
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Fig. 6-15. The only way an AND gate will pass a 1 to the output is if all inputs are 1s.

the inputs injects a 1, the gate will go on. However,
if both of the inputs are 1, the gate will not go on.
The gate will only go on if either one OR the other
of the inputs is 1, not both. It is EXCLUSIVEly on
OR. The ordinary OR gate acts like an AND gate
when both inputs are 1. Both th AND and the OR
gates will turn on when both inputs are 1 while the
EXCLUSIVE OR will not.

When the little NOT circle is placed on the
point of an EXCLUSIVE OR gate then the gate
becomes an EXCLUSIVE NOR (Fig. 6-20). With
the inversion, all output 1s are made Os and output
0s become 1s, in comparison to the EXCLUSIVE
OR GATE. All of the gates are covered in detail in
Chapter 9.

THE VIDEO MIXER

Another chip you'll find in computers is a video
mixer (Fig. 6-21). It is not composed of logic cir-
cuits but ordinary black and white or color TV
circuits. It is the beginning of the TV part of the

computer.

The VDG chip puts out the composite video
and sync signal. The video mixer chip receives the
signal called Y. The video mixer chip also gets
inputs of the three color signals. In addition the chip
gets an input of 3.58 MHz from the clock in the
computer for a color reference signal. The mixer
chip puts them all together and forms the complete
color video signal, just like a TV station can make.

MODULATOR

When the computer has a TV monitor as part of
its system, the composite signal the mixer pro-
duces can simply be amplified and fed through a 72
ohm piece of coaxial cable to the monitor video
circuits. If the computer has to use a home TV set as
a monitor, then a modulator is needed (Fig. 6-22).

Some computers have modulator chips in-
stalled right on the print board. When it is, it is an
intercarrier vestigial sideband unit. The modulator
receives the composite TV signal from the video

NAND gate
i
o 0
Input NAND B e Output
P o m o Outp

Fig. 6-16. The only way a NAND gate will pass a 0 to the output is if all inputs are 1s.
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OR gate
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Fig. 6-17. The only way an OR gate will pass a 0 to the output (as shown in C) is if all inputs are 0. In all other cases the OR gate
will produce a 1.
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Fig. 6-18. The only way a NOR gate will pass a 1 to the output (as shown in A) is if all inputs are 0. Otherwise the NOR gate
outputs a 0.
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Exclusive OR gate
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Fig. 6-19. The XOR gate is like an OR gate in all cases except if all inputs are 1. Then (as shown in D) the output is 0.

output transistor and can also get an audio signal as
an input. The modulator produces a 4.5 MHz FM
and mixes it with the video to produce an output at a
selected rf frequency. Typical are channels 3 or 4 at
61.25 MHz for channel 3 or 67.25 MHz for channel
4. The output exits the modulator via a 72 ohm
phone jack and can easily be attached to any home
TV.

There are a number of home computers that
produce the composite TV signal but do not have
any rf modulator. These computers are designed to
operate on a monitor rather than a home TV. A TV
monitor typically has better picture resolution than
a home television. For small objects on the display,
a monitor will show a clearer image. However, if
you want to use your TV you can buy rf modulators
for about $50 in a computer store. They are essen-
tially the same as the ones that are in computers and
do the same job.

The store-bought modulators might not appear
to display as clear a picture as the modulators that
are built into the computers. This is because the
display in the modulatorless computers are de-
signed to show more objects than the ones with a
modulator. The crowding of the objects causes the
blurring of the display in these cases. The only way

Exclusive NOR gate

L

L

Fig. 6-20. The Exclusive NOR gate is like the NOR gate
except if all inputs are 1. Then the output is 1.
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color TV signal

Fig. 6-21. The video mixer circuit is not digital but analog. It is quite like any home TV circuit and is fixed with routine TV repair
methods.

Rf modulator

Coax cable
to TV receiver

Channel selector 72 ohm phone jack
iz

Channel 4

Channel iii

Grounded case

+12 'V

From video

From audio circuits .
output transistor

Fig. 8-22. The rf modulator is only needed to produce a channel 3 or 4 frequency so that an ordinary home TV canbe used as a
computer monitor.
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Adjustable voltage regulator
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Fig. 6-23. The computer power supply requires a lot of regulation. This 723 voltage regulator chip is commonly used to do the

job.

to cure the problem if it bothers you, is to use a
monitor the computer calls for.

REGULATORS

There are chips in the power supply. The
power supply, of course, does not have anything to
do with the 1s and 0s. Like any other supply it has
the job of providing the dc voltages to make the
computer work. Typical home computer voltages
are +5 volts, +12 volts, —5 volts, and — 12 volts.
Years ago, when there were vacuum tubes in the
machines, the supply provided filament voltages
too. The solid-state devices eliminated that need.

Solid-state devices though have another need
that tubes were not as fussy about. The chips oper-
ate best if they have the voltages regulated. In a
hand calculator, when the batteries are installed,
the steady dc voltage supplied by the batteries
provide almost perfect regulation. The current
drawn by the chips hardly dents the voltage level.
The +5 V that the chips get is steady as it goes.
This is good regulation.

When an ac adapter, which is a little power
transformer that changes the 120 Vac input to about
14 Vac, is used the regulation suffers. There is a
little filter network in calculators that changes the
ac to dc and takes out most of the ac ripple. For
calculators this power supply means is quite satis-
factory but in a computer much better regulation is
needed.

A computer also uses an ac adapter which is a
large version of the calculator ac adapter. However,
the filter network has to do a much better job of
regulation. The amount of ripple in the dc has to be
practically eliminated, otherwise it could interfere
with the computer operation. That's where the reg-
ulator chips come in.

An often used regulator is the 723 chip (Fig.
6-23). According to its catalog listing it is called an
Adjustable Voltage Regulator. The chip is a 14-pin
package. On the chip are two zener diodes, a couple
of npn transistors, and a buffer amplifier. The step-
by-step operation of the power supply using the 723
is discussed in Chapter 20. The 723 itself has the job
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of regulating the amount of current that flows
through a series-pass power transistor. The 723
gets attached in parallel to the emitter, base, and
collector of the transistor. It constantly samples the
current flow through the transistor and automati-
cally adjusts the flow with its attachment at the
base. If some ripple tends to appear the adjustment
cancels the ripple, and allows a steady dc to power
the computer components.
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There are other types of solid-state regulators
in computer power supplies. These are called ter-
minal regulators and do not resemble chips. They
only have three pins and look like power transis-
tors. The devices are bipolar transistors and not
chips. They are however doing some regulator
duty. When they are tested use transistor tests or
direct replacement since there are only three leads
to desolder.



Techniques Needed for Changing Chips

The microscopic components on a chip are both
rugged and reliable as well as sensitive and fragile.
During computer breakdown, odds are good that the
failure is not a chip but some other component or
connection. Once the chip has been successfully
soldered into place during manufacturing, it has a
very high reliability rating. The situation is not at all
like the failure rate that vacuum tubes were respon-
sible for.

However, when a computer goes down, a lot of
tests, desoldering and resoldering, handling, lead
pulling, exposure to voltages, static electricity,
dust, humidity, freezing and other deleterious for-
ces are experienced by the chips. Even though a
chip is good as you begin a repair, there is always
the possibility it will end up damaged as you check
out the trouble (Fig. 7-1).

There are some chips that are exceptionally
sensitive to heat, voltage, and static electric charg-
es. There are other chips that are not particularly
bothered by these forces. The experienced tech
knows the different chips and their peculiar charac-
teristics that make them susceptible or not. The

rest of this chapter rounds up all the general
techniques as they apply to the different forms of
chips. That way, you can be able to change and test
them with as much safety as possible.

TTLs, DTLs, AND RTLs

TTL stands for Transistor-Transistor Logic
(Fig. 7-2), DTL for Diode-Transistor Logic (Fig.
7-3), and RTL is Resistor-Transistor Logic (Fig.
7-4). You won’t see much of DTLs and RTLs any-
more. Practically all computer chips of this type are
TTLs. The TTL is known as a bipolar digital inte-
grated circuit. The transistors are quite like their
conventionally sized ancestors.

These transistors are called bipolar because
conduction takes place in two directions at the same
time. The electrons travel in one direction while
holes travel in the other. This is different than the
unipolar transistors, like a FET, that has either
electrons or holes on the move but not simultane-
ously.

Even though you won't see much of RTLs or
DTLs, it’s a good idea to review them since they
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Common chip troubles
Quad +5V
2-input
AND gate
(13 12
—_— Shorted gate to +5 V
Shorted gate [_2__.5 _1_—£’>]
e
[3;—3 -_1—_-2-_‘ Open gate
[ )
=k 510
AN
6¢ 9
Shorted gate to ground —-———~E / / N :]
71— - 6:8]
Short gate to Open
gate connection

Fig. 7-1 The six common ways a chip fails consist of four types of shorts and two types of opens. If one of the gates on a chip
shorts the gate acts like a piece of wire rather than a logic device. When a gate shorts to ground, the leg that is shorted will be
stuck low at ground potential. An internal short between two gates is hard to figure and can cause one of many symptoms. if a
gate should short to +5 V the leg involved will be stuck high at +5 V. An open connection internal to the chip will assume the
state of the circuits it is connected to. An open gate will not operate. Input/output tests at the pins should reveal the condition.

were the predecessors of the common TTLs. The
RTL was an inexpensive chip that was easily inter-
faced with discrete components. However it had
low immunity to voltage noises and low fanout abil-
ity. Fanout is the characteristic of being able to
drive additional parallel logic loads. The number of
identical loads the RTL can power are few. The
illustration (Fig. 7-4) shows an RTL gate. Notice
the resistors in the input base circuit of the npn
transistors. That is why they are called resistor-
transistor logic. This basic RTL circuit is called a
NOR gate.

The DTL (Fig. 7-3) has diodes in the input
circuits instead of the resistors. This change of
component makes the gate faster, gives a lot of
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noise immunity due to diode clipping and increases
fanout. Also the DTL permits a large fan-in. The
gate inputs are isolated from the previous gates and
many parallel inputs can be attached without load-
ing the input. This basic DTL circuit is called a
NAND gate.

The basic TTL circuit is also a NAND gate
(Fig. 7-2). These different forms of logic gates are
discussed in detail in Chapter 9. The TTL first of all
is much faster than the RTL and DTL. The circuit
operation though is quite like the DTL. The reason
the TTL is like the DTL is because there is in use in
the TTL a special kind of transistor. The transistor,
invented in 1961 by Thompson, has a number of
emitters in one transistor. The extra emitters



TTL NAND gate
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Fig. 7-2. TTL stands for Transistor-Transistor Logic and means the logic is accomplished by inputting the signal directly into
two transistor emitters.
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Fig. 7-3. DTL means Diode-Transistor Logic and has its inputs made directly into diodes before the transistor can process it.
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Fig. 7-4. RTL means Resistor-Transistor Logic and refers to the resistor inputs in the base circuits of the transistors.

which are pn junctions, just like diodes do a similar
job. All the inputs to the TTL can enter through the
multiple emitters and be diode isolated like the
DTLs. The circuit operation is almost exactly like
the DTLs.

The TTLs are bipolar digital integrated cir-
cuits. There is a whole family of them. There are
about 160 of them in common use, at this writing.
They have been given the series numbering in the
7400s. A list I have in front of me goes from 7400 to
7449. There are lots of missing numbers that will no
doubt be filled in as time goes by (Table 7-1).

Actually, a lot of the numbers have the letters
LS placed after the 74. For instance 74LS00,
741585, 741.5243, and so on (Table 7-2). The L
stands for low power. When there is an L in the chip
number it means the chip uses 80% less power than
a chip without the L designation. However the
lower power dissipation is at the expense of slower
switching speed.

That’s where the S designation comes in. The
S stands for Schottky diode clamped. There is a
Schottky barrier diode clamp in the base circuits
that speeds up the switching action. As a servicer
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you’ll be replacing chips. If you are changing a 741.5
type try to use a 74L.S and not a 74 type. While the
two chips might be functionally about the same, the
exact replacement is always the best way to go. If
you do make a change just be aware of it in case it
doesn’t work out.

There is another improvement to the TTL that
has wide use. This is called TRI-STATE. If you’ll
recall computers are in the business of processing
1s and 0s. A 1is also known as high, true, on, set,
and +5 V. The 01is also called low, false, off, reset,
and 0 V. These are the two logic levels. The tristate
is a third condition that TTLs with the TRI-STATE
capability can assume. In a tristate condition there
is no definable output condition. The TTL is not off,
it is just in a high impedance state. The condition is
said to be undefined.

In these TTLs there is a special input stage
that disables the TTL gate. One example of such a
TTL is shown in Fig. 7-5. There are three npn’s and
a diode in the disable stage. They are Q2, Q3, Q5,
and D1. When the disable input is low, Q2 will
conduct heavily or as it's called, saturate. As a
result Q3 and Q5 will cutoff and the disable circuit



Table 7-1. The Family of TTLs Table 7-2. When a TTL Is Endowed With

Has Been Giving Generic Numbers Beginning With Qualities Such As Low Power and Schottky Diodes,
7400 and Going Up Into Five Digits Beginning With 74. an LS Designation is Added to the Generic Number.
7400 18 74138 .50
7401 19 74141 85 74LS00 .25 7418184 .85 74L5688 2.40
7402 19 74142 295 741501 25 7418185 85 7415689 240
7403 .19 74143 295 741502 25 7415168 2.40 74L5783 24.95
7404 A9 74145 80 741L.503 .25 7418168 176
7405 25 74147 175 741504 .25 748168 175
7408 29 74148 1,20 74L505 .25 74LS170 175
7407 28 74150 1.35 74L508 35 74L8173 .80
7408 24 74151 85 74LS08 .35 7415174 95
7408 18 74152 85 741810 .25 74L8175 95
7410 A8 741563 .55 74L511 .35 74L8181 215
7411 25 74154 140 74L812 .35 7415189 9.95
7412 30 74155 .75 74L813 45 7418190 1.00
7413 .35 74158 85 74L814 1.00 74L5181 1,00
7414 .85 74157 .55 741815 .35 7415182 .85
7418 25 74159 1.85 741520 25 7415193 85
7417 25 74180 .85 741821 .35 74L5194 1.00
7420 .19 74181 .70 741822 .25 7415195 95
7421 .35 74162 85 741526 .35 74L5196 .85
7422 20 74183 .85 74L527 .35 7415197 85
7423 29 74184 85 741528 .35 7418221 120
7425 29 74185 .85 741830 .25 74L8240 1.28
7428 29 74168 1.00 741832 .35 7418241 129
7427 .29 74187 295 741833 .55 74LS242 185
7428 .45 74170 1.65 741837 .85 74L8243 1.85
7430 19 74172 595 741838 .35 7415244 1,29
7432 29 74173 75 741.540 .35 7418245 1.90
7433 45 74174 89 741842 55 7418247 75
7437 20 74175 .88 741847 75 7415248 125
7438 .28 74176 89 741548 .75 741.5249 .99
7440 18 74177 75 74L548 75 7418251 1,30
7442 A48 74178 1.15 74L.851 .25 7418253 .85
7443 85 74179 175 741854 .35 741.8257 .85
7444 .88 74180 .75 741855 35 74L6258 .85
7445 89 74181 225 741563 1.28 7418258 285
74468 59 74182 75 741873 .40 7415280 85
7447 .69 74184 2.00 741874 .45 7415268 .55
7448 .89 74185 200 741875 50 7418273 165
7450 19 74188 18.50 74L878 .40 7418275 3.35
7451 .23 74180 1.15 - 741878 50 74L52789 55
7453 .23 74191 115 741583 .75 7415280 1.98
7454 23 74192 .79 74L885 1185 7415283 1.00
7460 23 74193 .78 741588 .40 7418200 125
7470 35 74194 85 741890 .85 7418203 1.85
7472 .28 74185 85 74L891 .80 7418295 1.0
7473 34 741886 .79 741892 .70 7405208 1.20
7474 35 74187 .75 741593 .85 74L8324 175
7475 49 74198 1.35 741585 .85 7418352 155
7476 .35 74199 135 741898 85 7416353 155
7480 .59 74221 1.35 7418107 .40 7415383 1,35
7481 1.10 74248 1.35 7415109 .40 7415384 1,95
7482 95 74247 125 7418112 .45 7418385 .86
7483 50 74248 1.85 7418113 45 74L5366 85
7485 .65 74249 195 74.5114 .50 7418387 .70
7488 .35 74251 75 7418122 .46 7418368 .70
7489 495 74259 225 74L5123 85 74LS373 .15
7480 .35 74285 135 7408124 289 7405374 1.75
7481 40 74273 195 74LS125 .85 7418377 145
7492 50 74276 1.25 748128 .85 7405378  1.18
7493 49 74279 75 7418132 .75 7418379  1.35
7494 85 74283 200 74LS136 .55 7418385 1.80
7495 55 74284 375 7418137 99 7415386 .85
7498 .70 74285 375 7415138 .75 7418380 1.80
7497 275 74200 95 74LS138 .75 7415393 1.80
74100 1.00 74203 75 7405145  1.20 7415395 1.85
74107 .30 74298 85 74LS147 249 74L8309 1.70
74109 45 74351 225 7415148 1.35 7418424 295
74110 45 74385 85 74L8151 .75 74LS447 37
74111 85 74366 65 74LS153 .75 7418480 1.95
74116 1.55 74367 65 74LS5154 '2.35 7415624 3.99
74120 1.20 74368 65 74LS185 1.15 7415668  1.69
74121 © .29 74376 2.20 7405158 85 7405668 1.89
74122 45 74380 1.7% 7418157 75 7415670 220
74123 55 74393 135 74L8158 .75 74L8674 0.65
74125 45 74425 315 74L8180 90 74156882 3.20
74126 45 74426 85 74L.8161 .95 74L.5683 2.30
74128 55 74490 255 7415162 95 7405684 240
74132 45 7415183 .85 7415685 2.40
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Fig.7-5. This NAND gate is a TSL (tri-state-logic) since the output of the disable stage acts as a switch on the data stage. The

two circuits are both in the same gate chip.

has no effect on the rest of the chip. The chip can
process the 1s and Os without interference.

Should the input of the disable circuit go high
Q3 and Q5 will conduct and kill the output current at
Q4 which makes the output transistors Q7 and Q8
stop conducting. If you test the output you find
neither a high nor a low. There will be an undefined
state there, somewhere between high and low.

A tristate device typically can be tested at its
output with a vom. The output is said to be either in
a steady state or floating. The steady state is when
the voltage indicates a 1 or a 0. The floating condi-
tion happens when the device is in a disabled state.
The disabling could be intentional due to the special
disable circuit or it could be due to defect in the
TTL.

A logical 1 is defined as a voltage equal to or
more than 2.3 volts. The logical 0 is defined as a
voltage equal to or less than 0.8 volts. During tri-
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state floating the noise in the computer creates a
voltage in the area of 1.5 volts. Any voltage be-
tween 0.9 and 2.2 volts can be considered floating.
Learning to analyze the highs, lows, and floating
status of signals is one of the most important ser-
vicing techniques you'll be using to repair comput-
ers (Table 7-3).

MOS CHIPS

In the 1960s, when chips were installed into
electronic circuits, they were usually types like the
TTL. The TTL uses bipolar transistors as the basic
elements. When the servicer thought about the
internal workings of these chips, his mind filled
with emitters, bases, and collectors in various con-
figurations. The TTLs were packaged in dual in-
line packages called DIP.

As the 1970s arrived, a second major category
of chips surfaced. These were the MOSs. MOS



stands for metal oxide silicon and they did not use the
npn or pnp bipolar transistors. The basic element in
these ICs are the FET, the field-effect transistor.
The FETs are packaged just like the TTL. The chip
is contained in a DIP.

The basic FET is not like an npn or pnp. It acts
more like a vacuum tube than a transistor. It is
voltage-controlled rather than a current-controlled
device, While the current between the emitter and
base controls the current flow between emitter and
collector in an npn, in the FET it does not. In the
FET there is a source, gate, and drain that is
roughly analogous to the emitter, base, and collec-
tor. However, the source, gate, and drain acts more
like the cathode, control grid, and plate of a vacuum
tube (Fig. 7-6). A bias voltage between the cathode
and control grid of a tube controls the cathode to
plate current flow. A bias voltage between the
source and gate of a FET controls the current flow
between the source and drain.

The FET has a channel of semiconductor
material, either n- or p-type silicon. The channel
acts like the vacuum in a tube. In the tube there is a
cathode at one end of the vacuum and a plate at the
other end. The electrons flow through the vacuum
from cathode to plate. In a FET the channel could be
a length of n-type silicon. If a connection called a
source is made at one end of the channel, and

another connection called a drain is made at the
other end of the channel, electrons can flow from
source to drain. All you need is a + voltage on the
drain, a bias voltage on the gate, and the source
grounded. .

On chips the basic FET is not used. Insulated
gate FETs are installed, they are called IGFETs.
To control the electron flow a gate can be installed
somewhere between the source and drain (Fig.
7-7). The gate is an attachment to the channel too.
Only instead of the gate wire being connected di-
rectly to the p material a piece of glassy silicon
dioxide, which is an insulator, is placed between the
wire and the p channel. This stops any dc from
passing between the wire and the p channel, but
allows ac or signal to pass undisturbed. If this metal
oxide separator should somehow rupture, the short
kills the FET. Unfortunately, these oxide insulators
are prone to rupture. If static electricity (Fig. 7-8),
excess heat or humidity, or careless handling oc-
curs, the result can be a dead FET.

There are three types of MOSs in common use
in computers. There is first of all the n channel
which is called NMOS. It is used a lot in large scale
integration (LSI), where there are more than 100
individual gates on a chip. The NMOS uses a posi-
tive dc supply. The NMOS is said to be a single
channel, one polarity chip. The dc voltage applied

Table 7-3. The Disabled TTL Chip Reads 0.9 to 2.2 Velts. A High State Is Any Voltage Above and a Low State Is Any
Voltage Below. The Vom Reads the Voltages Directly, While the Logic Probe Indicates the Existing State With LED Lights.

TEST READINGS
LOGIC VOM LOGIC PROBE
STATE READING LED LIGHTS
HIGH LOW  PULSE
HIGH 23V1050V ‘ O O
7/ N
~ ’
LOW OVtoosv O @ O
. / \
TRISTATE 09Vto22V
FLOATING O O O
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Fig.7-6. The FET acts almost exactly like a vacuum tube. The semiconductor channel in the FET takes the place of the vacuum
in the tube as the electron traveling path. The source acts like a cathode, the drain like the plate and the gate like the control

grid.

goes to all the FETs on the chip at the same time.
The ground return is also connected to every FET
on the chip. The gates, sources and drain though
have their own configurations according to the job
they are doing on the chip.

When the channel is made of p material, the
FET works in a similar way, except holes move
from source to drain instead of the negatively
charged electrons. A negative dc voltage is needed
on the drain to attract the holes. The gate still does
the same job except it controls holes instead of
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electrons. You can recognize a chip with a p channel
because the schematic shows a negative dc supply
is connected to the chip. Whatever the polarity,
whether holes or electrons are on the move, the
sensitivity of the MOS chip to gate oxide rupture
remains the same. Great care must be taken while
testing and handling MOS chips.

There is a third type of MOS called the CMOS.
This is perhaps the commonest type MOS chip in
the small scale integration (SSI), less than 10 gates
to a chip, and medium scale integration (MSI), 10 to
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Fig. 7-7. In the FET the electrons or holes pass from the source to the drain. A glassy insulator separates the gate from the
channel.
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Fig. 7-8. The gate insulator is sensitive and easily ruptured if carelessly handled.
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100 gates to a chip. Remember a gate can contain a
number of FETs. The CMOS stands for Com-
plementary MOS. This means there are FETs on
the chip that complement or are the counterpart of
each other. There are both p-channel and n-channel
FETs on the same chip. How is this done?

Usually the chip starts out with an n substrate
(Fig. 7-9). The substrate is a piece of semiconduc-
tor material that all the microscopic components of
the chip are fabricated upon. If the substrate is n
material, PMOS FETs can be built on it. That takes
care of a base for the PMOSs. What about the
NMOSs?

A pocket of p material is diffused into the n
substrate. The pocket of p material becomes a sec-
ond substrate. NMOS FETs can be fabricated on
this second substrate. This layout allows both
PMOS and NMOSFETs to reside in the same chip.
Typically the supply voltage to a CMOS is of a +
nature. Internal wiring takes care of applying the
correct voltages to the different type channels. The
NMOS is able to propel electrons from source to
drain. The PMOS is able to move holes from source
to drain. The gates exercise control over the chan-
nel currents no matter whether electrons or holes
are on the move.

Just as the TTL chips have been designated
numbers in the 7400 series, or 74LS00 series,
CMOS small package chips have been assigned

numbers in the 4000 series. Common off the shelf
numbers range from 4000 through 4724. Table 7-4
shows the usually available chips. There are about
90 of them.

In addition to the 4000 series there is also a
CMOS 74— — — series. A typical CMOS number in
this series could be 74C00. The C denotes CMOS.
With the 74 classification you can buy a CMOS pin
for pin, and exact function that is not an exact re-
placement but is a designer or hohbyist alternative
to the TTL.

THE CHIP IN YOUR HAND

If you pick up a chip and look at it closely, you'll
be seeing a dual in-line package or DIP. It obviously
is called DIP because there is two rows of tiny feet,
with both rows in-line. The chip is arectangle with a
keynotch on one end. The key, like the keyway on a
vacuum tube socket, is between the highest number
foot and foot number 1. Looking down from the top
with the chip standing on its feet, the pins are
numbered counter clockwise. Most of the time
you'll be testing chips for voltages, states, and re-
sistances, you'll be looking down from the top, so
reading pin numbers should become second nature
reading counter clockwise. To give you further aid
in reading pins, the manufacturer often places a tiny
paint dot alongside pin 1.

CMOS

Pocket of P

material 2nd
substrate

= .

N+

P

N7
QIS » $ M
N X N N
e”}/é\@ﬁ§ N \\\\(/2\\ /&\ //\\ 4

Fig. 7-9. The commonest type of MOS chip is the CMOS which contains both PMOS and NMQOS FETs on the same substrate.
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Table 7-4. The CMOS Chips Have Generic Numbers in the 4000 Series.
There is also a Line of CMOS Types That Correspond With TTL Types. They Are Identified by a C After the 74. They Begin With 74€00.

4000 .35 4066 75
4001 35 4068 40
4002 25 4069 .35
4006 95 4070 .35
4007 29 407 .30
4008 95 4072 .30
4009 45 4073 .30
4010 45 4075 .30
4011 35 4076 .85
4012 25 4078 .30
4013 45 4081 .30
4014 95 4082 .30
4015 95 4085 .95
4016 45 4086 85
4017 1.15 4093 85
4018 95 4098 2.49
4019 45 4099 1985
4020 95 14408 1295
4021 95 14410 1295
4022 115 14411 1185
4023 14412 1295
4024 75 14419 4.95
4025 35 4502 .95
4026 165 4503 85
4027 65 4508 1.95
4028 80 4510 .85
4029 95 4511 .95
4030 45 4512 © 85
4034 2.95 4514 1.25
4035 .85 4515 2.25
4040 .85 4516 1.55
4041 1.25 4518 1.25
4042 75 4519 125
4043 85 4520 1.25
4044 85 4522 1.25
4046 .85 4526 1.25
4047 85 4527 1.95
4049 .55 4528 1.25
4050 .55 4531 95
4051 85 4532 1.95
4053 85 4538 195
4060 1.45 4539 1.95

4543 2.70 74C161 2.00
4555 95 74C162 2,00
4556 95 74C163 200
4581 1.95 74C164 200
4582 1.95 74C165 200
4584 95 74C173 2,00
4584 .85 74C174 225
4702 12,95 74C175 225
4724 1.50 74C192 225
80C07 95 740193 225
80C95 85 74C185 225
80C96 95 74C200 8.75
80C97 85 74C221 2.25
80C98 1.20 74C373 275
74C00 .35 740374 275
74C02 35 74C901 .80
74C04 .35 74C902 85
74C08 .35 74C903 .85
74C10 .35 74C805 1095
74C14 1.50 74C906 95
74C20 .35 74C807 100
74C30 .35 74C908  2.00
74C32 .50 740909 275
74C42 1.75 74C910 995
74C48 1.20 74C911 10,00
74C73 65 74C912 1000
74C74 .85 74C914 195
74C76 .80 74C915 2,00
74C83 1.95 74C918 275
74C85 1.95 74C920 17.95
74C86 .95 74C921 1595
74C88 4.50 74C922 559
74C80 175 74C823 595
74C93 1.75 74C925  6.75
74C95 1.75 74C926  7.95
74C107  1.00 74C927  7.95
74C150 575 74C028 795
74C151 2.25 74C929 19.95
74C154  3.25 74C930 1995
74C157  1.75

74C160  2.00

Chips come in SSI, MSI, and LSI levels of
circuit numbers. As mentioned, SSI indicates there
are less than 10 gates internally connected in the
DIP, MSI means there are less than 100 but more
than 10, while LSI shows more than 100 gates on
the chip. There are chips called VLSI (Very Large
Scale Integration) and even larger chips. However
the LSI is probably the largest you'll see in the
typical home computer. Starting in the SSI range,
chips are packaged in 8, 14, and 16 pin DIPs. Next
DIPs are found 18, 24, 28, and other pin sizes up to
40. The DIPs with more than 40 pins are VSLIs.

Printed on most chips are bits of other informa-
tion that are useful for testing and replacing chips.
You'll see the logo of the manufacturer. There is a
date code that is needed to exercise warranties.
The warranty code data will be peculiar to the
manufacturer. You'll need to know how to read the
code. There is also the part number. TTLs will be

7400 series, and CMOSs will be 4000 series or
74C00 numbers.

As you look over the integrated circuit section
of a computer’s parts list, in addition to the ordinary
TTLs and MOSs there are lots of other numbers.
There is the MPU, input-output LSIs, RAM and
ROM chips, character generators, voltage reg-
ulators, and others. We will cover some of them as
the book goes on, and others you’'ll have to figure
out for testing and replacing with the help of the
manufacturer’s service notes. However, if you mas-
ter the ordinary chips the rest will be easier to cope
with.

IC EXTRACTION TECHNIQUE

It probably can’t be helped, but a good rule to
follow is, never touch an IC with your hand, body, or
clothing. TTLs are not as sensitive as MOSs, but
I'd use that rule for both. It is quite possible that you
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are lifting an MOS when you think you have a TTL
in tow. The reason for the antiseptic approach is not
fear of germs, it is the danger of electrocution by
static electricity. The Achilles heel of the MOS is
the insulated gates in the multitude of FETs on the
chip.

The way to avoid bad handling is with a little
gadget called a DIP extractor tool (Fig. 7-10). It’s
nothing but a tweezer formed of steel. It is built so
two little lips can be placed under the two ends of
the chip and allows you to pull the chip gingerly out
of its socket. Once out the tool allows you to place
the chip on a conductive surface. The conductive
surface shorts all the pins together and no static
potential can build up and kill an FET gate.

The DIP extractor tool will come with a small
hole on its top. This is to provide a place to attach a
grounding strap. When using the tool for extraction
attach the grounding strap to a convenient ground
like the computer chassis ground. It goes without
saying, do not remove or insert chips while the
computer is plugged in to ac, whether it is on or off.

The DIP extractor tool works easily with chips
that have 8 to 24 pins. With larger chips it is handy
too, but a bit more care must be taken. The longer
DIP body will be placed under more strain as you
pull it out of its socket by the ends. Therefore,
before you lift the chip, make sure you have rocked

it out of the socket. That way there is little or no
holding action by the socket. Again once the chip is
free, the best place for it is standing on its feet on a
conductive surface, so all the pins are shorted to-
gether.

The most sensitive of the chips are the RAMs.
On some RAM packages you are instructed to
ground yourself and keep RAMs in a conductive
tube or conductive foam. If you handle the RAMs
with the grounded extractor, you are accomplishing
the same purposes. '

1C INSERTION TECHNIQUE

If a chip is sitting on a conductive surface and
you want to install it into an IC socket on a print
board, you could use the extractor, if you are
surehanded and careful. There are pitfalls though,
as the little chip legs are fragile and getting all the
feet into the socket hole at the same time is tricky.
Therefore it is advisable to use a DIP insertion tool
(Fig. 7-11).

At first glance the insertion tool looks compli-
cated. There is a conductive post on top of the tool.
That’s there so you can attach a grounding strap.
The post goes all the way through the tool. The post
ends at the two metal holders sticking out of the
bottom of the tool. If you pull on the post you can see
the way the holders work. The holders are able to

Fig. 7-10. To extract a chip, be sure to use the tweezerlike
gadget that is easily purchased. Its use will avoid a lot of
complications (courtesy of Michael Gorzeck).
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Fig. 7-11. To install a chip, this groundable insertion tool
makes the ticklish task easy (courtesy of Michael Gorzeck).



Fig.7-12. It is good technique to always straighten the chip
pins one last time before installing the chip permanently into
its socket (courtesy of Michael Gorzeck).

grasp a chip and let it go as you pull the post down
and up. There is a locking button on the side of the
gadget that locks the holders and post so the chip
can’t accidentally get dropped during the activity.

Lastly, the insertion tool should come with a
pin straightener. The pin straightener must be
grounded to the post too. All the metal in the inser-
tion tool is grounded to the conductive post. The
following is the safe procedure to insert a fragile
chip.

The subject chip should be standing on its own
feet on a conductive surface. At this juncture the
entire pinout is at the voltage level of the surface,
which is zero volts or ground. Look closely at the
pins. Are any of them bent at all?

If any are, pick up the chip with the grounded
extractor tool. Push the chip, legs first into the
grounded pin straightener (Fig. 7-12). Rock the chip
gently till all the pins have the correct in-line spac-
ing. Then place the chip back on the conductive
surface. Do not use the extractor to install the chip
in its socket. If you do there is a good possibility of
bending the pins out of line.

Pick up the insertion tool. The tool’s grounding
post is attached to the computer chassis. Pull the
post out. The twin holders will retract. Place the
tool over the subject chip and release the post
slowly. The holders will come down snugly around
the chip. The chip will now be held properly and
also the metallic holders are grounding all the pins

to the chassis. The chip is as safe as it can be under
the circumstances.
Next, place the chip over its socket and put all

the pins into their correct holes. Observe the key-
way on the chip and socket so the chip is not forced
in reversed. The keyway is not like a tube socket
where it is impossible to insert a tube in wrong. The
chip keyway serves no physical duty. It only points
the way.

Once the pins are started in their holes, pull
the post up. The holders will release. Push the chip
into its socket till it is seated all the way. Remove
the extractor tool. If you follow the step-by-step
procedure with the idea of keeping the chip pins
grounded, you'll see they were grounded for the
entire procedure, except for a moment during pin
straightening, when the chip was in the air, in the
grasp of the extractor. The extractor only holds on
to the plastic packaging material. The inserter also
holds on to the metal pins. All the time the inserter
held the chip, grounding was going on.

While the chip was being rocked in the pin
straightener, the chip was grounded, since the
metal straightener is grounded. That’s the trick to
keeping MOS chips intact. During handling keep all
the pins grounded together attached to a safe
ground area like the computer chassis. If you must
move or manipulate the chips by hand, make sure
that you are grounded. Attach grounding straps to
your wrist watch, belt buckle and so on. Should you
have to move chips from one place to another, even
across the room, keep the chips in some sort of
grounded condition. It is very aggravating to order a
chip, have it arrive after a week or two, and then
lose it to static electricity as you walk across a
carpet on a low humidity day. When a few precau-
tions are taken, even though the safety measures
are a bit of trouble, you can avoid the booby trap.

SOLDERING PRECAUTIONS

There comes a time in the life of a
troubleshooter when it is necessary to desolder and
resolder a sensitive chip. This job has been de-
scribed as one that is accomplished by an artisan.
Perhaps this is true if you want to reproduce the
same finished look that is accomplished by a factory
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production line. However, as much as you take
pride in your work, the look of the finished job is no
where as important as the fact that the defunct chip
is replaced and the computer is working again.

Once the decision is made to desolder a chip,
whether it is known bad, just suspected as defec-
tive, or must be removed as a test, the exposure to
problems becomes a large factor. It is bad enough to
have one trouble in a computer and great care must
be taken to avoid “inducing” more problems.

The first step to be taken is to reach for the
right soldering iron. Only the right one will do.
Don't grab the 100/140 watt bench gun. It is too hot!
Take out the lowest wattage iron you have. One that
will just about melt the solder. Thirty watts is the
absolute maximum and if you have an iron with less
wattage, better still. The iron should be one specifi-
cally designed to be used for chips or sensitive
transistors. They are on the market, battery oper-
ated and otherwise dc type irons. These can be good
to use when replacing MOS chips since there is no
60 Hz line voltage sine waves to contend with.
However, you can use conventional low wattage
irons if you ground them, like you did your wrist
watch, while handling MOS chips.

Controlling the heat is the skill needed to pro-
duce good solder connections. Too much heat, even
momentarily, or prolonged heat even from a low
wattage iron can kill a chip. Too little heat doesn't
let the solder attach properly to the connection and
a cold solder joint is the result. The surfaces to be
soldered must be clean and the tip of the iron nicely
tinned all during the operation. That way the good
connection is made in the fastest possible time.

Heatsink techniques are mandatory. The best
heatsink is to grasp the lead between the connec-
tion and the body of the chip. The heat will take the
easiest path to dissipation, which is through the fat
plier nose rather than the skinny lead to the chip. If
you ground the pliers too, you'll get rid of any static
buildup at the same time.

The solder tip can be kept clean by wiping it
with a paper towel. Naturally, don't let the towel
char or burn. The solder should be rosin core 60-40
(tin to lead). It melts at 371 degrees F.

Desoldering a chip is not too difficult espe-
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cially if you know it is bad and you don’t care what
happens to it. Even if you do care the technique is
easy. The print board must be free at the top and at
the bottom where the chip to be worked on is. A
good bench lamp with a magnifier is very useful in
these tight places. Getting into a position and not
feeling awkward or off balance is important. Then
the job begins.

A lot of manual dexterity and patience is your
next necessity. A small clip lead with lamp cord
sized wire can be attached between the connection
and the chip. When the heat is applied most of it will
flow into the lamp cord. Apply heat to a pin, jiggle
the tiny pin with a solder pick and wipe the connec-
tion. Keep doing that till the pin is free or the solder
in the print board hole is about gone. Then go to the
next connection. Work over each individual connec-
tion till the chip is free.

If you are sure the chip is bad or the chip won't
free up easily, so you must replace the chip in case
you destroy it, then you don’t have to be so careful.
You can apply heat and pry till the chip pops loose.
Just be careful of the board and nearby components.

RESOLDERING THE REPLACEMENT

Qnce the old chip is out clean up the holes in
the print board. Use some heat, some wiping and
pick out all the excess solder. The new replacement
or the old still good chip can then be pushed into the
holes. A drop of properly heated solder can then be
applied to each connection, checked out for shorts
or opens and the job is done.

As you can see, the tough part of the job is the
patient extrication of each lead during the desol-
dering. It is good technique never to have to desol-
der the same chip twice. Often a particular chip has
been the victim of a manufacturer’s design mistake.
That chip will fail time and again during the life of
the computer. You'll not be too thrilled to have to
desolder and resolder the same chip over and over
again. It's easy to avoid that type of unpleasant
chore. Make it a rule in your repertoire of soldering
techniques, to always install a socket whenever you
have to take out an unsocketed chip. That way you'll
never have to resolder that particular chip again.



Chapter 8

Computer Block Diagram

The chip location guide discussed in Chapter 3
showed where on the print board the different chips
were installed. This is a valuable servicing aid and
will be instrumental in cluing many repairs to com-
pletion. The chip location guide permits a shotgun,
direct replacement, tube changing style approach
that fixes troubles quickly. However, the shotgun
method does not cure more than about half of all
troubles. The other half requires knowledge of the
computer. Besides knowing where the chips are
physically you must also learn where the chips are
in the computer scheme of things and how they all
operate as a system to do all the home, business,
and science jobs of which they are capable.

A SIMPLE COMPUTER

A simple computer needs the following pieces
of hardware (Fig. 8-1). First of all, there must be a
CPU. This is the heart and the hardest worker in the
system. Next the computer needs memory. It has
both ROM and RAM. Then the computer has to
have some input-output chips. These interface with

the input and output devices. The main input de-
vices are the keyboard and the cassette player. The
important output units are the TV display, a line
printer, and the cassette recorder. Note the cas-
sette is both input and output, using the player
section for the input role and the recorder part to do
the output work. With the above mentioned devices
a computer can be wired together. Let’s go through
the system as it takes shape in a block diagram
fashion.

THE CPU

The CPU only does five main jobs. It does one
job with addresses, one job with instructions, and
three jobs with data. We'll examine the addressing
duty first (Fig. 8-2).

On the print board you'll see a set of copper
etch tracks that run all around from one chip to
another. There are a lot of etch tracks on the board,
the ones I'm mentioning are a set of 16 parallel
lines. This is the address bus. The address bus
originates in the CPU. The address bus is attached
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Computer components

Cassette

CLOCK recorder/player
PIA
Line printer
CPU
ROM RAM
ACIA
CRT
i 7
Keyboard display
Video
circuits ~

Fig. 8-1. The simple and useful computer should contain these various components.

to the 16-bit registers in the CPU. These 16-bit
registers create an address made up of 1s and 0Os.
There are 65,536 possible combinations of 1s and
0Os in 16 bits of a register. This means the registers
can create 65,536 different addresses. By sending
out one of these addresses the CPU can connect to
any address it desires. The destination address is
built to answer to its own address and no other,
much like what happens when you dial a telephone
number. When the CPU forms an address and out-
puts it over the address bus, that particular address
responds by activating its circuit and waiting for an
instruction. Therefore, the first job the CPU can do
is address one of its possible 65,536 addresses.
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The next duty the CPU can do is generate
instructions. After a place in the computer has been
addressed it stands by for instructions. The instruc-
tions which are also a collection of 1s and Os are
electronic tricks the CPU can perform. The instruc-
tions are aptly called the Instruction Set of the CPU.
One of the instructions is called LOAD. This means
“load the 1s and Os that you are holding into the
CPU”. When the location that was addressed, and is
standing by, receives the LOAD instruction it
knows that its contents are to be sent to the CPU.

This brings up the next CPU job. In addition to
the 16-track address bus, the CPU has a second bus.
The second bus only has 8 tracks and is attached to
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Fig. 8-2. The addressing originates in the CPU. The typical CPU in the home computer can address 65,536 separate locations.

8-bit registers in the CPU. These side-by-side 8-
etch tracks are called the data bus. They originate at
the CPU too and travel the length and width of the
print board from chip to chip. They are there to
transport the contents of addresses from the chip to

the CPU. The data bus lines are attached to the
various chips like the address bus lines but at dif-
ferent pins. This brings us to the third job of the
CPU (Fig. 8-3). When the address bus opens up an
address, and the instruction says LOAD, the con-

A15 ¢ Loading the CPU
7 ' Computer
) address
:n locations
] 0
Q
CPU S
Q
9
@
9
&
[
[«
AO ¢
D7 —iemm— DO 65535
Data bus

Fig. 8-3. All the locations in the computer are attached to the same lines as the data bus. Once a location is addressed it can
LOAD its contents into the CPU via the eight lines of the common data bus.
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Storing from the CPU
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Fig. 8-4. In case it is necessary to store data in a location, the operation is accomplished by addressing the location and then

sending the data via the data bus to that address.

tents of the address, more 1s and Os, are spilled
onto the data bus, and speed to the CPU.

The fourth job of the CPU occurs when the
contents of the address, which is called data, arrives
and is loaded into the 8-bit register in the CPU.
Once the data is in the CPU the CPU can operate on
the data. It can add to it, subtract from it, change the
1s to 0s, and otherwise manipulate the data. The
CPU is thus able to perform a lot of arithmetical and
logical operations on the data which is the fourth job
it is able to do.

The fifth duty is sending the data back into
storage at some address (Fig. 8-4). Once the data
has been processed in the CPU, an address is
created out of the 64K combinations the address
bus can handle. The address activates in readiness.
The instruction STORE is given and the finished
data is placed into the data bus. The data then
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speeds to the waiting address and gets its 1s and Os
stored at the address.

RAM

Typical RAMs, read and write memorys, in
home computers are made up of rows and rows of
8-bit memory registers. Each row has its very own
16-bit address. The CPU can dial up any individual
row it desires.

While the 16-bit address bus can become at-
tached to any register, the 8-bit data bus also gets
connected if the register is addressed. However, no
data can get into the address bus, the data only
travels on the data bus. The greatest confusion in
computer understanding happens because the ad-
dress bus gets mixed up with the data bus. The two
buses really have nothing to do with each other.
Their connections, although to the same devices,



perform entirely different duties. Make a lot of
mental effort to keep the addressing and data
movement separate (Fig. 8-5).

The RAM is a storage place for data. The data
is broken down into 8-bit pieces that will be able to
be stored, loaded to the CPU, worked on in the CPU
and then be stored again in the RAM. The loading
operation is also called reading from the RAM. The
storing capability is also called writing to the RAM.
That’s where the reading and writing name for RAM
came from.

The RAM is mostly storage areas for bits that
are constantly on the move between the CPU and
the RAM chips. There is one section of RAM, for
instance 512 bytes, that is called video RAM (Fig.
8-6). This ¥%2K byte area does more than store bytes
of data. The video RAM is also connected to the TV
part of the computer. Any bytes that go to the video

RAM are immediately transferred to the video dis-
play circuits and appear on the TV screen.

The TV display is a carefully designed area
(Fig. 8-7). If 512 bytes of RAM is assigned for video
duty, 512 little blocks of picture tube area is laid out
to accommodate and display the contents of video
RAM. For example, if the TV display has 512 blocks
they could be in 16 rows of 32 columns each. As you
type on the keyboard, each letter or number gets
put into video RAM in sequence. The letters or
numbers then appear on the TV screen 32 charac-
ters to a line and can fill 16 lines. This procedure is
discussed in detail in the video chapters. The video
RAM plavs an important role.

ROM

The ROM, read only memory, is attached to
the address and data bus lines in the same way as

RAM connections

16 bit address bus

Addresses

» (travels via address bus)
: !
1 Binary data
g o 10 Mol Toli 1] To O!/(travelsviadata bus)
B Tl [ ofo[ 13
B o- 2 Fol ool 1[0l 0
g o 18 Molo|1[o]o[1]0
B o 14 Fol [ [olololo
o- S ol ololofo| 1]
(2]
=
0
T
T
o

Fig. 8-5. The address bus is able to switch electronically from location to location. The data bus gets connected to whichever

location is addressed.
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Video RAM
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Fig. 8-6. The part of RAM that is called video RAMis connected to the video circuits as well as the data bus. A copy of the video
RAM contents is sent to the video circuits for display as well as being stored.
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Fig. 8-7. The video RAM locations are designed to correspond with specific character block locations on the picture tube face.
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the RAM chips are. The ROM is also made up of
rows and rows of 8 bit memory registers each with
its own 16-bit address. The ROM, though, has en-
tirely different circuitry in the registers. In each of
the eight cells of a register is a transistor or diode
that is either able to conduct or is blown open. If it
can conduct it represents a 1. When it’s open it is
the electronic representation of a binary 0.

The RAM registers, on the other hand, have
little circuits in each bit that is capable of holdinga 1
or 0 while the computer is energized. If the com-
puter goes off the RAMs lose all the 1s and Os they
are storing. The ROM keeps the information all the
time whether the computer is on or not. The ROMs
1s and Os are burnt into the registers permanently.

The ROM is in charge of the operation of the
computer. Most home computers are basically
alike. They all have similar CPUs, RAMs, and the
other devices. Only the ROMs are different. If the
computer is mainly a game unit, the ROM will
contain a program that is burnt in to play the game.
When the computer is working as a word processor,
the ROM is full of word processing instructions.
Should the computer be used to detect burglaries,

the ROM contains all the instructions and data to do
the job. You can get RAM to act like ROM by filling
RAM with a program.

A ROM gives the computer instructions on
what to do. If the ROM should go bad, the CPU
would blindly turn on and start addressing in a wild
and haphazard fashion. The CPU would then con-
tinue and begin executing any instructions in any
way. The results would be garbage on the TV dis-
play and burps from the sound system if the com-
puter did start.

The ROM normally starts the computer
working as you turn it on. The CPU is built so that it
jumps to the start address of the ROM as soon as it
is energized. This is about the extent of the CPU
knowing what to do. The CPU needs instructions to
do practically anything else. Once the start address
is reached the ROM takes over the operation.

INPUT-QUTPUT CHIPS

The CPU, RAM, and ROM wired together
with the address and data bus lines and other sup-
porting hardware, can do all the work inside the
computer. The RAM can store the instructions and

Keyboard and joystick inputs
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Fig. 8-8. The PIA 1/0 chip can handle inputs like the keyboard and joysticks among others.
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Printer, sound and video outputs
p loprinter
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Register g Video
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Fig. 8-9. The PIA 1/O chip is also able to handle outputs like the video display, sound, and printer.

data, the CPU can address the system, work on the
instructions and data, and the ROM can oversee the
operation and make sure the CPU is working in a
logical and not haphazard fashion. All that's missing
from a complete system is some way to get input to
work on, and another way to output the results.
That’s the job of chips like a PIA or ACIA.

The PIA has four 8-bit addresses. There is one
8-bit register that connects to the data bus line just
like the RAM and ROM does. There are two 8-bit
registers that can connect to devices like the
keyboard, cassette, or joysticks. There are eight
miscellaneous bits that take care of various other
duties.

The PIA can use the two registers that connect
to the 1/0 devices as either input or output lines.
For example, one PIA can use these two registers
to take the inputs from a keyboard or a joystick (Fig.
8-8). A second PIA can use these identical registers
to output to the printer, to a sound circuit and to the
video display generator (Fig. 8-9).

An ACIA is another chip that can connect the
computer to I/0 devices. It is also connected to the
eight data bus lines. It has two addresses in the
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memory. These addresses are also 8-bit registers.
The ACIA has been used to communicate with tele-
typewriters. It is not as common in a home comput-
er as a PIA.

THE COMPUTER IN ACTION

You sit down at your home computer (Fig.
8-10). The keyboard is beneath your fingertips. The
TV display is at eye level. The printer, cassette,
and joysticks are arranged neatly. You turn on the
TV and the printer. The cassette is under control of
the computer and will become available when you
turn on the computer itself. The computer is always
the last on and first off so the activation of the other
pieces cannot interfere with computer workings.

The TV starts lighting its face. Meanwhile in
the computer, the master clock, a crystal controlled
oscillator, starts running. All the pulses needed by
the computer are derived from the clock frequency.
The clock cycles for every move that is made in the
computer. During one of the beginning cycles the
CPU is built to address the start address in the
ROM. That is about the extent of what the CPU can
do on its own (Fig. 8-11).




90j0 8y) jo

Bugeaq ay} o} suy ul soeid seyes Aeidsip 14O ay1 0} uonezZIERIUl WOl AUAROE BY) Iy ‘Bupiiom SUBIS 48INdWOS Sy} ‘UO SUIN] Xa0|0 Jelsew 8y} UBUYM'01-8 Bi4

1} 08p!
HOELOEEA sunoupjjeoy ¢—— Alddns
18MOog

oD e s | | |
<
- g woy
| 5
QO
somop _ Nmmn:ll__,wr T
jeues o) € » viov K = _
| ==
& & <
_ & m Ndd vid pieoghay
i .|
2}
19p10081 _ =3 | 1
/i8hed ¥ vig B
anesse) _ % H } H
sonudog A|I4
NvY

_ ) %00j0 IBISEN

laindwos swoy [eoidA; welbeip yooig

121



Master
clock

CPU

Start address

e

Address bus

ROM

Fig. 8-11. The first thing the CPU does upon startup, is to address the ROM for instructions.

In the starting addresses in the ROM is a
permanent program. This program is called the
operating system, or often it is called the monator.
Either name, its job is simple and short. It gets the
computer underway and oversees the operation.
The computer gets ready for action by setting all
the registers, like you do with your trip mileage
indicator in your car when you start on a journey.
The monitor does this to all pertinent registers.
Setting the registers is called itialization. The
monitor takes control of the computer and acts like
a traffic cop to make sure the information tends to
travel logically and not haphazardly. Once the TV is
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litup, the computer registers are initialized, and the
monitor is overseeing the operation then you can
begin computing.

The next move is to begin typing. The comput-
er as it stands right there is helpless. The clock is
running, the CPU is ready, the ROM with its
monitor program is in control and the RAM is empty
and waiting to be filled. You decide to write a letter.
All well and good but you need a word processing
program.

Let’s say you are a programmer and have one
that you have written. The program is on tape. You
plug the cassette into your player. The program is



going to have to be put into RAM (Fig. 8-12). You
type the commands the instruction manual gives,
the cassette player starts operating and the 1s and
Os from the tape pass through the PIA, onto the data
bus, to the CPU and then are stored in RAM. This
type of operation takes about four minutes due to
the slow cassette playing.

Now you have a program stored in RAM. All of
it under the auspices of the operating system pro-
gram; A program in charge of a second program.
The second program is the word processor. The
computer cannow print a letter that you type into it.

Back at the keyboard you begin to type. As you
hit letters you are shorting out rows to columns. A
typical keyboard has 7 rows and 8 columns. This
gives 56 possible combinations of rows and col-
umns. Suppose you strike “t” without a shift (Fig.
8-13). That means you hit row 3 and column 5. The

columns are being scanned continually near clock
frequency. The strobing picks up the intersection of
row 3 and column 5 much faster than you can hit
keys. The intersection shows a short while all the
other keys denote opens. Each intersection, when
shorted produces its own signal. This signal comes
in one of the PIA’s registers according to which
intersection is shorted. This signal is then applied
to a ROM that produces a seven-bit code represen-
tation of the keyboard letter that was struck. (The
eighth ms bit is always 0.) This code is called ASCII
and uses strings of 7 binary digits just like the old
Morse code uses strings of dots and dashes (Tables
8-1, 8-2, and 8-3). There is an ASCII string of bits
for every letter, number, and symbol used by
typewriters. Once the key you strike is coded the
bits proceed on the data bus to the CPU.

The first thing you must type into the com-

Player to PIA to CPU to RAM

RAM

311(_)!18 Cassette
o player/
recorder

PIA

CPU

) Data bus \s —»

Fig. 8-12. The home computer can be programmed quickly by playing a cassette tape into RAM. The CPU addresses the
player through the PIA. The player then sends the program to the CPU, back the other way through the PIA. The CPU then

stores the program in RAM.
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Columns Keyboard action
1 2 3 4 5 6 7 8

Pulse from
short circuit on row 3

-

/

g

Y
Y

4
2 *C)
e I l Output result row
5/ ) 3—columns on PA2
6
O ) |
9 PA7
- . PIA
PB7
l Data bus
< PBO
to cPU —®

Input
Strobe pulse
atcolumn 5

Fig. 8-13. The columns in this keyboard receive a strobe pulse via the PIA from the CPU. The strobe pulse scans the columns
for any short circuits. Most of the time all the columns are open. f you strike a key, like T, a short circuit is created on row 3. The
strobe pulse detects the short as it pulses column 5. The row 3-column 5 information is sent to a special internal ROM that
codes the row-column information into the ASCII seven bit code letter. These seven bits are then sent to the video RAM
addresses for storage and also display.

puter is a command to the control program to run
the word processor program. The kind of program
the operating system consists of determines what
command you use. Let’s assume the operating sys-
tem will get the word processor going with the
command RUN. You type RUN and press the car-
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riage return on the keyboard. This enters the com-
mand RUN. In fact lots of the keyboards have the
name ENTER on the carriage return.

The word processor is stored in RAM. The
program instructions consists of 1s and Os stored
in sets of 8 digits in the RAM rows of registers.



Table 8-1. The Capital Letters (for Upper Class Letters) on this Keyboard are

Assigned the Binary Code 01000001 Through 01011010. in Decimal they Work out to be 65 to 90.

CHARACTER

DECIMAL CODE

MODIFIED
ASCII BINARY CODE

A N R e e Bt e B B B Bty R R R v i
ML RN ONOARGOR =GN0

fax]

OB VOIS TITOTNMOOIDD

3
b=
3
=
1 3
0 =12
W a8y
b 35
i =
i 1%

a1 @aaaal
G1e80a18
aleoaall
81002 1aa
a1eBa1a1
B1eual1e
Bleealll
181 aag
BleEleal
B1Ea1919
agiesiall
8181 19
alea11al
8189111e
g1ea1111l
31818886
B1a186al1
pl1a1ag1e
Blaieall
Al1a1al19d
Blp1a1al
51618118
Blai1alll
31811084
81811861
a1e11a1a

When the command RUN is entered the CPU sends
out the address of the first program instruction.
That opens the first address of the word processor
and a copy of the contents of that address travels
that data bus back to the CPU. The CPU then begins
processing the program. When the computer
finishes with the contents of the first address it
outputs over the address bus the second address.
This opens the second address and its contents
enter the data bus and heads to the CPU. The
computer is built to address one address after

another in automatic fashion unless it gets an in-
struction to JUMP or BRANCH to some other ad-
dress that is not in numerical order.

Once you get the word processor program
running it works with the operating system and you
to produce the letter you want to write. As the
program proceeds it draws you into the action. The
program will display a menu of choices and stop.
The menu stays on the TV screen. You can choose
from a group of options. The menu could look like
this one:
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To write your letter you press 2. The program
then produces a blank screen and a cursor to show
you where the next key you hit will be displayed on
the screen. You can now compose your letter on the

S uor P wn

ERASE TEXT
TYPE TEXT

PRINT HARD COPY
SET STANDARDS

SAVE ON TAPE
LOAD TO TAPE

TV screen. You begin hitting keys and the letter
takes shape.

As you hit keys, each strike causes the
keyboard to produce one of the 56 possible row to
column shorts. The impulse enters the computer
through the PIA. That particular short gets the
coder in a ROM to output the ASCII bits. The bits
enter the CPU on the data bus. The bits are then
addressed to the video RAM (Fig. 8-14). The bits
are stored in the video RAM. The storage of the bits
in the video RAM automatically outputs them to a

Table 8-2. The Lower Case Letters are 01100001-01111010, Which is 97-122.

CHARACTER

NEXE{!:{?&T-ﬂ'UO:SB-—'K'*—-t-“-I%Z!'ﬁmQ.ﬁG‘?!

DECIMAL CODE

MODIFIED
ASCII BINARY CODE

27

o8

35
188
131
182
183
164
183
186
187
1es
183
118
111
112
113
il4
115
ile
117
118
113
128
121
122

81186861
B11e01
01168811
511868188
B1188181
B118a116
g11e8111
81181268
Blipleal
81181818
21181011
B11a.1ipg
811611681
311911143
81181111
61116808
81118081
81118618
B11ie@11l
81118168
81118181
B11181106
B1118111
91111880
81111981
81111818
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Table 8-3. The Rest of the Characters and Numbers are 00100000-01000000, in Decimal This is 32-64.

CHARACTER

wSPRCE

NSRS T

kv BN~ -

it

DECIMAL CODE

MODIFIED

ASCIT BINARY CODE

LU TR S VU CUR VU XV I T
=@ A o

B ] MR
e lo0asl
BE 1SS
BE1E8a11
BA18a 188
BE18alal
Be1o01 g
BEieElll
BEr 1] EEE
BE1e1Ea]
2191819
pE1E1aLl
BElel1en
g9l ial
ga1eilie
pateiill

BE 11 B
BE1 16001
PBllealo
aplie81l
a1 18186
gell1e1al
pE1 a1
eB118111
BE11 1688
Be111681

Bal1ielg
BElliell
ga111160
Bal11iel
BE111118
BEl1lill
B 1 BEAELIE
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CRT display

CRT display

Dear Sir:

Address

S—B—u;- Video RAM
ololo|ololt1lololD
of1fo|ojof1|o]1]|E
ol1{ojojojofol1|A

5 oj1|ofjt|ofoj1|o|R

o

cé of{1{1{olojo]o]O

[«

R ojojojtlofojtit]s
o|jtjojoj1]ofjol1
o{1{o}1{ofo|1]o|R
oj1j1|1{1{o]1]o

§Data N

bus

MSB positions
w]
2
Iy
o
o
w
Video latch Display data

Video display
circuits

Fig. 8-14. The seven ASCII bits are embedded into the eight-bit registers in the seven LSB positions. Note all the MSB

positions are 0s. The ASCII code bits pass through the video circuits. In the video circuits is a character generator that converts
the ASCII code into video information that forms the character in its assigned character block on the TV screen. Note each

character takes up one byte of RAM.

video latch. The latch proceeds to output the bits to
the VDG, the video display generator. Once there
the bits are then decoded back into video signals
and get displayed on the TV in the block that cor-
responds with the address it is stored in the video
RAM. It all happens so fast, you see the letter take
shape as fast as you hit the keys.

The video RAM is only used to print the letter
on the TV screen. Also the video RAM only has a
limited number of memory registers. Just enough to
fill up the TV screen, one register for every display
block. The typical small computer could have 512
addresses in video RAM to correspond with 512
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blocks on the TV screen that will light up and
display a character. What happens is you have more
than 512 characters, including spaces and periods,
in the letter? Also how can you print a hard copy?

A copy of the contents of the video RAM has to
be stored in another place in RAM. The program
will cause a copy of the characters in video RAM to
be stored elsewhere in RAM everytime the car-
riage return is pressed. The storage is an exact
copy of the video RAM and is stored in the order
that you type the letter.

When you have finished your composing and
you like what is displayed on the TV, you press a



key to get the menu back. This time you press 3.
The printer springs to life and the letter takes shape
on the paper. When you hit 3, the addressing, in-
stead of staying on the TV display, jumped to the
section of the program that contained the printer’s
instructions. Once the address jump was made, the
CPU started receiving copies of the printing in-
structions from the RAM addresses (Fig. 8-15).
The CPU then began outputting a copy of the letter,
out the PIA and to the printer interface. From the
interface the letter went to a little bit of buffer RAM
in the printer itself, where it is stored while the
printer produces one character at a time. The
printer can usually hold about one sentence of the
letter at a time.

ADDRESSES IN THE BLOCK DIAGRAM

The block diagram of a home computer is laid
out by the addresses of the chips (Fig. 8-16). The
only chip without an address is the CPU. It does all
the addressing, it is not addressed. The address bus
originates in the 16-bit registers of the CPU. The

main register for addressing is called the Program
Counter (Fig. 8-17). It always comes up with the
next address to be used in the program execution.

This example computer has a 16-bit program
counter, which means the register is capable of
having 65,536 different combinations of 1s and 0s.
They are counted starting with zero so the possible
addresses are 0 through 65,535.

Addresses 0 through 1023 are RAM but these
addresses are reserved for the computer. This part
of RAM is said to be general housekeeping memory
locations. These locations are usually left alone and
not addressed except for special advanced purposes
in certain programs.

Addresses 1024 to 1535 are 512 RAM loca-
tions that are used for video RAM. As mentioned,
any characters the CPU addresses here will pro-
ceed without hesitation to a PIA and on into the
video display.

Addresses 1536 all the way up to 32,767 are
the rest of the RAM. This is all available to the pro-
grammer and with proper manipulation you can

RAM to CPU to PIA to printer

RAM

To printer

Data bus & 4—
AU

CPU

PIA

Fig. 8-15. When itis time to print a hard copy, the RAM sends the ASCII characters to the CPU. From there the characters goto
the PIA and then out to the printer. The printer can have a small amount of its own RAM to hold about one line’s worth of
characters. Then a character generator in the printer circuit converts the ASCH to dots that are printed in a character block like

they are on the CRT.
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Typical addresses

General housekeeping
0-1023
Video RAM
1024 - 1535
RAM
1536 - 32767

CPU

PIA

—

PIA

Address bus

ROM chips

32768 - 49151
ROM cartridges

49152 -65279

PlAs, ACIA, Misc.
65280 - 65535

l ACIA

ROM

Fig. 8-16. Typical addresses in a home computer has RAM at the lower addresses, ROM at medium number addresses, and

the 1/0 near the highest addresses.

store programs, data, graphics, and lots of other
items. This is the area where the programmer does
most of his work. The CPU addresses this RAM
storage place and constantly loads up with the con-
tents of the addresses and stores data into the
locations.

Addresses 32,768 to 49, 151 are 16,384 or 16K
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of ROM addresses. In this machine 16K of ROM is
installed. The CPU can address these ROM loca-
tions just like it can address RAM spots. However,
the CPU cannot store any data here. The locations
are already permanently filled with instructions and
data. The CPU can load the data all it wants but can’t
store. The data bus is a one way street when these



16-bit register - program counter
CPU
Address bus
‘ A15 r »
»
2
>
£ >
2 » 65536
(& ’ .
£ > possible
g $  addresses
g >
o B
&
r P
P B
1 AC >

Fig. 8-17. The addresses originate in a 16-bit register in the CPU, called the program counter or PC.

addresses are outputted. The data can only travel
from the ROM to the CPU and not the other way,
like the RAM is capable of doing.

Addresses 49,152 to 65,279 are also ROM ad-
dresses. These addresses though come equipped
with a cartridge receptacle. The cartridges are
plugged in. The cartridges contain ROM chips.
When you plug them in they usually disconnect the
ROM chips that are wired on the print board, inter-
nal to the computer. The cartridge ROM takes over
control of the computer. The internal ROM just
stands by. The cartridges contain special programs
games such as word processors.

The final addresses on the memory map are
65,280 to 65,535. These are locations that are used
by the PIAs and perhaps other input-output type

chips that do not require too many addresses. The
PIAs only need 4 addresses each. Another chip like
the SAM uses 32 addresses. Then there could be
additional special items that need an address. The
256 addresses are plenty of locations to handle
these chip functions.

In this particular computer there are no ad-
dresses needed to accommodate the keyboard, the
cassette, the VDG, or other 1/0 devices. This is
because bits in the PIAs take care of these devices.
It is said that this keyboard is not memory mapped
due to the PIA being in between. There are lots of
computers though that include the keyboard in the
memory map. When it is, you must consider the
keyboard as part of the computer and not as an I/0
device.
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Character

© oy OO O A W

<o}

Symbols and Numbers

Square Waves ASCII Binary Code

00110000
00110001
00110010
00110011
00110100
00110101

L___ 00110110

00110111

2

L
C

00111000

|

00111001
00111010

éi

00111011

LJ
| 00111100
LJ
L

00111101

00111110

00111111
01000000

aLLLLL

Bit7 6 5 4 3 2 1 0
MSB LSB

Fig. 9-1. Every character on the keyboard has its own computer code. The code is universal and is called ASCIl. The code is
formed in eight bits with the MSB always a low. The remaining seven bits can assume 128 different combinations of highs and
lows which is more than enough to code all the characters on the keyboard and more.

turns the chip off or on, and not allow any signal, attached to a single bus line. If every gate is in a
high or low, to pass through the chip. Why have the state of high or low then all the gate outputs would

third state?

be coupled to the bus line at the same time. The

During the processing of the highs and lows, it various outputs would interfere with each other.
is useful, to have a number of digital gates to be Consternation would reign.
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For instance, suppose three inverters, the
NOT gates, were attached to one bus line (Fig. 9-3).
If they were all on all the time, they would all inject
signals into the common bus line. This causes trou-
ble. However, with a third state, in the form of an
off-on switch, that can be activated by a third con-
nection to the inverter, two of the gates can be
turned off while the remaining gate can be on and
couple its signal without interference. The tristate
control is a necessary part of a lot of gates. You'll
see test points called TSC which stands for Three
State Control.

In addition to tristating there is, of course, the
other two logical states 0 and 1. In TTL chips, if you
take your vom and measure a terminal you are liable
to find dc voltages between 0 V and 5 V (Fig. 9-4).
The usual definitions for the different voltage levels
are:

2.4 V or higher—logical 1
0.8 V or lower—Ilogical 0
0.7 V to 2.3 V—tristating

The tristating condition is called by some digi-
tal technicians, “floating”. Floating is thought of as
the tristate condition between a logical 1 and a
logical 0. There are a lot of tristate devices in a
computer. The CPU, RAMs, ROMS, circuits in the
data and address lines, and others can be tristate
devices. When a test point is found in a floating
condition, one of two things is occurring. First of all,
the condition could be normal, and the pin is un-
selected by the computer. Secondly, the condition
could be abnormal and the pin is disabled because of
component failure, Either way, floating should be
recognized and understood so you can troubleshoot
effectively.

Most of the time, as you trace through the
computer for trouble, you'll be seeking a clue. A
clue is a pin with the wrong voltage state on it. The
pins, according to factory notes, or your own
knowledge and experience, should possess a cer-
tain state. There are only four signal conditions to
worry about. Three of the four conditions are logical

Digital logic states

High state

IS

+5 volts—
0 1 0

[ S———

0 volts—

P

N

Low state
Time B

0 1 1 0

Fig. 9-2. The square wave is typicalfy a voltage traveling through time that changes from +5 V to 0 V and back. The voltage
changes happen almost instantaneously while the highs and lows take a little time. This produces the square effect. While the
high is present the wave is considered to be in a state of 1. During a low the state is described as 0.
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Tristate use

Output P
e g
Signal i

Signal

-1 Bus line
L~
1

]

No output -

\

\

No output

) NN

Tristate control

Fig.9-3. The third logical state, when the chip is purposely turned off, called tristate, is useful to keep gates off when they are not
needed during an operation. This permits many gates to be tied to the same lines without interfering with each other.

1, logical 0, and tristating. The fourth signal condi- The handiest piece of test equipment to check
tion is a pulse train that the oscillator clock pro- logical states is the good old vom. You can go from
duces. We'll cover that in the Clock chapter (Chap-  test point to test point and look at the amount of

ter 13). voltage present quickly and easily. You stay on the
Digital voltage levels
5volts
Logical 1 Level f1
24V =
“ ing” Tristatin
08V Floating : g
0 volts. Logical 0 Level % 0

Fig. 9-4. The three states can be detected with a vom. For example, in a TTL chip, a voltage between2.4V and 5 Vcanbe a
high. Zero V to 0.8 V is a low. Any voltage between 0.9 V and 2.3 V could be a tristate condition.
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Logic probe

LED

High
O
Low
O

Pulse

O
MEM

gPulse

CMOS

=

TTL/LS

N

To + Vecc To chassis ground

Fig. 9-5. The digital logic probe is a handy substitute for the
vom. It shows LED lights for highs and lows. The absence of
any light could mean the test point is tristating and in a high
impedance condition.

same scale and test TTLs, MOSs, of all size pin
packages and feel secure that your readings are
accurate. Almost any vom, cheap or expensive will
do fine. The vom is completely independent of out-
side electric needs which eliminates line volt-
age or even tying into the computer’s power supply.
You'll find a lot of experienced computer techs
using nothing but a vom to test states.

There is a second kind of test equipment that
also will test states and do a good job. That is the
digital logic probe (Fig. 9-5). The probe is handy and
denotes states by means of tiny LED lights. It is a
more exotic test means than the vom and requires a
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little practice before it becomes as handy as the
vom. You do have to attach a clip lead to the com-
puter power supply to energize the probe. Also you
must set a switch position to test TTL after testing
an MOS, and vice versa. This can cause a delay if
you don’t know if the chip under test is a TTL or
MOS. The probe will test for the presence of pulse
trains which makes it handy in your tool box.

If you are a scope oriented technician, the
scope can be useful during checkouts. However,
many techs repair computers without ever using a
scope, except on rare occasions. This sort of thing
though is up to individual preferences. To sum up,
states can be tested adequately with the voltmeter
in the vom and with the ordinary logic probe all
digital techs have in their tool box.

THE YES GATE

If you look at Fig. 9-6 you'll see a triangle with
two leads protruding. This is the schematic symbol
for the YES gate. The lead on the flat side is the
input. The lead coming out of the point is the output.
The YES gate is also called a driver. The driver is
included in the logic elements. Yet the strange thing
is, the driver is not a true purveyer of 1s and 0Os and
is not really a logical component. In fact, the driver
is an amplifier and is actually a linear or analog
device. However, it is needed in the digital scheme
of things so it can be included among the other
purely logical chips.

Let’s see what these drivers do in the com-
puter. The schematic shows a CPU (Fig. 9-7).
There are eight leads emerging from the pins of the
CPU. This is the data bus. It carries a 1 or 0 on each
etch trace. The data is headed for storage ina RAM
address. Notice you can tell the data is on its way
out, since the CPU side leads are attached to the flat
side inputs of the drivers. The output pointy end
leads are going to the RAM. There is a third tristate
control lead that can turn off all eight drivers at the
same time if the need arises.

These drivers are also called buffers. Buffers
are usually needed between the CPU and the other
compiter circuits. CPUs are able to do a lot, but
they can’t get much current output to its pins. In
fact, there is not anywhere enough current from the



CPU to drive the bus lines so they can maintain
correct logic levels. The buffers are there as cur-
rent amplifiers. They are designed to take the
miniscule CPU output current and amplify it to
prescribed levels. Amplification is not a logic job. It
is an analog type duty. However, it is needed here
and drivers are installed.

While the amplification job was not a logic one,
the rest of what the buffers do is. That third lead on
the side of the drivers is the tristate entrance to the
buffers. A logical 1 or 0 here can turn the buffer on
and off like a switch. Remember, this part of the
data bus stores data in RAM. When the CPU calls
for loading data from RAM the signal is going the
other way (Fig. 9-8). To avoid interference, these
buffers can be turned off while data is flowing from
RAM to CPU, then these buffers can be turned back
on if data must once again be sent from the RAM
back to the CPU.

The main logic job the drivers do is the YES

function. All YES means in logic is, whatever state
signal enters the driver gate, that same signal state
will exit that gate. If a state of 0, enters the YES
gate, a state of 0 leaves. Should a 1 enter the gate, a
1 leaves the gate. The input must agree with the
output. The driver does not alter the logical state of
the signal.

The gate is a chip or part of a chip. A typical
TTL chip used in computers as a YES gate is the
741.8367. 1t is ahex 3-state bus driver. All that means
is, there are six driver gates on the chip. It is used
as a buffer on a data bus. Also the chip is a tristate
type. \

All the gates are made up of a number of tran-
sistors internally wired. There is no way to get to
the internal transistors, so servicers forget them
and treat the gates as single components. Therefore
the individual driver gates are considered as com-
ponents with an input pin and an output pin. Then
the tristate types also have the disable input.

Input

Input

YES gate

Truth table

Output

Output

I

Jib

o

o

Fig. 9-6. The YES gate is really an analog device rather than a digital type. It is needed though in digital circuits beoause-it can
match different digital devices together and it has tristate capability. Whatever state enters a YES gate also leaves the YES

gate. That's why it is called YES.
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Fig. 9-7. When YES gates are used as buffers, they can be attached in series in the data bus to match the CPU to the memory.
The tristate control gives the bus an off-on switch.

Another piece of service information that That truth table is very simple. They do get
comes with a logic chip, is called a truth table. The much more complicated. For instance, if the buffer
“truth table” name, comes from the fact that 1sand is atristate type, the chart gets a bit more complex.
Os are also called true and false. The truth table

really is an input-output chart for the chip. For Tristate Input Output
example, the YES gate has the same output as the 1-off Oori floating
input. Therefore its chart looks like this: 0-on 0 0
0-on 1 1
Input Output
0 0 From an equivalent circuit point of view you
1 1 can think of a buffer as an npn transistor (Fig. 9-9).
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As the sketch shows the +5 V powers the buffer
through the collector resistor. The logic signal
input is into the emitter.That way the same signal
appears at the collector since there is no signal
inversion like there would be if the square wave had
been injected into the base. There is more current
available at the collector with the same signal that
entered the buffer. If a logic 1 enters the emitter a

logic 1 exits the collector, fulfilling the truth table of
a YES gate.

INVERTERS

At first glance, the schematic symbol of an
inverter looks like a YES gate (Fig. 9-10). A closer
look though, shows one change.There is still only
one input and one output lead. The symbol is still

D7

Buffers 22
Data bus to CPU z22 I

Outputs  from buffers

P R—

—

DO

q CPU

ToZ1 4¢——

Inputs to buffers from data bus

Tristate control

Fig. 9-8. A second set of YES gates with tristate control makes the data bus a two way path.
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NPN YES gate

o

+5V

o Collector

L
O-

Emitter input

:

/77

output

Fig. 9-9. You could think of a YES gate as an npn transistor with an emitter input and a collector output. Whatever signal state
goes in also comes out. The voltage can also be adjusted to match the following circuits.

the same triangle. The only difference is on the
point of the triangle where the output lead emerges.
There is a tiny circle on the point that the output
lead attaches to.That little ring is called the NOT
circle. It makes the gate a NOT gate. What that
means is, whatever state enters the gate, the oppo-
site state leaves the gate. If a 0 enters the NOT gate
a 1 exits. Should a 1 go into the gate, the 1 is
changed to a 0 in the gate and a 0 comes out. The
truth table for the NOT gate looks like the follow-

ing:

Input Output
0 1
1 0
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While the internal wiring of a NOT gate con-
sists of bipolar TTL or FET MOS circuits, we can
simplify troubleshooting the gates, if we think of the
circuits as a single npn transistor configuration
(Fig. 9-11). Vcc on the collector canbe +5 V and the
emitter is returned to ground. As mentioned ear-
lier, any voltage on the collector above 2.7 V repre-
sents a logical 1. A voltage below 0.8 V means a
logical 0 is present.

When a 0 or practically no voltage isapplied to
the base, the base is practically at ground like the
emitter and the npn is cut off. With no current flow
in the npn there is no voltage drop on the collector,
and the voltage there is pulled up to +5V, whichis a



NOT gate (inverter)

“NOT" circle

JL LI

Input output

Truth table

Input Output

S T

1 JiL

Fig. 9-10. The schematic symbol of the NOT gate looks like the YES gate except for the little “not” circle on the output point.

NPN NOT gate

Vce
+5 V

C 91"

Collector
output

@
_ l B
Base o- ! AA }/
input

E

Fig. 9-11. The NOT gate can be thought of as an npn transistor with the square wave inputinto the base and the output from the
collector. Whatever state enters the stage gets turned upside down and exits as the opposite state.
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logical 1. The npn acts as an inverter, the 0 on the
base input becomes a 1 on the collector output.

On the other hand, if a logical 1, or about +3 V
is applied to the base input, the transistor will go
into saturation. With maximum current flowing
from emitter to collector, a large voltage drop will
occur on the pull up resistor, collector to Vcc. The
collector, as a result, drops to near zero volts. This
low voltage on the collector output represents a
logical 0. Thus the input 1 inverts to an output Oas it
passes through the npn doing duty as an inverter.

In computerese, this inversion of the logical
state is the opposite or the complement. NOT gates
always output the complement of the input. During
testing, the fact that the output logic level is always
the opposite of its input, provides a quick way to
checkout an inverter.

The word NOT is used a lot in computers.As
you read the schematic during troubleshooting,
you'll see terminals with a straight line drawn

“NOT” “NOT"
lines asterisks
o L
4 ?  froA 3
25 $BUSRQ b b.RQB ,
€
16 9 INT ) p+CS2 b
_ I ¢ocsi )
69Q g > CSO b
olRAT oru § TN .
yravm 280 3 gemesET )
€ €
24 LWAIT 3 & 6821
PIA
) ® ¢
[: [ €
26 $RESET g ) S
p [
p € €
d Q@ &
[
> G 4
L. [

Fig.9-12. The logical term NOT is used in other ways in digital
circuits. NOT signs can take the form of a line over a name or
an asterisk accompanying a name. Usually the NOT sign
(with a name on a terminal) means that terminalis held turned
offin a high state and can be turned on if a low is applied. The
NOT sign indicates a low is needed to activate the terminal.
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across the top of the name. This means NOT (Fig.
9-12). This is the NOT line. It means an inverted
quantity. Sometimes instead of the line over the pin
designation, there will be an asterisk. This is also a
NOT sign. The asterisk is used as a convenience
because a lot of computer printers are not capable of
showing the line. However, they are all capable of
printing the asterisk.

In use, if a terminal called RESET is supposed
to be held low (at 0 volts) then it is printed on the
schematic without a NOT line. That was you know
by the lack of the NOT line to expect to find 0 volts
on the test point. When you want to reset the com-
puter you press the reset button.A high is sent to
RESET and the pin responds since the high changes
the state of the terminal which is normally held low.

When the terminal is called RESET or
*RESET (Fig. 9-12) then you know it is being held
high not low. When you press the reset button, this
terminal will receive a low.The pin responds since
the low changes the state of the terminal which is
normally held high if it is called RESET. There will
be more about this as the various chip pinouts are
examined.

The inverter is one of the simplest logic ele-
ments because it only has one input and one output.
It is important as it is one of the basic building
blocks of other logic gates we'll be discussing in this
chapter. These other gates all have more than one
input to produce a single output.

LOGICAL AND

During the tracing of logic signals you’ll find on
the schematic chips that are drawn to look like a bell
lying on its side (Fig. 9-13A). There are two leads
sticking out of the flat input side and one lead com-
ing out of the rounded output end. Note there are no
little NOT circles at the connections. If there were
any NOT circles, then the symbol would not be an
AND but some other type of gate.

Inside the AND gate, as well as the other
gates, there are a lot of components. There could be
all sorts of transistors, resistors, diodes, and so on.
In fact a gate can be formed by configuring a lot of
other gates on a chip and wiring them to tailor a
particular gate (Fig. 9-13B). The little bell on the
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Fig.9-13. The AND schematic symbol looks like a bell lying on its side. There are two input leads and one output (A). Ar) AND
gate can be formed by wiring up a couple of NAND gates that are on a quad chip (B). Inside the NAND gates that are wired to
form an AND gate, and four FETs with their drains powered by Vop.

schematic could actually be dozens of separate
components. Figure 9-13C shows a typical gate and
the actual “internal circuit.”

From a servicing point of view, all you want to
do is think of the gate in the fastest accurate way
possible. Then you can trace the signal and pinpoint
the source of a trouble. The schematic shows the
gates in the simplest possible terms so that’s the
way to go.

An AND gate has two or more inputs and a
single output. If you comprehend the AND gate, you
can take your vom or logic probe, test the inputs and
know what the output should be. Then when you
test the output, if it agrees with the logic, the gateis
operating properly. If the output has the wrong
state, then the gate is suspected as defective.

The logical inputs and possible outputs are
shown on the truth table (F ig. 9-14). If an AND gate
has two inputs, then there are four possible combi-
nations of 1s and Os that could be injected into the
gate. These are the following:

Inputs
0-0
0-1
1-0
1-1

If there are three inputs, then there are eight
possible combinations that can be applied to the
gate. These are the following:

Inputs
0-0-0
0-0-1
0-1-0
0-1-1
1-0-0
1-0-1
1-1-0
1-1-1

When the AND gate has four inputs, there are
16 possible combinations. Five inputs makes 32
combinations of possible logic states and so on.

An AND gate though, no matter how many
inputs there are, will always output a logical 0,
except if all the inputs are a logical 1. All the inputs
are a logical 1, in only a single case of all the
possibilities. That means, if you are reading the
state of an AND gate, the output will be 1 only when
all the inputs are 1. If even a single input is 0, the
output will be 0. Let’s see what's happening inside
of an AND gate to find out why.

143



Truth table

Inputs
A B Output
0 0 0
A 0 1 0
AND Output
B_|
1 0 0
1 1 1

Fig. 9-14. The AND gate's output is usually low except if both inputs are high.

Logic Logic AND circuit
states
0
Open =0
Closed =1
Input
A Output
load
Input
B
+5V
|- 0

Fig. 9-15. You can think of an AND gate in terms of two switches in series. The circuit cannot assume a logic state of 1 unless
both switches are closed.
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You can think of an AND gate as a series circuit
containing two or more switches (Fig. 9-15). Each
switch is'an input. If the switch is open the input is a
0. When the switch is closed the input is a 1. In
actuality the switch is composed of bipolar transis-
tor circuits in a TTL and FET circuits in a MOS.

With the switches in series, the only way the
output can be energized, is if all the switches are
closed in the logical 1 position. If any of the
switches are open, in the 0 position, the output
cannot be energized. the output being energized
designates a logical 1. With the output open it will
read logical 0. The truth table for two inputs (A and
B) is shown in Fig. 9-14. In the fourth row, where A
AND B are both 1, then and only then, is the output
1.

LOGICAL OR

The logical OR schematic symbol (Fig. 9-16)
looks more like an artillery shell on its side, instead
of a bell like the AND symbol. If you consider the
AND gate as switches in series, then you can think
of the OR gate as switches in parallel (Fig. 9-17).

Figure 9-16 shows two input leads on the curved
bottom of the shell, while the output connection is
made on the pointy end of the symbol. In your
mind’s eye think of the inside of the gate symbol as
having two parallel switch circuits, each switch
being an input and a single tied together output (Fig.
9-18).

The OR function is the counterpart of the AND
function in the following way. There is only one
combination of logical states that makes the AND
output 1. That is, if all inputs are 1. There is only
one combination of logical states that makes an OR
output 0. That is, if all inputs are 0. I'll admit that is
not a strong counterpart relationship, but that is the
only way the two gates are related. AND and OR are
two different logic elements in the computer.

The input possibilities for all gates are the
same. What happens to the inputs in the gate causes
the different outputs. This is how the OR gate
works. If two Os, or lows as they are called, are
applied to the two inputs, then the internal circuit
remains open as neither switch gets closed. The
output will read low. However, if either one OR

Output

Truth Table
Inputs
A B Output
0 0 0
0 1 1
1 0 1
1 1 1

Fig. 9-16. The OR gate symbol looks like an artillery shell lying on its side. The OR gate’s output is usually high except if both

inputs are low.
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Logic OR circuit

Input ! Input

—» 0

Output
load

+5V| v
0

Fig. 9-17. You can think of an OR gate as two switches in parallel. The circuitassumes alogic state of 1 aslong as one or both of

the switches are closed.

both of the inputs has a high, then a high will be at
the output.

Truth tables, over the years, have used dif-
ferent designations (Table 9-1). You are liable to
run into any of the different kinds as you peruse
service notes from different publishers and man-
ufacturers.The commonest type are the tables that
use the binary numbers 1 and 0. These numbers are
most familiar to programmers since they use binary
codes when they work with the machine language of
the computer. You can actually write a program
using only 1s and Qs. This is the way the programs
parade through the machines. All the other pro-
grams you've heard of, such as assembly language,
BASIC, COBOIL, FORTRAN, PASCAL, and so
forth must be coded into 1s and Os before the com-
puter can actually run a program.

When engineers design or technicians work on
a computer they typically change the 1 to high or
simply H, and the 0 to low or L. On most logic
probes, you will not find 1 or 0, but high and low.
Also while taking voltage readings, any voltage
above 2.7 V is high, and voltage below 0.7 V is low.
There are lots of truth tables that read with Hs and
Ls instead of 1 and 0. The high anid low designations
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are more hardware oriented than 1 and 0. The 1 and
0 tends to be used more by software people, al-
though this is not a hard and fast rule.

AND
LA S— q% OQutput
-
+5V
Logic
states
Open =0
Closed = 1 OR
A
Output
B
+5V

Fig. 9-18. The +5 V is able to connect to the AND output, only
when both electronic switches are closed. The +5 Vis able to
connect to the OR output as long as one or both of the internal
switches are closed.



Table 9-1. These Are the Common Other table forms use yes and no for 1 and 0.
Ways the Two Logic States Are Described. Still others use true and false, which is how the

name truth table came to be. Some \}ery technical
ways to describe the logical functions is to use
Boolean algebra and Venn diagrams. These
techniques have very little to do with servicing
JL I computers. However, for those of you who want to
learn these math forms there are many fine books
High Low on the subject.
What does the OR gate do in the computer? It
1 0 causes a high output on the OR gate when one or
more highs arrive at the input. During servicing,
when you test an OR gate, you can predict its output

Logic State
Descriptions

Yes No . ; .
by testing the inputs. If all the inputs are low, then a
True False low should be at the output. If a high is there the
gate could be shorted (Fig. 9-19C). When the inputs
+5V oV have one or more highs, then a high must be at the

output, unless the gate is open (Fig. 9-19D).

Gate failures

AND gates

OR gates

+5V
Short!

G L +5V

Fig. 9-19. When an AND gate is open the output could read 0 V even though bothinputs are highs (A). If an AND gate is shorted
the output might read +5 V even though both inputs are low (B). Should an OR gate be shorted the output can read +5 V while
two lows are entering the inputs (C). When an OR gate is open the output could read 0 V while the inputs are high (D).
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EXCLUSIVE OR

The EXCLUSIVE OR gate symbol (Fig. 9-20)
looks almost exactly like the OR symbol, except for
the space between the input leads and the bottom of
the body of the symbol. A closer look reveals that at
the input end, the leads are attached to a curve and
there is a space between the curve and the rest of
the symbol. If you think of the symbol as an artillery
shell, then you can think of the input leads as the
ramrod used to push the shell into the big gun. The
output lead is at the same place, on the pointy end of
the shell appearing symbol.

Let’s examine the OR truth table again to see
the difference the exclusiveness makes. If you are
signal tracing a two-input OR gate there are four
and only four possible input combinations you'll
encounter. They are the same four combinations,
that will be on any gate’s two leads. The outputs are
different though.

On the OR gate outputs, the state will be al-
ways 1, except if two Os are input. If you logically
think about these results, they do not really follow
the definition of OR. The OR definition is, if one 07
the other of the inputs is 1 then the output is 1. This

is true for the inputs 0-0, 0-1, and 1-0. For 0-0,
neither input is 1, so the output is 0. For 0-1, one of
the inputs is 1, so the output is 1. For 1-0, again one
of the inputs is 1, so the output is 1. However, for
the last possibility 1-1, both of the outputs are 1, not
one o7 the other, yet the output is still illogically 1.
That is the nature of the OR gate, logical or not.

The EXCLUSIVE OR gate, is the variation on
the OR gate that does follow the logic. When the
four possibilities are considered, they are like the
OR gate, except for the last possibility 1-1. When
1-1 appears at the EXCLUSIVE OR input, the out-
put is 0. The EXCLUSIVE OR gate only outputs a 1
if one or the other of the inputs is 1, not both. That
one input possibility 1-1, with its 0 output is the
difference between OR and EXCLUSIVE OR.

The EXCLUSIVE OR name is abbreviated
XOR. The XOR, OR, AND, and NOT logical func-
tions are really all the logic a computer does.If you
learn what the four functions do, and what the out-
puts of the gates do with the various inputs, trou-
bleshooting the computer will become appreciably
easier (Fig. 9-21). The functions that are covered in
the rest of the chapter are only combinations of
these four gate types already discussed.

Exclusive - OR
XOR

Output

Truth Table
A B Output
0O O 0
o 1 1
1 0 1
1 1 0

Different than
OR gate

Fig. 9-20. The XOR gate is like the OR gate, except when two highs are applied to the inputs. The output produces a low.

148



XOR from quad 2-input NAND gate chip

Voo

13

11 Output

10

Fig. 9-21. The handy quad 2-input NAND gate can be easily wired to form an XOR gate.

THE NAND GATE

Early in this chapter, it was shown how a YES
gate was turned into a NOT gate, when the YES
symbol received a little NOT circle between the
pointy output end, and the output lead. In the same
manner an AND gate is transformed into a NAND
gate by putting a NOT circle at the gate’s output
lead. This makes such a schematic component, a
NOT AND gate (Fig. 9-22). The truth table shows
what happens inside the gate. The inputs are first of
all ANDed.Then once they get ANDed, they are
changed to NOT AND. This is shortened to NAND
and the inputs are said to be NANDed (Fig. 9-23).

A basic sample NAND gate can be shown by
placing two npn transistors in series (Fig. 9-24).
There are two inputs, one into each base. There is

one collector output. If you apply 0-0 to the inputs,
the transistors can’t conduct and the collector will
read high since there is no conduction and the col-
lector will read high since there is no conduction
and the collector gets pulled up to Vcc. The high, of
course, means a logical 1. Therefore, a 0-0 input
produces a 1 output, exactly the opposite of an AND
or fulfilling the requirement of NAND.

If a low is applied to one input and a high to the
other input, conduction still can’t take place be-
cause the npns are in series. Since there still is no
conduction the output is still held high and the
output still is called logical 1.

However, if a 1 pulse is applied to both bases,
then the npns conduct in unison and the conduction
pulls down the collector voltage as the collector
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NAND gate
I Interim l
A l
B AND NOT i Output
____.}_____j
| |
Inputs
A B Interim Output
0 O 0 1
o 1 0 1
1 0 0 1
1 1 1 0

Fig. 9-22. The NAND gate is really a NOT AND gate. The interim output is identical to the AND output.

Truth Table
Inputs
A B Output
A i |
A/NOT circle 0o 0 1
NAND Output
B 0 1 1
1 0 1
1 1 0

Fig. 9-23. The NAND has a high output except if two lows are applied to the inputs.
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resistor drops Vec or the collector below the 0.8 V
level. This makes the two 1s on the bases produce a
0 on the collector.

If the inputs to the transistors were into the
emitters, instead of the bases, the output would be
ANDed instead of NANDed. The NOT function
electronically is produced by inputting the bases
instead of the emitters. The actual internal circuitry
of a NAND gate is much more complex than our
sample npn setup, although our sample is a legiti-
mate NAND gate. What does a NAND do in the
computer? Let’s examine an application.

Consider the case, of a chip that has an Enable

terminal that is held high (Fig. 9-25). While the
Enable is high the chip is not active. If alow appears
at Enable the chip turns on.

The Enable terminal can be controlled with a
NAND gate. The output line of the NAND gate gets
attached to Enable of the chip. The input lines of the
NAND gate receive the controlling signals. The
signals get NANDed. If 0-0 enters the NAND gate,
the gate will output a 1. This high does not change
the state of the Enable terminal and the chip re-
mains inactive. Should 0-1 or 1-0 get NANDed, the
gate output is still 1 and the chip is still inactive.
However, if 1-1 arrives at the NAND inputs, then

NAND gate Vce
+5V
T
L o Qutput

o LA B ’) ¢

10 o AN . :
N
C

o B " 5B d
l\‘E

777

Fig. 9-24. You can think of a NAND gate as two npn transistors in cascade with the inputs at the two bases.
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A Held high
tput
Inputs NAND Outpu at +5V Chip
Enable
input
L Chip
A B Output Enabled?
0 (0V) 0 (0V) 1 (+5 V) No
0 (0V) 1 (+5V) 1 (+5V) No
1(+5V) 0 (oV) 1 (+5 V) No
1 (+5V) 1 (+5 V) 0 (0V) Yes

Fig. 9-25. A NAND gate can be used to enable a chip that has the terminal held high, if both of its inputs are high.

the gate goes low, which enables the chip and it
becomes active.

Get used to the word “enable”. Enable is a
computerese word that describes turning on a chip
(Fig. 9-26). The enabling signal can be a low that
turns on a terminal being held high, or it can be a

high that turns on a terminal being held low. Either
way, when you enable a terminal, you are turning it
on. To turn it off you have to disable the terminal.

THE NOR GATE
Like its NAND counterpart, the NOR gate is

Chip
Off
Held high

N

7 Enable
o

Will turn on
if low is applied

Off Chip
Held low
© /v { Enable

Will turn on
if high is applied

Fig. 9-26. An enable terminal that is held high will turn on if a low is applied. An enable terminal that is held fow will turn onif a

high is applied.
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Truth Table

Inputs
A B Output
NOR gate 0 0 !
0 1 0
A 1 0 0
B ® Output 1 1 0

Opposite to
OR gate outputs

Fig. 9-27. The possible outputs of a NOR gate are the opposite of an OR gate.

really a NOT OR gate. Anyway, NOT OR is con- sistor could have a pull up resistor in the collector,
tracted to NOR (Fig. 9-27). A NOR gate can be and two diodes in the bases. The emitter is tied to
constructed, as an example, around a single npn ground as is the base bias resistor.

transistor (Fig. 9-28). For instance, the npn tran- This NOR gate is held in a constant off state
NOR gate T Vee
— +5V

:

A
JL o M L o Output

¥\

777

Fig. 9-28. The NOR gate can be thought of as an npn transistor with dual diode inputs at the base.
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which means there is a high at the collector as Vec
appears at the collector due to the npn being off.
Should a 1 arrive at either diode input, the diode
turns on and goes into saturation. The collector’s
sudden current flow drops the collector voltage to
logical 0.

To sum up the NOR action, the gate outputs a
logical 1 as long as both inputs are at 0. If one or the
other of the inputs receives a 1, then the gate will
output a 0. This output activity is the complement of
the OR gate or NOT OR. The NOR gate appears on
schematics looking like an OR gate, except for a
little NOT circle perched on the output point. The
two input leads do not have circles.

During servicing you can check out the NOR
gate by checking the voltage of the inputs and the
output. If the inputs are both low the output should

be high. Should either one or both of the inputs be

high, the NOR gate should be outputting a low. If

you find an output low, with two input lows being

applied, the gate could be defective (Fig. 9-29)."
Should you read an input high and the output is also

high, that is an indication that the gate is opened or

shorted.

The NOR gates, like all the other common gate
types are typically found as a section of a chip
package. In the example (Fig. 9-30) is a 74LS02,
which is a Quad 2-Input NOR gate. It is a dual in-line
package with 14 pins. There are three pins assigned
to each individual NOR gate, 2-inputs and a single
output. The Quad arrangement uses up 12 pins. The
other two pins, numbers 14 and 7 are Vecc and
ground. They are common to all four gates.

To test the voltages on the chip, the pins,

Open!

Shorted!

NOR gate defects

Output Reads
ov

Output Reads
+5V

Fig. 9-29. If a NOR gate should open up, two input lows will not produce a high. The output could read 0 V. (A). When a NOR
gate shorts, the usual low output produced by a high and low input will not be there, A +5 V could be present (B).
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Quad read
2-input +5V
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(Unused) — (23 73] >
2
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741802

Fig. 8-30. It is common practice to use part of a chip and leave other sections unused. This can be disconcerting during

troubleshooting.

though tiny and fragile, are available to the vom test
leads. Vcc is typically +5 V, and ground is usually 0
V. The active input pins will have lows or highs as
the schematic indicates. The active output pins
should have lows or highs according to what their
truth table dictates. When the wrong logical state is
at one of these test nodes, the seat of trouble could
be near.

In lots of chips in computers, there will be
unused gates. This is because the chips are so
inexpensive, even when they are fairly complex, it
is often cheaper, during manufacturing, to use a
portion of a readily available complex chip, than to
hunt around for the exact chip that only has the
needed parts on it. The computer then ends up with
a bunch of extra gates and components that play no
part in the machine. The only problem with this
common approach is that during testing the trou-
bleshooter gets confused. These extra parts are
like little dead end paths. Try to recognize them to

avoid wasting time. These extra parts also must be
attached to the voltages in the computer. If they are
not they could cause false indications. Just keep an
eye out for them during troubleshooting.

EXCLUSIVE NOR

The EXCLUSIVE NOR symbol (Fig. 9-31) is
an EXCLUSIVE OR symbol with a NOT circle on
its output point. Its output is thus EXCLUSIVE OR
NOT. The truth table shows the opposite kind of
output that the EXCLUSIVE OR shows.

The EXCLUSIVE NOR gate, when used, is
often not a gate inits own right, but is the end circuit
of a number of other gates put together. For in-
stance, you could construct an EXCLUSIVE NOR
gate from two 7400 chips (Fig. 9-32). The 7400 is a
14 pin DIP package called a QUAD NAND gate.
There are two inputs to each of four NAND gates on
the 7400. By judiciously attaching the NAND gates
together you can obtain an EXCLUSIVE NOR
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Truth Table

Inputs

A B Output
A 0 o0 1

XNOR Output

0 1 0

1 0 0

1 1 1

Different

than NOR

Fig. 9-31. The XNOR gate is different than the NOR only when two highs are applied to the inputs. The output becomes high
unlike the NOR gate that would be low under the same conditions.

Quad 2-input NAND gates

Vee Vee
+5V +5V

H

—
—3

L] &

[=]

7400 7400

Input o Output

Input o
B
Exclusive NOR

Fig. 9-32. The XNOR gate can be produced by wiring twb quad 2-input NAND gates together.
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GATE. The completed gate will require four NAND
gates from one chip and one NAND gate from the
other chip. The remaining three NAND gates are
unused.

The 7400 has 7 pins in-line on a side. Pins 14
and 7 are Vcc and ground respectively. Vcc gets +5
V and ground is 0 V. Pins 3, 6, 8, and 11 are the four
outputs. Pins 1, 2, 4, 5, 9, 10, and 12, 13 are all the
dual inputs. If you make the connections as shown
on the sketch, you will have an EXCLUSIVE NOR
with two inputs at A and B and an output. Further-
more, if you make different connections as shown in
the other sketches, you can make the QUAD NAND
gates act as EXCLUSIVE OR, NOR, AND OR, or an
INVERTER (Fig. 9-33).

During troubleshooting this EXCLUSIVE

NOR gate could be checked out in the following
sequence. First off, Vcc should be tested for +5 V.
The 45 V should be present no matter what the
logic signals are doing. If Vcc is not correct or
missing that’s an indication of trouble. This test is
exactly like any power supply check except that it is
more exact. If Vcc is off by more than 5% that could
mean there is a problem in the supply or some short
is sinking too much current or some open is not
sinking enough current. When Vcc and ground are
correct the next step is logic tracing.

There are two chips involved. Avoid confusion
that might result due to the duplication of pin num-
bers. On the first chip pins 12, 1, and 2 are tied
together to be input A. Pins 13, 4, and 5 form the
input B. Pin 3 on the second chip is the first final

Quad 2-input NAND gates
+5V ] +5V
XOR NOR
A o—A1 14 A o——1] 14
B 1 g z i3
(3 i [ i
4 11 B O———i4 11 Output 45V
EX i 5 I ’
E:/—\E & al inverter
8 B
7 7400 [8]——0 Output {7 2400 1 14
AO-—--42 13
3« F12 6 Output
& i
(] i)
_AND o8 +sv [6 9]
7 8
+5V 7400 8l
Ao— 11 @-—I Ao i
B o—2] 13 (2 El
3 2 k2 2
4 ik 8 o—{7] )
5 i) [ 0l
— & E 9
out
i—_‘z 200 [ l_i 7400 [BF0 Outeut
L0 Output

Fig. 9-33. As ydu can see the quad 2-input NAND gates are

able to be wired into all the common logic gates.
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Fabricated XNOﬁ
NAND
A 12
11
B 13
1
3
2 NAND
9
8
10
4
6
5
Acting
inverters

NAND

3 Output

Fig. 9-34. The computer schematic can depictan XNOR function as five NAND gates without even mentioning the overall logic

effect.

single output. The inputs are processed from input,
through five NAND gates, where they are finally
EXCLUSIVE NORed.

Let’s trace through the gate and see what hap-
pens to an input of 1-1 (Fig. 9-34). When the two
highs enter the NAND gate at Pins 12 and 13, they
get NANDed and exit Pin 11 as a low. This low is
applied to Pin 1 of the output NAND on the second
chip.

When the two input highs simultaneously
enter the shorted together pins 1, 2and 4, 5 they get
inverted. With their dual inputs shorted to a single
input, the two NAND gates are made into IN-
VERTERSs. The two input highs are inverted into
lows at Pins 3 and 6. These two lows are applied to
Pins 9 and 10. These lows are NANDed to a single
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high. This high is applied to Pin 2 of the output
NAND.

With an input of 0-1 the output NAND pro-
duces a high at Pin 3 the final EXCLUSIVE NOR
output. The net result of the total circuit is, the 1-1
input is EXCLUSIVE NORed to 1just like the truth
table ordered. If you trace out the other possible
inputs 0-0, 0-1, and 1-0 you can complete the two
input EXCLUSIVE NOR truth table.

During actual signal tracing the testing of each
part of the overall EXCLUSIVE NOR gate, is
treated as an individual. The inverter parts are
examined with the idea that the inverter’s outputs
are the opposite of the inverter inputs (Fig. 9-34).
The NANDs are treated for the verification that
their outputs are always high except if both inputs



are high. Then the output is low. The only time the
truth table for EXCLUSIVE NOR is used, is when
the final output is checked against the beginning
input.

GATE TESTING

The chips are made as circuits within circuits
within circuits. Deep down inside are the actual
bipolar transistors, FETs, and other components
that actually do the computing. These internal cir-
cuits have no nodes that are available to you and
your test probes. The internal wiring of a circuit
like the EXCLUSIVE NOR is forever sealed in its
microscopic space. As a servicer you might as well
not consider them hardly at all.

The gates are at the next level and do have
nodes that you can get to for your various tests. In
fact, the gate level is really the level where most of
your voltage testing will take place. There are in-
puts, outputs, and Vcc pins readily available. The
more you know about what happens to the 1s and
0s as they progress through the gate level the
quicker you will spot incorrect logical states and
pinpoint troubles.

The highest level of circuitry is the chip level.
When the chip is considered as a single component

and is replaced as a test much like a vacuum tube is
tested by a direct replacement, you are in the over-
view mode. That is the area we have been operating
in, in this book up to this chapter. A lot of the
troubleshooting that takes place in the field is in this
overview mode. As a matter of fact, servicers have
taken this mode of servicing one step further. They
are swapping entire boards, rather than even re-
placing chips. This is an effective servicing proce-
dure, especially in business operations where
every minute the computer is down is very expen-
sive. However, for home computers, board swap-
ping almost means swapping the entire computer,
and downtime is not usually too critical.

The mode of servicing that home computers
will probably use will be like TV repair. The repairs
will be mostly a carry-in type. The servicers will
approach the repair by changing indicated chips.
Once the socketed chips are deemed ok, then the
servicer will attack test nodes with the vom or logic
probe and look for incorrect logical states. Highs
where there should be lows, lows where there
should be highs and floating states in the wrong
places. As you can see, knowing the way the gates
process the highs and lows is a must.
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Chapter 9

When you type on the computer keyboard you
strike letters, numbers, and symbols that you've
been using all your life. As soon as these characters
enter the circuits they get changed to streams of
square waves. They stay in the form of electrical
highs and lows for the rest of their journey in the
computer (Fig. 9-1). They are not reformed into
characters again till they get displayed on the TV
screen or get printed on paper.

Manipulating continuous streams of square
waves from place to place is the job of the computer
chips. The chips contain digital logic circuits. Digital
logic signals are square waves. Square waves are a
special breed of electronics. It is not like the famil-
iar analog electronics. The old analog type of elec-
tronics works on signals like rf, i-f, video, and audio.
Analog signals are amplified, detected, and are
shown on color TV screens as moving pictures and
heard from speakers as audio. Analog signals are
manipulated with components like transformers,
potentiometers, filters, impedance matchers, and
other routine components. Analog chips are called
linears since they mainly amplify analog signals.
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Analog and digital systems both use transis-
tors, diodes, resistors, and capacitors. They are
both electronic systems, but they work on entirely
different kinds of signals. The digital signal consists
of the high and low states of the square wave. The
circuits needed to process these states are called
logical YES, NOT, AND, OR, NAND, NOR, EX-
CLUSIVE or, EXCLUSIVE NOR, and flip-flop.
These logic circuits are carefully arranged in the
computer to take all those Os and 1s in hand and
make them do the fantastic tasks of which a compu-
ter is capable. Anyone who wants to do more than
just change chips in a computer, must become
familiar with these logic circuits and how they pro-
cess the 0s and 1s.

THE THREE LOGICAL STATES

The square wave has two states (Fig. 9-2). Itis
either in a state of 1 while it is high, orin a state of 0
when it is low.What is the third state? That’s
easy —when it is gone no level is present at a test
point. It was shown in a previous chapter that a
special input circuit can be installed on a chip that



Chapter 10

In addition to logic gates, there is another entire
category of TTL and MOS devices. They are called
registers. They are used in jobs such as shift regis-
ters, RAM, ROM, latches, and flip-flops. The main
difference between a gate and a register is, a regis-
ter can store the 1s and Os, and a gate cannot (Fig.
10-1). As soon as a logic state arrives at the input of
a gate, it gets quick passage to the output. It can’t
stay in the gate, it is forced in and out. A register,on
the other hand, is a place of storage. If a 1 or 0
arrives, it can stay as long as you want it to, just so
the electricity stays on.

A typical storage device that can hold one bit,
is called a flip-flop. If a number of flip-flops are
wired side by side, they form a register. Typical
registers can hold 4, 8, or 16 bits. Let’s see how a
flip-flop can store a bit.

THE R-S FLIP-FLOP

When a flip-flop is powered up, it is clear. This
clear state is by its very nature, a logical 0. The
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standard symbol for an R-S flip-flop is a square with
two input leads, S and R, and two output leads, Q
and Q= (Fig. 10-2A). The symbol is also shown with
additional leads when necessary, like the C lead
(Fig. 10-2B). The flip-flops can be made up of a
couple of gates. While the gates themselves cannot
store a logic state a pair of cross-coupled gates can.

With the flip-flop being powered, if you check
the Q output there will be a low there (Fig.10-3A).
Should you test Q= though there will be a high. The
flip-flop under these conditions is storing a low. If
you apply a high to the input S, and a low to the input
R, the circuit will flip-flop and the Q output will now
read a high (Fig. 10-3B).

The input name S stands for set (Fig. 10-4). The
alternate input name R means reset. The flip-flop is
called set when it is storing a bit 1. It is termed
reset when it has a bit 0. You can add the word “set”
to your collection of terms like high, true, and on.
The word “reset” becomes the same as low, false,
off, and clear.



AND gate
Input pulses l
JL A ! 4 |
I 3 6 Output M Output
M B 2 I pulse
| 5
Register bit
RS flip-flop L Stored
o pulses
min Q
Input
pulses
Q
JL S

Fig. 10-1. The main difference between a gate and a register is that a register can store a logic state and a gate cannot. In the
AND gate composed of two NAND gates, the input pulses enter and pass immediately to the output. In the register bit also
composed of two NAND gates, the input pulses enter and are stored in the internal circuits.

THE BASIC FLIP-FLOP CIRCUIT

There are a number of variations of flip-flop. In
addition to the R-S, there is the T that toggles by
the injection of a clock pulse. Then there is the J-K,
a variation of the R-S, and the D which can only act
upon a clock input. The flip-flop can be formed with
inverters, AND gates, NOR gates, and other
cross-coupling arrangements. Figure 10-5 shows
some AND and NOR gates forming a flip-flop. All
the circuits are microscopic.

The basic flip-flop can be built around two pnp
transistors with inputs into the two bases (Fig.
10-6). Since the inputs are into the bases, the indi-
vidual circuits are inverters. Their bases are
cross-coupled into the other collectors. The emit-
ter base bits is designed, so that on power up, one
pnp goes into saturation and the other is cut off.
There is feedback from the collectors to the bases.
This holds the pnps in a state. Only a high pulse to

161



FF

Reset Q

FF
Set Q-+

Clock

Fig. 10-2. The typical symbol for a flip-flop circuit on a chip is a square with four or more leads.

the base of the cut off transistor or a low pulse to the
saturating transistor will change the stored state. If
a pulse does arrive and change the state, the flip-
flop will hold the new state till another pulse arrives
to change the state again.

THE COUNTER

One important job registers do is count. If you
add two AND gates to a flip-flop the circuit can
count. It can count in binary, 0, 1. It's called a binary
counter. Besides counting, with the help of the AND

Two flip-flop states

Power up - “clear”

s -
FF
R Q
Storing a/

low

JL

N

Input pulses

Pulsed “SET"
S ] | O
U
FF
R QL
Storing a
high

Fig. 10-3. When aflip-flop is storing a low, Q will be low and Q= will be high (A). If aflip-flop is storing a high, Q will be high and Q=

will be low (B).
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FF

PRS—

To reset

Truth Table

Inputs Output
S R Q
0 0 Nothinghappens

0

—a

0 (clear)

1 (set)

o

—_

Nothing happens

Fig. 10-4. The flip-flop shown develops two useful states out of the four possible input conditions.

Q*
FF
Q
Clock
J-K flip-flop
J I I Q=
l AND NOR
I B I
Clock I I
| |
|
K | AND
NOR 4 Q

Fig. 10-5. The various flip-flops can be fabricated with groups of logic gates. Here is a J-K flip

gates and two NOR gates.

-flop composed of two input AND
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gates the output has an arithmetical carry (Fig.
10-7).

The binary counter can, as it is powered up,
develop an initial output state of 0. The O state
comes about as the two cross-coupled circuits de-
velop the following states. The set-Q# side be-
comes 1 and the reset-Q side assumes 0. With Q
being held low the entire flip-flop is thought of as
being 0. Q+ is automatically held high when Q is
low.

At that time, if a 1 pulse is applied to the set-Q=
input, the pulse causes the two sides to flip-flop. Q*
goes low and Q goes high. With Q now being held
high, the entire flip-flop is thought of as being 1.
Therefore the binary counter does the following. It
receives pulses at its input. Each incoming pulse
changes the state of the counter. If the counter is in
a 0 state, the pulse sets it into a 1. Should the
counter be in a 1 state, the pulse resets it into a 0.

Since a single flip-flop can only count 0, 1, as
the counter resets, or is thrown back into a 0 state, a

pulse leaves Q. This is an arithmetic carry and can
be appligd to the next flip-flop in a register.

The AND gates are used to direct the incoming
pulses to either set or reset input terminals. The
top AND gate has two of its own inputs. One is
coming from Q and the other from the incoming
count pulse. The bottom AND gate inputs are at-
tached to Q= and the same incoming count pulse.
The top AND gate’s output goes to set, while the
bottom AND gate output connects to reset.

The AND gate that has two 1s in its input will
be enabled and apply a 1 to its flip-flop connection.
The AND gate that has a 1 and a 0 will be disabled
and will output a O to its connection. Both AND
gates get high pulses at the same time through their
common count pulse input. If Q+ is high and Q is
low, Q* with its 1 at the bottom AND gate enables
the gate and a 1 is applied to reset. The circuit thus
flip-flops.

As the next pulse arrives Q+ is now low and Q
is high. This places two 1s on the top gate. The gate

Basic flip-flop

—Vcc
Collector+
Tﬂp supply
voltage
R, 3 € <R,
Output Output
O— O
Input % Input
O % £Q1 Q; & ]
+V HL 77 +V
bias bias

Fig. 10-6. The basic flip-flop can be built around two pnp transistors. When the circuit is first turned on, the normal imbalance
due to the matched components really not being matched perfectly, causes one transistor to go into saturation and the other
transistor to cutoff, If Q1 cuts off and Q2 is saturated the total circuit is said to be in a low or 0 state. Should Q1 be saturating and
Q2 be off the register bitis storing a 1. The states can be changed by flip-flopping the stages. A high puise to the base of the off
transistor, or a low pulse to the base of the on transistor changes the stored state. The off transistor turns on and the on

transistor turns off.
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is enabled and a 1 is applied to set. The circuit again
flip-flops.

COUNTING HIGHER THAN 1

A single flip-flop can’t count any higher than 1.
If you want to get into a higher count you can attach
a second counter to the first one (Fig. 10-8). Then
you can count to 11 in binary, which is equal to 3 in
decimal. If you connect a third counter the count can
go to 111 in binary which is 7 in decimal. A fourth
counter will take you up to 1111 which is 15'in
decimal.

With two counters, the carry pulse from the
original counter to the second one, causes the sec-
ond counter to change states. If the second counter
held a 0, the circuit will flip-flop to a 1. If a 1 had

been there the circuit will go to a 0 and a carry will
be available for a third flip-flop circuit.

With three counters, the carry pulse from the
second counter to the third counter will cause the
third one to flip-flop. If there are four counters, the
third one has the ability to send a carry pulse and
make the fourth counter change states. This can go
on and on.

During servicing, you’ll find it very useful to be
able to count from O to 15in binary. That’s because a
four bit register can count from Qto 1111, whichis 0
to 15. By knowing the binary count and its corre-
sponding circuits, and to visualize the streams of
data passing through the circuit, among other
things.

Figure 10-9 shows a four-bit counter and how it

Binary counter 0-1

AND
]

|
|
|
|
|
|
I
|
l

Set

I 1 1

| :
Input ncoming ’ -

count pulse I Reset

l 0 0

Output
O
T I arithmetic
AND carry

l
|
|

Fig. 10-7. The binary counter can count 0, 1. The output pulse can be applied to the next stage as an arithmetic carry.
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Can count to

Decimal Binary Binary counters

1 -

1 ’ - M
O o
1 - 1

> i <= <
0- 0-
1 1 1

’ i < < aadpinh

0 01 0~ -

1 1 11 1

15 1111 <4 <] < aadninl
07 07 07 0

Count pulses

Fig. 10-8. Two counters can count 0, 1, 10, 11. Three counters can count 0, 1, 10, 11, 100, 101, 110, 111. Four counters can
count 0, 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 1101, 1110, 1111,

counts sixteen times, from 0 to 1111. The first fact
to realize is, there are four binary digits to one
decimal number. The decimal 0 is described in a
four-bit counter as 0000. Decimal 15 is 1111, deci-
mal 9 is 1001 and so on. This 4/1 ratio between
binary digits and decimal is a code. Its importance
will be shown throughout the rest of the book.
The four flip-flops in Fig. 10-9are all connected
together to count. Each flip-flop has its output con-
nected to the one on its left. That way the carry is
transferred from counter to counter right to left.
The count pulses enter the four bit register at the
extreme right-hand bit. The four bits can all assume
either a 0 or 1 state and thus can count from 0 to
1111. In computerese, four bits is called a nybble.
The counting operation is straightforward.
The nybble counter is initialized at 0000. As the
highs in the pulses enter the input of the first

166

counter the circuit flip-flops to a 1. The counter
becomes 0001. The next pulse reverses the first
counter to a 0. However, as the reset takes place, a
carry of 1 is injected into the second counter. Now
the nybble reads 0010. The pulses keep coming.
Each pulse either sets or resets the first counter.
On each reset a 1 is carried to the second counter.
The first and second counters can take the count
from 0000 to 0001 to 0010 and 0011. In decimal that
is 0, 1, 2, and 3.

As the fifth pulse enters the nybble counter,
the second counter outputs a 1 to the third counter.
The count becomes 0100. The sixth pulse makes it
0101, the seventh pulse 0110 and the eighth pulse
0111. The count continues pulse after pulse, 1000,
1001,1010,1011,1100,1101, 1110, and finally 1111.
The following pulse resets all the bits to 0000.

When these bits have to be described, they are



done so in a very special way. There are four bits to
the nybble. The leftmost bit is called the most sig-
nificant bit. In computerese it’s the MSB. It is the
most significant of all since it carries the most
mathematical weight. A 1 in the MSB position
makes a larger value than a 1 in the next bit position.
A 1000 codes into a decimal 8, while a 0100 is coded
to a 4. Eight is obviously larger than 4.

The rightmost bit in the nybble is, with the
same type of reasoning, dubbed the least significant
bit, abbreviated LSB. The LSB can only produce
the very lowest binary numbers 0 and 1. When the
LSB is coded into decimal the binary numbers are
the same as the decimal 0 and 1. This is the only bit
position where the values of binary and decimal are
identical.

The description of the bit position is an impor-
tant factor in servicing computers. Practically
every circuit in the computer needs bit position
descriptions at one time or another.

HEXADECIMAL

The four bits in a nybble is the basic digit of a
computer. With the four bits you can count from 0 to
15. The digits 0 to 9 are the basic digits that we
know. As we look at the two numbering systems it
is obvious that one system that uses 0000 (0) to
1111 (15), and another system that uses 0 to 9, are
not easily compatible (Table 10-1). There are six
more basic digits in a nybble count than in a decimal
count. The computer counts naturally with nybbles
and it has been determined, over the years, to leave
it that way. Many other numbering schemes have
been tried, but the nybble as a digit appears to be,
on balance, the best way to go. As aresult, a special
decimal numbering system is in use. This system,
called hexadecimal, hex for short, is the way nybbles
are coded into digits, in a way us humans can under-
stand (Table 10-2).

With hex, the 4:1 binary to decimal ratio is
preserved. Hex means six, and hexadecimal means,

Four-bit counter
“NYBBLE"
MS Bit 3 Bit 2 Bit 1 LS Bit 0O
Deci 4th 3rd 2nd 1st Input
ecimal < Pa— ¢ e
pulse counter counter counter counter
count Lo
0 0 0 0 0 Count pulses
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0] 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

Fig. 10-9. Four bits are called a “nybble". It takes the four digits in a nybble to code one decimal digit.
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Table 10-1. The Decimal and Binary Number Systems are not
Compatible. There are Six More Basic Digits in Binary Than There are in Decimal.

«  Decimal

Basic Digits

Nybble
Basic Digits

0000

oy

0001

0010

0011

0100

0101

0110

o111

1000

ol iwlNn

1001

£

1010

1011

Not

1100

Compatible

1101

1110

A 4

1111

decimal plus six more digits. The digits are the
letters A, B, C, D, E, and F. This lets you count
single digits from O to 15. The count goes 0, 1, 2, 3,
4,5,6,7,8,9,A,B,C,D,E, F. Each hex digit can be
coded into a 4 bit nybble.

If you count past 1111 which is F in hex, the
next number is 10, then 11, 12, 13, 14, 15, 16, 17, 18,
19, 1A, 1B, 1C, 1D, 1E, 1F and then 20. Interest-
ingly, 10 in hex equals 16 in ordinary decimal.
Twenty in hex equals 32 in decimal. Also one nyb-
ble only can count to F. To count any higher you
need another four bits. For instance, the hex
number 10 needs two nybbles, 0001, 0000 (Fig.
10-10). If the count was made on two nybble coun-
ters, the right nybble is the least significant nybble.
The left nybble is the most significant nybble. As
the count goes from 0 to F, the LS nybble has its
states changing while the MS nybble sits and waits
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with its states at 0000. As the count passes from F
to 10, the LS nybble resets itself to 0000, sends a
carry pulse to the MS nybble and the MS nybble
begins counting. Ten in hex is 0001 0000 in the two
nybble counters.

With the two nybble counters working to-
gether, they become an eight bit counter. Two nyb-
bles are a byte. The byte is the most used data size in
today’s home computers. The registers in RAM,
ROM, and other chips are mostly byte size.

As a servicer, you must have a clear idea of the
relationship between the 1s and Os of binary and
their coded hex equivalent. It would be useful to
memorize the code of 0000 through 1111 and the
hex equivalent. If you can look at a string of eight
bits and know, just like an old elementary school
multiplication table, what the hex of the bits equals,
your servicing will go faster. For example, if you



Table 10-2. A Special “Decimal” Numbering System Called

“Hexadecimal" Had To Be Devised To Make Our Human Number-

ing System Match The Computer’s Binary. The Letters A, B, G, D, E,
and F Were Added T0o 0, 1, 2, 3,4, 5,6, 7,8, and 9.

Hex-Binary Code Table

Hex
Binary
0

0 0000
1

1

0001
2

——

2 0010

Decimal

10

" 1011

12 —_

13

14 PYrre

15 —_—

want to poke 1100 0111 into a memory register fora
service test, knowing that 1100 is C, and 0111 is 7,
allows you to poke C7 into memory without looking
up the code in a table (Fig. 10-11).

The home computer has a confusing group of
methods that must be used to get bits into the
registers. The registers can only hold logic states.
Yet, most home computers do not permit you to
install bits directly into the registers. The com-
puter usually has a form of hex loader that installs
the bits. The loader is a code machine. If you install
hex into the coder, through the keyboard, the coder
will in turn install bits into the registers. During
servicing there are lots of tests in the form of binary
programs that you can use to pinpoint troubles. The
bits of the programs are usually put into the com-
puter in hex.

SHIFT REGISTERS

Besides counting by bits, a ‘set of flip-flops,
doing register duty can shift the bits to the left or to
the right. What good can shifting the bits from side
to side do? First of all, it is a multiplication or
division operation. Let's take a byte size register
and set the LSB (Table 10-3). This gives us a regis-
ter with 0000 0001. In decimal this is 1. Now shift
the bit 1 to the next most significant bit, or one to
the left. This gives us 0000 0010. In decimal this is
2. Now shift the bit 1 to the next higher bit. The
register contains 0000 0100. In decimal the regis-
ter reads 4. Shift one more and the register is 0000
1000, which is 8. 0001 0000 is 16, 0010 0000is 32,
0100 00001is 64, and 1000 0000 means 128. As you
can see, shifting the bits higher multiples the deci-
mal equivalent by 2 for each bit moved. If you
reverse the shifting, and go lower, you'll divide by 2
for each move lower. This is one way computers
multiply and divide. This is an important function of
the shift register.

Shifting bits in a register is also a valuable aid
when converting a stream of data from parallel to
serial, and vice versa. A stream of data can be serial
or parallel. When you input data from a tape record-
er to your computer the bits are entered one at a
time. This is serial operation. When an eight-bit
memory cell sends data over an eight trace data bus
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8 bit register

MS Bit LS Bit
7 6 5 4 3 2 1 0
0 0 0 1 0 0 0 0
1 0
MS Nybble - LS Nybble

Fig. 10-10. The number 10 in hex is formed by producing a 1 in the MS nybble and a 0 in the LS nybble.

to an eight-bit register in the CPU, all eight bits In order to be a shift register, the set of flip-
move at the same time, not one at a time. This is  flops must have a second set of storage circuits, like
parallel operation. flip-flops, installed between each bit holder. In a

The shift register is able to convert the serial ~ byte-size register, this means seven more flip-flop
bit movement to parallel (Fig.10-12). The shift reg- type circuits that link the register cells to one
ister is able to receive each serial bit inturn, storeit  another (Fig. 10-13). Then the shift procedure can
till it gets sets of eight bits, and then send the byte  begin.

on its way, in a parallel form. Let’s shift the binary code 0010 0010, which is
ROM
code machine
Poke H
hex —B ex
c7 loader
7 2
7 6 5 4 3 2 1 0
1 1 0 0 0 1 1 1

/N

Memory register

C_/ \7

Fig. 10-11. Most home computers are not capable of installing 1s and Os directly into memory. They have some sort of ROM
code machine to do the job. Typical is a hex loader. For example, in order to get 11000111 into memory, you would have to
code it into hex C7 and poke it into the hex loader. The code machine would then install the bits into the memory.
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Table 10-3. Multiplication by 2 is Accomplished Naturally in a Shift Register by Shifting the Bits One Place to the Left.

Register Multiplication

MSB L.SB
7 5 4 3 0
Decimal
0 0 0 0 0 0 0 1 1
0 0 0 0 0 0 1 0 2
0 0 0 0 0 1 0 0 4
0 0 0 0 1 0 0 0 8
0 0 0 1 0 0 0 0 16
0 0 1 0 0 0 0 0 32
0 1 0 0 0 0 0 0 64
1 0 0 0 (¢} 0 0 0 128
Shift register
6 5 4 3 0
JL
4.__—__
e JUULITL
el Serial
] data
J
G¢G——
4._.___..
Parallel
data
JL
¢
-
4]
JL
e
JL
G G

Fig. 10-12. A shift register is convenient to change data moving along in a serial manner into parallel lines.
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Storage
flip-flops

Shift register

N

mMSB

L.SB

Fig. 10-13. The shift register needs another storage flip-flop between each register bit. That way the shiftcanbe accomplished.
During the shift the first thing that is done is, whatever states are in the bit holders are transferred to the storage flip-flops. Next
the register bits are all cleared. Lastly the stored bits are reinstalled into the register but shifted one bit to the right or left,

whichever is desired.

22 inhex, one bit higher. The first thing the register
does is put a copy of the 1 bits into the storage area
between the register cells going higher. The next
step is to change all the register cells to Os. The
last step is to place any 1s that were stored be-
tween the cells, into the next higher cell. There is
no reason to do anything with the Os since all the
cells were made to contain Os in a previous step.
This gives us the new register code 0100 0100,
which converts to hex 44. By shifting the bit one cell
higher we have successfully multiplied the hex
number 22 by 2. If we decided to shift the bits back
to the lower cells a division by 2 would take place.

CLEARING AND COMPLEMENTING

Two more jobs a register can do are called
clearing and complementing. This brings up the
definitions of set and reset, and set and clear once
again. The two terms mean the following: A regis-
ter usually starts operating in a state of logical 0.
The computer man refers to the register in this
state as being clear. When a 1 is installed into the
register instead of the residing 0, the register is
said to be set. Then if the 1 is replaced with a 0, the
register is said to be reset. Therefore going from
clear to settoreset tosetwouldbe Oto1toOto1,in
the same register bit.

The words clear and reset are just about inter-
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changeable. The only thing is, it is awkward to refer
to the beginning 0 in a register as being a state of
reset. It seems to make more sense if a register
starts off being clear rather than being reset. How-
ever you will see the beginning state referred to as
reset. At any rate, reset and clear both refer to the
state of 0. Set means the register bitisin a state of 1
(Fig. 10-14).

A register therefore has the capability of being
cleared. This means all the bits in the register are
reset to 0s. The register also has the capability of
being set. This means all the bits in the register are
set to 1s. These two capabilities are very important
during the operation of the computer.

Another related job a register can do is com-
plement itself (Fig. 10-15). When a register bit gets
complemented it is changed to its other state. If a
register bit is in a state of 0 and it is complemented
it is changed to a 1. When a bit is a 1 and it is
complemented it is changed to a 0. If an eight bit
register gets complemented, all the Os are changed
to 1s and all the 1s are changed to 0s. The com-
plementing of register bits is also a very important
duty of a register.

INCREMENTING AND DECREMENTING

Another pair of jobs a register can do is incre-
ment and decrement itself. Most of the time the



Before

7 6 5 4

After being cleared

or reset

7 6 5 4
0 0 0 0

Fig. 10-14. When a register is instructed to clear of reset all the bits are replaced with Os no matter what was there beforehand.

incrementing or decrementing is done one at a time.
There is a register in the CPU called the program
counter (Fig. 10-16). This important regis-
ter has 16 bits and is attached to the address bus.
The 16 bits of the address bus connects to the
address the program counter puts on. Whatever
address the PC puts on the bus the CPU gets con-
nected to.

The PC is designed to increment itself by one
after every address cycle. It does increment au-
tomatically unless instructed otherwise by a pro-
gram. As long as the PC simply performs its incre-

menting the PC puts out one consecutive address
after another, which is a very convenient job for it to
do.

The incrementing is simply adding a 1 to the
LSB of the register. If there is a 0 in the LSB it is
replaced by the 1. When there is a 1 in the LSB it is
replaced by a 0 and the 1 is shifted to the next left
bit, where the same action occurs. As eachnew 1 is
shifted into the LSB the total register binary
number is incremented by 1.

Decrementing is the reverse of incrementing.
During the decrement job, the total binary number

Fig. 10-15. If a register is instructed to complement, all the 0s are changed to 1s and the 1s to 0s.
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in a register is reduced by 1. In the CPU is another
16-bit register called the index register. One of the
techniques of indexing has to do with decrementing
the index register after each addressing cycle. The
decrementing is accomplished by removing 1 from
the LSB after each cycle. As the 1 is removed the
entire register binary number is reduced by 1.

Incrementing and decrementing registers by 1
is a common practice during computing. However it
is not the only way the registers will operate. In-
stead of changing the registérs by 1 they could be
changed by 10, 11, or other binary values. There are
many different variations of incrementing or de-
crementing a clever programmer can arrange.
Anyway the incrementing and decrementing are
very important jobs registers can do.

ANDING AND ORING

Another logic job registers are involved in is
the ANDing and ORing of the said registers. The
registers cannot perform the ANDing and ORing by
themselves. The use of logic gates are needed.

. If you want to AND an eight-bit memory loca-
tion with an eight-bit register in the CPU it is done
bit by bit (Fig. 10-17). The bits are numbered 7-0 in
each register. The first thing you do is take bit 7
from the memory byte and bit 7 from the CPU
register. The two bits are then applied to the two
inputs of an AND gate. The bit 7’s outputs are then
stored in bit 7 of a third register. Next the two bit
6s are applied to another AND gate’s inputs. The
bit 6's output are placed into bit 6 of the third
register. In turn bits 5, 4, 3, 2, 1, and 0 of the
registers are ANDed.

The ORing of two registers are accomplished
in a similar manner. The same position bits are
injected into an OR gate and the results stored in
the similar positions. ANDing and ORing registers
are important duties during computer operations.
There will be.a lot more detail about these opera-
tions in the next chapter on CPUs.

All the different register operations are inter-
related. The adding, subtracting, multiplication,
and division are all performed by manipulating the

MSB

Program counter
incrementing by 1

First address
Y LsB

15 14 12 111 10 9 8
0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0

2nd O 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1

3rd O 0 0 0 0 0 0 0

4th 0 0 0 0 0 0 0 0

sh 0 | 0|0 | o]l o)l o} o] o0

6th 0 0 0 0 0 0 0 0

7th 0 0 0 0 0 0 0 0

8th 0 0 0 0 0 0 0 0

Next addresses +

Fig. 10-16. Aregister like the program counter, is capable of incrementing automatically. The jobis accomplished by counting.
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ANDing two registers

CPU
Memory register 3rd
register 7 register
7 4 > 7
[ AND p
c/ 61 e
6 L~ —
AND >
"/' s j—o«
5 I '
5
AND y
ﬂ-/— 4
4 I
&F o 4
| 3TNe_| AND p
3 |
] & o 3
¥ [ o Ao
2 1
%
2
| T aND
1
1
0] N~ AnD |
0
[ |
"_"‘ 0
AND p

Fig. 10-17. ANDing and ORing are two logical jobs a computer can do. To AND two registers together the corresponding bits in
each register are passed through an AND gate and ‘stored in the corresponding bit of a third register.

binary digits. Adding is really nothing more than
incrementing the registers one at a time. This is the
hard way for us humans but the computer finds the
task quite easy with its blinding speed and inability
to feel boredom. The computer subtracts with an
addition trick called 2's complement. Two's com-
plement is interesting to learn but is not needed to
repair computers. If you'd like to learn it there are
plenty of books around for you to check it out.

In most home computers multiplication is ac-
complished the hard way again with incrementing
the registers. Division in the same way is a varia-

tion of computer subtraction. There are some com-
puters that actually have special multiplication and
division circuits but these considerations are really
not the province of the servicer.

Register operations in the home computer can
be summed up in the following jobs: First there is
the ability to shift. A variation of shifting is called
rotating. Then there is incrementing and decre-
menting. After those are the jobs of clearing, set-
ting, and complementing. Then there is the arith-
metic jobs and the logic duties of ANDing and
ORing. That’s really about all registers can do.
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Chapter 11

As you look down at the computer print board,
ready to test pins on the CPU, you find that it is
socketed right in the midst of the activity. Typically
it's a 40-pin DIP (Fig. 11-1). There is a notch on one
end of the large chip (Fig. 11-2). If the notch is at 12
o’clock, pin 1 starts counterclockwise and continues
to pin 40 at the other side of the notch. It’s a good
idea to remember that pins 20 and 21 are at the
other end of the chip, with 20 in the same line as 1
and 21 on the same side as 40. This remembrance
saves time during testing of pin after pin.

The next item of importance to locate is Vcc
and ground (Fig. 11-3). These pins will vary ac-
cording to the CPU under test. For instance, a 780
uses pin 11 for Vcc and 29 for ground. A 6809E uses
pin 7 for Vee and pin 1 for ground. During testing
you will probably check Vcc again and again. If you
know where it is right off you won’t have to keep
looking it up.

There are 24 other pins that are easily checked
(Table 11-1). They consist of 16 pins attached to the
address bus and 8 pins connected to the data bus.
That makes 26 of the 40 pins on a CPU easily
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located and tested with a vom or logic probe. When
you do check them out, if they are ok, this is what
should be on the typical pins with the power on.

When you touch down on Vcc the vom needle
should read +5 V. Ground, of course, shouldbe 0 V.
As you probe the address and data pins, they should
read an unsteady dc voltage somewhere between
2.4 V and 4.0 V. The logic probe gives the same
readings except they are in a different form. Vcc on
the logic probe shines a high on one LED. Ground
shines a low. The address pins all turn on the high
LED, but also turns on the pulse LED. The data pins
show only a pulse, under these conditions.

As you look over the pin assignments of the
CPU, more likely than not, there will be a number of
the pins with no connection. The CPUs have all
types of capabilities, but there are very few home
computers that milk every single use out of one. As
a result there are pins with no connections. For
instance the 6809E could have 5 pins inoperative,
the Z80 could have 3 pins not connected, and the
6502 might have 4 pins you do not have to concern
yourself with. Suppose there are 5 pins with an nc



8035
8039
INS8060
INS8073
8080
8085
B085A-2
8086
8087
8088
8089
8155
8156
8185
8185-2
8741
8748
8755

Z-80

2.5 Mhz
Z80-CPU 6.00
Z80-CTC 5.95
Z80-DART 15.25
Z80-DMA 17.50
Z80-PIO 6.00
280-S10/0 18.50
Z80-S10/1 18.50
Z80-810/2 18.50
Z80-S10/9 16.95

4.0 Mhz
Z80-A-CPU 6.00
Z80-CTC 8.65
Z80A-DART 18.75
Z80A-DMA 27.50
Z80A-PIO 6.00
Z80A-SI0/0 22.50
Z80OA-SI0/1, 0  22.50
ZB0A-SI10%22  22.50
Z80A-SI0/8 19.95

6.0 Mhz
Z808B-CPU 17.95
Z80B-CTC 15.50
2808B-PIO 15.50

ZILOG
26132 34.95
Z8 39.95

8000 SERIES

7.25
7.95
17.96
29.95
3.95
7.95
11.95
59.95
Call
39.95
89.95
7.95
8.95
2995
39.95
39.95
29.95
32.00

6800
68000 call
6800 4.95
6802 10.95
6808 13.90
6809E 19.95
6809 19.95
6810 2.95
6820 4.95
6821 4.95
6828 14.95
6840 12.95
6843 34.95
6844 25.95
6845 16.95
6847 12.25
6850 3.45
6852 5.75
6860 10.95
6862 11.95
6875 6.95
6880 2.95
6883 24.95
68047 24.95
68488 19.95
68B00 10.95
68B02 2225
68B09E 29.95
68809 29.95
68810 7.95
68B21 12.95
68845 35.95
68850 12.95
6800 = 1 MHZ
68B00 = 2 MHZ
6500 SERIES
1 MHZ
6502 6.95
6504 6.95
6505 8.95
6507 995
6520 435
6522 875
6532 11.25
6545 22.50
6551 11.85
2 MHZ
6502A 995
6522A 1170
6532A 12 40
6545A 28.50
6551A 12.95
) 3 MHZ
65028 14 95

on their pinout. Out of the 14 remaining pins you are

to test, only 9 remain.

Examining the 9 pins reveals an interesting
test fact. Five of the 9 have asterisks in front of the
pin name. Crosschecking the same CPU in a dif-
ferent manufacturer's schematic, finds the same
pins with a line over the name, which has the same

Top view
&
1[] GND «HALT [ _]40
2% *NMI Tsc | ]39
3] *IRQ Lic | ]38
4[] +FIRQ +RESET [_]37
5[] Bs VMA |_]36
6 E BA QN 335
7 E Vce En ___:]34
8[ ] ao BUSY | ]33
QE A1l *R/W 32
10[ | A2 po| |31
1] a3 CPU pi| ] 30
12 a4 p2| ] 29
13[] as D3| ] 28
14| ae D4| |27
15[ | a7 ps| ] 26
16[_| A8 De| |25
17[ ] A9 D7 | ] 24
18 A10 A15[ 123
19 A1 Al4| |22
20[ | A2 A13] ] 21

Fig. 11-1. These price lists show most of the 40-pin CPU  Fig. 11-2. Most CPUs look like this from the top view. To test
the individual pins a schematic should be used since the

chips that are readily available and are being used in home

computers.

functions of the pins are not universal.
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CPU schematic diagram
+5V
Vee A15 p—— 23
37 b
& +*RESET A4 oo
/71;—-——_——-" TSC A13¢ 21
33 y BUSY A12¢ 20
38 > LIC Alty—18
5 dBs A10 18
A9 17
6——1BA A8 16
A7 15
A6 ¢—— 14
AS 13
Adg——12
A3 g—— 11
A2 g 10
Alg-—— 9
AOp—— 8
*R/W g 32
36 r VMA
3 !
"RQ D7 24
4t #FIRQ D6 | 25
2 Y s NMI D5 26
40 ————4 +HALT D4 27
D3 ¢ 28
34 —d En D1 30
GND DO | 31
/J71

Fig. 11-3. The supply voltage and ground pins ‘are promi-
nently displayed on the schematic version of large CPU
chips. The address and data lines are usually grouped to-
gether. The remaining controi lines are placed haphazardly in
open spaces.

meaning as the asterisk. The asterisk or line means
NOT. Without going into a longwinded computer
design explanation, the asterisk to a servicer means
the following: With a few exceptions, when the
asterisk is in the pin naming, it means the pin is held
high. The vom will read 5 V. While the pin is held
high the job that pin is supposed to do is held off.
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When it is time for that job to be performed, a low
enters the pin and enables the section of the CPU
the pin is controlling. During servicing, most of the
time when you see a pin with an asterisk or line, it
should read high on both the vom and the logic
probe. On our example pinout, pins 3, 4, 2, 40, and
37 all should read high. If they don’t, then a clue to
the trouble is indicated.

This leaves 4 pins to be tested out of the
original 40. Pin 39 is grounded so it should read low.
Pins 35 and 34 are the clock input. If you read them
on the vom they will show about 2.4 V each. In this
case they are two inputs at the same frequency but
with different phase angles. The logic probe will
show them as blinking LED pulses, neither high or
low. The scope will display them as a clock input at
the clock frequency.

The last pin to be tested, 32, is the *R/W line.
R/W means read and write. The 16 address lines go
from the CPU to all addresses in the memory. The
address lines only go to the memory. They do not
return. The address lines are one way lines. All
they do is open up an address.

The 8 data lines, on the other hand, are a two
way street. Once an address is opened, the CPU can
either read, which means load from, or write, which
means store into the address. The data must be able
to travel from the address to the CPU, or the other
way, from the CPU to the address.

The R/W line directs the data traffic on the
bidirectional data bus. When the R function is in
charge, the bus will allow data to go from the ad-
dress to the CPU. If the W function is in control, the
bus will only let data flow from the CPU to the
address.

The normal stand by state for the R/W line on
this schematic is high. When the line is high it is in
the read state. The write state is being held high. A
vom reading should read high if all is well as *R/W.
Should it read low or below high that could indicate
trouble nearby.

INSIDE THE CPU

The servicer can check out the CPU by probing
the pins plugged into the socket. Once an inconsis-
tency between what is supposed to be on the pins,



Table 11-1. If This Type of Service Checkout Chart was Available From Manufacturers, Service Moves Would be Considerably Easier.
This Chart Shows What Voltages and Logic States Should be Present on a 6809E CPU, at Startup, When the Computer is Operating Ok.
With This Chart the 40 Pins can be Tested. If any of the Operating Conditions as Shown are not Being Met, That is a Valid Clue. This

Indicates the Circuit Around the Suspect Pin Could Contain the Trouble.

*R/W 32

Logic Probe
Pin VOM
Number Reading High (1) Low (0) Pulse
Vee 7 +5 V v
GND 1 oV v
8 - v
9 v
10 v
11 v
12 Vv v
13 v
14 v/ Y/
15 N /
16 v v
] 17 > v v
efgg 8 ¥ v v
292 19 z v
20 o v
21 / v
22 v
23 v Vv
24 V4
-~ w08 25 VA
2 z
27 v
28 v
29 v
30 v
31 v Y
*Reset 37 45V N
«rg 5V V4 v
Firq 4 +5V N
*Nmi 2 +5V Vv
*Halt 40 +5V v
Clock Qm 35 +24V Blinking
EiN 34 +24 V Blinking
15V v
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and what is actually there is found, a question
arises. What is causing the wrong voltage or miss-
ing waveshape? In order to intelligently try to an-
swer that question, some idea of what’s going on
inside the CPU is required. By having some CPU
understanding you'll be able to figure out if the
trouble is in the CPU itself or in the supporting
circuitry. If the CPU is defective it can be changed.
Should the trouble be originating elsewhere the
tracing can be continued.

The ALU

The CPU of today is the result of more than 30
years of evolution. The first kernel of the CPU was
originated years ago, and is known as the Arithmetic

Logic Unit, abbreviated ALU. The ALU as its name
implies is able to perform arithmetic and logic func-
tions. Typically an ALU can have two inputs and one
output. Consider the two inputs as eight bits each
and the output as one byte too. The ALU can do the
following things to the two inputs (Fig. 11-4).

1 The ALU can add input A to input B. The
eight bits of A are added to the byte of B. The result
is a byte output.

2 The ALU can perform subtraction, multipli-
cation and division on the two inputs. These func-
tions are often just clever manipulations of the addi-
tion ability, but the result is correct. The resultis a
one byte output.

3 The ALU is able to complement one of the

Arithmetic logic unit

ALU

Input A

Subtract
Multiply
Divide
Complement
Clear
Increment
Decrement

Rotate

Add

Shift

indinQ

AND
OR
XOR ) C—

Input B

Fig. 11-4. The ALU is the very core of the computer. It does the jobs that are listed. These few jobs and the help of a memory is

what computing is all about.
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inputs. That means one of the eight bit inputs has all
its Os turned into 1s and its 1s made into Os. This
byte complementing is used in the arithmetic man-
ipulation as well as other needs.

4 The ALU can clear one of the inputs. What
that means is, the ALU can take the input byte and
make all eight bits become 0s.

5 The ALUs able to increment or decrement
one of the input bytes by 1. That means it canadd 1
to the byte total or subtract 1.

6 The ALU can become a shift register and
shift all the bits of one input either to the left or the
right. When the shift left takes place the total value
of the byte is multiplied by 2. If a shift right takes
place the value of the byte is divided by 2.

7 With the shifting ability, the ALU is also
able to do ajob called rotate. Rotating s like shifting
but with one difference. When you shift a byte, one
of the bits is lost. A shift right loses the LSB. A shift
left loses the MSB. They are shifted right out of the
register and lost. When you rotate a byte, the lost
bit is brought around to the other end of the regis-
ter, and installed there. If you rotate right the LSB
is brought around and becomes the new MSB. When
you rotate left the MSB is brought around and be-
comes the LSB.

8 The ALU can compute logical inputs. If two
byte size inputs are to be ANDed, they are done so
bit by bit. The two MSBs are ANDed and the result
becomes the new MSB. Each set of bits are also
ANDed all of them simultaneously, in parallel fash-
ion to form a total AND output byte. Whenever the
ANDed bits are both 1s the output bit is also 1. Any
other combination of bits are ANDed into a 0.

9 The ALU can also OR the two input bytes in
the same manner. Whenever one of two input bits is
a 1the output bit is a 1. The only way two ORed bits
can produce an output 0 is if both input bits are 0.
The total result of all the bits being ORed is an
ORed output byte.

10 The ALU can also XOR a pair of input
bytes. If the two bits being XORed are both 0s or
both 1s their output bit will be 0. If one bit is a 0 and
the other bit is a 1 then the XOR bit result will be a
1. The total result of the two bytes being XORed in
the ALU is an XORed byte.

Those are the jobs the ALU in the CPU are
able to do. At first glance these 10 general opera-
tions do not seem to be unusually powerful. Yet
they are the roots of the computer’s ability to make
the world perform with greater efficiency.

The Accumulator

The ALU by itself is helpless. It is completely
wired inside the CPU. There are no pins on the DIP
that lead to the ALU. In order to get data to the ALU
and then receive an ALU output, the data must pass
through some data registers. In an 8-bit CPU these
registers are built with 8 bits each. That’s the
reasona CPU s called an 8 bit type, or a 16 bit type,
because of the size of these registers that surround
the ALU (Fig. 11-5).

Typically there can be seven of these regis-
ters. With seven of these ALU companion regis-
ters there would be three called multiplexers, two
called storage registers and two are accumulator
types. All have 8-bit registers. They receive their
inputs and send their outputs in parallel fashion
over 8-bit buses.

The three multiplexers are used to transfer a
byte of data into and out of the ALU. There is one
multiplexer at each ALU input and the third one at
the ALU output. The multiplexers make sure that
the data enters and exits the ALU in an orderly
manner.

The multiplexers are in turn fed from, and have
outputs to, the remaining four registers. Two of the
four registers are little more than storage registers.
They can receive data from the cassette, joysticks,
or other I/0 devices via the data bus and hold the
data till it’s time to have the ALU work on the data.

The remaining two registers are accumulator
types. An accumulator, besides being able to store
data can also add. It has an electronic adder built
into its register circuitry. By being able to add gives
it a lot more power than the other registers in the
area.

While the ALU and the multiplexers are wired
internally with no way for the servicer to probe
them through a DIP pin, the accumulators and the
I/0 storage registers are attached to the internal
data bus in the CPU. The internal data bus exits the
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Accumulator

[ Storage Storage
[ register register
f

n I

I
Multiplexer
muhv
v Induj

ALU

indinQ

Multiplexer

g indu

Multiplexer

—

Accumulator - Accumulator
type type

i !
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Fig. 11-6. The accumulator (1) receives and gives back data to the data bus, (2) gets instructions from the instruction register,
(3) sends data to the program counter and (4) sends data to the condition code register.

CPU at the data bus 8 pins, which you can read with
a probe. When there is activity on the pins the ALU
is in operation. Impaired activity on a data bus pin
could be indicating trouble in these circuits.

Considering the ALU, multiplexers, storage
registers, and accumulator types as a single block in
the CPU it can be called the accumulator (Fig.
11-6). There are typically four input-outputs. One is
the data bus that is two directional. When the data
bus is loading the accumulator from memory, that is
one direction. If the data bus is storing the memory
with data from the accumulator, the traffic is going
in the other direction.

Number two is an input only internal bus line
from a register called the instruction register. Three
is an output bus from the accumulator to the pro-
gram counter. Four is an input-output bus called the
CCR, the condition code register. Let’s see what
these CPU registers are doing in the scheme of
things.

The CCR

The condition code register sits between the
ALU and the program register. The CCR gets set

from the ALU and in turn gives the program counter
instructions.

The CCR is typically an 8-hit register (Fig.
11-7). The bits in the CCR are called “flags”. The
flags can get set or reset. If a flag is set, its bit is 1.
When a flag is reset, it is cleared to a 0. Flags can
get set or reset for a lot of reasons. We’'ll examine
six common flags in a CCR that occupies 6 of the 8
bits.

First of all a flag bit could be called Z. Z means
zero. The Z flag can get set by the ALU if all the bits
in the accumulator become zero. This means that
when an accumulator register reaches the value
0000 0000, the Z bit becomes 1. This flag alert then
can cause something to happen. For instance, it
could stop the operation if the 0000 0000 signaled
the end of a computation.

Another flag bit could be called N. N stands for
negative. The flag N would be set if the accumulator
reaches a negative number. How can we tell if the
accumulator has a negative number? The MSB of a
binary result is 0 if the number is positive. The
MSB is set to 1 if the number is negative. For
example, 00001111 is +15 in decimal. 10001111 is
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Fig. 11-7. The CCR s an 8-bit register that contains the flags of the computer. The flags get set or reset to alert other registers
when trouble or special circumstances arrive during operation.

—15in decimal. When the accumulator gets a 1inits
MSB then the N flag gets set to 1. This signals the
ALU to conduct its operation accordingly.

Another common flag bit is called C. C stands
for carry. This has to do with the arithmetic in the
accumulator. If during addition in the accumulator,
an arithmetical carry must be made out of the MSB
because there are just too many numbers for the
register to hold, then the carry is put in the C flag.
The C flag is normally clear till it gets set by a carry.

A fourth flag is called H. H means half-carry.
The C flag gets set if the MSB spills over. The H
flag gets set if there is a carry halfway through the 8
bits or from the fourth to the fifth bit. The H flag is
normally clear until a carry takes place from the LS
nybble to the MS nybble in the byte of the ac-
cumulator. ,

The fifth flag is called I. I stands for interrupt.
The interrupt flag gets set when a program that is in
operation must stop the program for an important
reason. The interrupt flag is normally cleared. If the
flag gets set the program goes into a special inter-
rupt sequence and conducts the interrupt business.
When the computer is built with all 8 bits able to
throw flags, instead of only 6 of the 8 bits being
used, there are usually three interrupts instead of
one.
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The sixth flag is called V. V stands for over-
flow. This is somewhat like the carry flag setting.
The carry flag gets set if the addition overflows the
register. The V flag gets set if addition overflows
the register too. However, the V flag gets set only if
the overflow is during a very special type of addi-
tion.

Most computers can't really subtract, they
subtract by using a special kind of addition called
two’s complement. It's really not that hard to do. It
turns out that in binary, if you add the two’s com-
plement of a number to a second number, the result
will be subtraction, not addition. The two’s com-
plement is computed easily. First get the one’s
complement of the number, then add 0000 0001.

For example, suppose you had a binary number
0110 0100. The one’s complement is obtained by
changing all the Os to 1s and all the 1s to 0s. That
would make the one’s complement 1001 1011. To
then get the two's complement add 0000 0001.

1001 1011 1's complement
+0000 0001
1001 1100 2's complement

Once the ALU arrives at a 2’s complement
figure it can add it to the desired register and the



result is the subtraction of two numbers. Anyway,
when a 2's complement addition is made and there
is an overflow, the V flag gets set to 1.

The CCR is wired internally between the ac-
cumnulator and the program counter. The flags get
set and reset from the operation of the ALU and the
accumnulators. The CCR can signal the program
counter when some of its flags like the N and Z get
set and reset. The program counter has no reason to
signal the CCR, so the bus between them is one
way, CCR to PC. Between the CCR and the ALU
group the signals must go both ways, so that bus is
bidirectional.

The PC

The program counter is not an 8-bit register
like the ones we have been discussing. The PC has
16 bits (Fig. 11-8). The PC does not handle data like
the other registers. The PC has three inputs and
one output (Fig. 11-6). The output of the PC is an
address. The PC is connected to the 16 address pins
of the CPU chip. As the CPU chugs along running a
program, the PC outputs the next address to be
opened up.

Since the PC has 16 bits it can form a possible
65,536 addresses. That means it can handle a pro-
gram with 65,536 steps. Each 8-bit memory regis-
ter can hold the data for one program step. The
16-bit PC can free the contents of any one of 65,536
addresses at each program step.

The addresses the PC outputs are created by
the three PC inputs. Under ordinary circumstan-
ces, a program is stored in a computer starting with
address 0000 0000 0000 0000. Each 8-bit step
of the program is installed in subsequent memory
registers with their 16-bit addresses.- A ten step
program would be stored in the first ten addresses
0000 0000 0000 0000 through 0000 0000 0000 1001.
When you get the program running a computer is
built to automatically start at the beginning address
and continue on from address to address till all the
addresses have been able to send a copy of their
contents out over the data bus.

The PC takes care of this addressing chore.
The PC at the beginning of its operation gets its bits
initialized to all Os. Then as the program is run, the
PC in time with the beat of the clock, outputs ad-
dress after address over the address bus. As each

16-bit

program counter
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Fig. 11-8. The program counter is a 16-bit register that is attached to the address bus. Whatever address appears in the PC
becomes the next address to be activated. The 16 bits are coded into four hex digits that forms one of the 65,536 individual
addresses in the typical home computer. incidentally, the address in the illustration is the same one that was read by the logic
probe in Table 11-1. If you match up the pins 23-8 in this illustration with pins 23-8 in Table 11-1 you'll see the highs are the 1s
and the nonreadings are the Os. The address formed is one of the start up addresses in ROM of the computer on which I ran the

test.
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addressing frees the data contents of the memory
cell, the data gets processed and the computer job
gets done.

The PC doesn’t need any particular input to
start at zero and address memory registers that are
in sequence. It will do that automatically without
any assistance. The inputs are needed when the PC
must be stopped sequencing and form an address
that is not in order.

The condition code register is one of the PC’s
inputs. While the PC is perking along going from
address to address in order, a Z flag could suddenly
be set. The program could have an instruction “ifa Z
flag is set JUMP to address 0011 1100 1110 0011.”
This would input a change of address to the PC. The
PC would then output the change over the address
bus. Instead of the next available address in line
getting opened, the new address would be ac-
cessed. The PC would then continue incrementing
by one at the new address site.

An N flag could then get set. Another instruc-
tion could say “if an N flag is set RETURN to
original program.” This would be input to the PC.
The PC would then form the original address where
the PC had left off.

The accumulator complex, with all its sur-
rounding registers, is another PC input source that
can change the normal sequencing the PC does
automatically. Around the accumulator are regis-
ters called index register, stack pointer and others.
They work with the accumulator to create special
addresses. These addresses are important when
running a program. The index register and the stack
pointer are both 16-bit registers like the PC.

In a typical computer the index register and
stack pointer’s outputs are connected directly to the
address bus. They are in parallel with the PC. At
certain times in a program, instead of the PC in-
stalling an address on the address bus, the PC is
made to hold, while the index register or the stack
pointer puts an address on the bus line. This is
effectively the same as if the index register’s bits
were transferred to the PC and the PC in turn
outputted the address. Any way, the index register
and the stack pointer are considered a PC input
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where they can change the sequencing of the PC to
address some other memory byte, rather than the
one in numerical order.

A third PC input bypasses the accumulator-
CCR circuits entirely. This input is one that comes
directly from another circuit area called the in-
struction register. We'll discuss that section shortly.
When the PC input comes from the instruction
register, the input is a program address that is
immediately installed in the PC replacing the
number the PC had been working on.

The PC, index register, and stack pointer are
all connected in parallel to the 16 address pins of the
CPU. These registers are thus available to be
probed by a vom, logic probe, or scope.

The IR

The instruction register is connected to the 8
data bus pins of the CPU. As the program counter
accesses a memory location, the byte that is stored
there sends a copy of itself out over the 8-bit data
bus. The byte enters the CPU at the data pins and is
stored in the instruction register (Fig. 11-9).

The IR then decodes the byte. The byte can
either be an 8-bit instruction or an 8-bit piece of
data. The instructions can refer to either addresses
or data. There are typically about two dozen general
instructions for a home computer. The bytes are
composed of eight bits. In eight bits there are 256
possible combinations of 1s and 0s. That means
256 different instructions can be coded into 8 bits.

The decoder in the IR is built to respond to the
various arrangements of bits in a byte. For example,
if the IR of a 6800 CPU receives 1000 0110 over the
data bus, its circuit causes the contents of amemory
location to be loaded into the A accumulator.

The 1000 0110 instruction is part of an instruc-
tion set the CPU has built in the instruction de-
coder. There are typically about six dozen actual
byte sized instructions a decoder can get the com-
puter to act upon. The six dozen though are made up
of about two dozen general instructions. Half of the
two dozen are the arithmetic-logic manipulations
and the ALU does, as discussed earlier.

The remaining dozen instructions are broken
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into two groups. One is a group of instructions that
can move data over the data bus from register to
register, from register to an output device, or from
an input device toaregister. The remaining instruc-
tions are orders for the program counter. Let’s see
how the IR can move data over the data bus.

1 When a program is stored into memory and

the computer begins running the program, chances
are good, as the computer accesses memory loca-
tion after location, the instruction LOAD will be at
one of the addresses. The instruction is encoded in
8 bits. The instruction could be one of 16 different
LOAD instructions, according to what transmitter
is being loaded into what receiver. A different set of
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bits is used for each of the 16 LOAD instructions.

The LOAD instruction means a CPU register
is to get a byte of data from some transmitter. The
transmitter could be, RAM or ROM. The receiver
register could be an accumulator, the index regis-
ter, or the stack pointer.

The LOAD instruction also must contain the
address of the byte of data that is to be transferred
from the transmitter to the receiver. For example,
the LOAD instruction will need the following in-
formation if it is to transfer a copy of the contents of
RAM location 25 to the accumulator.

[0 The L.OAD instruction.
(0 The accumulator is the receiver.
[J RAM location 25 is the transmitter.

All of this information is contained in the pro-
gram in the form of bytes. When the CPU accesses
the memory location that is holding this particular
LOAD instruction, the bytes are outputted to the
data bus and go straight to the IR in the CPU. There
the bytes are decoded and the CPU follows the
instruction. It accesses RAM address 25 by using
the address bus. A copy of the contents of 25 is
outputted over the data bus. The copy enters the IR.
The IR then sends the copy to the accumulator. The
LOAD instruction has been executed.

2 The STORE instruction is like LOAD ex-
cept data travels the other way on the data bus. A
STORE instruction sends a copy of the contents of
the CPU registers to RAM. The register transmit-
ters are the accumulator, index register, and the
stack pointer. Assuming a program is being run, the
STORE instruction is as likely to appear as often as
the LOAD instruction. When the program causes
the CPU to access an address and a STORE instruc-
tion is inputted to the data bus, the instruction could
contain the following information.

[0 The STORE instruction.
[0 The accumulator is the transmitter.
[J RAM location 35 is the receiver.

The instruction arrives at the IR. The IR de-
codes the instruction. The CPU then opens up RAM
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location 35 with the address bus. A copy of the
contents of the accumulator is sent out over the data
bus.

As you know, there are 65,536 possible ad-
dresses for the byte from the accumulator to go to.
Normally though all of the addresses are held inac-
tive. When a particular instruction is being exe-
cuted, the IR decoder only opens up the address
where the byte from the accumulator is to be
stored.

There are also a number of CPU registers that
act as a transmitter or in the case of a LOAD in-
struction as a receiver. These registers are also
held inactive. However, while the instruction is in
operation, the pertinent register is activated by the
IR decoder. Therefore, during the instruction se-
quence the decoder gets the transmitter and re-
ceiver operational. All the other addresses and
registers stay on hold.

If RAM location 35 is the receiver specified in
the program instruction, then it and the accumulator
are both activated. A copy of the contents of the
accummulator then travels over the data bus to the
activated address 35. The contents of the ac-
cumulator is thus transferred to RAM 35 with a
STORE instruction.

3 A third data transfer instruction a CPU com-
prehends is called TRANSFER. This is like LOAD
and STORE except it is between the registers in
the CPU. The data never leaves the CPU. It simply
gets transferred from place to place. The registers
in the CPU that can TRANSFER are the ac-
cumulators, the condition code register, the index
register, and the stack pointer.

When one register transfers its contents to
another register, it is only transferring a copy. The
contents of the register that receives the data
though, has its contents altered. For instance, if the
contents of accumulator A is transferred to ac-
cumulator B, the contents of A remains the same
since only a copy of the contents was transferred.
The contents of B get altered as the 1s and Os from
A get mixed with whatever was in B.

If you are dealing with a CPU that has two
accumulators, a condition code register, an index



register, and a stack pointer, the following TRANS-
FERs are possible (Fig. 11-10).

(J TRANSFER Accumulator A to Accumu-
lator B

[0 TRANSFER Accumulator B to Accumu-
lator A

[0 TRANSFER Accumulator A to Condition
Code Register

[0 TRANSFER Condition Code Register to
Accumulator A

[ TRANSFER Index Register to Stack Point-
er

[0 TRANSFER Stack Pointer to Index Regis-
ter

There are other possibilities like accumulator
B to CCR, and so on. However, the six instructions
listed will handle the programming chores ad-
equately. To install more decoding circuits into the
IR would be an unneeded expense for the manufac-
turers.

Notice that the IR is not mentioned in any of
the instructions. As a matter of fact, lots of skilled
programmers hardly know the IR is there. The IR is
not thought of during programming. The IR though
is the register that is connected to the 8 pins of the
data line. During servicing the IR has a place in the
data line troubleshooting. The servicer must be
aware of the IR even if the programmer ignores the
IR.

4 A fourth data transfer instruction type has to
do with transmitting data to an external device like
a cassette or a line printer, or receiving data from a
device like the cassette or the keyboard. There are
chips in the computer, as discussed earlier in the
book, like Uarts and PIAs. These chips are called
1/0 ports. The I/0 ports are connected directly to
all the I/0 devices. The CPU does not have to
communicate directly with the I/0 devices. The
1/0 ports do that. The CPU only has to deal with
data streams to and from the I/0 ports.

The 170 ports are given addresses in the
memory map just like the RAMs and ROMs. As a
result the CPU is not able to discern any difference

between an I/0 port address and a RAM or ROM
address. When it is necessary for the CPU to read
an input device like the keyboard, the CPU sends a
LOAD instruction over the data bus to anI/O regis-
ter address activated by the address bus. The 1I/0
address is attached to the keyboard. The keyboard
is read in that indirect fashion.

When it is necessary for the CPU to write to an
output device like the printer, the CPU sends a
STORE instruction to the I/0 port address that is
attached to the printer. The data stream goes out
over the data bus, arrives at the I/0 port and is
promptly forwarded to the printer.

This data transfer instruction type is identical
to the type used to load and store data between the
CPU and memory. The difference is not in the
instructions. The difference is that memory desti-
nations are replaced with I/0 ports.

The third group of instructions does not deal
with the data at all. These instructions do not go
near the ALU, accumulators, index register or the
stack pointer. Some of them though check out the
status of the CCR. This group of instructions has
the job of directly affecting the bits in the program
counter. As discussed, the program counter is at-
tached to the 16 lines in the address bus. The
program counter is usually initialized to 0000 0000
0000 0000 at the beginning of a program run. The
program bytes are stored in memory starting with
address 0000 0000 0000 0000. Once a program
starts running the program counter increments it-
self by 1 after every program step. Since it is con-
nected to the address bus, the addresses in the
memory starting with 0000 0000 0000 0000 are
activated and the program proceeds as each mem-
ory byte is sent to the IR one at a time.

The program will continue, byte after byte,
coming from memory register after register. That
is, unless one of the instructions that enter the IR is
able to go directly to the program counter from the
instruction decoder and change the automatic num-
erical incrementing in the PC.

There are two kinds of instructions that are
able to go directly from the IR decoder to the PC.
One is called “unconditional” and the other is
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named “conditional”. The unconditional instruction
simply goes from decoder to PC and changes the
next address from the regular increment to a special
one specified in the instruction. The conditional
instruction, before going to the PC, must check with
the CCR to see if it is allowed to change the regular
incrementing of the PC. The permission to change
the PC addressing is granted or not according to
which flags are set or reset.

1 The main unconditional instruction is named
JUMP. When the decoder gets a JUMP instruction,
it can say in binary digits, JUMP to memory location
decimal 239. The decoder will send the instruction
to the PC. No matter what address is coming up
next in the PC, the instruction forces the PC to
cancel the next address and instead output the ad-
dress 239 in binary. Decimal 239 in binary is 0000
0000 1110 1111. There are no ifs, ands, or buts,
the JUMP instruction is usually unconditional. I say
usually because in some computers the JUMP in-
struction might have a condition attached to it.

2 The main conditional instruction is named
BRANCH. There are a lot of BRANCH instructions
in an instruction set. This is because the BRANCH
instruction must check with the CCR to see if condi-
tions are arranged for it to change the PC’s auto-
matic incrementing. The BRANCH instruction will
be executed or ignored according to flag settings.
The branching could go on if bit N in the CCR is set
or reset. That means if the accurnulator is showing a
positive or negative number. The branch could take
place if bit Z is set or reset. Those settings could
provide conditions where the accumulator equaled
0000 0000 or did not equal zero. Other ways a
branch could occur is if C was set or reset or V was
set or reset. There are not usually branch instruc-
tions for the H bit or the interrupts.

3 There are some variations and combining in
some other of the JUMP and BRANCH instructions.
There is one branch instruction named BRANCH
ALWAYS. This is an unconditional instruction
much like JUMP. There are some JUMP instruc-
tions in some computers that have conditions at-
tached to it. That makes these instructions quite
like a BRANCH. For the most part though JUMP

indicates an unconditional new PC address, and
BRANCH usually means a change of PC addressing
only if the flags are set or reset properly.

The flag settings in the CCR are not changed or
affected in any way by the branch type instructions.
The connection between the CCR and the PC is one
way, from the CCR to the PC. The PC can only
receive signal from the CCR. The PC can’t send a
signal to the CCR.

4 There is one more type of program counter
changing instruction that deals with subroutines. A
subroutine is a program that is installed somewhere
in the memory that is secondary to the main pro-
gram. For instance, a math program might have to
get the logarithm of a number every now and then.
The routine to compute such a number can be in-
stalled in some unused RAM section. Then when
the log is needed a JUMP TO SUBROUTINE or
BRANCH TO SUBROUTINE instruction can be
used. When that kind of instruction arrives at the
IR, it is sent to the PC and the PC addresses the
memory location where the subroutine is residing.
The general name for this instruction is CALL. The
CALL instruction commands the PC to jump to the
start address of a subroutine.

Once the subroutine has been run, another
instruction is installed, as the last instruction in the
subroutine. This type of instruction is called RE-
TURN. The RETURN instruction after it is de-
coded in the IR is also sent directly to the PC. It
gives the PC the return address, and the PC outputs
the address. Operation then is returned to the main
program.

From computer to computer these general in-
structions are varied, altered and even completely
changed. If you are programming the computer,
then you must learn all the details and nuances of
the instruction set and dare not write a program
from a general point of view. For repairing a com-
puter the instruction set is useful in understanding
what is happening, so you can puzzle out what broke
down. Knowing what the instructions will do is also
useful in analyzing the digital inputs and outputs
that are found on the 40 pins of the CPU. However,
it is not necessary for the servicer to understand
how to use the instruction set in programming, to
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repair the computer. Of course, the more you know
about all aspects of the computer the better off
you'll be working on them.

THE INSTRUCTION SET LAYERS

While it is not a necessity for the repairman to
know how to program the computer it is important
to know what an instruction set is and how it per-
forms its job in the computer. There are times when
some parts of a program are working and other lines
in a program are not. If you can visualize what duties
of the instruction set are operative, and what jobs
are down, the diagnosis of the trouble tends to be
more accurate. Also there are tests the manufac-
turer will have in the service notes that are in the
form of programs. As you type these little programs
into the machine and run them, the results are
interpreted intelligently if you know why you are
making these tests.

The instruction set for most home computers
is a group of 8-bit numbers. Since there are 8 bits in
each instruction, there are 256 possible combina-
tions of bits and 256 possible instructions. The
possibilities range from 0000 0000 to 1111 1111.
(The space between the 4th and 5th digits are only
there as a convenience for this book’s purposes.
The actual instructions are 00000000 to 11111111.)

These numbers are called the machine lan-
guage. These are the numbers the CPU under-
stands. The CPU will not respond unless the input
to the instruction register is in binary (Fig. 11-11).
The CPU is nothing more than a gigantic conglom-
eration of logic devices. Just as the logic gates and
various register types will only perform according
to their truth tables, the CPU will only perform
when its truth table inputs, the instruction set,
arrives at the IR. Even though the CPU and the
instruction set are far more complicated than a gate
and a truth table, they both operate in a similar
manner.

A typical program in machine language could
look like the following to the IR:

1010 0011

0111 1100
0101 0000
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1000 1000
1111 0011
1100 1010
0100 1101
0001 1001
0111 1100
0011 0111

These are the program bits that are stored in
RAM or ROM in sequential addresses. When the
order is given to run the program the address bus
starts and addresses the first memory register. A
copy of the contents of the register, which is 1010
0011, is sent to the IR. The IR decodes the 1010
0011 and causes the instruction to be executed.
After the instruction is completed, the address bus
addresses the second memory register in line, and
the second instruction is fetched over the data bus.
This continues till the entire program has been
fetched and executed. The CPU does a predictable
job and never makes a mistake with the 8-bit in-
structions, unless the CPU is defective.

The machine language is the bottom layer of
the instruction set. The groups of 8 bits are actually
the medium by which the computing electronics can
take place. If a programmer wanted to, he could
replace the typewriter keyboard with a front panel
that has 8 data switches. Then he could key the bits
into the memory by switch. There are many com-
puter designers and home hobbyists who do use
front panels. In years past, the front panel was the
only inexpensive way to go (Fig. 11-12).

As you can see though, using a front panel to
install bit-by-bit is the hard way to install a pro-
gram. Today there are many practical inexpensive
input mediums like the cassette and the keyboard.
With the keyboard, the binary bit input is done away
with altogether. The standard of the industry is to
replace the 8-bit input with a two hex input. It was
discussed earlier that four bits can be coded into
one hex character. Eight bits are coded into two hex
characters. If 0000 0000 to 1111 1111 is made up of
256 combinations, then hex 00 to hex FF is also
made up of 256 combinations. The ten step machine
language program can be coded into the following
ten step hex program.



Machine Language Hex
1010 0011 A3
0111 1100 7C
0101 0000 50
1000 1000 44
1111 0011 F 3
1100 1010 CA
0100 1101 4D
0001 1001 19
0111 1100 7C
0011 0111 37

Now that we have a hex code to replace the
cumbersome, difficult to work with binary, all well
and good. However, the machine can only use bi-
nary. The hex code is meaningless to the chips in
the computer. What happens to the hex if it is typed
into the computer?

The hex is the next layer of the instruction set.

Between the bottom layer, the machine language,
and the next layer up, the hex code, a program is
installed. This program is stored in memory. It is
part of a larger program called the operating system
or the monitor. The section that is concerned with
the hex is called a hex loader. As the hex is typed
into the computer, the program section called hex
loader accepts the hexadecimal digits. The hex
loader codes the hex digits into 4 binary digits each
and stores them into memory. Then the CPU is able
to use them (Fig. 11-13).

If the binary digits are called “machine lan-
guage”, then the hex digits can be called “object
code.” There is some confusion between the two
names. You'll find the bits are sometimes called
object code and the hex is called machine language.
The definitions are not completely standardized by
everyone. The above definition is as good as any

| Data bus

Instruction
register

D7

Binary
“machine
language”

from
memory

To
program
counter

_*+ |

Instruction
decoder

\

To
ALU

|
|
|
|
|
|
|
|

Fig. 11-11. The Instruction Register, buried deep in the computer can only work with “machine language”, the high and low

pulses of voltage.
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Fig. 11-12, The very basic input device is the “front panel.” With it you can insert the 1s and 0s of addresses and data directly

into the computer.

others. I use machine language for bits and object
code for hex. The important thing is to know their
place in the layers of the instruction set.

In a lot of the home computers, you cannot type
a program written in binary into the memory in a
direct fashion. The program has to be written in hex
and then it can be poked into memory. As the hex is
poked in, the hex is converted to binary which
actually goes into the memory registers.

The top layer of computing language is called
high level language. This high level language is
designed for easy programming. Home computers
usually have a high level language capability. The
commonest language is known as BASIC (Begin-
ners All Purpose Symbolic Instruction Code).

When a program is installed into memory in a
high level language the following happens. The in-
struction is first sent to an interpreter which is in
the form of a program stored in RAM or ROM. The
instruction is forced to go through the interpreter.
The interpreter can then code the instruction from
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the high level language into binary. The binary bits
are then sent to the memory. The binary can then be
fetched by the CPU to perform the instruction.

This encoding and decoding from language to
language might seem to be cumbersome. However,
for a home computer, the entire process is almost
instantaneous and the complexity means practically
nothing to the electronic circuits. The important
thing is to make computer operation by the human
involved as easy as possible.

ASSEMBLING A PROGRAM

The experienced computer repairman often
must take the instruction set of the CPU under test
and devise a test program to check out or exercise
some area in and around the CPU. If you look at the
sample list of instructions in the set they are com-
posed of hex numbers. The numbers range from 00
to FF (Table 11-2).

After the hex number is another code of let-
ters. After 00is NEG, after 2E is BGT, and after FF




|
TREIS
_.-l_
' Keyboard
“Object code”
A3 (hex byte)
A 4
Hex
loader
/A\/3\
71 6] 5| 4 3] 2 1 0
110 1 0jo0] 0} 1 1
Memory byte

Fig. 11-13. The hex characters that are coded into binary are called “object code.” Object code can be inserted into the

computer through the keyboard in most home computers.

is STU. These letters are called munemonics. These
mnemonics are descriptions in three or four letters
of what the instruction does. The NEG stands for
negate, BGT indicates branch if greater than zero
and STU means store the U register. The letters
are chosen to be abbreviations of the jobs. These
abbreviations are easier to memorize than the hex
digits. The idea is, write the program in mnemonics
instead of hex. The writing will be much easier

since the mnemonics stick in your head after you
use them a few times. The hex numbers do not
handle that easily. Also if you work on one type
CPU in the morning and another kind in the after-
noon, the mnemonics will be somewhat the same.
The hex numbers will be definitely different.
While the manufacturers do include a set of
mnemonics with their instruction set listing, and
there is a mnemonic to match up with each hex
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number, the CPU has no mnemonic capability. The
mnemonics are there as a handy reference but have
absolutely no meaning to the computer. If you write
a program in mnemonics you must convert the
mnemonics to hex before it can be installed into the
computer to be turned into binary.

Why bother? When you write a program in
mnemonics it can be read by you and others. A
program written in hex appears meaningless until it
is decoded into English step by step with the aid of a
listing of the instruction set. It is more convenient
to write a program in mnemonics than in hex.

If you write a test program in mnemonics you
can turn it into a hex program in one of two ways.
One, you can assemble the program by hand. Two,
you can get hold of an assembler, which is a pro-
gram that turns the mnemonic program into hex,
with the aid of the computer. The mnemonic pro-
gram is called an assembly language program. To
write an assembly program requires a lot of famil-
iarity with instruction sets.

HAND ASSEMBLY

The instruction set shows a list of hex numbers
that range from 00 to FF. Each hex two digit number
represents a byte. The byte is the standard in home
computers. All memory locations are one byte
wide. All instructions are one byte wide. All data
units are one byte wide. If more than one byte of
information must be stored in memory, then addi-
tional memory locations have to be used, but the
information is still arranged into individual one byte
units. The data bus is composed of 8 lines that are
connected to all the memory locations on one end
and the internal CPU data bus and IR on the other.
These are all one byte matches. When you write an
8 bit or its equivalent hex program, each program
step is one byte.

Some instructions can perform their job with a
single program byte. When it does a single memory
register is accessed and the instruction is transmit-
ted to the CPU and executed. Other instructions
can't do their job with a single byte. These instruc-

Table 11-2. The Instruction Set of a CPU is Really a Set of Binary Numbers. Each Number is Eight Digits Which Codes into Two Hex

Digits. The Hex Digits, the Object Code, is Called the Op Code. If you Want to Write an Assembly Language Program, Each Op Code has to

be Changed to the Equivalent “Source Code.” To Write the Source Code Instead of the Object Code, Each Op Code Number Must be

Replaced, Taking into Consideration, a Mnemonic, An Addressing Mode, the Number of Cycles the Operation Takes, and the Number of
Bytes Needed in Memory. Nobody Said it's Easy.

OoP HEX Source Code Addressing
Code Mnemonic Mode Cycles Bytes

00 NEG Direct 6 2

03 COM 6 2

04 LSR 6 2

06 ROR 6 2

07 ASR 6 2
~———
— T ——

2E BGT Relative 3 2

2F BLE Relative 3 2

30 LEAX Indexed 4 2

31 LEAY 4 2

32 LEAS 4 2
e sl L
— — \_____________/'-——"—\T

FB ADDB Extended 5 3

FC LDD 6 3

FD STD 6 3

FE LDU 6 3

FF STU 6 3
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tions need two to five bytes. The instruction stores
one byte in each memory location.

Why does an instruction that is listed as a
single byte need more hex numbers? How can an
instruction be five bytes long? It’s because the in-
struction part is only one byte long. The rest of the
instruction sequence is data that the instruction
works on. In an instruction sequence, the first byte
is the instruction that is called the op code. The rest
of the bytes are called the operand. The op code
operates on the operand. If you look at the hex digits
randomly there is no way you can tell the difference
between the instructions (op code) and the data
(operands). The computer though has no problem in
using them. The only requirement the CPU insists
upon is that the bytes must be stored in sequential-
memory registers.

The op code is always an instruction from the
instruction set. The operand can be one of a number
of forms of data. It can be an address where data is
stored, it can be a register name, or it can be
straight data like math numbers or the like. The op
code and operands all must be put into one byte hex
forms before the computer can understand it. That
is what hand assembly is: taking an assembly pro-
gram and with pencil and paper coding it into a long
string of program steps in hex form. The hex can
then be typed into the computer where the hex
loader codes it into binary and stores it sequentially
in RAM. As you can imagine, this is a tedious, error
prone way to assemble hex from an assembly pro-
gram. That’s where assemblers come in.

ASSEMBLERS

Looking again at Table 11-2, after the hex
number are four columns. There is the mnemonics,
the addressing modes, the CPU cycles, and the
number of bytes needed by the instruction. Those
four columns are all taken care of automatically by
the hex number. To put it another way, when you
load the hex byte into the CPU, you are in effect

telling the CPU, the mnemonic, and the addressing
mode how many clock cycles will be needed to
execute the instruction, and the number of bytes in
memory the instruction occupies.

When you write an assembly program, each
line of the program has to take into consideration
those four columns. That way each program line can
be coded into a number of hex bytes. When you use
an assembler instead of using hand assembly, the
assembler will transform the program lines into the
hex object program. The assembly language pro-
gram that is written is called a source program. This
is in contrast to the object program in hex and the
machine language program written in binary. The
source program is a compilation of mnemonics in
English for the op codes and hex, decimal, binary,
and symbols for operands.

The assembler is a program that is able to take
the jumble of op codes and operands in all those
different forms and assemble them into a string of
hex bytes the hex loader will take from there. The
assembler is a program just like the high level
language interpreter, and the hex loader. Like those
other coders, in order to use an assembler, the rules
of the assembler program must be followed. There
are many different kinds of assemblers since there
are many different CPUs. Each instruction set re-
quires a different assembler program. In fact, there
are different assemblers for the same CPU. How-
ever, once you master the use of one assembler,
switching to another one is not that hard.

Fortunately, it is not necessary to be an as-
sembly program expert to be able to repair home
computers. The preceding information is presented
to acquaint you with the overall system that you are
dealing with during a repair. Of course, the more
you know about computing, the faster and surer a
troubleshooting job will proceed. If you are in-
terested in learning how to program with the use of
instruction sets, there are a lot of good books
around that will get you started.

197



Chapter 12

The

The typical home computer that processes 8-bit
data, uses 16-bit addresses to do the job. While the
data bus has eight separate lines the address bus
has 16 individual copper traces travelling around
the print board from chip to chip. The address bus
originates in the CPU. It goes to all the RAM, ROM,
and I/0 addresses. There are a possible 65,536
addresses. A directory of all the addresses outside
the CPU is called a memory map (Fig. 12-1).

THE CPU ADDRESSING CIRCUITS

Inside the CPU, attached to the pins labeled
A15to AQis the internal address bus. Connected to
the address bus are three registers that deal di-
rectly with addressing. All three registers are 16-
bit or 2-byte types. They are the program counter,
the index register, and the stack pointer.

The program counter (Fig. 12-2), as it starts to
operate is initialized or set to 0000 0000
0000 0000. This setting points to the address in
memory 0000 0000 0000 0000. The program
counter manages to point to the address electroni-
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cally by outputting 0 V to each of the 16 address bus
lines. If you read the initial address with the vom
you'd get 16 lows at the CPU pins A15 to AQ.

In hex this address is 0000. In decimal the
initial address is zero. With the program counter
acting as the transmitter and the hex address 0000
being the receiver, a copy of the contents of hex
0000 is sent out over the data bus. When this hap-
pens the program counter is made to automatically
increment by 1.

This makes the program counter register be-
come 0000 0000 0000 0001. The hex address that
is now pointed to is 0001. In decimal the same
address is one. With the transmitter now pointing to
one, the receiver is the second memory location.
The first location is now no longer the receiver and
deactivates. The second location then sends its data
out on the data bus. This makes the program
counter increment to 0000 0000 0000 0010. In
hex that address is 0002. The decimal address is
two.

The program counter keeps on placing its reg-



Memory Map
Decimal Address Hex Address Resident of Address

0 0000

to to Housekeeper
1023 03FF
1024 0400

to to Video RAM
1535 05FF
1536 0600

to to RAM
16383 3FFF
16384 4000

to to Expansion RAM
32767 7FFF
32768 8000

to to Expansion ROM
40959 9FFF
40960 A000

to to Operating ROM
49151 BFFF
49152 C000

to to Cartridge ROM
65279 FEFF
65280 FFOO

to to 1/0 devices
65535 FFFF

Fig. 12-1. A typical home computer with an 8-bit processor has a 16-bit address bus that can address 65,536 individual
locations. Typical residents at these addresses are the computer’s housekeeper, RAM, ROM, and I/O devices.

To addresses in computer

A15 A14 A13 A12 A1l A10 A9 A8 A7 A2 Al A0

A6 A5 A4 A3
4 & 4
R B e e e
4 3

15| 14| 13| 12| 11} 1o 9 8] 7| s8] 5 o 1 o] L
‘_...._._

pulse
from

|

l

I Program counter Increment
I cPU clock

Fig. 12-2. The program counter addresses all the computer residents. It starts at address 0000000000000000 and will
steadfastly increment to address 1111111111111111 unless given an instruction to do otherwise.
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ister contents onto the address bus. Everytime it
activates an address it increments by one. Left
alone, it would start counting at decimal 0 and con-
tinue right up to address 65,535. In hex that count is
0000 to FFFF. In bits it is 0000 0000 0000
0000 to 1111 1111 1111 1111. As each address
was pointed to the 8-bit contents would be output-
ted to the 8 data bus lines.

RELATIVE ADDRESSING

The program counter provides the consecutive
pointing service as long as an instruction doesn’t
come along and change the count. There are a
number of instructions that do nothing but change
the value of the program counter. These instruc-
tions are called JUMP, BRANCH, CALL, and RE-
TURN. These instructions are found in the instruc-

tion sets. When these instructions enter the IR and
get decoded, they are immediately sent to the pro-
gram counter. At the program counter they alter the
current address. The JUMP instruction makes the
program counter's number change from the next
consecutive address to an entirely different ad-
dress. The new address is in the next bytes of data
after the JUMP instruction byte (Fig. 12-3).

The BRANCH instruction is like the JUMP and
also changes the program counter’s address. For
instance, a BRANCH instruction could be a two
byte instruction (Fig. 12-4). The first byte is the
instruction to branch. The next byte in memory is a
trailer offset attached to the first byte. It contains a
number that is added or subtracted to the contents
of the program counter. The result of the adding or
subtracting produces a new number in the PC. In-

Relative addressing

Consecutive addressing Memory
bytes
Change of Jump
address O F -—B
E F b
Program counter
=
OFCF
OFDF
— O F E F| Instruction
OFFF
Data bus
IR =

Fig. 12-3. The JUMP type instruction is followed in the memory bytes by a change of address. The address is then put on the
data bus and sent to the program counter via the instruction register. The program counter stops incrementing, puts the
change of address on the address bus, and the new address is activated.
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Relative addressing

Consecutive addressing

Memory
bytes
Change of —B1 Branch
address —— Offset -5
Program counter J
a
Instruction
PC + offset
IR g Data bus

Fig. 12-4. The BRANCH type of instruction is followed by a trailer offset number. The offset can be added (or subtracted) to the
program counter address. The addition produces a change of address instead of the automatic incrementing. The program

counter branches to the new address.

stead of the PC simply incrementing by 1, it
branches to the new address formed by the addition
of the trailer.

With the relative type of addressing, a pro-
gram that is running is able to jump or branch to any
location on the memory map. As the program
counter is addressing the memory map in numerical
order, it will suddenly receive a new address froma
JUMP instruction or an offset number from a
BRANCH instruction. The PC will then address the
new number instead of the next number.

INDEX REGISTER ADDRESSING
Another CPU register that is attached to the

address bus is the index register. It is in parallel to
the program counter and is almost a twin. It holds 16
bits and is used to output an address to the memory
map. The index register can only output an address
when the CPU activates it. During the time the
index register is active the program counter is on
hold. Both of them are not permitted to be on at the
same time, or they will interfere with each other. If
they should fail by shorting together internally, the
addressing by the CPU will go wild and garbage will
appear on the screen, if an interrupt doesn’t shut
down the operation altogether.

As aprogram is being run the PC could address
a memory location that contains an instruction that
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is in the indexed mode (Fig. 12-5). The indexed
addressed instruction is a two byte type. The first
byte is the instruction in hex. This byte enters the
IR and the decoding turns off the PC and activates
the index register. The next byte, which is a trailer
for the index instruction, contains a hex number.
This number is an offset, that is added to the con-
tents of the index register to form a new address.
This is quite like the BRANCH instruction except
the index register is used instead of the program
counter.

The program counter actually counts out the
steps of the program. The index register is used
during one of the program steps. The index register
is used during the trailer bytes for a program step.

The index register really does a different job than
the program counter. They both cause an address to
be placed on the address bus, but at different stages
in the running of the program.

While a program is being run, the program
counter points to the next location in memory that is
the next step in the program. The index register
only points to a location where data is being held
that is needed for the step being run. Once the data
is placed on the data bus, the program counter takes
over again and continues addressing the memory
map in its consecutive fashion.

THE STACK
There is another register, in parallel with the

Indexed addressing Memory
bytes
Consecutive addressin —
J Indexed
. instructions
Consecutive addressing P ;
—@i  Offset
--——g Instruction
l Change of
address
Program counter
Index register
& A %
Offset
added to SRS Data
address in
index register
<
=
<
< Data bus

Fig. 12-5. Another way the CPU can address a location on the memory map is with its index register. Between normal program
counter address moves, the index register can be activated and output an address of its own. The address is formed by adding
an offset, that follows an indexed instruction in the memory, to the number in the index register. The indexed address is then
activated. After the indexed address the program counter resumes addressing control and continues its consecutive

addressing.
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CPU registers

B A Accumulators
Index
X MS XLS register
Program
PC MS PC LS counter
Start address of stack Stack pointer
Condition
CCR code register

Job of stack pointer

Start address
of stack

RAM
PC LS
PC MS
X LS The stack
Contents
X MS - of
A CPU
) registers
CCR

Fig. 12-6. If an instruction like JUMP is executed the address bus switches from one area of the memory map to another. As a
result all the CPU registers will get changed as the new locations are accessed. At the end of the JUMP the address bus will
switch back to the original locations. The original numbers in the CPU registers are no longer there. However, nothing is amiss
because the values of all the registers were saved in a piace in RAM called The Stack. Upon RETURN to the original program
the stack is loaded back into the CPU registers, where they were before the JUMP instruction.

PC and index register, that is attached to the inter-
nal address bus. It is called the stack pointer. It
points to an area in RAM called the stack. The stack
is a number of bytes of memory in sequential order.
The stack does one job. The stack is a storage place
where the numbers contained in the CPU registers
can be held for safekeeping. Why have a stack? Why
does a record of the CPU register’s numbers have
to be kept? Suppose a program is being run. The
program started at memory location hex 0000 and
reaches hex 002F. In 002F there is a JUMP instruc-
tion to a small program starting at location 00C7.
The program counter is changed to 00C7 and begins
running at that memory place. The PC continues
running there. After 00C7 it addresses 00C8, then
00C9 and so on till a RETURN instruction is re-
ceived. Then the PC changes back to where it was
originally. How does the PC know what memory

location to go back to? The stack pointer register

knows where. When the CPU received the JUMP

instruction, it immediately set up a place in RAM

for a stack. In the stack, in sequential bytes, the

CPU stored the following:

Contents of the LS byte of the PC.

Contents of the MS byte of the PC.

Contents of the LS byte of the index regis-

ter.

Contents of the MS byte of the index regis-

ter.

Contents of accumulator A.

Contents of accumulator B.

Contents of the condition code register.
The stack pointer register then received the

starting address of the memory stack. When the PC

returned from the JUMP and the running of the

small subroutine, the stack pointer register indi-

Oodo O Dbogood
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cated where to get the original contents of all the
registers from the stack storage in RAM. The PC
and the other registers can continue their work at
the place they were before the JUMP to subroutine.

ADDRESSING WITH OTHER REGISTERS

Besides the PC, index register, and stack
pointer, there are other registers in a CPU that
attach to the address bus. First of all, there can be a
register or more right in the internal address bus, in
the CPU. This register is called the address bus
register. Secondly, the accumulator can be used as a
temporarily holding register and output to the ad-
dress bus. These registers permit you to address
the memory map with many other program modes.
The more addressing modes a CPU can exhibit the
more versatile it is. The more versatile, the more
program manipulation can be performed.

THE MEMORY MAP ITSELF

The memory map shown in Fig. 12-1is the one
for a typical home computer. The addresses are
shown in decimal and hex. Actually the machine
can't directly use either of these number systems.
The computer uses 16-bits with the 65,536 differ-
ent arrangements of bits sent out over the address
bus to activate a memory location.

In decimal the numbers from 0 to 1023 repre-
sent memory locations that are used for special
purposes. On a map you'll see descriptions of the
locations called “internal use”, “keyboard alpha
lock”, and so on. For the servicer, these locations
can be described as “housekeeping”, and let it go as
that. For programmers some of these locations
have importance but not usually for servicing.

Locations 1024 to 1535 are showed as video
RAM. These locations are set aside from the rest of
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the RAM and is used for video display purposes. In
the operating system is a small program that oper-
ates video RAM.

When you strike a key on the keyboard, the
symbol is automatically displayed on the TV
screen. This is courtesy of the video RAM ar-
rangement. Notice there are 512 locations in video
RAM. On this TV screen of this computer, 512
keyboard symbols can be displayed, including
spaces. There is one symbol block on the TV screen
for every video RAM location. When you strike a
key, the key character is transformed into bits and
sent to the video RAM. Location 1024 is addressed
first and is the upper hand block. As the keyboard is
continually hit, the video RAM fills up sequentially,
and fills the TV screen in normal left to right writing
fashion. The lower right-hand TV character block is
filled when video RAM location 1535 receives its
data bits.

The locations in this map, 1536 to 32767, are
for RAM storage. This gives exactly 31231 RAM
locations out of the total 32767 locations, for the
user’s needs. This is typical for a 32K system.

Beginning at location 32768 through 65279
there are 32511 addresses that can be used for
ROMs. All of this ROM area plus the available 32K
RAM makes for a very handy computer. A lot can be
done with it.

At the bottom of the address list are 255 loca-
tions from 65280 to 65535 that are used for input-
output ports. This is usually plenty of addresses.
1/0 chips like the PIAs and UARTSs need only a few
addresses each. The memory map can be manipu-
lated by different ROMs in different ways. The
housekeeping locations are usually fixed, as is the
video RAM. The long stretch of RAM and the loca-
tions reserved for ROM though can be switched
around in many different ways.
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The Clock

Every TV transmitter has an rf oscillator. This
circuit produces the basic frequency of the station.
It is the frequency that the video, audio, and other
frequencies are installed upon. It is the frequency
that you tune to when you want a particular TV
show. The rf signal is known as the carrier wave.

Every computer also has an oscillator circuit
that produces an rf signal. Like the TV transmitter
signal the rf begins as a sine wave and is the basic
frequency of the machine. That’s where the simi-
larity ends. While the TV station deals in analog
signal manipulation, the computer works on man-
ipulating digital signals. Therefore, the sinewave
signal, as soon as it leaves the oscillator area, is
changed to a square wave. The frequency remains
the same. Only the waveshape is changed. The sine
wave signal is useless in digital circuits. Square
waves have to be used to do the jobs.

A CLOCK CIRCUIT

The clock circuit in a home computer is typi-
cally a crystal-controlled oscillator. The frequen-

cies differ somewhat according to manufacturers. In
the TRS-80 early models, some frequencies were
10.6445 MHz. Their Color Computer is 14.31818
MHz. The Heathkit H-89A runs at 12.288 MHz. The
circuits are conventional (Fig. 13-1).

The TRS-80 Color Computer uses the follow-
ing configuration (Fig. 13-2). The master frequency
originates in a crystal that is cut to ring at 14.31818
MHz. The crystal is tied into pins 5 and 6 of the
SAM chip. These pins attach the crystal to an inter-
nal oscillator circuit that is series resonant. C51 and
C4 fix the frequency of the oscillator. C4 is a trim-
mer capacitor that will adjust the frequency slightly.

THE FREQUENCIES

The 14.31818 MHz is the master frequency. It
is the basis for all the frequencies in the computer.
In this computer there are a number of frequencies.
The timing diagram (Fig. 13-3) shows all the fre-
quencies in the computer. The 14.31818 MHz mas-
ter frequency is drawn with 16 highs and 16 lows.
The perfect square wave with the perpendicular
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Fig. 13-1. The Heathkit H-89A computer uses a System Clock circuit based around a conventional crystal-controlied oscillator
that rings at 12.288 MHz.

Crystal oscillator circuit

7 @ VCK

15K 5
AAA 4 0SC oUT
C51 __[ -j—- X1
39 pF F 14.31818 ® «HS
]
c4 T L <
9-35 pF | 089MHz
l l I 2

Fig. 13-2. The TRS-80 Color Computer has its oscillator circuit wired into a large éAM chip.
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sides indicates the frequency goes from low to high
to low in no time at all. This clearly is not possible.
The actual waveshape slopes to the right as it goes
from low to high and to the left as it comes down
from high to low (Fig. 13-4). Low to high is called
the rising edge, while high to low is called the
falling edge. These edges are important since they
trigger off a lot of the activity in the digital circuits.

In the timing diagram, beneath the 16 square
waves is a row of 8 square waves. The 8 highs, at
the same time as the 16 highs come about because
the 14.31818 is divided by 2. The frequency to
produce the 8 waves is 7.15909 MHz.

Beneath the 8 waveshapes, is a frequency that
produces 4 square waves in the same time period.
This frequency is the result of 14.31818 divided by
4. A TV servicer will recognize this frequency
3.579545 MHz, as a TV color oscillator frequency.

This is indeed exactly what it is and is one of the
reasons this computer can produce a color display.
In this color computer the 3.579545 MHz is called
the video clock frequency. C4, the trimmer
capacitor is used to set the video clock on fre-
quency. The video clock is exactly 14.31818 divided
by four and must be the most accurate frequency in
the computer, or else the color picture will not be
displayed properly.

The next frequency shown is 1.789772 MHz.
There are 2 highs in the same time period. The
frequency is derived from 14.31818 divided by
eight. The final division of the master frequency is
by 16. This produces the working frequency of the
computer that is listed in the instruction manual.
14.31818 divided by 16 is 0.89 MHz.

‘The CPU receives an input of 0.89 MHz at pins
35 and 34, Q, and E, . Q and E are both 0.89 MHz

Crystal frequency

Timing diagram

Color frequency
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Fig. 13-3. The timing diagram shows all the working frequencies that are derived from the original crystal-generated frequency.
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Fig. 13-4. An actual square wave is not really square. The wave has a rising edge as the voltage rises. The wave also has a
falling edge as the voltage falls. These edges are triggers to set off digitai activity.

each but the Q signal leads the E signal by 90
degrees. The phase shift is accomplished in the
SAM chip which generates all the computer’s tim-
ing.

WHAT THE CLOCK DOES

The CPU is the main part of any computer. It is
full of digital gates and registers. The digital cir-
cuits are able to address any location on the mem-
ory map and load data from the location or store data
in locations that are able to store. The CPU is also
able to perform arithmetic and logic operations on
the data. The clock is an indispensible part of all
these operations.

In a typical CPU there are two clock inputs
(Fig. 13-5). They are the working frequencies.
They are both the same frequencies but 90 degrees
out of phase with each other. Phase 1 is there to
time the addressing by the program counter and the
other addressing registers. Phase 2 is given the job
of timing the data movement from the memory
locations that get addressed (Fig. 13-6).

Since the two square waves are 90 degrees out
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of step, phase 1 will always be high when phase 2 is
low. Also phase 1 will also be low while phase 2 is
high. This arrangement works out fine for the timed
interplay between addressing and data movement.
As discussed, the program counter always has
the address of the next instruction. When phase 1
enters the CPU it is wired to the program counter.
When it arrives it enters the PC circuit. The rising
edge of phase 1 triggers the PC. The address in the
PC is then placed on the address bus. As time goes
by, phase 1 becomes high and continues high until
the falling edge of phase 1 arrives. The falling edge
then triggers the program counter. The PC then
increments its register. The rising and falling edges
of phase 1 thus caused the PC to output the current
address and increment to the next address.
Meanwhile, down at phase 2 the following is
happening. As phase 1 is having a falling edge,
phase 2 is exhibiting a rising edge. This enables the
addressed chip and places data on the data bus. If
the operation is a LOAD, the memory location will
output its contents to the data bus. The data will
head for the instruction register in the CPU.
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Fig. 13-5. A CPU is driven by two clock inputs. They are the same frequencies but 90 degrees out of phase with each other.
Note the leading edge of E occurs at the same time as the middle of the high plateau of Q.
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Fig. 13-6. The rising edge of Phase 1 triggers the program counter into placing its contents onto the address bus. The falling
edge of Phase 1 increments the program counter in readiness for the next addressing. Meanwhile the rising edge of Phase 2
triggers the register that was addressed to place its contents on the data bus. The falling edge of Phase 2 then latches the data
into the CPU's instruction register.
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Phase 2 will then continue in time and reach its
falling edge. If the operation is a LOAD the falling
edge will latch the data into the instruction register.
During a STORE operation the falling edge will
install the data into the addressed memory location.
Phase 2 therefore causes data to be placed on the
data bus during its rising edge and locks the data
into its destination during the falling edge. These
edges in phase 1 and 2 are constant and cause the
computer to continually address locations and then
cause data to move back and forth on the data bus.
This is the important activity of the CPU and what
computing is all about.

THE CLOCIK SIGNAL IN ACTION

Let’s examine carefully the part the clock sig-
nal, phase 1 and phase 2, plays, during the running of
a program. During a program there could be seven
memory locations addressed during some three
program lines. The following is a list of seven ad-
dresses in binary and their contents:

Address In Binary  Register Contains

0000000000000000 10000110
0000000000000001 00100101
0000000000000010 11010110
0000000000000011 00110101
0000000000000100 10110111
0000000000000101 01000000
0000000000000110 00000010

The 16-bit address contains 8 bits in its mem-
ory register. The 8 bits could be an instruction from
the CPU’s instruction set. If it is an instruction,
when it arrives at the instruction register, it makes
the CPU perform an operation.

The 8 bits could be another address. If it is an
address, the instruction preceding it will alert the
CPU that this 8 bits is an address or half of an
address. When the 8 bits is all of the address then
the CPU will add 00000000 in front of it to fill the
address out to 16 bits so the PC can hold it. When
the 8 bits is only half an address then the rest of the
address will be in the next byte to arrive at the
CPU. Either way the instruction sets up the CPU to
handle it.
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The contents of the location could simply be
some data to be worked on. When the data is in the
location in rotation in the program, the data gets
worked on immediately. The details of these seven
memory locations being worked on follows.

1 The clock is running and the rising edge of
phase 1 enters the CPU. This triggers the program
counter. The PC starts the operation by placing
0000000000000000 on the address bus. This forms
a circuit between the CPU and the address 0000
00000000.

2 Phase 1 peaks out and its falling edge sets off
the PC into incrementing to 0000000000000001.

3 Meanwhile, as phase 1 goes low, phase 2
develops a rising edge. This rise actuates the chip
the address is located on and the data is placed on
the data bus. In other words the rising edge of phase
2 caused the memory location to place its contents
on the data bus. In the location are the 8 bits,
10000110. This is an instruction from the Set.

The instruction travels the 8-bit data path from
the location to the instruction register in the CPU.
The falling edge of phase 2 latches the 8 bits into the
instruction register. The IR decodes the instruc-
tion. The bits 10000110 activates the CPU. The
instruction says, “Get the A accumulator ready.
The next byte that will arrive on the data bus is pure
data. This data is to be LOADed into the A ac-
cumulator.” .

4 The 16 bits 0000000000000001 in the PC
are placed on the address bus as the next rising
edge of phase 1 arrives. This eliminates the circuit
to 0000000000000000 and forms a new address cir-
cuit to 0000000000000001.

5 Then as phase 1 tops out, the falling edge
causes the PC to increment to 0000000000000010.

6 The rising edge of phase 2, which arrives
about the same time as the falling edge of phase 1,
causes the memory location 0000000000000001 to
output its 8 bits onto the data bus.

7 Phase 2 tops out and the falling edge latches
the data bus contents into the IR in the CPU. The
CPU was waiting for this data because it was
alerted by the earlier instruction. The IR loads the 8
bits into the A accumulator as it was instructed to



do. The A accumulator then reads 00100101 which
is a copy of location 0000000000000001 contents.

The preceding 7 steps shows the activity of
one machine language program line. The first part
of the line is the instruction or op code as it is called.
The second part of the line is the trailer part and is
called the operand. The line reads 100000110
00100101 in machine language. If you decoded the
line into hex it reads 86 25. Should you use an
assembler the same line reads LDA A #%$25. The
assembled line says “load accumulator A with the
next byte in the program.” The symbol # means
data is in the next byte and the symbol $ means hex.
The program line needed two phase 1 cycles and
two phase 2 cycles to complete the fetch and execu-
tion of the two bytes in the line.

8 As the third clock cycle enters the CPU the
rising edge of phase 1 places the contents of the PC
0000000000000010, on the address bus. This dis-
ables the circuit to 0000000000000001 and enables
0000000000000010.

9 Phase 1 then peaks out and the falling edge
increments the PC to 0000000000000011.

10 At about the same time, the rising edge of
phase 2 triggers 0000000000000010 to place a copy
of its contents on the data bus. 11010110 travels the
data bus.

11 The falling edge of phase 2 makes the data
bus contents latch into the IR. It gets decoded. The
CPU reads 11010110 as the instruction “load ac-
cumulator B with the contents of an address. The
address is contained in the next byte.” The CPU
then prepares for the next byte which is an address,
not a piece of data like the previous instruction
indicated.

12 The next rising edge of phase 1 places
0000000000000011 which is in the PC on the ad-
dress bus. This disables the connection to 0000-
000000000010 end enables 000000000000-
0011.

13 The falling edge of phase 1 then increments
the PC to 0000000000000100.

14 The rising edge of phase 2 then places the
contents of the addressed register on the data bus.
The contents are 00110101.

15 The falling edge of phase 2 latches the

address from the memory storage into the CPU.
Since the instruction stated the register contents is
an address and not just data, the CPU knows to
place the address in the LS byte of the ‘internal
address bus of the CPU. The MS byte in the bus is
00000000 so when the rest of the address is formed
the address bus reads 0000000000110101. In hex
this is 0035.

16 The rising edge of phase 1 now does not
affect the PC. There is an address in the internal
address bus of the CPU, so the edge places this
address on the address bus. This address, hex 0035,
is enabled. The falling edge of phase 1 does not
increment the PC in these cases. The falling edge is
not involved in this addressing procedure. It simply
passes. The falling edge only triggers the PC after
the PC places an address on the bus. If another
register is doing the addressing the PC does not get
incremented.

17 Phase 2 then makes an appearance. Its ris-
ing edge causes the contents of hex address 0035 to
be placed on the data bus.

18 The falling edge of phase 2 loads the ad-
dress into accumulator B. There were three clock
cycles, each total cycle containing a phase 1 and a
phase 2, needed to fetch and execute this program
line. The program line has 11010110 as the op code
and 00110101 as the operand. In hex that is D6 35.

As the preceding two program lines were exe-
cuted, the R/W connection was held high. This is
because the two lines were both read instructions.
They addressed a memory location, read the con-
tents and loaded the contents into the CPU. The
CPU knows to do this if the R/W line is high. The
R/W line is held low during a write operation,
where the CPU has to store data in a memory
location.

The next three memory locations in the seven
line program contains 10110111 as the op code with
01000000 and 00000010 as operands. In hex they
are B7 40 02. If you look at the instruction set, the
B7 op code, means, STORE the contents of the A
accumulator at the address formed by the two bytes
in the operand. If the two bytes are placed together
on the internal address bus, with the first byte being
the MS and the second byte the LS the address,
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01000000000010 is formed. The data in the A ac-
cumulator could then be sent to the address and
latched in there. Let’s go through the step by step
procedure to finish up the program.

19 The rising edge of phase 1 arrives to do its
job and triggers the PC. The PC contents of
000000000100 is placed on the address bus.

20 The falling edge of phase 1 then increments
the PC to 0000000000000101.

21 The rising edge of phase 2 makes the con-
tents of 0000000000000100, which is the op code
1011011, output onto the data bus.

22 The falling edge of phase 2 latches the op
code into the IR where it is decoded and gets the
CPU ready to work on the two byte operand that
will be arriving on the data bus.

23 The PC contents are then placed on the
address bus. The address is 000000000000101. The
new address disconnects 0000000000000100 and
connects this new address.

24 The rising edge of phase 2 causes the
memory location to output the operand 01000000 to
the data bus.

25 The falling edge of phase 2 latches the
operand into a temporary register. Since the CPU
has to get the second operand before it can combine
it with the first to form the 16-bit address, the CPU
has to temporarily hold the first operand. Sort of
like a scratch pad is used if the operation was being
performed with pencil and paper. Most of the time,
one of the accumulators are used for this scratch pad
work, but other registers can also be used. Anyway,
the first operand is placed into temporary storage.

26 Therising edge of phase 1 then triggers the
next PC address into the address bus. It is
0000000000000110.

27 The falling edge then increments the PC to
0000000000000111.

28 The address is enabled and the rising edge
of phase 2 outputs the second operand 00000010
onto the data bus.

29 The falling edge of phase 2 latches the
operand into the IR. The IR then takes the second
operand and placed it into the internal address bus
as the LS byte. The CPU takes the first operand out
of temporary storage and puts it into the MS byte of
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the address bus. The two operands form the ad-
dress 0100000000000010.

30 The rising edge of phase 1 then places the
formed address on the address bus. Up till now, the
R/W line had been held high. The clock was busy
loading the CPU with the op code and the two
operands. Now, according to the op code a memory
location was going to be written to and a piece of
data from the A accumulator was to be stored. The
CPU makes the R/W line go low so the writing can
take place.

31 The formed address opens the memory lo-
cation. With R/W now low, the A accumulator gets
its contents ready for transport. Back in steps 4
through 7 we loaded the A accumulator with
00100101. The CPU then sends the 8 bits 00100101
out over the data bus. The data latches into the
readied location. The program has been run.

TESTING THE CLOCK

When the computer does not produce any out-
put at all, the clock could have stopped. A quick go
no-go test will show if the clock is running or not.
The best place to make the test, is not near the
crystal but on the other side of any buffer in the
circuit. If the test is made near the crystal, the test
probe could load down the oscillator circuit and kill
the frequency, if it is indeed running.

For a quick test you can use an inexpensive
scope with a high impedance probe. If the oscillator
is running, the scope will display an envelope con-
taining the frequency, even if you can't see what
frequency is displayed, because your scope can't
get that high. The appearance of the envelope
means the oscillator is running (Fig. 13-7A). The
frequency is also probably ok because the crystal
won't work easily unless the oscillating frequency
is near the frequency at which the crystal is cut to
run. Theoretically, a crystal could operate at an
entirely different frequency, if there is a flaw in its
cut and the supporting components change in value
to run at the incorrect frequency. This possibility is
somewhere between rare and impossible.

Another quick way to see if the clock is running
is with a logic probe. With the probe connected,



touch down on the address and data bus pins or the
phase 1 and 2 CPU inputs. There should be constant
activity on these pins which will light the LED that
indicates a pulse is present (Fig. 13-7B). The vom
also will show you there is activity present. The
meter will read a floating value and be slightly
unstable. Some of the pins could even cause the

test piece you use, the idea of the test is to deter-
mine whether or not the clock is ticking away.
There are occasions when it is necessary to
actually check the frequency of the clock. This can
be done with a frequency counter. It is useful to
have a frequency counter that does the job with a
pickup-loop probe rather than a probe that must be

meter needle to wobble (Fig. 13-7C). Whichever  connected. Either one will do but the induction-loop

Inexpensive Clock is running
scope ] —
o o Logic probe
Envelope
i |/ containing
frequency
o o

\

High

N
@%©o
7R i L
\0 L?w /" \\

\ N
NI V4 Voltage \ \
";O{‘ LED shaky \O \O
I M¥lights around 2v | O 5 O
Pulse up Q Q ‘600

Mem G
g N
Pulse

CMOS

TTL/LS

(5

Fig. 13-7. You can find out if the clock is running with an inexpensive service scope. Touchdown on a clock test point at a spot
that won't load the circuit. If an envelope containing a frequency appears the clock is running and probably good (A). The logic
probe affords a quick way to see if the clock is running. When it is, the probe wilt light its pulse LED. Good test points are any
spots that normally show a pulse like the address or data bus connections or clock inputs and outputs (B). The vom can indicate
a running clock to the experienced technician. The meter needle will get into a tristate range and possibly wobble a bit (C).
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Fig. 13-8. To really get fine details on the clock signals an expensive dual trace scope will display Phase 1 and Phase 2. While
this scope is indispensable in computer design or manufacturing line troubleshooting, it is rarely if ever needed in ordinary

repair work.

probe is faster and safer. The pickup-loop probe can
be placed right near the crystal and pick-
up the frequency from a capacitor or coil in the
circuit. If the frequency is off the crystal is probably
defective.

If you really want to check out the clock signal
then you must use a dual-trace scope with a high-
frequency response. You must take stable pictures
of phase 1 and phase 2 and compare them on the
scope face with respect to frequency and phase.
This pattern is called a timing diagram.

For the CPU in Fig. 13-8 the two phases are
called phase 1 and phase 2. The scope is attached to
these two clock pins. Phase 1 is attached to channel
A of the scope and, phase 2 is attached to channel B.
The two traces are then locked into the correct
frequencies. A pair of traces should then be on the
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scope like in the illustration. Notice the peaks in the
top trace coincide with the valleys in the bottom
trace.

If the top trace is phase 1 and the bottom trace
is phase 2, the action is as follows. The rising edge
of phase 1 will trigger the program counter to place
the current address on the address bus. The falling
edge will then cause the program counter to incre-
ment.

As the falling edge of phase 1 reaches its bot-
tom, the rising edge of phase 2 triggers the ad-
dressed memory location to output its contents
onto the data bus. The falling edge of phase 2 then
latches the contents of the data bus into the instruc-
tion register. This is the main clock action and you
canview it on the scope. If the traces are not correct
then that could indicate troubles in the computer.



Chapter 14

The Address and Data Buses

If you think of the address bus lines as the pathways
from the CPU to all the addresses, then the data bus
lines are more pathways to and from the CPU and all
the addresses. Notice the “to and from” with re-
gards to the data bus. Remember the data bus is a
two way street and the address bus is one way (Fig.
14-1). Addresses are only outputted from the CPU.
Data is also outputted during a write operation, but
in addition inputted during a read.

CONNECTING DATA LINES

In the typical home computer the data pathway
has 8 lines to be able to transport one byte or 8 bits.
The data path starts in.the CPU and emerges out of
the data pins. They are usually names D7, D6, D5,
D4, D3, D2, D1, and DO. These numbers are the
same throughout the computer. There is a D7
through DO connection on every RAM, ROM, PIA,
and all other chips that are connected to the data bus
(Fig. 14-2).

The data lines are connected to every address
in a chip (Fig. 14-3). The addresses represent a

byte-sized register on a chip. The data lines are
connected line by line to each byte. The connec-
tions are parallel. When an address is enabled, all
the data in the address byte goes onto the data bus
immediately. The 8 bits of any byte addressed
travels down the pathway 8 abreast, not one at a
time.

Most of the time the addresses are not active.
The registers just sit there waiting to be addressed.
The only time aregister connected to the data bus is
active is when it is addressed.

When a RAM register is addressed by a LOAD
instruction, a copy of the data in that register is sent
out over the data bus to the CPU. If the register is
addressed by a STORE instruction then the data in
the CPU is sent out over the data bus to the RAM
register. When a ROM is addressed with a LOAD
instruction a copy of the data in the ROM address is
sent onto the CPU. The STORE instruction sends
nothing over thﬁe data bus to the ROM. The ROM
contains permanent data in its register and ignores
STORE instructions. Even though the data bus is a
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Fig. 14-1. The address bus can carry address bits “to” every
address row in the computer. The data bus can carry instruc-
tion and data bits “to and from" every data column in the
computer,

two way street, it need only be a one way street as
far as the ROM is concerned, one way from the
ROM to the CPU.

DIGITAL COMPONENTS IN THE DATA BUS

The data path lines are connected from the
CPU to RAM, ROM, PIA and what have you. When
a bit travels the bus it continues without hesitation
from one end of the line to the other. However,
there are some digital components in the lines to
process the bits.

First of all, the amount of current that comes
out of the CPU is small. The bits have a lot of copper
to traverse and a lot of destinations. The amount of
current must be amplified somewhat in order to
insure the bit will arrive at its destination strong
enough to do work. Secondly, the bits are traveling
on a two way bus. The bus direction not being used
must be turned off while the current is coming from
the other direction. These two jobs can be ac-
complished by installing tristate buffers in series
with the data lines. ’

There are 8 data lines. The bits travel in two
directions. There must be one buffer to handle the
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CPU to memory direction and a second buffer to
handle the memory to CPU bit flow, in each data
line. This means 16 buffers are used, two for each
line.

Figure 14-4 shows the buffering can be ac-
complished with four chips. They are three tristate
hex buffers and parts of a quad 2-input NAND gate.
Since 16 buffers are needed and the three hex buf-
fers total 18 units, 16 of the 18 can be used.

Each of the 8 datapath lines are cut and a pair of
buffers, wired in parallel, pointing in opposite direc-
tions, are inserted at the cut. That way, any bits
traveling in either direction will get buffered.

All of the CPU to memory direction buffers
have their tristate controls tied together. All of the
memory to CPU direction buffers have their tri-
state controls tied together. That way, if one tri-
state signal is applied, it will turn off the entire
direction it is applied to. Either the CPU to memory
direction can be shut down or the opposite direction
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Fig. 14-2‘ The data bus is connected the same way to every
chip that it operates within the computer.
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Fig. 14-8. The 8 data bus lines connect to every address in a
chip.

can be turned off. During operation one or the other,
but not both directions, is on.

The quad 2-input NAND gate decides which
direction should be on. The NAND gate uses two
sections for control of the tristate ability of the
buffers. One NAND gate outputs to all the tristate
controls of the CPU to memory buffers. The second
NAND gate outputs to all the memory to CPU
buffers. The second NAND gate has its two inputs
tied to the first gates output. This gives the first
gate complete off-on control over all 16 buffers.

If the first gate has a high output, this turns on
the CPU to memory buffers. With the first gate high
the second goes low, which turns off the memory to

CPU buffers. Should the first gate go low, then the
CPU to memory buffers are disabled. At the same
time the second gate goes high which enables the
memory to CPU buffers. The two rows of buffers go
off and on according to the output of the first buffer.
This output is a result of its input being NANDed.

The two NAND inputs are connected to source
+5 Vand the R/W line. The source +5 V is present
at all times. The R/W line here is 0 V during read
and +5 V while in the write mode. When in write at
+5 V the two NAND inputs are both high. The gate
fires and the two highs are NANDed. The NAND
output is low. With the first gate outputting a low,
the second gate outputs a high. This disables the
memory to CPU buffers. At the same time the CPU
to memory buffers are enabled. The data lines are
able to carry bits from the CPU to the memory
which is a write operation.

If the R/W line is 0 V then the input to the
NAND gate is low. With one low input and one high
input, the NAND assumes a high output. With the
high output the second NAND gate goes low and
turns on the memory to CPU buffers. At the same
time the high first NAND output turns off the CPU
to memory buffers. The data bus is now able to
transport bits from the memory to the CPU which is
a read operation.

Tristate buffering components are mostly the
type of digital components the data bus uses. If you
are tracing digital signals from the data pins of the
CPU to their memory locations, it is necessary to
understand the changes that take place as the signal
passes from component to component. The vom and
logic probe will reveal the type of signal that is
present at the test points. It is important to know
that if two signals get NANDed, their single output
is the opposite of them getting ANDed. It is also
important to know that the signal leaving a buffer is
in the same logical state as it was when it entered.
Deviations from the norm of logical states could be
indications that a component is defective.

THE COMPONENTS IN THE ADDRESS LINES

The 16-bit pathways of the address bus are
usually numbered Al5, Al4, A13, A12, All, A10,
A9, A8, A7, A6, A5, A4, A3, A2, Al, and A0. The
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Fig. 14-4. Tristate buffers connected head to toe in the data bus turns off the direction not being used, while keeping on the

direction the data is traveling.

address lines are usually buffered like the data lines
and for the same reasons. The buffers amplify the
amount of current so there is enough logical level
height to trigger off the correct address. The buf-
fers are also tristate, so the address lines can be
disabled upon command.

In the data bus, the tristate control was needed
to turn off one direction when bit traffic was coming
from the other direction. In the address bus, bits
only travel from CPU to memory and not back (Fig.
14-5). The reason for the tristate control is not
traffic direction. The control is needed when the
address bus will be in the way during external data
transfer. During routine work the address bus is
usually on most of the time.
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An address bus buffer is identical to a data bus
buffer. They are wired in each line and permit bits
to travel from CPU to memory but not the other
way. The 16 buffers have all their tristate control
lines connected together. When there is a low on
the tristate control, the buffers are enabled and
conduct their amplification. Should the tristate line
be pulled high, the buffers turn off and the address
lines float at high impedance.

In this circuit there is one NOT gate that con-
trols the tristate. The input of the NOT gate is
attached to +5 V through a pullup resistor. This
placesa +5 V on the input of the NOT gate. With +5
V on the input the output of the NOT gate is low.
This low enables the entire bank of address buffers.



As long as the NOT gate outputs a low the address
bus operates normally.

If the NOT gate should get a low input then it
would develop a high output. This would disable the
address bus. As a test of the address bus, you could
short out the +5 V on the NOT input and be able to

disable the address bus as the NOT output goes
high.

ASSIGNING ADDRESSES

In the ordinary 8-bit computer, all the address-
es are registers that hold 8 bits. If you think of a
register as a row of 8 holding circuits, then you can
visualize the computer memory map as row after
row of registers. Each register has 8 circuits named
D7 through DO. The circuits are laid out in columns.
All the D7s are one column, all the D6s are the
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Fig. 14-6. One of many schemes to address chips is by using the four MS bits to select the desired chip. For addresses
0-32,765 in decimal, bits 14, 13, and 12 could be used to select among eight chips, Bit 15is cleared to 0 for the addressing. The
other 12 bits 11-0 can then be used to address the 4,096 in each chip.

next column and so forth. There are 8 columns of
circuits. Each register contributes its bit holders to
form the overall columns in the memory map.

Assigning the connections for the databusisa
simple matter. Each data pathway is attached to its
column. D7 from the CPU is connected to every
single D7 in the memory map. The same goes for
D6 and so on. There are actually only 8 types of
connections for the data bus, the D7s, D6s, D5s,
D4s, D3s, D2s, D1s, and the DOs. All the connec-
tions are wired to be in an inactive stage. A register
is activated only when it is addressed by the CPU.

The address assignments are an entirely dif-
ferent matter. In the 8-bit computer the program
counter which is the main addresser has 16 bits. It
has been shown that there are 65,536 different pos-
sible combinations of 1s and Os in 16 bits. That
means the program counter can place on the ad-
dress bus 65,536 different addresses. If there are
65,536 register rows in a memory, the CPU can
make a connection to each one individually, by
placing its binary number on the address bus. Each
register, as mentioned, is inactive until it is ad-
dressed. When the register is addressed it is able to
place its contents on the data bus.

Chip Select. An 8-bit processor can work
with 32K worth of RAM easily. A set of 32K RAM
can come on 8 chips. The chips are 4096 x 8. That
means there are 4096, 8-bit registers on each chip.
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Eight of these chips total 32,768 registers in the
total chip set. This is 32,768 addresses, one for each
individual register. Typically, the RAM is placed
into the memory map at the bottom starting with 0.
The decimal addresses of this chip set starts at 0
and goes up to 32,767. Don't forget 0 is one
of the addresses. In hex the addresses are 0000
to 7FFF. In binary the addresses are 000000-
0000000000 to 0111111111111111.

The four most significant bits in the binary
address are used for the chip selects (Fig. 14-6).
The 8 chips are numbered 0, 1, 2, 3,4, 5, 6, and 7. If
the program counter places the following binary
numbers on the address bus, the first address in
each chip will be addressed.

BINARY HEX
Address Chip #  Address
0000000000000000 0 0000
0001000000000000 1 1000
0010000000000000 2 2000
0011000000000000 3 3000
0100000000000000 4 4000
0101000000000000 5 5000
0110000000000000 6 6000
0111000000000000 7 7000

In this case bits 14, 13, and 12 were assigned
the chip select duty. The three assigned bits are



able to form 8 separate combinations of logic states.
On the chip itself there could be three connections
for the chip select. They can be called S3, S2, and
S1. On the schematic each S number is drawn with a
line over top or not. If there is a line over the S then
the connection will be enabled if a 0 is applied. If
there is no line then the connection is enabled ifa 1
is applied. Each chip has a different combination of
Ss with lines. Only the correct combination will
enable that chip. As long as the correct combination
is not present the chip will sit there inactive. The
program counter selects a chip by placing appro-
priate bits into Al4, A13, and A12.

Register Selection. Once the chip has been
selected the next step for the addressing is to select
the register that contains the contents that is
needed. These chips are 4096 registers long. To
choose one register out of the 4K a group of bits has
to be chosen that will have 4096 possible combina-
tions of 1s and Os. That group is 12. Twelve binary
digits can form 4086 combinations. Twelve bits can
form addresses from 000000000000 to 1111-
11111111. In hex that is 000 to FFF.

All of the internal registers in the 8 chips are
identical. They also all have the same addresses,
only the chips are different. Therefore, once the
most significant four bits of the address are formed
for the chip select, then the 12 least significant bits
can be added to the four MS bits and the complete
address formed. When this is sent out over the
address bus, the chip is selected and then the regis-
ter in the chip is chosen.

All of the rest of the addresses in the computer
are arranged in a similar manner. There will be
more about addressing of the I/0 ports and other
entities in later chapters.

TESTING ADDRESS AND DATA BUSES

In the factory, when computers are made, the
address and data bus lines develop a lot of prob-
lems. Most of the troubles are due to the heavy use
of solder during manufacturing. The solder gets all
over and forms balls, threads and all sorts of odd
shapes. It drapes itself over the top and bottom of
the board and creates havoc. Since the address and
data bus lines run from one end of the board to the

other, they develop all kinds of solder shorts. They
get solder between traces, from trace to ground and
in all the little cracks and crevices around compo-
nents and sockets.

Fortunately, the quality control section of the
company gives a lot of attention to the problem and
solves most of it in the factory. They have all sorts
of test jigs and procedures to root out all the short
circuits and do get most of it. As aresult the address
and data bus lines are not as much of a problem as
they once were. However, since they are so exten-
sive they do account for a large percentage of trou-
bles.They not only develop shorts, they do account
for lots of open circuits and the bus logic compo-
nents are subject to failure.

The bus lines are really the wiring of the com-
puter logic. If you use house wiring as an analogy
the buses are like the wiring in the walls. The
tristate buffers are somewhat like the circuit break-
ers in the switch box. How is a wiring breakdown
checked out by an electrician? He rings out the
circuits one by one.To test the buses in a computer
a form of ringing out the lines can be used. How-
ever, some care must be taken as you push current
from an ohmmeter through the lines. Some of the
components in chips are not capable of handling the
1.5 volts the typical vom puts out during the resis-
tance tests. The way around this problem is touse a
low voltage tester as described in Fig. 14-7. The
tester is a form of a continuity tester. Instead of
forcing 1.5 volts through the resistance being
tested, the device will light the bulb with only a % of
a volt being inserted.This voltage does the job on
gates and is so low it will not even cause a silicon
junction to turn on.

Static Tests. A common trouble in comput-
ers, as well as all electronic gear, is bad connections
and breaks in wiring. If an address or data pathway
in a bus should develop one of these opens, the
computer would operate a lot of the time. However,
when that particular trace was needed to access an
address or pass some data, an error develops in the
program. Some parts of a program would work
while other parts would not.

With this type of trouble, a trace by trace
checkout of the address and data bus lines, with the
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For digital circuits

low voltage continuity tester
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Fig. 14-7. This shows a commonly used continuity tester that digital technicians make for themselves with a few parts. Only %
of a volt can reach the sensitive microscopic components on a chip, rather than 1.5-3 volts that the usual continuity tester or

vom would apply.

power off, is indicated as the first troubleshooting
test. A continuity test is the best way to start. With
the low voltage continuity tester, the lines are
checked one by one. The job should be done from
the top. It might be necessary to remove some of
the socketed chips to get a good resistance test. If
any open connections are found they should be re-
connected with care.

Once the 16 address lines and the 8 data lines
are cleared for opens, you can run some resistance
tests for shorts. This method is not foolproof like
finding an open trace, but it is worth the effort.
Measure the resistance to ground of all the address
and data lines. The resistances should be all alike,
with maybe a slight variation. If you find any of the
traces quite different in resistance than the others
this is a clue that needs further investigation. Look
over the schematic and see if that particular trace
has a good reason for being different in resistance to
ground, than the others. If not, you could have found
a short that is causing the trouble.
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In addition to the reading of trace to ground,
check the resistance between traces. The resis-
tance should be high, if not check out that indication
as a possible trace to trace short (Table 14-1).

Dynamic Tests. While resistance tests are
useful and will catch a large percentage of bus line
troubles, it won't get them all. There are compo-
nents in the lines, like buffers, gates and latches
that will not reveal their failure with simple power
off resistance tests. These need other procedures.
The computer must be turned on and checked by
running simple test programs.

Each address and data pathway can be tested
individually. All the bus lines really do is address a
memory location and either write to that location or
read from it. A simple program that will test these
capabilities can be written quickly and tailor made
for a particular computer. The following is one that
can be used, as it is, or modified slightly to work on
particular computers.

The address bus has 16 lines. Each trace is



capable of transporting a 1 or 0. A trace is deemed
ok if you can send a 1 successfully from the CPUtoa
memory location on that trace.Therefore if you out-
put an address on the bus that has all Os except for
the trace you want to test, which will be a 1, and the
address is accessed, then that trace is good. If that
address can’t be accessed then the trace being
tested is not transporting the 1 and could be the
trouble you are seeking.

To perform the test, take out the memory map
and see what chips are at the destinations you are
going to try to access with the little program. For
example, the memory locations you are going to try
to access are the following. The MS bit travels on
A15, the LS bit on A0 with with rest in between.

Address in Binary Hex
0000000000000001 0001
0000000000000010 0002
0000000000000100 0004
0000000000001000 0008
0000000000010000 0010
0000000000100000 0020
0000000001000000 0040
0000000010000000 0080
0000000100000000 0100

Address in Binary Hex
0000001000000000 0200
0000010000000000 0400
0000100000000000 0800
0001000000000000 1000
0010000000000000 2000
0100000000000000 4000
1000000000000000 8000

If you check the addresses against the memory
map, there will be a few that are not RAM. For
instance, hex 0080 is the address of some house-
keeping functions, 0100 are stored vectors, 0200 is
used by the internal workings, and 8000 is the
address ona ROM. All the rest of the addresses are
RAM. The RAM addresses can be read or written
to. The rest of the addresses can be read but it is
best not to write to them. The test will proceed like
the following.

In most home computers, BASIC is the resi-
dent language. With a lot of BASICs the commands
Poke and Peek can be used. Poke lets you store a
byte in a memory location. Peek lets you read what
is in a memory location. These two commands let
you poke a byte into memory using the test address.

Table 14-1. One Of The First Bench Type Tests That Is Made On An
Ailing Computer Is Continuity Tests. These Are The Go No-Go Checks And Results.

Service Chart

SYMPTOM-CONSTANT PROGRAM ERRORS

RESISTANCE TEST GO NO-GO
POINT TO POINT ALL POINTS OPEN
CONTINUOUS - TRACE
TRACE TO GROUND ALL RESISTANCES A TRACE
- FAIRLY HIGH READS SHORT
AND ALIKE TO GROUND

TRACE TO TRACE ALL POINTS ARE SHORT BETWEEN

HIGH RESISTANCE TRACES
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For instance, you could poke byte 00001000 (hex
08) into address 0000000000000100 (hex 0004).
The command could look like POKE hex 0004, hex
08 (Fig. 14-8). This would send a 1 traveling
through A2 on the address bus. Then you could
command to read the address to see if hex 08 ever
got to the address hex 0004.

The read command could be PRINT the con-
tents of hex 0004. If the computer then displays hex
08, that means the address bus operated normally
with the address hex 0004. Since addressing hex

Testing A2 by addressing
hex 0004

Address
bus
A0 &————O0 0

Al g0

o]

A2 g————0

-

A3 ¢——O
A4 o0
A5 ¢———oO0

A6 ¢o-— 0O
To hex
address
0004

any 8 bits
of data

o O o o ©

CPU A7 ¢&——0

|

A8 0

A9 —0
A10 ¢———0
A1l $————0
A12 $mO
A13 ¢———O
A14 ¢———O

o O O o O o o ©°O

A15 —0

0004 is a test of the pathway A2, A2 is considered
intact.

Each pathway from A15 to A0 can be tested by
sending a 1 over it and Os over the other lines.
When the 1 does not arrive at the RAM address it
could be because the pathway under test is shorted
or open. A close point by point examination is then
needed to find the defect.

At the non-RAM locations, instead of writing
to the addresses, just take a reading. There is al-
ready some sort of data in those addresses. The
Peek function will give you a reading of the data that
resides in those spots. If the data is meaningful,
then the pathways you are Peeking across are prob-
ably good. If a reading is garbage you might have
located a defective address line.

The data bus can be dynamically checked out in
a similar manner. Devise another group of binary
numbers like the address test group. Since the data
bus only has 8 pathways, 8 numbers like the fol-
lowing will do.

Testing D6 by poking
01000000 to any RAM address

Data
bus
Do 0
To any HEX
D1 0 address
e
DZ Qs ey O
p3 ¢ 0
D4 ¢ ()
D5 ¢———— 0

D6 g 1

p7¢y—— 0

Fig. 14-8. Each address line can be tested individually by
addressing places that are reached with a binary number
containing one high and all the rest lows. This addressing
tests line A2.
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Fig. 14-9. Each data line can be tested individually by sending
data to any address. The test data contains one high and all
the rest lows. This data test checks line D6.



Binary Number Hex of the data bus. The LS bit sends a number through
DO0. If a 1 can travel its own pathway, then that line

00060001 01 1s clear. If a 1 cannot make it the line could be
00000010 02 . .

defective. Any set of RAM locations can be used by
00000100 04 . .

the test. Just Poke the bytes into locations and Peek
00001000 08 . :

to see if they got there. As long as the bytes arrived
00010000 10 . .

intact, the pathways are ok. If one of the bytes did
00100000 20 . o :

not arrive, then the indicated pathway is suspect.
01000000 40 For example, if 01000000 did not arrive at its loca-
10000000 80 ‘

tion then D6 pathway could have a-short, open,
defective buffer, bypass capacitor, or other compo-
The MS bit sends a binary number through D7  nent (Fig. 14-9).
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In the TRS-80 Color Computer is a chip called SAM
(Fig. 15-1). The initials stand for Synchronous Ad-
dress Multiplexer which is only one of the jobs the
chip does. SAM is a good example of the newer
40-pin chips that are arriving on the scene. The
SAM combines a lot of digital logic circuits and
makes the manufacturing and service of the com-
puter simpler. Where there were a lot of small
buffers, gates, and registers, the one 40-pin chip
replaces them all.

The SAM does three general jobs. One, with
the aid of an external crystal, the SAM generates all
of the timing signals for the computer. Two, SAM
does all of the device selection (Fig. 15-2). Thirdly,
it generates video address lines and multiplexes
them with the address coming out of CPU (Fig.
15-3). That's where the SAM name comes from.
The SAM is a controller for the dynamic RAM.

THE SAM SCHEMATIC

Looking down at the pins on the schematic, the
16 address lines A15 through AQ are the signal
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inputs. If you check these lines with a logic probe
there should be a lot of general activity there. A
good scope and frequency counter will show the
activity and the frequency of the clock.

The schematic shows the R/W line below the
address lines (Fig. 15-4). It too is an input from the
CPU. The connections below the R/W line are for
the clock. The clock is resident with the SAM chip.
The clock circuit is part internal to SAM and part
external. The clock output is E and Q. They connect
to Ein and Qin on the CPU. The CPU is able to use
the rising and falling edges of the SAM generated
square waves to fire up the program counter and
other registers. The program counter in the CPU is
producing the address activity input to the SAM.

There are three chip select lines coming out of
SAM, SO, S1, and S2 (Fig. 15-1). They enter a
741.5138 decoder chip. The three chip select lines
have 8 possible combinations of 1s and Os between
them. Therefore, the three chip select lines can
choose one of eight chips. The SAM can therefore
choose to put in action RAM, two internal ROMs,



1 A1 v Vee []40
2[] A10 A12[]39
3 A9 A13[]38
4[] A8 A14[]37
5[] OSCIN A15[]36
6 (] OsCouT MA7 ;]35
7 [ VCK MA6 [] 34
8 [] DAO MAS5 [] 33
9] +HS MA4 | ]32
10 *WE  gAM MA3 [] 31
11 «cAS MA2 [] 30
12 (] *RAS MA1[] 29
13[Ja MAO [] 28
14 JE so[]27
15 [] *R/W s1[]26
16 [] AO S2[] 25
17 [] A1 A7 [] 24
18 [] A2 A6[]23
19 A3 A5 []22
20 L vss A4 [ 21

Fig. 156-1. Most of the 40-pin chips look alike from the top
view. It would be helpful to a servicer, if a sketch like this SAM
chip showing the actual physical pin layout, was available in
service notes. It saves the servicer having to relate the
schematic drawing'’s pins to the actual physical pins.

two cartridge ROMs and two PIAs. Follow the eight
decoder output lines and you'll see the selection.

The lines MA7 through MAQ are multiplexed
address lines that choose addresses in the dynamic
RAM. RAS and CAS are strobe lines that constantly
scan the row address and column address lines of
the dynamic RAM. DAO is a clock signal that comes
from the VDG chip, which is discussed later in the
book. Vcc and ground, of course, is the +5 volt
power to energize the entire chip.

THE SAM BLOCK DIAGRAM

There is a 16-bit register in the chip to do all
the controlling of the signals as they enter, work
their way around, and then exit. Each of the 16 bits
are able to assume one of the two logical states to do
the controlling. The register is installed in the
memory map of this computer at addresses in hex of
FFCO0 to FFDF. There are 32 memory locations for
the 16 registers. There is a reason for this (Fig.
15-5).

There are two addresses for each of the 16
bits. One address is an odd number and the other is
even. In order to set a bit in the register, the odd
number is written to. When you want to clear the
bit, the even number is written to.

This is an unusual way to use the ability of the
computer to address a location. Normally, locations
on the memory map are addressed so the contents
of the location can be placed on the data bus. Both
the address and data buses are attached to a loca-
tion. In SAM there is no connection to the data bus.
There is no data in SAM that has to be transported
via the data bus to the CPU.

In SAM there is one 16-bit register (Fig. 15-6).
The register is used to control six different circuits
on the SAM chip. The setting or clearing of the 16
bits puts the circuits into their correct operating
mode. For example, in SAM is part of the clock
circuitry. The rest of the clock circuit is external to
SAM. “

The external circuit contains the crystal. The
crystalis cut to oscillate at 14.31818 MHz. The sine
wave signal is applied to SAM at pins 5 and 6, osc in
and osc out. Inside SAM (Fig. 15-7) is a General
Timing circuit and a generator-rate controller cir-

227



=
@)
o
s
o
(2]
8 s
SAM device selection u% 8
Decoder
74L.5138 RAM
Yo, 15 buffer
Y1 14
Veece40 13
SAM - 25 3 ve 12 :
S2 C Y3 5P Cartridge ROM 0
26 2 Y4->—-—-—--112) —B PIAD
St ) B YS‘.___._.._-—-————& PIA1
50427 1 Y6 ¢—2————p Cartridge ROM 1
Y7 L NC
T~ < m
IR
Gt O O
+5V /L
8
10
9 O
E
clock

Fig. 15-2. SAM does all of the device selection by decoding outputs $2, S1, and S0.

cuit. In these circuits the crystal’s signal is shaped
into a square wave and divided in frequency. If the
14.31818 is divided by 16, the generated frequency
is 0.89 MHz. This is the frequency the Color Com-
puter operates on.

However, this versatile chip is made to be
used in a lot of computer types, not just the Color
Computer. The circuit, not only has the ability to
divide by 16, it can also divide by 8. This will
produce a frequency of 1.78 MHz which another
manufacturer might find useful. In order to change
SAM’s control frequency, two bits 0 and 1 (MPU
Clock Rate) in the control register are attached to
the timing circuits. The bits are designed in the
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following way. If both bits are cleared, then the
SAM will generate 0.89 MHz. Should the 1 bit be
cleared and the 0 bit be set, then 1.78 MHz is the
SAM output.

Each one of the bits has two hex addresses.
The 1 bit has FFD9 and FFD8. The 0 bit has FFD7
and FFD6. The bits are odd numbers and even
numbers. If you place FFD9 on the address bus you
will set the 1 bit. Should you access FFD8 you will
clear the 1 bit. By correctly addressing the odd and
even bits you can set or clear any of the 16 bits in the
control register.

In the Color Computer there are three other
SAM circuits that are controlled by the register.




Alongside the frequency control bits are two mem-
ory size bits. The computer is built to contain 4K of
RAM. However, the computer can be expanded to
16K and even to 32K. One of the expansion moves
is to set or clear the two memory size bits. These
two bits each have two addresses that are used to
set or clear a bit. Like the previous bits, accessing
the odd numbered address sets it, while accessing
the even numbered address clears it. By addressing
the two memory size bits the RAM can be changed

from 4K to 16K to 32K and the larger number of
addresses will be addressed correctly.

Another group of bits in the control register
are used to arrange addresses for the video RAM.
Video RAM is a section of the dynamic RAM that is
set aside for the video display. As you strike the
keyboard the key is sent to video RAM. There are 7
bits in this group. They are shown from FFC6 to
FFDa3. If all the bits are cleared, the computer will
normally start addressing at hex 0000. The video

Address Address multiplexing
bus 36
—>—74-A15 Vce 940
_’._3_.0,1\14
___.’___3_5_4.;\13 S52¢ 25
—'-%"'Am 51426
—p—=a A1l
____’___24;/\10 S0¢27
——'——Z"AQ
From ——)—2—30A7 DAQ €
__>___JZ'§‘ b AS *WE»—-—-—-——H —p
-—>——130A4 SAM *CAS ¢—P
—BP——9 A3 12
B :gl'AZ *RAS *;;——-—-—)
—)—1-6-01\1 MA7 ¢———Pp
34
—®—4A0 MA6 $————P To
33 RAM
MAS $——b
—L24R/w MA4SE
——-—S—uVCK 31
————=40SC OuT MA3 '30 >
e MAZ$-——
— 2 ¢0OSC IN 2
14le MAT$E—p
— B4q Vss MAOSS
B

Fig. 15-3. SAM receives the full address bus and multiplexes the lower lines to RAM addresses.

229



3

sl

S wv
a0 2000 Ve |2 v
XY 2] a2
s 3 an
r [0 ”
cr3 enz ] A0 o h
WAUE aves e o8 R
28 fed os
. 63A304 7 N
= N e % ) (LI
- /-—-’- as aap
3 \|
CAY AS a2
7S i vog i m— o \
U—] Y ao}2 \
R2 /.___" Az
L 100K 7 At
L. e
3 VW ] ae onp 12
ct
Tt l_:.
2 N
Z
2
RESET
b
{1
~AESET L n
IEsY = e [1-12
N 2 ue A8 A1S
ne 2les
NC 21 oa
00 .07
wv (51 2830
u:£ RS RES RE
L3 ,41:( LRIDIRLS
b
% onm |2 T A
NC vMA
*Ra 3 _J
1SH. 21 s taa . T
4 o7
o>— *FIRQ De 5
2] waer os |22
© oa } 2
THALY 03 n
sno Y . ol ®
LR .
u o1 : - )
e GND b 39pF [ Xt
3 131018
= T JAE
= e [
e H
EISH283) Iy
s | {
- VWA
IR
L eme
‘ A'A'A'
crs olid
g:,I seoro| 40

v v (1.2 oe {0t |oz {Dp3 {oa {O5 [o8 O

A0 |at jaz a3z |aa |as jas a7 Jas [ap [aw|an Jarnz

9 3

&

<
<
<
<
< —
)
<]
<Z]
3

SV GND
un 16 9
] " ?
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Fig. 15-4. The SAM chip is found operating in the TRS-80 Color Computer. This is the schematic diagram (courtesy of Radio
Shack, a division of Tandy Corporation). (Continued from page 231.)
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Fig. 15-4. The SAM chip is found operating in the TRS-80 Color Computer. This is the schematic diagram (courtesy of Radio
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N.U.
N.U.

16K } Dynamic RAMs
4K

FFDF S TY MAP (

FFDE c TYPE (=0) NUNJL

FFDD | S M1 1]1]0] o 0.9/1.8 MHz

FFDC C MEMORY i Transparent

FFoB S v SIZE ]—0.9 MHz only Refresh
6110

FFDR o

FFD9 s R1 11110l 0

FFD8 o MPU

FFD7 S RO RATE

FFD6 c eyrye

FFD5 s P1 PAGE #1 = 0)

FFD4 c

FFD3 S F6

FFD2 C

FFD1 S F5

FFDO c

FFCF S F4 DISPLAY > Address of Upper-Left-Most

FFCE c OFFSET Display Element = @000 + (%K Offset)

FFeD | s F3 N.U.—

FFCC c (BINARY) > — G6R, G&C

FFCB | s F2 G3R

FFCA c Gac

FFC9 S F1 G2R

FFC8 c G2c

FFC7 S Fo GIC. GIR

p— - [— r—Al,AE,S4,SG

FFC5 s V2 VDG

FFC4 c MODE 1l1lelej1li1|e]| @

FFC3 s i

FFC2 c (SAM) glilel1lel1]l e

FFCI S Vo

FFCO c 1j1(1]j1]0| 00| 0

Fig. 15-5. The memory map of the SAM chip shows addresses in hex of FFCO to FFDF (courtesy of Radio Shack, a division of

Tandy Corporation).

RAM is assigned at 0400. Therefore bit 2 of the 0-6
bits is set by addressing its odd numbered address.
The 7 bits are then added to the starting address and
the result is 0400. This address is the upper left
most display block on the picture tube. As each key
is struck a character takes its place on the TV face.
There will be more about this in the video chapters.
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The last group of bits in the register this com-
puter uses are 3 bits to arrange the display mode.
The addresses FFCO to FFC5 are the six addresses
that set and clear the 3 bits. There are 14 display
modes available in this computer. These 3 bits can
be set and cleared in 8 combinations. The 3 bits are
mixed with bits in the PIA and between them all the



SAM
Hex Hex 15-bit control register
address address T
To clear To set
e —=  To choose
FFDE | FFDF O] map type (1 bit)
FFDD 1| To choose
FFbc — memory size (2 bits)
FFDA FFDB O] 4Kor 16K
FFD8 FFD9 1| To choose
i MPU
FFD6 FFD7 Ol clack rate (2 bits)
FFD4 FFD5 0 Page switch (1 bit)
FFD2 FFD3 b
" Froo | I 5|
_H:_DO_.___E.T_. — Offset to
FFCE FFCF address video RAM
—_— 3 by adding in (7 bits)
FFCC FFCD multiplexer
FFCA FFCB 2
FFC8 FFCO !
FFC6 FFC7 0
I e 3|
FFC4 FFCS | | Tochoose VDG mode
FFC2 FFC3 1 (3 bits)
FFCO FFC1 0

Fig. 156-6. In SAM there is one 16-bit register that controls all its internal circuitry. The register is divided into six separate control
sections.

14 display modes can be used. There is more about
the display modes in the chapter on PIAs.

There are two unused bits in the 16-bit regis-
ter. They are not needed in this computer. Both of
them are kept clear at all times. They are kept clear

use. Some manufacturers use some of the chip’s
capabilities while others use different ones.

SYSTEM TIMING
The E square wave signal that is used by the

by having the CPU address the even addresses at
start up. Incidentally, in these large 40-pin chips it
is commori practice not to use every available capa-
bility. The chips are designed for general use for a
lot of manufacturers and not for a single dedicated

CPU to work the program counter, is also used by
SAM in a number of ways. The fact that the program
counter addressing and the SAM multiplex address-
ing both use the same E signal, keeps the two
circuits in perfect sync. This is necessary so no

Timing diagram

0 89 MHz
L .

e e VO G

|

VDG
= QAM access

O CPU

RAM access
VDG

column
address

_jv r—j l-————— =HAS
l l *CAS

CPU
row
address

CPU
column
address

G
address

VD-
row

Fig. 15-7. SAM produces all the timing for the computer. The operating frequency is 0.89 MHz which is the crystal frequency
14.31818 divided by 16. E is the frequency actually derived. Q is the same frequency but 90 degrees out of phase. *ras and
»cas are two strobe frequencies that are used to strobe the row addresses and column addresses of the dynamic RAM,
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conflict develops between the two chips. The CPU
addresses the storage RAM during the rise and fall
of the E signal pulse. The SAM addresses the video
RAM during the fall and rise of the low part of the E
signal.

With the aid of the timing diagram (Fig. 15-7)
schematic (Fig. 15-4) and SAM block diagram (Fig.
15-8) let’s piece together the way the SAM handles
the complex addressing and how the data gets past
the computer into the display circuits.

When the E signal rises the program counter
outputs an address. The A15-A0 bits enter the SAM
pins. The SAM control register is preset ina VDG
mode, with the correct memory size, at the correct
clock rate, with the video address offset correctly
and the unused bits cleared.

The 16-bit address enters the Address Multi-
plexer in the SAM chip. In the multiplexer the least
significant 7 bits are separated from the rest of the
address and sent out pins 34-28 which are MA6-
MAO. The multiplexed addresses MA6-MAQ are
sent directly to RAM.

Meanwhile, in the General Timing section of
SAM two strobe signals, row address strobe (ras),
and column address strobe (cas) are being generated.
They can be seen in the timing diagram (Fig. 15-7).
There are two ras and two cas types. One pair is for

the CPU addressing and the other pair for the video
addressing. These signals leave the SAM and go to
each of the RAM chips. The row address and col-
umn address signals are strobed into RAM to form
the rest of the address, the most significant bits that
were removed in the multiplexer earlier. This
forms the complete address so RAM can be ac-
cessed.

When the E clock goes low, instead of the
multiplexer causing the storage RAM address to be
selected it takes the address counter offset and adds
those 7 bits to the MS part of the address and the
video RAM is addressed. The E clock continues
addressing RAM during the high portion and video
RAM during the low portion of its pulses.

The data in the CPU meanwhile, takes no part
in the addressing activity. The data is placed on the
data bus at the proper times and when the data is to
be stored goes to the activated address. In the data
bus is a tristate buffer. The data can pass through
the buffer when the buffer is selected by the address
decoder. The 741.5138 that is the chip select out of
the SAM pins S2, S1, and S0O. The pin mrd at Y0 can
select the buffer.

When mrd turns on the buffer (Fig. 15-9) data
lines D7-DO pass the data into the buffer. The data
goes through the buffer, is amplified and processed.

Dynamic RAM activity

Bulfer
74L.5138

DO —m—e
D1

s a—F:
D3

[ —

= D5

w
D -

Data MDO

MD1
MD2 To RAM chips Q
mg? and VDG

05 lafch

MD6
MD7

l To other
RAM chips

Address o Q]

*MRD

SAM chip select

Al
wo—sf T
MA1——D

MA2 ~—p * CASY

MAS~—p9 « RAS

MAGL—pd

MAS — -« WE

MAG —b4 veu "—’
g=

From SAM

From SAM

To RAM
chip 6

Fig. 16-9. The dynamic RAM has all its chips receive sras and »cas to strobe the chips looking for active addresses.
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The data exits the buffer as MD7-MDO and goes
directly to the VDG latch, a 74LS273. Once in the
latch, the data can be processed for the video dis-
play. This will be discussed in the video chapters.

DEVICE SELECTION

The pins 25, 26, and 27 on the SAM output the
signal for the device selection. The pins insert
$2,S1, and SO into the decoder 74L.5138. There are
three pins on the bottom of the decoder for +5V,
ground, and a clock select signal. The clock select
comes from the output of a NOR gate. The NOR
gate has its inputs from the E clock and S2. If both
inputs are low at the same time the decoder will be
inactive, otherwise it will be active.

While active the decoder can choose between
eight outputs. In this computer only seven are used
and the eighth is not connected. When active the
decoder, according to the 8 inputs can choose from a
choice of mrd, two ROMs, two PIAs, or two car-
tridge pins.

CHECKING OUT THE SAM CHIP

As a servicer it is not necessary to fully realize
the operation of a chip like SAM as a design en-
gineer does. Of course the more you know the more
expert you'll be, but your job is to locate the defect
and restore operation, not redesign the activity. In
general, the operation as described in this chapter
should enable you to check and restore the com-
puter to operation.

Once the SAM area is under scrutiny, the best
way to start is a pin by pin checkout with a logic
probe or vom (Table 15-1). The logic probe gives
more information, since it shows pulsing along with
the logic state. The vom reveals the logic state as
+5 V for high and 0 V as low.

With the aid of the schematic the first pins to
test are 40, the +5 V source, and 20, which is
ground. They should read high and low respec-
tively. If the +5 V is missing the power supply is not
working or C3 the 100 pF bypass is shorted. Should
the ground connection be high or dead that indicates
an open internal ground in the chip. Pin 20 should
glow a low if the ground is intact and the chip
energized.
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Once the power is deemed good the next pins
to test should be the address bus. On the SAM
A15-A12 are pins 36-39. A11-A8 use pins 1-4.
A7-A4 use 24-21 and A3-A0Q are on 19-16. On all the
address pins there should be a pulse. If any of them
does not show a pulse, that pin is not active and
indicates trouble, either in that address pathway or
one of the components.

In addition to the pulse on a pin, there will be a
high or no LED light. If there is a high that means
there is an active 1 on the pin. If only a pulse is
present with no glowing high or low, that means a
low is present. Some logic probes might show a low
glow to indicate a 0 in this instance but mine
doesn'’t.

Early in the book, it was mentioned, that when
the computer is first turned on, the CPU is built to
address the ROM that is in control of operations.
That is the only addressing the computer is able to
do on its own. After the CPU does this initial ad-
dressing, the ROM then takes over. It does all the
housekeeping jobs and gets all the registers started
at their beginning numbers. When the ROM com-
pletes these program steps it goes into a waiting
pattern and stays there until you start striking the
keyboard. The address of the waiting pattern sim-
ply is repeated over and over again on the address
bus until work is begun.

With the logic probe you can read the address
on the bus. By going from pin to pin and recording
the logic state on A15-A0 you should read a ROM
address. If a pin reads pulse-high on the probe that
is a 1. Should it read pulse only or pulse-low that
means a 0 is on that pin. In my computer, the SAM
chip holds this pattern and pins A15-A0 reads
1010011111010000. In hex this is A7DO0. Looking
up this address on the memory map, I find that it is
on the BASIC ROM that is in control. The point of
the entire exercise is to see if the SAM address line
input is correct. If it is, it is indicated that the CPU
to SAM input lines are ok, just as the power supply
was ok when +5 V and ground were intact.

The osc in and osc out can be checked with the
logic probe in the usual manner. If you touch down
on pins 5 and 6 with the logic probe and you are
using an ordinary TV set as a monitor, chances are



Table 15-1. This Service Checkout Chart Shows What Logic Probe Readings

Should Be Present When the Computer is Started and is Operating Normally. During Troubleshooting,
the Pins are Probed and Compared With What Should Be There. Any Discrepancy is a Clue That Could Indicate Trouble.

Pin
Number

High (1)

Sam
Service Checkout Chart

Logic Probe

Low (0)

Pulse

Vee

40

v

GND

20

v

. A15

36

v

37

38

<

39

Lines

16 Address
A0-A15

AN ERANASANANEN

A0

WSROI RIS

0SC iN

0SC ouT

*R/W

E

Q

82

St

S0

MA7

MA&

MAS

MA4

ANAN

MA3

MA2

MA1

MAO

*CAS

*RAS

*HS

DAO

ANANEN

VCK

< NSNS S S ST TN SIS
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you will cause a bit of TV interference to happen, A
slight amount of herringbone TVI will appear in the
display. This is because the oscillator frequency, up
above 10 MHz will generate a lot of spurious fre-
quencies as it is loaded down by the logic probe.
The probe itself though, doesn’t respond to the
oscillator. The probe won't light at all as it touches
pin 5 and 6.

In order to see the oscillator waveshape a good
scope must be used. However, the oscillator will
either be on or not most of the time. A go no-go test
is all that is needed. Just see if the oscillator is
running, and the checkout 99% of the time will be all
you need.

The next pin to check is 15, the R/W line.
Normally it is held high and does have a clock pulse
present. The probe should show pulse-high if the
R/W line is working properly. If it doesn't read
pulse-high there could be a problem on the line. The
line travels from the CPU to all the places the
address and data bus does, so a problem in the line
could be anywhere in the computer.

When pins 5 and 6 were tested,if you did use an
expensive scope, a sine wave would have been seen
going into SAM. Inside SAM the sine wave was
changed to a square wave and a second square wave
produced 90 degrees out of phase with the first
wave. These are E and Q. They exit SAM at pins 13
and 14. They go back to the CPU where they go to
work triggering the addressing and data process-
ing. At 13 and 14 there should be a pulse only
reading on the probe. If there isn’t any pulse and the
osc in and osc out are ok then a problem in the
general timing and clock generator area of SAM is
indicated. This could mean a new SAM chip is
needed.

At pins 25, 26, and 27 are the chip select
signals. The three signals can produce 8 different
combinations of 1s and 0s. When you touch down
on the three Ss there should be a pulse as the
computer is waiting for the keyboard information.
In addition the chip select should be there. In my
checkout, while the address bus was waiting at
A7DO0 the chip select S2-S0 read 010. This must be
the chip select for the BASIC ROM that was being
addressed. This is one of the outputs the SAM
produces as a result of the input A7D0. As long as
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the chip select input is present with pulses and one
of the 8 possible selects, the chip select decoder
section of SAM is ok. If the chip select output is not
correct in any way, that could be an indication that a
new SAM chip might be needed.

Pins 28-35 are used by the multiplexed ad-
dresses for their exit from SAM. Here again a pulse
must be present on each line if the MA7-MAO bus is
taking signal from SAM correctly. There could be
logic states also as the multiplexed address chooses
locations in RAM. If the address inputs are all good
and these RAM location selections are missing
pulses, that indicates the address multiplex-
er in SAM is defective. If it is, a new SAM chip has
to be installed.

Pins 11 and 12 are two more outputs that have
to do with the multiplexed addressing. They should
both show pulses or else they are not operating.
They are SAM outputs and are strobing the dynamic
RAM. They are ras (the row address strobe) and cas
(the column address strobe) frequency. They follow
the E signal and a pulse should be on the probe. If all
else is well and cas or ras does not have a pulse, the
SAM could be defective.

The last few pins are 10, 9, 8, and 7. They are
all frequency driven pins and should all have pulses
too. Pin 10 works with ras and cas. It is called we
and is connected in the general timing section. It
will cause spurious oscillations and some weak TVI
too. That’s how you can tell it is ok in some comput-
ers with regular TV monitors. Pin 9 (hs) is the
horizontal sync control. Testing it is identical to Pin
10, TVI, and all. Lastly, are pins 7, 8, DAO, and Ve,
DAO also must show a pulse. In addition it will also
show a high, low or even both. It is a signal from the
VDG chip that aids in the syncing of the oscillator.
Both hs and DAO must show a pulse if they are
present.

There is no easily obtained test equipment that
will test a chip like SAM. Chances are you will not
stock an extra SAM so you can test it by direct
replacement. In addition you cannot gain access to
the internal wiring. Therefore the only way to test
SAM fast, is to have a schematic and block diagram
of the internal circuits and take input and output
readings. Then by deduction you can tell if SAM is
doing the job or not.



Chapter 16

4 -

e
nlD

The PlAs

The peripheral interface adapter is packaged as a
40-pin chip (Fig. 16-1). It has the job of interfacing
the CPU with all the external devices the computer
has to deal with, such as inputs like the keyboard,
joysticks, and cassette and outputs like the video
display, cassette, and printer.

As far as the CPU is concerned, it needs to
interface with devices like RAM and ROM. They
operate at the identical speed, frequencies, cur-
rents, and voltages. The CPU can simply attach
buffered pathway buses to RAM and ROM and
begin operations. Unfortunately, the peripheral de-
vices do not usually have the same characteristics
as RAM and ROM. The CPU cannot just hook into
the external devices.

That’s where the PIA and other I/0 chips come
into use. The PIA is built to receive the CPU
streams of data and couple the data to the peripher-
als that are receivers, like the display and printer.
Also the PIA is able to receive data from peripher-
als like the keyboard and joysticks and send it to the
CPU. The PIA takes care of all the mismatching and
smoothes the way.

ADDRESSING PIAS SIX REGISTERS

The MC6821 PIA is typical of the large chips
that contain the latches, buffers and other logic
circuits that make up a PIA (Fig. 16-2). The activity
is based around six registers. They are all one byte
wide. There are two sides to the chip, A and B. Each
side has three registers. The sides, from a servic-
ers point of view are twins. There is a peripheral
data register, PDR, a data direction regis-
ter, DDR, and a control register, CR on each side.

There are only four addresses to contact the
six registers. The PDR and DDR operate together.
As aresult the PDR and DDR together only get one
address. The CR gets its own private address. The
four addresses therefore, are typically arranged as
follows.

Address Registers
FF00 PDRA-DDRA
FF01 CRA

FF02 PDRB-DDRB
FF03 CRB

The even number addresses are usually the
1/0 registers and the odd numbers are the control

243



Top view
"
1[JGND CA1[] 40
2{1PAO CA2[] 39
3[1PA1 «IRQA[] 38
4[]PA2 «IRQB[] 37
5[JPA3 RSO} 36
6[JPA4 RS1[]} 35
7[]PA5 * RESET[] 34
8[| PA6 Do[] 33
9 [JPA7 D1[] 32
10 []PBO D2[ ] 31
11[]PB1 D3[]30
12[] PB2 D4[] 29
13[]PB3 D5[] 28
14} PB4 De[] 27
15[}PB5 D7 ] 26
16[|PB6 El] 25
17[]PB7 CSi[] 24
18] CB1 «CS2[] 23
19[]CB2 CSo[] 22
20[]+5V R/W[] 21

Fig. 16-1. The top view of the 40-pin PIA chip clearly shows
the data bus D7-DO pins and the peripheral output pins
PA7-PAO and PB7-PBO.
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registers. There is no electronic reason for this
odd-even numbering, it’s just the way it is done for
easy remembering.

The registers are the same size as the RAM
registers and are contacted in the same way, just as
if they were RAM. The addresses are still 16-bits
wide. The 16-bit address can activate one of the four
addresses in normal fashion. The PIA is right in the
memory map, and is attached to the address busina
normal fashion.

The 8-bit registers are all attached to the 8
bit-data bus. The register that is addressed can
either send data to the CPU or receive data in
accordance with the dictates of an R/W line that is
attached to the chip. As far as the CPU s concerned,
the six registers of PIA look and act like compatible
RAM.

CHOOSING BETWEEN PDR AND DDR

As a servicer you probably won’t have to actu-
ally choose between PDR and DDR with their one
even address. The DDR usually gets taken care of
automatically during power up, and all you have to
deal with are the PDRs as if the DDR doesn’t exist.
However, you should know what happened so you
can logically deduce some troubles.

The PIA chip is selected by addressing its
three chip select pins. They are CS0, CS1, and
#(CS2, When 1s are applied to CS0 and CS1, and a 0
is sent to CS2 the PIA chip is selected. During this
initial addressing the DDR is addressed. The PDR
is not addressed. The DDR must configure the bits
in the PDR. That is why the DDR is there. It has
only one job (Fig. 16-3).

In the PDR register there are eight bits. When
a bit gets cleared with a O or set with a 1, then that
bit will act as an input or output port. It will be able
toreceive a data bit from the CPU and output the bit
to an external device. It will also be able toreceive a
bit from an external device and send it to the CPU.

Upon start up, one of the things the operating
system does is contact the DDR. The eight bits of
the DDR are connected to the eight bits of the PDR,
bit for bit. The operating system configures the
DDR bits, which automatically configures the PDR
bits.



r__FF_QJ.__ —— fre
| cra | | DDRA PDRA —]l Péaripheral
/—L ————«H— ————— B PA7
PIA /—I—— - — ] — = == > PAG
i Flf_ R o W \ oas
\, A _._.___J'T_ e J Pad
Data bus (I— ——— » PA3
D7 ¢—52 u_//-I-— —-—_—1_'-— R B PA2
D6 ¢—p ‘*“JK'F" — —-|—|— —_— » PAT
D5 ¢—BP u—//-l—- JRNRR Y T R —— B PAO
D4 ¢ (U I -
D3 +— FFO3 FFO2
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D1 | crB | | poRs PDRS |
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Fig. 16-2. The PIA activity is based around the six registers that have four addresses FF00-FF03.
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Initial addressing

Even address

ib,.7 -7 I B> Output
%Dv—s -8 } > Output
!@"‘5 B : {&» Output
| -4 ~41 1 Output Peripheral
I e g | & Outpu devices
lB“B pi— 3 % £ Output
|Dc>2 5024-[—————!nput
IDr--1 19— £ Output
b7 —9 1% Iﬁoo B0 PN
D6
3 L ooR__ ___PoR_|
D5 —Po
v
D4 —BD
Data bus
from CPU D3 —p9
v
D2 —pe
v
D1 —pd
v
Do —®¢
v
Data
bus
buffers

Fig. 16-3. The DDR and PDR registers share the same address. The DDR is addressed at the beginning of the operation then
the PDR takes over and stays in control for the rest of the operation.

Once the PDR has the correct logic states
installed in its register, it is ready to work. There
will be more about this later. Meanwhile the DDR
did its job and must be turned off. This is done in the
following way. When the computer is powered up,
bit 2 of the control register, CR, is given a 0. Bit 2
takes part in choosing between PDR and DDR.
Remember, one address has to take care of both of
these registers. The address choosing is ac-
complished with two signals in bits A1 and A0 of the
address line. They are called register selects, RS1
and RSO0, and are connected to two of the chip pins.
RS1 and RSO work with bit 2 of CR. Between RS1,
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RS0, and bit 2 of the CR, there are eight possible
combinations of 1s and Os.

When bit 2 of the CR has a 0, then RS1, and RSO
choose the DDR register. After the DDR is made to
do its job of configuring the PDR then the operating
system installs a 1 in bit 2 of the CR. If an address
comes down the address bus for PDR-DDR, witha 1
in bit 2 of CR, then DDR is no longer chliosen. PDR
gets chosen. The DDR is usually only the chosen
one during initialization. Once the PDR is set up by
the DDR it becomes the main address between the
two registers.

Therefore, even though there are six registers



in PIA there are only four addresses. During check-
out the chip select pins, CSs, and the register select
pins, RSs, are the ones to test. In the back of your
mind remember bit 2 of the CR is taking place in the
action.

THE CONTROL REGISTER

Besides bit 2 there are seven other bits in the
CRs. Bit 2, it was mentioned, attends to the choos-
ing of DDR or PDR when an even PIA address is
contacted (Fig. 16-4). There are three other control
jobs the CR does in the PIA. The three jobs are all
intertwined. Let’s examine them.

There are two control pins CAl and CA2 con-
nected to the chip. CAl is an input only line. It is
used to set bit 7 if an interrupt is found to be needed.
CA1 uses bits Oand 1 to set bit 7 and to decide what
to do with the interrupt.

CA2is an input and output line. It uses bits 3, 4
and 5 to set bit 6 if an interrupt is needed. CB1 and
CB2 do the same jobs on the control register on the
B side as CAl and CAZ2 lines do on the A side.

The actual setting of the control register is a
machine language programming job and has little to
do with servicing. There are many details and
numerous steps to go through and these can be
learned if you ever write a machine language pro-
gram. The important parts of the control register to
the servicer, are the four control lines that attach to
the pins of the chip, CAl, CA2, CB1, and CB2. The
status of these lines during servicing is necessary
information. This will be covered at the end of the
chapter.

THE PIA PINS

The power is supplied at pin 20, +5 V to
ground at pin 1 (Fig. 16-5). The addressing is mainly
done with the chip selects, *CS2, CS1, and CS0.
Pins 24-22, and the register selects, RS1 and RS0,
pins 35 and 36, with some help from bit 2 of the CR.
The enable pin'E, 25, holds the chip selects during
E.

The computer’s data bus is connected to
D7-D0, Pins 26-33. The R/W line 21, controls the
direction of the data streams during the movement

Control register

CR
7
IRQ 1
6
IRQ 2
5 &
4 Sets bit 6
3
\ 4
2
Turns DDR
off and on
T y Y
Sets bit 7
0
¥

Fig. 6-4. The control register does a number of jobs. The CA
and CB control lines receive their status from this register.
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PIA schematic
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Fig. 16-5. The PIA schematic is usdauy drawn so that the various sections of the chip are best discerned.




of data. A high on the R/W line lets the CPU read
from the PIA. A low on the R/W line lets the CPU
write to the PIA.

Each PDR has its own one byte data output
line. A PDR can both read and write to an external
device over its output bus. It can’t easily do both
read and write like the data bus inside the computer
can. The PDR gets configured on power up with 1s
and Os by the DDR. If a bit is going to be an input,
then the bit gets set with a 1. Should the PDR bit
be configured as an output, then it will be cleared
with a 0.

The I/0 bits in PDRA are attached to PA7-PAQ
on pins 9-2. The 1/0 bits PDRB are connected to
PB7-PB0 on pins 17-11. Pin 34 is the «reset line. It
is activated during a reset when power that had
been lost is restored. The reset will reinitialize all
the PIA registers when it is activated after a power
failure. While the computer is operating normally,
sreset is held high, as the asterisk indicates. It only
does its reset job when it is forced low.

Pin 25 is E from the clock circuit. It does the
timing for the PIA activity. It is called enable and is
an enable pulse. Pins 40 and 39 are the control lines
CAl and CA2. Pins 18 and 19 are control lines CB1
and CB2. Pins 38 and 37 are two interrupt lines
IRQA and IRQB. They are normally held high till an
interrupt occurs when they go low.

The PIA is a versatile chip and can do all sorts
of I/0 jobs. Let’s check out the pins with a logic
probe as the PIA does its work.

THE PIA IN ACTION

In the TRS-80 Color Computer two MC6821
PIAs are used with a 6809E CPU. The PIAs do all
the I/0 jobs. The input duties are handling the
keyboard, joysticks, and cassette tape input. The
output jobs are the color video output, the audio
output, data for the printer and the cassette record-
er.

The schematic (Fig. 15-4) shows two PIAs U8
and U4. We'll test U8 first, U8 is shown on the
memory map (Fig. 16-6) as occupying addresses
FF00-FF03. All four of these addresses are ac-
cessed simultaneously by the chip select action
from the SAM. CS1 and CSO are tied together and

held high. *CS2 is also held high except when the
CPU wants to access U8. *CS2 is connected to pin
11 of U11 the decoder that works with SAM. When
U8 needs to be accessed, the decoder forces *CS2
low and U8 is selected, all four addresses.

If you make a probe test of CS0, CS1 and *CS0
(Table 16-1) they will all read high, even though
*CS2is forced low, the static condition is being held
high.

As U8 is being selected, there are four ad-
dresses to the chip. The PDR-DDRs are two of the
addresses and the CRs are the other two addresses.
The DDRs set the direction data can flow in the
PDRs during initialization, so addressing the
PDR-DDR combination of registers really ad-
dresses the PDR only. RS1 and RSO can choose
between the PDRs and CRs which are the four
addresses inside the PIA.

RS1 and RSO are tied to Al and AO of the
address line. Therefore the SAM can address the
register it wants by sending logic states out over
the address line. If you check RS1 and RS0 with the
probe, you'll see normal address pulses on the pins.
That takes care of the addressing. The chip is
selected and then the register is selected. Once the
register is selected it is turned on and connected to
the internal data bus.

If you read pin 34 the reset connection, it will
be a high. The reset is held high during normal
operation. When you test for the presence of E on
pin 25, when it is there the probe will show a pulse
as the timing signal keeps coming. Pins 20 and 1 will
read high and low respectively since they are +5V
and ground.

The above probe readings are more or less
universal for the MC6821 PIA. They are the normal
addressing, operating voltages, timing signals and
logic states that power and control the chip’s opera-
tion. If you are making routine tests the probe
results will quickly show a missing or abnormal
condition. If you are working on a lot of the same
boards you’d memorize the normal results and be
able to spot abnormalities fast.

The rest of the pin readings have to do with the
I/0 jobs. Since the jobs vary with different PIAs you
must know the jobs so you can intelligently inter-
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FFOQ — FF@3 PIA U8B

BIT® = KEYBOARD ROW 1
BIT 1 = KEYBOARD ROW 2
BIT 2= KEYBOARD ROW 3

FF@3 BIT 2= NORMALLY 1:
BIT3=SEL2:
BIT4=1
BITS5=1
BIT6=
BIT7=

and right joystick switch
and left joystick switch

FFOQ BIT 3= KEYBOARD ROW 4
BiIT 4 = KEYBOARD ROWS
BiT 5= KEYBOARD ROW 6
BiT 6 = KEYBOARD ROW 7
BIT 7 = JOYSTICK COMPARISON INPUT
BIT @ Control of the Horizontal @=1RQ to CPU Disabled
1=IRQ to CPU Enabled
BIT 1 sync clock (63.5 microseconds) @=Flag set on the falling edge of HS
Interrupt Input 1=Flag set on the rising edge of HS
BIT 2 = Normally 1: @=Changes FF@® to the data direction register
BIT3=SEL1: L.SB of the two analog MUX select lines
Frot BIT4=1 Always
BIT6=1 Always
BIT6 = Not Used
BIT7 = Horizontal sync interrupt flag

BIT @= KEYBOARD COLUMN 1
BIT 1= KEYBOARD COLUMN 2
BIT 2= KEYBOARD COLUMN 3
FF@2 BIT 3= KEYBOARD COLUMN 4
BIT 4= KEYBOARD COLUMN 5
BIT 5= KEYBOARD COLUMN 6
BIT 6= KEYBOARD COLUMN 7
BIT 7= KEYBOARD COLUMN 8

BIT @ | Controt of the field sync clock @= IRQ to CPU Disabled

1= IRQ to CPU Enabled

BIT 1 16.667 Ms Interrupt Input (= sets flag on falling edge FS

1= sets flag on rising edge FS
@= changes FF02 to the data direction register
MSB of the two analog MUX select lines
Always
Always
Not Used
Field sync interrupt flag

Fig. 16-6 The PIA memory map closeup shows they each have four addresses (courtesy of Radio Shack, a division of Tandy

Corporation).

pret the probe results. For instance, U8 han- shown on the schematic as PAQ and PA1l. These are
dles the input from the joysticks and the joystick the inputs for the joystick fire buttons. Pin 9 is the

action output to the video display. Pins 2
which are the data register As bits 0 and

250

and 3 input for the joystick itself. If you probe these three
1 are pins they should be all highs. This is because they



FF20 — FF23 PIA U4
BIT @ = CASSETTE DATA INPUT
BIT 1 = RS-232 DATA QUTPUT
BIT2=6BIT D/ALSB
FF20 BIT3=6BITD/A
BIT4=6BITD/A
BIT5=6BITD/A
BIT6=6BITD/A
BiT 7 =6 BIT D/A MSB
BIT @ { Control of the CD @ = FiRQ to CPU Disabled
1= FIRQ to CPU Enabled
BIT 1 | RS-232 status Input @ = set flag on falling edge CD
1 = set flag on rising edge CD
BIT 2 = Normally 1: @ = changes FF20 to the data direction register
FF21 BIT 3 = Cassette Motor Control: @=0FF 1=0ON
BIT4=1 Always
BIT5=1 Always
BIT6= Not Used
NBIT?7= CD Interrupt Flag
BIT @ = RS-232 DATA INPUT
BIT 1 =SINGLE BIT SOUND QUTPUT
BIT 2= RAM SIZE INPUT LOW = 4K HIGH = 16K
FF22 BIT 3= VDG CONTROL QUTPUT CSS
BIT 4= VDG CONTROL OUTPUT GM@ & INT/EXT
BIT 5=VDG CONTROL OUTPUT GM1
BIT 6= VDG CONTROL OUTPUT GM2
BIT 7 = VDG CONTROL OUTPUT A/G
BIT @ { Control of the cartridge @ = FIRQ to CPU Disabled
1= FIRQ to CPU Enabled
BIT1 | Interrupt @ = sets flag on falling edge CART
Input = sets flag on rising edge CART
BIT 2 = Normaliy 1: @ = changes FF22 to the data direction register
FF23 BIT 3 = Six BIT Sound Enable
BiT4 =1 Always
BITS5 =1 Always
BIT6 = Not Used )
BIT7 = Cartridge Interrupt Flag
FF4@ — FFBF NOT USED

are all held high, since they were configured as
inputs. They will hold the high logic state while you
are making the test. If they are not high then there
could be a configuration problem. The PIA either

can’t be configured properly, which means a new
one is needed, or the initialization process if not
being completed properly. This indicates problems
in the CPU-ROM circuits.
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Table 16-1. The Logic Probe and a Service Chart Like This One Will Checkout the Status of a PIA Quickly.

KEYBOARD PIA

SERVICE CHECKOUT CHART

Z':mber High (1) Low (0) Pulse
Ground 1
PAO 2 V4
PA1 3 v
PA2 4 v
PA3 5 v
PA4 6 v
PAS5 7 v
PA6 8 v
PA7 9 v
PBO 10 N v
PB1 11 v J/
PB2 12 V4 J
PB3 13 v v
PB4 14 v v
PB5 15 v /
PB6 16 v v
PB7 17 v V4
CB1 18 v v/ v
CB2 19 v
vee 20 V4
R/W 21 V4
cso 22 V4
.Cs2 23 v /
CS1 24 v
ENABLE 25 v
D7 26 J
D6 27 v
D5 28 v/
D4 29 v
D3 30 v
D2 31 v
D1 32 v
DO a3 J
*RESET 34 V4
RS1 35 v
RS2 36 v/
+iRQB 37 V4 v
«IRQA 38 v v/
CA2 39 J
CA1 40 v v




The output devices for the joystick is the video
display circuits. The output bits that connect to the
video circuits are in the CR. Pins 19 and 39 are CB2
and CA2. These two control lines can be used as an
output port if it is not being used in a control line
capacity. In this computer they are used as the
joystick outputs. The two lines are capable of
choosing from four joystick outputs. The schematic
shows the two lines exiting U8 at pins 19 and 39 and
going to an analog multiplexer. From there the
signals developed by the joysticks are directed into
the video circuits. If you probe pins 19 and 39 you
are reading the two bit 3s of the two. CRs. In this
case the bit 3s are cleared so you get lows.

The next input to the PIA is the keyboard. The
PA6-PAO lines, which are pins 8-2 are connected
directly to seven rows of keys. The PB7-PBO lines,
which are pins 17-10 are connected directly to the
eight columns of keys. Yes, the two fire button
inputs are also connected to pins 2 and 3. However,
the two inputs to a single pin rarely are both acti-
vated at once, and even if they are, there is no real
harm done.

The seven bits 0-6 in the A data register are
configured as inputs during the initialization pro-
cess. If you probe the pins you'll get all highs. In
order to get the data register bits to act as an input
or output, a 1 must be installed in each bit. If the
high isn’t there on one or more of the bits, that could
be a sign of trouble. The PIA might be defective or
the initialization process could have problems.

As long as the highs are all on their pins the A
register is ready for I/0 duty. In this case the job is
inputting the information about the keyboard rows
to the internal data bus of the computer. If a row is
shorted because one of the keys were struck, that
row is connected to a register pin and the pin re-
ceives the message.

There are sevenrows in the keyboard. On each
row there are eight columns. Each column is con-
nected to a pin in register B. Register B is con-
figured as an output. When akey is struck it not only
has a row, it also has a column. If the number of the
column struck can be included with the number of
the row struck, then the character of that key can be
coded. Each individual key has its own combination

of row-column. For instance the character T is row
3 and column 5. When T is struck, the fact that it is
row 3 is automatically sent to the I/0 port PAZ2.
How about the column information?

The columns are looked over continually with
a strobe signal derived from the clock. The signal
pulses from PBO to PB7 continually. It is an output
pulse from the PIA. It is of course moving many
times faster than the fastest human typist can go.
Every time akey is struck, the pulse is momentarily
shorted and it is recorded on the column struck. The
signal state of the struck column is combined with
the signal state of row affected and the resultant put
back into the computer through the I/0 port.

When you probe the pins of the B register, you
will get a high since the register is set to be an
output. In addition the probe will reveal the strobe
pulse on each pin. Both the high and the pulse must
be there if the B register is set ok. If the signals are
not there, a clue to trouble has been found.

In the control registers CA1 and CB1 are used
as interrupts for the video signal. CA1 which is pin
40 and CB1, pin 19 are both connected to the clock
output signals on the video display generator chip.
CAl is arranged to interrupt the video after each
line, like a horizontal sync signal. CB1 is set to
interrupt the video after each screen of data, like a
vertical sync signal. There will be more about them
in the video chapters. If you probe pins 40 and 18
you should get highs and pulses. On pin 18, which is
the vertical sync, you could reach both a high and
low along with the pulse. The interrupts are down
around 60 Hz and both logic states could be picked
up by the probe due to the low frequency.

There are two other interrupts, pins 37 and 38,
*[RQB and *IRQA. They are tied together, held
high and are pulsed from the CPU. Under normal
conditions, they will remain in that condition. They
will cause an interrupt during computer malfunction
and shut down the PIA. Normally the probe should
show them high with a pulse. If they are not, a
trouble is occurring and requires further checking.
It could be a short in the PIA chip at the pins.

The final eight pins of the 40-pin PIA are the
data pins D7-DO0 that connect to,the data bus of the
computer. They can send data back and forth to the
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CPU and constantly have a clock pulse working in
them. The logic probe if touched down on pins 26-33
will show pulses if the data bus and the pins are
intact. If a pulse is not there it probably is not the
PIA causing the trouble but is elsewhere in the data
bus circuits.

A DIFFERENT PiA APPLICATION

The other PIA in the Color Computer is also an
1/0 Port but conducts its business in a different
manner. It must output to the video display circuits,
the audio output, the cassette recorder and the
printer output. It has to take an input from the
cassette player, and an input from an RS-232 input.
In addition it can control the motor on the cassette
and manipulate the input of a ROM cartridge if it is
plugged into use. Besides all that it has a couple of
interrupts like the other PIA.

The pinout numbers are, of course, the same
on both MC6821 PIAs (Table 16-2) but the logic
probe readings are not necessarily the same. In fact,
in this case there aré a lot of different results mixed
in with readings that are identical. Let’s compare
the results on the two PIAs that sit side by side on
the print board and note which ones are the same
and which readings are different.

First of all, there is the addressing. The four
addresses of the U8, the chip that was just dis-
cussed, is hex FF00-FF03. The address of U4 is
FF20-FF23. The addresses represent the four
registers in the PIA that are active during the time
the computer runs programs.

In both U8 and U4 there are three chip select
pins. They are CS1 and CSO0, pins 24 and 22, tied
together. They are attached to a high, and the probe
reads high. The third chip select, *CS2 at pin 23 is
held high and the probe will read a high. When U8 is
selected pin 11 from the decoder U11 sends a low.
That turns on U8. If U4 is to be selected, pin 10 of
the decoder sends a low. As a result the probe
shows the held high position as a static reading.

The actual probe test however, in addition to
the high, shows a pulse on U8's *CS2 but no pulse
on U4’s «CS2. This means when U8 is turned on it is
pulsed on. When U4 is activated it receives a static
low that stays there while the chip is in action. To
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the servicer, the fact that U8 has a probe show a
high-pulse and U4 only a high, is the important
thing. The difference must be noted, so the dif-
ferent readings on the same type chip, doesn’t
throw the troubleshooting routine procedure off
track and waste a lot of time.

As the probing continues, pin 21s on both
chips, the R/W lines are both held high and read
highs. The E pulses on the 25 pins are both timing
pulses and the probe will show a pulse. The data bus
pin connections 26-33, D7-D0, are the same
throughout the computer, all pulses, and the read-
ings on the PIAs are no different. The register
selects, RS1-RS0 are both connected to the timing
pulsing and they usually read as pulses too. The
power into all PIAs is the same, a high at pin 20 and
a low at pin 1. «reset on pins 34 are both held high.

The rest of the pins can have a lot of differ-
ences according to the PIA application. In U8 pins
37 and 38 the *IRQA and *IRQB are both held high
as the asterisk indicates, but they are also being
pulsed. The same pins on U4 are held high but are
not being pulsed. The probe will show the highs
with a pulse on U8 and the highs without a pulse on
U4. The servicer must be aware of the different
type readings on the different chips with the same
numbers. The same type of situation is found on the
control lines CB1 and CA1. U8 has them held high
with pulses, U4 has them held high without pulses.
To further confuse the readings CB2 and CAZ2 are
the same on both U8 and U4, both low.

The reason it is so important to realize the
differences is due to a favorite technique a lot of
servicers use. When two chips of the identical type
are mounted near each other, comparing the read-
ings on the same pins can often indicate where
troubles can be hidden. The technique works best if
you compare the readings of a defective computer,
with the readings in a good computer of the same
type. Be careful of comparing the readings of the
same type chips doing different jobs.

CHECKING THE 1/0 BYTES

There are 16 more pins on the PIA, 2-17. They
are the I/0 ports. In the U8 checkout, they were all
found to be held high. Two through nine are pro-



Table 16-2. Even Though Both PIAs are Physically ldentical,

The Different Applications Cause Different Logic States to Appear on the Same Pin Numbers.

D/A-VDG PIA

SERVICE CHECKOUT CHART

Pin
Number High (1) Low (0) Pulse
Ground 1 v
PAO 2 v
PA1 3 v
PA2 4 v
PA3 5 v/
PA4 6 /
PA5 7 v
PA6 8 N4
PA7 9 v
PBO 10 v
PB1 11
PB2 12 v
PB3 13 J
PB4 14 v
PB5 15 v
PB6 16 /
PB7 17 v
CB1 18 v
cB2 19 v/
Vce 20 v
R/W 21 v v
CSo 22 v
-CS2 23 v
Cs1 24 v
ENABLE 25 Vi
D7 26 v
D6 27 J
D5 28 v
D4 29 v
D3 30 v
D2 31 J
D1 32 v
Do 33 v
«RESET 34 V/
RS1 35 v
RS2 36 /
+IRQB 37 v
«|IRQA 38 Vv
CA2 39 v
CAt 40 v
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grammed as inputs and read highs without pulses.
Ten through seventeen are programmed as outputs
and read high with pulses as the strobe keeps a
constant check on the keyboard functions. All the
pins were doing keyboard and joystick jobs.In U4
pins 2-17 are being used to communicate with all
the other peripherals in the system. The U4 probe
readings are almost entirely different.

Pins 2 and 3 are connected to bits 0 and 1 of
address FF20. This peripheral data register has the
cassette data input coming into bit 0. The RS-232
data output is coming out of bit 1 and goes to the
printer. Both pins are held high to perform their
jobs. When you probe them a pair of highs indicate
they are configured properly and are operative.
These readings are the same as U8 has for its fire
button and keyboard input duties, two highs.

Pins 4-9 are connected to bits 2-7 of FF20.
When I say connected, I mean through chip compo-
nents like latches and buffers, but these compo-
nents are ignored since they can’t be tested di-
rectly. The testing must be input-output reasonings
based on what the probe says is present on the chip
pins.

Pins 4-9 are all output and send out an audio
output through a circuit called, the six bit digital to
analog signal. This circuit is covered in the audio
section in Chapter 18. The pins are connected to six
buffers with bit 2 being the LS bit and bit 7 the MS
bit. When pins 4-9 are probed they should all read
lows if ok. If one or more reads high, pulse or
nothing that could be an indication of trouble
nearby, perhaps a shorted buffer or defective PIA.
The pins 4-9 on U8 all were held high, exactly the
opposite of 4-9 on U4.

The other PDR is connected to pins 10-17. Its
address is FF22. Bit 0 on pin 10is held low. It is the
RS-232 data input port. While the printer takes the
serial output of the computer through the single bit
0 of FF20, the computer can also take a serial input,
from a teletype machine or another computer
through bit 0 of FF22. Pin 10 is held low for the
input duties. The probe should show a low during
normal checks.

Pin 11 is connected to bit 1. The single bit
sound source is connected to the repeated output of
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the sound circuit and is isolated from the D/A six-
bit sound. It is covered in Chapter 18. The probe
reads nothing when touched down on pin 11.

Pin 12 is an input for the memory size jumper.
When it is probed it reads a high. Pins 13-17 are the
VDG chip’s input. That means they are outputs.
They all probe out as lows.

The other two addresses in the PIA are regis-
ters that are used for control rather than 1/0, al-
though they can be used as ports too. To read the
contents of FF21 and FF23 you can’t go directly to a
pin and read what is in a bit. The control registers
eight bits are controlled by two control lines each
CA1-CA2 and CB1-CB2, at pins 40-39 and 18-19.
CA1l and CBI1 are used as I/0 ports and you can
check bits 0 and 1 of the addresses through them.
CA2 and CB2 are used in the same way and bits 3, 4,
and 5 can be checked by means of them.

CA1, pin 40 which controls bits 0 and 1 of the A
control register is an input in this computer. It
receives a status interrupt pulsing signal called CD.
The pin is held high and should read high-pulse on
the probe. CA2, pin 39 controls bits 3, 4 and 5 of
CRA. It is an output and is used to turn the cassette
motor off and on. Pin 39 is held low when it is
normal. If either of these pins are not reading prop-
erly, you have a symptom of trouble.

Line CB1, pin 18 is the cartridge interrupt
input. When the ROM cartridge is plugged in, pin
19, bits 0 and 1 of CRB are changed and this sets
*[RQB, pin 37. Pin 37 and 38 are tied together and
go to *FIRQ on the CPU. The CPU then interrupts
the internal ROM that was in control and gives
control to the cartridge ROM.

Line CB2, pin 19 is the control line for the
sound output. It can turn the sound on and off. This
will be covered in Chapter 18. When you probe pins
18 and 19 they should read high-low-pulse for 18
and low for 19.

THE CHIP PIN CHART

If any of you are TV, Radio, or any type of
electronic technician, you are familiar with resis-
tance and voltage charts that are found in service
notes. For example, a tube voltage chart will list all
the vacuum tubes in the gear on the left side and the



pin numbers of the tubes across the top. Then the
voltages that are found under normal operation are
marked into the blocks of the chart. If a repair is
tough, you take out the voltage chart and begin
testing the voltages one by one. When an incorrect
voltage is found, you have a clue. The clue could be
indicative of the trouble or just a false lead. Either
way you follow the lead till you uncover the trouble
or conclude the lead is false. The charts are valuable
servicing aids.

Using these charts are fairly easy and saves a
lot of reasoning time. It is not really necessary that
you know whether you are reading a cathode, grid,
or plate. It is only necessary to compare the voltage
on the test point with the called for voltage on the
chart. In a similar way, if you had a chart of all test
points on the computer board, the same type of
testing could be done.

Instead of voltage or resistance charts, a logic

probe chart would be more effective. Highs, lows,
and pulses are the tests that should be made. Every
chip has test nodes available. All you would have to
do is carefully test pin after pin and check the probe
results against the called for results. When a dis-
crepancy is found, it could be a valid clue to the
trouble.

Some manufacturers might provide some
charts of this nature. I haven’t seen very many.
However, you could prepare your own charts like
the ones in the illustrations. If you are repairing a
lot of computers, especially the same models over
and over again, the preparation is easy. Simply take
a known good computer and do the charts.

If you are only going to be repairing your own
computer, do the charts while the computer is
operating properly. Then if it ever goes down, your
service notes will tell you what type of signals
should be present when the computer is normal.
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Chapter 17

As you type into a computer, the characters you
strike appear on the TV screen. It seems instan-
taneous but we all know that a lot of complex elec-
tronic digital and analog processing takes place be-
tween the time you hit the key and the appearance
of the character. The heart of all circuitry, be-
tween the keyboard and the TV monitor is the video
display generator, known as the VDG (Fig. 17-1).
The VDG is the chip that takes the video that is
coded in digital and converts it to analog signals that
the picture tube can display.

TYPICAL VDG INPUTS

If you look at the block diagram of the com-
puter (Fig. 8-10) the VDG is seen to receive two
major inputs. One is from the PIA and the other is
the video RAM. The schematic of the Color Com-
puter shows a lot more lines attached to VDG pins
that are bringing in digital signals. Then, of course,
there is the +5 V and ground return to power the
chip (Fig. 17-2).

The system clock sends a 3.579545 MHz
square wave into pin 33. For those of you who are
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familiar with color TV, you will recognize the color
oscillator signal. This is derived from the crystal
oscillator frequency and is used to help build the
composite color TV signal that will be the final
output of the computer. With a sensitive expensive
scope you could look at the signal, but the logic
probe will read dead on pin 33 (Table 17-1).

The VDG clock signal enters pin 33 as an input,
but also is inserted into the next stage, the video
mixer chip at its pin 2. There is a bypass capacitor,
56 pF in the line.

At pin 22 there is a line called DAOQ. It operates
with the 3.58 MHz color signal and helps keep the
color in sync. If you probe that test node, the results
will be a high-low-pulse as the activity keeps the
probe lit.

The PIA U4 has 5 lines from its address FF22.
The 5 lines are coming from bits 3-7 out of the pins
13-17. These are the lines that set up the display
modes of the VDG. The modes are what the VDG is
all about. The VDG in this computer has the ahility
to set up 16 modes. What is a display mode? We'll
discuss that in the next section. Meanwhile, the five
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Fig. 17-1. The VDG chip contains a lot of ROM circuits that
change the digital inputs to alphanumeric, semigraphic, and
pure graphic video outputs.

PIA lines attach to six VDG pins. One line connects
to two pins 30 and 31, * int/ext, and GMo. This line
selects a mode called semigraphic 6. A probe of the
line shows a low. Doublechecking with the vom
reveals the low is about 0.5 V not 0 V, which means
it is active not dead.

The next two lines are called GM1 and GM2.
They operate with GMO and are able to select one of
eight modes. They are on pins 29 and 27, and the
probe shows them as lows too. Another line at pin
35, A/G, selects between alpha-semigraphics and
full graphic modes. It probes low too. The fifth line
CSS also probes low.

While the VDG inputs from the PIA are there
to set up modes, there is another group of lines that
are coming from the video RAM. These lines are
latched in this computer because the video RAM is
not latched. Latch or not, the lines from the video
RAM are data lines and are bringing data to the
VDG. While the various modes set up the way the
TV tube is to display the picture, the data is the
information that is going to be in the picture (Fig.
17-3).

The data enters the VDG through the latch and
is processed in the VDG. The data is changed from
binary bits to analog signals that will turn light dots
on and off in the display. The data enters lines
DD7-DDO. In this computer, pin 32 is connected to
DD6 and pin 34 is connected to DD7. These connec-
tions aid in the mode making. Pin 34 is called INV
and pin 34 is *A/S. These will be covered in the
next section. If you probe any of the DD lines a
low-pulse result will be found if there aren’t any
troubles there.

VDG CHARACTER SET

The most used mode of the computer is called
the alphanumeric inverted mode (Fig. 17-3). All
that means is a black character is on a light
background. It is the normal mode that appears
when a computer is turned on (Fig. 17-4). It is called
inverted because the picture tube is made to have a
black background and then light will appear on the
screen. This is the opposite of that arrangement.
However, there is a second mode called alpha-
numeric non-inverted (Fig. 17-5) which does use
the black background with light characters. This
mode is useful and can be employed to show the
difference between capital letters and lowercase.
The non-inverted can display caps while the in-
verted can designate lower case.

Inside the VDG is a circuit called a character
generator. It was mentioned earlier in the book that
the computer display area in the color computer is
composed of 512 blocks. There are 32 blocks on a
row and 16 rows. Each block is able to display one
character. The characters can be in the inverted
mode or the non-inverted mode.

Each block is in turn made up of 96 tiny blocks
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Fig. 17-2. The schematic drawing of the VDG chip shows the inputs from a PIA and video RAMto the outputthatgoes to a video

mixer.

called picture elements. These 96 blocks called
pixels, which is short for picture elements, are
arranged eight to a row and there are 12 rows of
them (Fig. 17-4). The pixels can be lit or dark. The
character generator is able to turn them on or off in
that way.

In each character block the character gen-
erator operates on 35 of the 96 pixels. The 35
operating pixels are a group made up of a section of
five pixels across and seven down. This leaves a
buffer area of two pixels on the top, three on the
bottom, one on the left and two on the right.

The character generator is able to turn the 35
operating pixels off and on. The result of this is the
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ability to form all the letters of the alphabet, num-
bers from 0 to 9 and all the other characters found on
the computer keyboard. The character generator
receives the data that tells the generator what
character to display in a block, from the data lines
DD7-DDO0. The data lines feed the character
generator eight binary bits. The generator circuits
are built to decode these bits and convert them to
the characters they represent.

VIDEO RAM INVOLVEMENT

The data that enters the VDG is coming from
the video RAM. Video RAM is just ordinary RAM
except it is reserved for the video display duty. In



Table 17-1. With the Aid of a Logic Probe to Explore its Inputs and
a Scope to View the Output, a VDG can he Checked Thoroughly, Pin by Pin.

\Ll?g
SERVICE CHECKOUT CHART
Pin Pin
Numbers Logic Probe Numbers Logic Probe
1 GND Low 39 CSSs Low
2 DDs6 Pulse 38 *HS Low-Pulse
3 DDO Low-Pulse 37 *FS Hi-Low-Pulse
4 DD1 Low-Pulse 35 A/G Low
5 DD2 Low-Pulse 34 *A/S Low-Pulse
6 DD3 Low-Pulse 33 CLK Nothing
7 DD4 Low-Pulse 32 INV Pulse
8 DD5 Low-Pulse 31 *INT/EXT Low
9 CHB Nothing 30 GMO Low
10 DD7 Low-Pulse 29 GM1 Low
ih 0A Low 28 Y Scope M (Very Weak)
12 *MS Hi-Low-Pulse 27 GM2 Low
13 08 Low
17 Ve High 22 DAO Hi-Low-Pulse

this computer there are 512 locations reserved for
the alphanumeric mode. Location 1024 in decimal is
the start of the RAM and 1536 is the end. Location
1024 corresponds with the upper left-hand block on
the screen, while 1536 is the last lower right hand
block.

Each location in RAM is able to hold the binary
code for one character. The coding is called ASCII
for American Standard Code for Information Inter-
'change. These tables show an ASCII code modifica-
tion for these inverted and non-inverted modes.
The non-inverted modes are usually used as capi-
tals and the inverted mode is lowercase when capi-
tals are used. Note the non-inverted mode uses
decimal numbers 0 to 63. The inverted mode uses
decimal 64 to 127 (Tables 8-1, 8-2, and 8-3).

In binary, 0 to 63 is 00000000 to 00111111.

Alphanumeric mode

CRT face
///// / Display block
100 LETA =4 Border

200 “THIS IS

@/////

Fig. 17-3. The mode that the computer defaults to is usually
alphanumeric. (The term “default” means the state the com-
puter assumes automatically as it comes on.)
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Fig. 17-4. In the alphanumeric mode the space a character
occupies on the screen can be composed of 96 pixels (picture
elements) arranged in this fashion. A character generator
ROM in the VDG is able to turn each pixel off and on to create
the characters.

Sixty-four to 127 is 01000000 to 01111111. The
character generator is constructed to show light
characters on a black background when the bits 7
and 6 are both clear. The character generator dis-
plays black characters on a light background when
only bit 7 is clear.

Video RAM holds the binary code for the 512
blocks that are displayed on the TV screen. Video
RAM is strobed by the address lines out of SAM.
The strobing is synced in with the TV sweep. As the
picture is scanned horizontally and vertically, the
address lines strobe the video RAM. This places
the binary data into the character generator as the
cathode ray is passing across the block the data is
put in. That is how the character appears on the TV
screen in the alphanumeric modes.

There is exactly one character position on the
screen for one 8-bit memory location in video RAM.
As you hit a key, the computer forms the ASCII
code for the character and sends it to video RAM.
As long as you see the character on the screen, it is
still in video RAM. Should the screen be filled and
the character is moved up and out of view, the
character is no longer in video RAM, but stored
somewhere else in a RAM location. The video RAM
is like a window that shows you what is inside. You

Video RAM
Decimal  Hex /— /\
7 6 5 4 3 2 1 0
B 66 42 0 1 0 0 0 0 1 0
Only bit
7 is clear
Decimal Hex /\ 0 /\ /\ 2/\
7 6 5 4 3 2 1 0
2 02 0 0| o o]l o} o 1 0
Bits 7 and 6
are both clear

Fig. 17-5. The video RAM sends a byte to the character generator ROM. The code tells the ROM what character to display and

what color background should be shown. If only bit 7 is clear t

he character is dark on a light background. When the byte has

both bits 7 and 6 clear then the character is light on a dark background.
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see the character that has been coded from the
ASCII input.

THE OTHER MODES

There are two other types of modes besides
alphanumerics. They are called semigraphics and
true graphics.

THE SEMIGRAPHIC MODE

The inverted and non-inverted alphanumeric
modes display ASCII characters. They are only two
of many possible ways the TV screen is used. A
second important set of modes is semigraphics.
These modes are a form of graphics but not the pure

form. Semigraphics, as the name implies, are a
cross between alphanumerics and true graphics.
There are five types of semigraphics available in
this VDG. There are generator circuits in the VDG
that can take the bits in the video RAM locations
and produce different mode semigraphics on the
screen, just as the alphanumeric character gen-
erator did.

With two of the semigraphic modes there are
still only 512 video RAM locations. These locations
match up with the 512 blocks on the TV face. The
blocks are still composed of 8 by 12 pixels. There
are two major differences. One, all of the 96 pixels
are used to form the semigraphics, not 35 with a
buffer around the group. Two, in a color computer,

Semigraphics
Video RAM
Ele(n et Mode size Bytes/block
4 512 bytes 1
P4
24
pixels
6 512 bytes 1
16 T
pixels
8 2048 bytes 4
12 =4
pixels
12 3072 bytes 6
8 S
pixels
4 24 6144 bytes 12
pixeis —
&
Element

Fig. 17-6. The various semigraphic modes available in this VDG use the same size 96 pixel character block as alphanumerics
but arrange the pixels differently. Also, these modes can change colors in a color computer.
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\ Off X On 7 6
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* X 0
On 1 \\\\O\ff\ \ \\ Red/
red black \ color
WA

\\/ Turn elements __/

off (0) and on (1)

Fig. 17-7. In this semigraphic 6 mode the video RAM byte can choose a display color with bits 7 and 6, and turn the elements off
and on with the other bits. Note how the bits 5-0 in the memory byte correspond with the 6 display elements.

colors are used besides the monochrome of light
and black.

There are five semigraphic modes available in
this VDG (Fig. 17-6). They are called 4, 6, 8, 12, and
24. The reason for the names is the way the pixel
blocks are divided. All of the modes divide the
blocks in half vertically. That is, the eight pixel
wide block is divided into two sides that are four
pixels wide each. Then the 4 mode has the two sides
divided into 4 elements of 24 pixels each. The 6
mode divides the total block into 6 elements of 16
pixels each. The 8 mode divides the block into 8
elements of 12 pixels each. The 12 mode divides the
block into 12 blocks of 8 pixels each, and the 24
mode divides the block into 24 blocks of 4 pixels
each.

In each mode, the VDG circuits are able to turn
each element, not each pixel, off and on. For exam-
ple, suppose you were in the 6 mode. This activates
the VDG circuit that divides the 512 blocks on the
screen into 6 elements. There are a lot of designs
you can arrange with this mode. What you decide to
do is make the upper left-hand block look like a
piece of a red and black checkerboard. With the 6
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mode you can turn three elements in the block on
and three off (Fig. 17-7).

Since the block corresponds with video RAM
location 1024 you poke the following bits into that
location. In the 6 mode six bits are used to do the
job. The VDG is able to control the six element
blocks with bits 5, 4, 3, 2, 1, and 0. The six bits are
arranged 100110. The 1s turn on the elements and
the Os turn them off. This will produce the check-
erboard effect.

There are two bits left in the memory byte,
bits 7 and 6. Since two bits can form four combina-
tions, these two bits can choose from four colors.
The colors in this VDG that can be chosen are green
00, yellow 01, blue 10, and red 11. If these two bits
are added to address 1024 then the byte will define a
checkerboard pattern in a desired color. If you want
a red and black pattern then the byte will be
11100110.

The 8, 12, and 24 element semigraphics can’t
make it with only the 512 locations in video RAM.
The 8 mode needs four bytes of memory to control
the 8 elements. It can’t do the job with one byte.
This means the TV screen requires 4 times 512



RAM locations, which is 2048 bytes of RAM. In turn
the 12 mode needs six bytes per pixel block and the
24 mode requires 12 bytes to turn the colors off and
on. This means the 12 mode uses 3072 bytes of
RAM and the 24 mode a large 6144 bytes.

The alphanumeric and semigraphic modes
work inside the 8 x 12 pixel character boxes. The
alphanumerics occupy the center of the box with a
buffer of pixels surrounding the formed character.
The semigraphics use the entire 8 x 12 box to show
the various graphic forms.

The alphanumerics and the semigraphic modes
4 and 6 use 512 bytes of memory to display the 512
character boxes on the TV face in this computer.
Other computers could have a different number of
character boxes on display. The 512 bytes here
start with decimal addresses 1024 and go to 1535.
Addresses 1024-1535 are called the video memory.
They are also called the text screen. It is said that
alphanumerics and semigraphic models 4 and 6 oc-
cupy the text screen.

On the memory map, the addresses above the
text screen starting at 1536 can also be used as

video memory. The VDG arranges the correct wir-
ing when a mode is selected that needs more than
512 bytes to handle the video display chore. In
semigraphic modes 8, 12 and 24, 2048, 3072, and
6144 bytes are needed to be video memory.

PURE GRAPHICS

When the VDG is made to form pure graphics,
it dispenses with the 8 x 12 character box. The 512
boxes are all blurred into one large box. The eight
different graphic modes all use the same display but
change the number of pixels in each display (Fig.
17-8). In the crudest mode there are 4096 large
pixels. That number is the result of a display that is
64 pixels across by 64 down. This display produces
the thickest lines and the picture with the worst
resolution. The finest mode has 49152 tiny pixels.
This display has 256 across and 192 down. This
display produces the finest resolution. The rest of
the graphic modes lie somewhere in between.
There is also a 128 x 64, a 128 x 96, and a 128 X
192. Each display type can choose to be a two or
four color. With four display types, each able to be

5 graphic modes
One bit
graphics Pixel Video RAM
Dot pixel matrix size Colors
Clock—pe—s—a—0 5454 1024 bytes 4
o—o—o—s (4096)
Scan — = 128 %64 2048 bytes 4
line — (8192)
—e 128 X96 3072 bytes 4
e (12288)
—o 128x192 6144 bytes 4
(24576)
256 x192 6144 bytes 2
(49152)

Fig. 17-8. The pure graphic mode does not use the 96 pixel character block. It uses a matrix of individual pixels. In the matrix
with the fewest pixels, 64 x 64, the picture has the crudest resolution since the pixels are large, with four dot clocks by three
scan lines. In the matrix with the most pixels, 256 x 192, the picture has the finest resolution since the pixels are tiny, with only

one dot clock by one scan line.
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two or four colors, there are eight graphic modes
available from this VDG.

With the eight graphic modes comes a choice
of one of two color borders. Pin 39 CSS can be set or
cleared. With CSS a high, one color border and four
display colors are chosen. With CSS a low, another
color border and the other four display colors are
chosen.

The pixels in a graphic are thick or thin ac-
cording to the resolution desired. A pixel is com-
posed of two components. One is called a dot clock,
the other is a scan line (Fig. 17-9). The dot clock is a
spot on the TV screen. This special dot occurs
during one half the period of the 3.58 MHz color
signal. Each beat of the color oscillator produces
dot clocks. This important timing is the key to the
accuracy of the graphic display.

The other component is the scan line. The
picture tube is being scanned by the CRT electron
beam, one line beneath the preceding line. The scan
lines produce line after line of dot clocks. In the
finest resolution mode, a pixel consists of the
tiniest element, one dot clock on one scan line. The
crudest resolution mode has pixels that consist of
four dot clocks by three scan lines.

The graphic modes have the ability to turn a
pixel off and on. The modes also can make a pixel
one of four colors. By being able to turn the pixels
on and off, and also change each pixel’s color, the
mode is able to form pictures by filling the video
memory with bits.

In the alphanumeric mode, one byte corre-
sponded with one character. With the finest graphic
mode, one bit corresponds with one dot clock, when
only two colors are being displayed. Two bits cor-
respond with one dot clock when four colors are
being shown. Some of the possible graphic modes
the VDG can produce are in Fig. 17-8.

THE VDG VIDEO OUTPUT

The VDG and the video memory along with the
help of the other chips that set the modes in the
VDG produce the various parts of the composite TV
signal that is to be displayed. The signal is quite like
the signal a TV station makes to send out over the
airwaves. In this VDG there are seven output pins
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that contain these parts of the total composite.
These outputs are not digital. The VDG is a place in
the computer where the digital signals are changed
to analog. At the VDG output pins, old tried and true
analog test methods can be used. An ordinary inex-
pensive service scope can pick up the analog output
if they are there.

At pin 28 (Fig. 17-2) the Y signal, a composite
video-sync signal can be found. The signal is weak,
only about 1 volt peak to peak, but it is present (Fig.
17-10). The signal has sync peaks, blanking level,
and black level. The video signal it contains is
information on turning pixels on and off. There are
four levels of brightness for the display.

At pin 11 is a three level analog signal called
0A. It is combined in the next stages with the Y
signal and helps the Y signal to display one of eight
colors. At pin 13 there is another signal called OB. It
is like OA except it is a four level signal that helps Y
and OA specify one of eight colors. In addition 0B
uses one level to time the color burst signal prop-
erly. Pin 9 is a color dc reference level to keep the
signals tracking during variations in temperature.

The signals at pins 37 and 38 are the field sync,
FS#, and horizontal sync, HS#, Field sync is vertical
sync. The Y signal, 0A, 0B, FS#, and HS#* can all be
viewed on the scope. They should look somewhat
like the patterns in the illustrations. Pin 9 uses a dc
low voltage and the scope will show nothing.

Pure graphics mode

TV screen

\ Dot clocks

o

Scan lines

Border

Fig. 17-9. The pure graphic modes use dot clocks, scan lines,
and border color changes.
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Fig. 17-10. The Y signal is nothing more than a black and white TV signal. Itis weak but can be seenon an ordinéry TV service

scope.

CHECKING OUT THE VDG

During bouts of video troubles the VDG can be
checked out with some input-output tests. The in-
puts respond well to the logic probe. The outputs
show up nicely on the scope face (Table 17-1).

If you use the logic probe on the output pins,
the probe will read highs, lows, and pulses. These
indications though are meaningless as far as trou-
bleshooting goes. Also you could test the input pins
with the scope probe. You will see all sorts of video
and spike waveshapes. Again, from a troubleshoot-
ing point of view, the results have no meaning. The
input digital signals are best tested with a logic
probe and the output analog waveshapes have
meaning when seen on the scope.

If you are curious and start reading the unused
pins on the VDG chip, with the logic probe and
scope, lo and behold, there will be highs, lows,
pulses, and scope waveforms. This is because dur-
ing manufacturing all sorts of connections are made
because connecting equipment is geared up that
way. If the schematic doesn’t show the connection
though, ignore the findings. They have no use in the
computer you are troubleshooting.

The way to test the chip is to have a chart like
Table 17-1, that shows what should be on the pins

when the computer is working normally. Then
when the video trouble occurs, test each active pin
and look for an abnormal condition. When one is
found, that is a clue that could lead you to the
trouble.

THE VDG OUTPUT

Once the VDG chip produces the Y signal, the
rest of the video circuitry is nothing more than a
form of television receiver. If the computer is a
monochrome type the circuitry for the display
shows a Y signal in light and dark. When the com-
puter is a color type, like the one we have been
discussing, then a color TV is needed to produce the
alphanumerics or graphics.

In this computer, the VDG chip outputs four
signals to produce a color display. The signals, Y,
0A, 0B and CHB are all sent to a typical color TV
mixer chip (Fig. 17-11). The four signals enter at
pins 9, 7, 5, and 6. The color clock signal also enters
the chip at pin 2. The four signals are combined in
the chip to make a wave shape that is color video
with the color burst added. This signal emerges
from pin 8 and is immediately ac coupled to pin 10
through a .01 capacitor. A 750 ohm resistor sets the
luminance to chrominance ratio.
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The composite color TV signal exits at pin 12.
If you view it on the scope it looks exactly like a
transmitted TV picture only it will display com-
puter developed alphanumerics or graphics, not
motion pictures. It can only show the digital bits
that are in the video memory.

The composite video at this point though is
actually too weak to display anything. It must be
amplified. The amplification is accomplished with a
conventional TV video amplifier transistor stage.
The schematic shows such an amplifier based
around transistor Q1.

Q1 is an npn configured to produce current
gain. The video output is taken at the emitter and

coupled directly into pin 1 of the rf modulator.
There is a good strong video signal coming out of
Q1 and it could also be coupled into a video monitor
instead of the rf modulator. Both schemes are com-
mon in small computers (Fig. 17-12).

With the ordinary scope, you can trace the
video signals from the output of the VDG to the
input of an rf modulator or video monitor. The four
signals leaving the VDG are weak. As they enter
the video mixer chip, they do not get any stronger,
but they are combined into one signal that emerges
from pin 12. The other two pins 13 and 14, in this
particular chip, usually do the job of being an rf
oscillator when the chip is used in a TV receiver.

Video mixer
From
VDG clock
+5V
25
b . R
l 3470 1
56 pF 1 ‘LO 1 /7L
s I
<
To CLK 2 11 IFJ' llr'
1|MC1372 | 12 > _\__ Color
NC 13 burst
HB > 54 Y +5v Y
COB > 5 _ 14 360
0A o 14
Y . 9]
0.1/—‘;‘; R .
]3 10 [8
NC
750
0.01

Fig. 17-11. The video mixer chip is also a TV product. Normal analog service tests are used to troubleshoot it.
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Fig. 17-12. The video mixer amplifies its output in a video amplifier before inserting the signal into the rf modulator.

The rf oscillator is not needed in the computer,
since the clock takes care of all the timing duties.
Therefore these two pins get a diode and resistor
installed to dampen any attempt of the tank to start
oscillating.

During servicing you must be careful with
these extraneous type circuits. There are lots of
circuits in chips that are not used at all in a particu-
lar computer design. These circuits do not cost
extra, they just exist in the chips. It is often cheaper
during design and manufacturing to purchase chips,
off the shelf, with lots of extra circuits and not use
the extras, than to have a special chip made to do a
job. This mixer chip from TV design is a good
example. Pin 1 is left with no connection to an
oscillator that will never be used in this computer.
Also pins 13 and 14 must have a diode and resistor

installed, and all the components do is stop the rf
tank from running. Not only is the tank not working,
but the expense of the two extra components must
be borne. Be careful of these extra circuits. They
could lead you on a troubleshooting wild goose
chase.

The video signal leaves pin 12 of the mixer
chip and goes into a voltage divider in the base of Q1
(Fig. 17-12). The scope can still follow the video
into the base and out at the top of the emitter
resistor. The last place the scope will help in this
circuit is at the input of the rf modulator. The video
signal will be there. Once into the modulator the
video gets installed onto a TV channel 3 or 4 carrier
wave and the ordinary scope can't display the sig-
nal. If the video output signal is applied to a video
monitor, the scope can troubleshoot the monitor.
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Chapter 18

Any input to a computer must be in the form of
binary numbers. The computer doesn’t understand
anything else. When the computer outputs, the out-
put is also in the form of the same binary numbers.
In the real world the binary numbers are meaning-
less. The world uses values like voltage and po-
sitions of switches and shafts. The binary num-
bers are of course, digital. Voltages, positions of
switches and shafts, among other things, are analog
values. They are not simply 1s and Os with nothing
in between. The voltages can have many values
between 1 and 0. Shafts can have many positions
between horizontal and vertical.

In order for a computer to perform analog jobs,
the digital outputs must be converted to analog
values. The circuits that perform the conversion are
aptly called digital-to-analog converters. Conver-
sely, any circuits that change analog to digital num-
bers are called analog-to-digital converters. Most
home computers use both the D/A converters and
the A/D converter. Actually the same circuitry can
do both jobs. All that is needed is to reverse the
direction of signal flow.
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The VDG is a digital to analog device but is not
the ordinary type. Since the VDG has to convert
digital numbers to the complex analog composite
color TV signal, it is a very complicated device.
Most computer D/A circuits are really simple in
comparison to the VDG. Typical examples of ordi-
nary D/A circuits are computer audio and joystick
devices.

COMPUTER AUDIO

There are a number of audio sources in the
computer. One of the most familiar noises is the
blasting of space craft that emanates continually
from electronic arcades. This is computer sounds
that are made by outputting an array of six voltage
levels.

In one of the PIAs we discussed at address
FF20 the six MSBs are called the 6-bit sound out-
put (Fig. 18-1). They exit the PIA at pins 4-9 which
are PA7-PA2. When they exit they go directly to a
set of buffers. In the buffers the six logic states are
impedance matched to the output analog circuitry.
The output circuit begins with a voltage divider



M

3

Address
FF20

—

[{e)

— e — — — = —
\Z
N
[
47:

D/A converter
+5 Vdc

|
}
|
%4\15
I
l

I
10 |
L”_/_nl,; . |

—— 100K
Analog
multiplexer
14
W
124x2

320K 11

/7‘—7———4-X3

4 80K [
AAAY s
To rf
modulator
40K

10K
AV

20 pF

7

Fig. 18-1. The typical home computer D/A converter can be a set of buffers connected to a voltage divider. The bits leave the
computer world, pass through the buffers and develop a voltage that is representative of the arrangement of the bits.

consisting of six series resistors and a 100 k paral-
lel resistor in series with a 20 pF filter capacitor.
All the resistors are tied together and held
high by 45 V on the far side of the 100 k. When all
six bits are in a high state (111111), the resultant
output voltage is near +-5V at +4.75V. If all six bits
are in a low state (000000), the resultant output
voltage drops to near ground and measures at
+0.25 V. There are 64 possible bit combinations so
there are 64 possible voltage levels available to be
developed in the voltage divider circuit. Each vol-
tage can be converted into a different sound tone.
The resultant voltage is injected into pin 14 of

the analog multiplexer. There the six-bit voltage is
joined by other sound voltages. The job of the mul-
tiplexer is to choose from among the various audio
voltages in the computer. In addition to the six-bit
sound tones that are developed from the PIA, there
is audio developed in the cassette, the ROM car-
tridges and a single-bit sound source.

The cassette can be holding audio signals. The
cassette input is injected from a cassette input cir-
cuit to pin 12 of the analog multiplexer. The cas-
sette has to have the input voltage given an average
voltage of +2.5 V, and range between zero and +5
V, to operate correctly in the multiplexer. This is
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accomplished in a small matching network of a
non-polarized capacitor and some resistors.

The cartridge ROM input is attached to pin 13
of the multiplexer. The signal comes directly from
the ROM where it is originally designed to match
the computer’s audio circuit.

The last sound input, in the example circuit is
called the single-bit sound source. The single bit,

which produces a ray gun sound, is not attached to
the multiplexer input. It is connected to the chip’s
output through an isolation 10k resistor. When the
single bit sound is used, a select signal turns the
multiplexer off. That way, none of the other sounds
can interfere with the single bit.

Figure 18-2 shows how one of the sound
sources can be chosen to the exclusion of the other

Sound selection
D/A 6-bit | Rf
converter soun modulator
Analog ©
multiplexer 3
113 X0 10 Sound output
Cartridge © > X1 4
sound X2 S 15

11 L y(3

§‘10K

Cassette
sound Select
o 6-bitsound enable
- Single bit
sound Selects
O (2 | sound Sound
enable selection
0 0 1 6-bit sound

1 0 1 Cassette sound

0 1 0 Cartridge sound

X X 0 Single bit sound
X = don't care

Fig. 18-2. An analog multiplexer is able to receive the various audio outputs and with the aid of two select pins and an enable,

choose one of the outputs for use.
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three. There are two sound select pins and a sound
enable pin. With three such pins it is easy to choose
one out of four sound modes. Once chosen, the
selected audio is attached to pin 3 of the rf mod-
ulator. In the modulator the sound is converted to
the 4.5 MHz TV FM signal that can be used by the
TV acting as the monitor.

CHECKING OUT THE SOUND CIRCUIT

On occasion the sound will quit. When that
happens the sound circuit must be checked out to
locate the defect. The first step is to analyze the
symptoms closely. In the typical sound circuit like
the one we have been discussing there could be four
separate sound sources that all feed into the audio
circuits. Each sound source must be exercised. If
one of the sources cannot produce its own individual
type of audio, then the trouble is indicated to be in
the source circuits. Should all four sources fail to
sound off, then the trouble is more likely to be in the
output circuits that all four sources have in com-
mon.

The first audio type is the 6-bit sound. Inlots of
home computers there is, as was mentioned earlier,
a diagnostic program that can be installed in the
computer. More than likely the diagnostics will
have an exercise for the 6-bit sound. All you have to
do on my exerciser is press S on the keyboard, and
the program puts a sine wave through the 6-bit
sound circuit. The low to high sound frequencies
then emanate from the TV speaker when the 6-bit
D/A circuit is good. Immediately after the sine
wave my exerciser puts out a short duration high
frequency pulse that exercises the single-bit sound
too. When these two audio signals are heard nor-
mally, then the two circuits are exonerated as
troublemakers. Should one of them not perform
then the circuit is indicated as containing a defect.

If you do not have an exerciser, then you could
use a program line in the resident language of the
computer. The actual line you would originate
would depend on the computer you were working
on. If the computer has BASIC as its language a
typical line could be SOUND 250,10: SOUND
125,10: SOUND 25,10. This would test the 6-bit
sound by running three tones, one high, one me-

dium and one low. If they sounded off the circuit is
probably ok.

The cartridge and cassette audio circuits can
be exercised by simply trying a cartridge with
sound and a cassette tape with sound. If they work
then their circuits are ok. If one doesn’t operate
then you have pinpointed a possible bad circuit.

Once the ailing circuit is found then the circuit
must be analyzed using the logic probe in the digital
sections and the vom in the analog areas. For in-
stance, if the 6-bit sound is deemed inoperative, the
trouble is indicated to be somewhere between the
PIA output pins 4-9 and pin 14 of the analog multi-
plexer. The vom can test the +5 V input, the resis-
tors in the voltage divider, and the 20 pF capacitor.
The logic probe can check out the hex buffer chip.
The trouble should be located among those compo-
nents.

The other three sound sources can also be
tested individually. The cartridge input on pin 13
comes directly from the cartridge through the car-
tridge 40-pin connector. Either the connector or the
cartridge contains a trouble if the cartridge won’t
make its usual noises.

The cassette input comes through an analog
circuit consisting of a non-polarized capacitor and
some adjoining resistors and a capacitor. In addition
there is a connection to a comparator circuit. All of
these components could possibly be causing trouble
and are covered in Chapter 19 in the Cassette sec-
tion.

When the entire sound sectionis down, and the
TV is completely silent, the trouble is where all the
audio types travel together. The analog multi-
plexer is suspect. The two selects and the enable
are also to be tested.

THE JOYSTICK INTERFACE

The popular joystick circuit, that is the elec-
tronic game player’s delight, is a device that is able
to change the position of a shaft into a voltage. As
you move the spaceships across the TV screen, the
joystick is varying a voltage. This voltage is then
injected into an analog to digital circuit and the
voltage levels are changed to binary bits. The bits
are sent into a PIA address and from there to the
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data bus. Once in the data bus the joystick signal is
operated on, placed into video memory, and causes
the spectacular TV effects.

To be more exact, the joystick shaft has one
end held by your fingers and the other end con-
nected to a pair of potentiometers like ordinary
volume controls (Fig. 18-3). As you propel your
spaceship, the two pots are varied at the same time.
There is +5 V to ground across both pots. The
center wipers therefore can output 0 Vto +5 V as
the shaft is moved.

The two varying voltages, one from each
center wiper is sent to two terminals on an analog
multiplexer. In most computers there are two iden-
tical joysticks. The second one is hooked up in the
same way to two more pins of the same multiplexer.
The multiplexer, by means of two select pins is able
to choose one of the four joystick inputs. The mul-
tiplexer voltage output is then fed to a comparator
chip (Fig. 18-4).

274

Meanwhile, down at the D/A converter circuit,
the same one that is used for the 6-bit sound, the
circuit is perking along. The system clock keeps the
circuit pulsing as long as the computer is operating.
The D/A circuit is able to produce what is known as
a stairstep waveform at its output (Fig. 18-5). A
sample of the stairstep is tapped off at the voltage
divider output and sent to the same comparator chip
the joystick voltage was injected into. The com-
parator chip therefore has two inputs, the joystick
voltage and the stairstep waveshape.

The joystick voltage output varies between 0 V
and +5 V according to the positions of the joy-
sticks. This analog output cannot be used by the
computer to move spaceships across the outer
space of the TV screen. The stairstep waveformisa
result of the voltage divider in the D/A buffer out-
put being activated by the system clock causing
constantly changing bits coming out of the PIA into
the buffers. Each bit change causes a different out-



put voltage that shows up in total as a stairstep. The
stairstep is rising and falling between +0.25 V and

+5 V.

The joystick output enters one comparator
input pin and the stairstep enters the other input

pin. The comparator does not activate as long as the
two voltage inputs are different. The comparator
has no output in those cases. However, when both
input voltages are the same, the comparator pro-
duces a logic state out of its output pin. The logic
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Fig. 18-4. The joystick voltage variations are converted to digital switch signals in a comparator circuit that compares the
joystick voltage to a stairstep waveshape from the D/A converter.
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Fig. 18-5. If one 3-bit digital code state enters a digital to analog converter, it will produce one of the eight distinct analog voltage

steps, at the output.

state is injected into PA7 of the PIA, where it is sent
to the data bus where it can go to work. The com-
parator is actually an analog to digital converter. It
produces a logic state as it compares two analog
voltage outputs.

In addition to the potentiometers, joysticks
have fire buttons. A fire button is only a grounding
button. When you press the fire button, you ground
a direct connection to a PIA bit that is normally held
high. The sudden low the grounding causes acti-
vates the bit. The activity can easily be directed
into the computer display to produce a visual explo-
sion and into the audio to hear the single-bit sound.

CHECKING OUT THE JOYSTICK INTERFACE
One of the commonest troubles in the home
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computer is a broken joystick. Sometimes the con-
stantly used joystick gets broken in an obvious way.
Other times the device can develop internal breaks
or shorts that are not easily noticed. Before digging
into the computer when a joystick stops working be
sure to try new joysticks. When the new ones won't
work either, then you can consider the computer
circuits.

To check out the joystick circuit you should
have the D/A circuit producing a stairstep wave-
form. If you have an exerciser program, put it on
since it will get the stairstep working for the joys-
tick test. Other ways to get the test underway is to
use a game cartridge that uses the joysticks during
the game.

Once the test program is in operation you can
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Fig. 18-6. Touching down on the various test points with a scope or vom can produce these results when the joystick exerciser
is on.
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test the circuits with a cheap scope and a vom. The
first test area is the PIA outputs to the hex buffers,
in our test example that is pins 4-9. The stairstep
should be present. The scope will display it as a
jaggedy line as seen in Fig. 18-6. If the waveform is
there then the PIA is exonerated.

Next stop is the output of the D/A which can be
checked at pin 8 of the comparator chip. There the
stairstep should be more viewable. If it is present
then the D/A circuit is in good shape. Should the
waveform be missing the D/A circuit is probably
defective. Check the buffers and the voltage di-
vider. The voltage divider, when shorted or open
will mess up the stairstep causing uneven steps. Be
on the lookout for this eventuality. When the
stairstep is present and not distorted, then the en-
tire pin 8 input circuit to the comparator looks good.

The next check is the output of the analog
multiplexer. The scope should display the four dc
voltage outputs from the four joystick pots. The dcs
appear as four haphazard lines. As you vary each pot
you should disturb its line in the scope display.
When you can do this then the circuits to that spot,
from the joysticks, are deemed ok. If one of the dc or
all of the dc lines do not act in this manner, it is time
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to test the input of the analog multiplexer.

Touch down on all the input pins including the
select pins. The dc voltages should be present. If
they are at the inputs but not at the outputs, then the
multiplexer chip is probably defective.

When the entire circuit checks out ok, it then is
time to test the comparator chip. You know the
comparator inputs are good. All that is left to test is
the output at pin 14. There.should be a waveshape
there that is a form of the dc inputs and the
stairstep. If the waveshape is missing then the
comparator could be in trouble. It could be bad and
need replacement, but be sure it is getting +12 'V to
ground before passing final judgment. The +12 V
could be gone and need restoration.

In this example home computer, the D/A cir-
cuit is used to change digital bits to analog voltages
in the 6-bit sound circuit. The D/A is also used to
change analog joystick voltages into digital bits,
with the aid of a comparator circuit. The circuit is a
doorway between the digital world and the analog
world. The servicer must be prepared to use digital
techniques on the computer side of the door and
analog techniques on the outer world side of the
door.



Chapter 19
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The Cassette and RS-232 Interfaces

Two plugs that are invariably found on the back
panel of home computers, are to connect to a cas-
sette recorder and to a line printer. Both peripher-
als are forms of memory.The cassette memory is
electronic and the printer is old fashioned hard
copy. Both are entirely different than the data bits
that the computer keeps in RAM or ROM. The
interfaces between the computer innards and the
external storage forms has the job of converting the
computer digital bits into analog audio waves for the
cassette and transferring digital bit instructions and
data to the printer. These type of I/0 ports are
subject to mechanical and electronic failure. They
get a lot of heavy wear. Fortunately they are small
circuits and can be repaired quickly once you get the
indication there is trouble in that area.

THE CASSETTE INTERFACE

Motor Control. The cassette environment
can lose four different functions. The first item in
the cassette circuit that could fail is the motor
control circuit. The cassette motor is completely

under the control of ROM software. The motor is
instructed when to turn on and when to turn off.
There is one output control line in the PIA that is
connected into an npn control transistor (Fig. 19-1).

The transistor acts like a switch. It will go from
saturation to cutoff and back according to whether
the PIA control line outputs a 0 Vor a +5 V. The
collector of the transistor is connected to +5 V
through a relay coil. The relay coil opens and closes
its switch. When it closes, the cassette motor turns
on and when it opens, the motor goes off. A diode is
placed across the coil to shunt out any voltage
surges that occur when the coil switches. There are
two more diodes and a .02 capacitor that do the
same type of shunt job on any voltage spikes that
happen when the switch opens and closes.

The closed circuit connects a voltage to the
motor in the cassette through pins 1 and 3 of the
cassette plug. When the motor of the cassette stops
working the first step is to try another cassette. No
sense in pulling the computer apart and have a bad
motor in the cassette all the time. If a known good
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Fig. 19-1. The motor control circuit is turned off and on by applying a logic state to an npn control transistor. The transistor in

turn activates the off-on relay.

replacement cassette also does not work, then the
computer motor control circuit is indicated.

Try the MOTOR ON and MOTOR OFF com-
mands of the operating language of the computer. At
the same time test the collector of the npn transis-
tor. If the collector is switching from 0 Vto +5V
and back then the transistor and the PIA output are
ok. When the transistor is not switching then the
transistor or PIA area contains the defect.

If the npn is switching, chances are good the
relay is broken. The relay switch gets a lot of action
and is subject to failure. It is possible one of the
diodes is shorted too. They will on occasion short
out.

Cassette Audio. In the sound section the
cassette audio was mentioned. Now this is normal
audio such as speech or singing that is recorded
along with a program on cassette tape. It is different
in intelligibility than the cassette storage of logic
states. If you listen to logic states you will hear
whines, buzzes, and what have you. When you hear
audio it is probably your voice that you recorded
with program.

The audio enters the computer through pin 4 of
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the plug along with the program that is written in
logic states (Fig. 19-2). The audio passes through a
10 wF non-polarized capacitor. The capacitor re-
moves the level of the voltage. The amount of
voltage is still the same but the level is no longer
between 0 V and +5 V. There are two 4.7 k resis-
tors in series between +5 V and ground. They
rearrange the voltage level of the audio, still in a
range of 5V, but varying around a midpoint of 0 V
and going to +2.5 Vand — 2.5 V. This voltage is then
attached to the audio analog multiplexer at pin X2,
where it becomes one of the audio group.

When the audio stops operating, the cassette is
otherwise ok, then this audio line becomes suspect.
There are only a few components and the starting
test point is +5 V at the top of the series 4.7 k
resistors. If it is present and the resistors are good,
then check the 10 uF and the multiplex chip.

Cassette Input. When the cassette won't
input the contents of a tape into the computer, and
you know the cassette and the tape are good, and
the other cassette circuits are operating, then the
cassette input circuit is indicated as containing the
defect. The input circuit is a form of analog to digital
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1200 Hz to represent a 0 and 2400 Hz to represent a 1.
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converter. On the cassette tape are sinewaves (Fig.
19-3) that represent logic states rather than square
waves. How is that done? Well there are two dif-
ferent kinds of sinewaves used. One type is a
sinewave with a frequency of 1200 Hz. The other
one is a frequency of 2400 Hz. One cycle of the 1200
Hz represents a 0 and one cycle of the 2400 Hz
represents a 1. The sinewave oscillates around
a midpoint voltage of 0 V and varies from about
+2.5 Vto —2.5 V. The cassette input circuit feeds
the sinewave into a comparator. The comparator
switches slowly when a 1200 Hz cycle arrives and
switches quickly when a 2400 Hz cycle is applied.
The software is able to interpret the 1200 Hz asa 0
and the 2400 Hz as a 1. The output of the cassette
input circuit is sent to a pin on a PIA where this
interpreting can begin to take place.

The input circuit enters the computer through
pin 4 of the plug, like the audio input (Fig. 19-4).

However the cassette input branches away before
the 10 wF and goes to another circuit. If the 10 uF is
shorted the cassette input could be missing but so
would the audio input. Therefore, if only the cas-
sette input is gone and the audio is still present,
then the cassette input is indicated.

The cassette input is coupled to pin 10 of the
comparator over a 220 ohm resistor that terminates
the cassette input line. There is also a pair of series
resistors, 8.2 k and 6.8 k, that along with the 56 k
to +5 V, biases the comparator pin 10 at 1 volt.

At pin 11 there are two more resistors, a 15k
and 56 k to +5V, that biases pin 11, alsoat 1 volt. In
this bias condition the comparator’s output is low. It
stays low while there is no input from the cassette.
When the cassette sends signal to the comparator
the following happens (Fig. 19-5). As the ac signal
appears at pin 10, it goes positive and negative.
During the negative part of the cycle, the diode in

Cassette input and output circuits

+5V

+5V
+5V
§ 56K S 56K
1K 10 6.8K 8.2K
,I SA Comparator 1N4148 Cassette
input
11 220
MEG 15K
AN
DIN plug
6-bit P |
D/A Audio
output

Fig. 19-4. The cassette tape contents inputs the comparator circuit through pin 4 of the DIN plug. The computer data that is to

be recorded exits through pin 5 of the same DIN plug.
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Fig. 19-5. The signal that leaves the cassette tape is in the form of a sinewave, varying between +2.5V and ~2.5 V. The
comparator changes the signal to a square wave that has a high of +5 V and a low of O V.

the line conducts. This changes the voltage at pin 10
to about 0.5 volts. Pin 11 is still 1 volt so the
comparator switches to a high output. As the input
signal goes positive the diode turns off and the
voltage on pin 10 rises above 1 volt. The com-
parator then switches back to low.

The output of the comparator is held high by
attaching it to +5 V through a 1 k resistor. There is
a 1.5 meg resistor across pins 11 and 13 that damp-
ens any attempt of the comparator to start oscillat-
ing.

Cassette Output. The cassette output cir-
cuit consists of only three components attached
between the D/A converter and pin 5 of the cassette
plug (Fig. 19-4). The two resistors, a 75k and 24 k,
and the .002 capacitor are simply a voltage at-
tenuator network to set the D/A output to 1 volt so
the cassette recorder circuit can use it.

It was mentioned in the Cassette Input section
that the magnetic impulses recorded on the tape
were not digital highs and lows but analog sine-
waves of 2400 Hz and 1200 Hz representing the
highs and lows. In other words the highs and lows
are coded into the two separate frequencies. When
you purchase a software tape for your computer, the
software manufacturer has done the coding for you,
and as you play the tape into your computer, the
input circuit decodes the data by using an analog-
to-digital arrangement based around the com-

parator chip. What about the times you want to
record the program or data you place into memory?
Your computer is going to have to take the highs and
lows in memory and code them into 2400 Hz and
1200 Hz, so the recorder can put them on tape
properly. How is this accomplished?

In the ROM in your computer is software to
help you do this. The software produces a code for
the highs and lows that can be fed to the D/A
converter (Fig. 19-6). The code is simple. For a 1
the code is 10 for one cycle. For a 0 the code is 1100
for a single cycle. As you can see the 10 occurs in %2
the time a 1100 happens. If the 10 is happening at a
1200 Hz rate the 1100, which is twice as many logic
states has a 2400 Hz rate.

The logic states that are in the memory are
then coded by the software and sent to the PIA.
From the PIA the data is put into the D/A con-
verter. The D/A outputs a varying voltage accord-
ing to the input. The input 10 produces a sinewave
at 2400 Hz and the input 1100 produces another
sinewave but slower at 1200 Hz.

The output of the D/A is set by the voltage
divider to be between 0.25 V and 4.75 V. This is
connected to the little attenuator network and is
reduced to 1 volt. Then the signal is applied through
pin 5 of the plug to the recorder.

When you desire to play the data back into
memory, the recorder sends it back through pin 4 of
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Coded |
squarewave| 11 | 00 [ 1]o] 11 | oo [ 11 [ oo [1]lo[ o[ 71 [ 0o ]7]ol

B SR

+5V1T

D/A output
0 V..—

Fig. 19-6. The coded square wave is applied to the D/A converter. The converter changes the square wave to a sinewave that
varies between 0 V and 5 V. This signal is then sent to the cassette recorder.

the plug and into the input circuit. The signal from in the input chip, changed from analog sinewave to
the recorder is raised to a peak-to-peak voltage of digital squarewave and sent to the PIA for the rest
about 5 volts but varys around zero volts, +2.5Vto of the processing.

—2.5V. This, as previously discussed, is compared When the cassette input circuit doesn’t work,
+5V
+12 'V
3.9K
From

PIA
RS232 OUT

1.5K

R2320UT _12V

Fig. 19-7. The op amp is able to change the input from the RS2320UT pin onthe PIA, froma +5V, 0 V high, lowtoa +3V, -3V
high, low. This can be applied to pin 4, the RS2320UT pin of the plug.
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you can record ok but can’t return the signal to the
computer. If the cassette output circuit doesn’t op-
erate the signal can be placed into the computer but
you can’t record. It follows that if you cannot send
data from the recorder to the computer test the
circuit with the comparator chip. When you can’t
send data from the computer to the recorder check
out the circuit attached to the D/A converter.
The comparator can be checked by running a
long tape into the computer. Then test the com-
parator output to see if you are getting a square-
wave as a result of the sinewave you are sending in.
The ordinary service scope will show it. When the
input to the comparator is a sinewave and the output
is missing the comparator could be defective. If it is
ok then a component by component test will have to

be made taking into consideration the three +5 V
inputs.

To test the cassette output circuit, the first
step is to make sure the D/A converter is operating.
This can be done with the joystick or the 6-bit
sound. If they work ok the D/A is fine. If they are
not operative either, then the D/A is causing the
trouble. Once the D/A is declared good then there
are only the three little components attached to pin
5 of the plug, as valid suspects.

THE RS-232C TYPE INTERFACE

The RS-232C type interface is some hardware
to pass the RS-232C signal. The signal consists of
digital highs and lows, but the high is defined as a
voltage larger than +3 volts. The low is defined as a

+5V
+5V
iN4148 1 1K
e 6 ™~_ Comparator
; To PIA
(0K 15K oo
+
7
AAN
+5V
+5V
1K
IN4148
> 4>C\om§arator To PIA
10K . >
15K . RS232 IN
CD
1 5
2 () 10K 10M
; AN
2
RS232IN

Fig. 19-8. The inputs to an RS232C circuit can enter through Pins 1 and 2 the CD and RS232IN connections. The comparator
circuits then adjust the voltage levels so the PIA’s can use the signals.
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voltage less than —3 volts. The hardware has the
job of receiving the usual highs and lows, such as +5
Vand 0V, and changing their level to +3 V and —3
V.

The typical line printer used with a home com-
puter is interfaced with an RS-232C system. The
components though, only have to output the highs
and lows to the line printer. Once the digital signals
get to the printer, circuitry and mechanical devices
in the printer change the digital bits to characters
printed on paper. There is no return signal from the
printer to the computer. The PIA to RS-232C cir-
cuit is all that is needed.

The RS-232C interface though, is used to con-
nect telephone modems and other computers to the
home computer. With these devices, in addition to
the output signal, the units send signals back to the
computer. Therefore, in the interface, input circuits
are installed. The first piece of hardware to the
outside world is the RS-232C plug. It can be a 4-pin
DIN connector. The four pins are a serial output, a
serial input, a status input and a ground zero voltage
pin.

RS-2320UT. The output from the computer
to the printer can be changed froma +5V, 0 V high,
low to a +3 V, —3 V with an op amp that has input
supply voltages of +12 V and —12 V (Fig. 19-7).
Into pin 2 of the op amp is the signal from the PIA for
the printer. Into pin 3 is attached +5 V through the
two referencing resistors, a 3.9 k and a 1.5 k. This
sets a reference dc of 1.4 V on pin 3.

This reference voltage causes the op amp to be
able to swing between the +12 V and —12 V as the
op amp switches states. From there the output goes
to pin 4 of the output plug and then on to the line
printer.

RS-232IN and CD. When a modem has to
send signal into the computer it uses the RS-232IN
and CD pins 1 and 2 of the plug (Fig. 19-8). These
two pins are connected to two identical circuits.
Both circuits operate in the same way. They both
receive RS-232C signals and they are to change the
voltage levels on these digital signals for PIA use.

The two diodes act as a form of detector. As
the input signals go positive the diodes conduct and
send an impulse to pins 4 and 6 of the twin com-

Table 19-1. The Little Test Program Sets Decimal Address 65312, Bit 1, FF20 In Hex. Then the Program Marks Time so a Test can be

Seen. Then the Program Clears FF20, Bit 1. The Program Then Marks Some More Time and Starts the Same Operation Over and Over

Again. This Activity Causes the Op Amp and Comparators, Which are Connected Together for the Test to Each Switch as the PIA Bit is Set

and Cleared. The Service Chart Shows you What Should be on the Test Points as the Program is Run. if any of the Predicted Resuits are
Missing, That is a Valid Clue Which Will Help You Pinpoint the Defective Part.

Service Chart
OP AMP TEST POINT SCOPE VOM
INPUT 2 SWITCHING
OUTPUT 6 SWITCHING +11 TO - 11
COMPARATORS
INPUT 4 SWITCHING 0TO +10
INPUT 6 SWITCHING 0TO +10
OUTPUT 1 SWITCHING
QUTPUT 2 SWITCHING
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parators. When the signal swings negative the di-
odes shut off and there is no signal applied to the
comparator. The comparators have their pins 5 and
7 referenced at +2 V by the two resistors in series
with +5 V. That way if a voltage of +2.6 is applied
to pins 4 and 6 the comparators switch on and the
PIA gets signal.

When the printer or modem stops working and
the devices are ok, the interface is indicated as a
suspect. The quickest way to check out this type of
interface is all at once. The voltage levels of the
inputs and the outputs are all identical. If you can
send some signal out of the PIA into the op amp, and
then attach the op amp output to the comparator
circuit inputs, you can see if they are all operating.
The indication of operation will be at the following
test points: pin 2 of the op amp, pin 6 of the op amp,
pin 4 of the comparator, pin 6 of the comparator, pin
1 of the comparator, and pin 2 of the comparator.

The test operation is to first short pin 4 to pins

1 and 2 of the plug. Then the following program can
be used. This circuit we are discussing is drawn
from the TRS-80 Color Computer. In their service
manual they recommend this program in their Color
Basic language.

5 POKE 65312,2 — SETS RS2320UT ON PIA
10 FOR X=0TO 10:NEXT X — MARKS TIME
15 POKE 65312,0 — CLEARS RS2320UT ON
PIA

20 FOR X=0TO 10:NEXT X — MARKS SOME
MORE TIME

25 GO TO 5 — CONTINUES SETTING AND
CLEARING

With this program installed and running the
test points should show the results on the service
chart (Table 19-1). If they do not, there is a defect in
the RS-232C circuits. Test the components near the
test point with the incorrect result.
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Chapter 20

set and th

There is on occasion some confusion between the
reset button and the computer power supply. Both
circuits have a button control that are often identi-
cal. However, the control in the power supply is the
off-on switch, while the reset button has an entirely
different job to do.

THE RESET CIRCUIT

The computer is built so that the program
counter increments after every addressing. This
forces the computer, unless commanded otherwise,
to go from address to address in numerical order
automatically. The computer will go about this
business no matter what. The printer could jam, the
cassette could keep on running where it should have
stopped or other emergencies could occur. You
don’t want to turn the computer off. All of the RAM
contents would disappear. What can you do? Press
the reset button. The CPU will stop the program in
operation and jump back to a previous address and
revert to a ready mode. Then you can look the
emergency over and decide what to do.
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In order to get into a reset ready mode, all
operations must be put on hold by the pressing of
the reset button (Fig. 20-1). For example, there
could be a reset terminal on a lot of the chips
excluding RAM. On the CPU, PIAs VDG, and SAM
axreset terminal is installed. «reset is wired inter-
nally to place the chip into a special hold position
when activated. «reset is held high. A low coming
from the reset button will turn =reset on.

The reset circuit is based around the button.
One side of the button is attached to +5 V through a
100 k resistor. The other side connects to ground.
While the button is dormant the circuit is held high
since no current flows through the 100 k. However,
when the button is pressed the circuit goes low as it
is connected to ground and the 100 k blocks off the
+5 V as some current flows through it.

There are two sections to this reset circuit.
Each section provides a different time duration to
the two output pulses. One section is based around
the 0.1 uF capacitor and its series 100 k to +5V. It
provides a 10 millisecond pulse to SAM’s terminal



Reset sV
button
] 100K
m———( O~ ANN
01
I
11
1N4148
1N4148
N » To SAM
VCK
l 1N4148
100K o> To VDG
l Il AAA +5V CLK
1MF
777
To 37
cartridge < *RESET
39| +SC
v 33 | BUSY
To all
other
+reset

Fig. 20-1. The reset button can stop operations during an emergency and place the computer back into the original ready
mode. If there are any programs installed in RAM they usually remain intact.

vck and the VDG's terminal clk. The diode in their
output line is there to isolate the reset circuit from
the chips.

The other reset pulse is timed by the 1 uF
capacitor and its series 100 k into the other +5V
supply line. They time the pulse to about 0.1 sec-
ond. This is the pulse that enables «reset on the

CPU, PIAs and any other circuits that have to be
reset.

The diode between the two RC networks iso-
lates one from the other. The diode in parallel with
the 0.1 capacitor and its 100 k allows quick dis-
charge of the capacitor in case a number of fast
multiple resets are needed.
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The main symptom a bad reset circuit causes is
inability of the reset to operate properly. Most of
the time the reset button itself will be the problem
due to mechanical failure. If the button is good, test
the diodes first and the capacitors and resistors last.
It is an easy discrete component analog circuit to
check out.

THE POWER SUPPLY

The typical voltages needed to power the
home computer are +5V, +12V, ~5Vand —-12 V.
The most demanding voltage is the +5 V. The
current requirements for +5 V is usually heavy in
comparison to the other voltages. It is the main
supply to most of the chips. It could provide a total
of as much as 2 amps to the computer.

The next largest current drain is given to the
+12 V line, although it only supplies a fraction of the
current the +5 V line does. It could supply about
500 milliamps as an example, if the +5Vline is
providing 2000 mils. The —5 V and —12 V lines
provide the least amount of current.

The Fuse and Power Transformer. The
input to the computer from the 110 volt house line
enters a polarized plug. The two active lines send
the 110 to a power transformer that is fused in the
high input line (Fig. 20-2). The ground connection is
attached to the computer chassis ground. There are

some HV capacitors across the lines to insure noise
immunity.

The secondary windings are centertapped to
ground. There are two of them that put out 16 Vac at
1 amp for the +5 V line and 33.5 Vac at 0.35 amps for
the other voltage needs. There are a pair of rectifier
diodes to change some of the ac to a pulsating dc.
This is the transformer section of the supply and is
subject to all the typical power supply troubles that
technicians are familiar with in radios, TVs, and
other home electronic gear.

The fuse can blow, the rectifiers short or open,
and the transformer can open or start smoking from
internal shorts in the windings. When this happens
the computer acts dead. With a dead computer the
first testing should be in this circuit. In some com-
puters this part of the power supply is isolated
physically from the rest of the computer. You can
spot it quickly because of the fuse and power trans-
former.

The +5 Volt Line. In this example circuit,
the input to the +5 V system is over top of a 10,000
microfarad filter (Fig. 20-3). The line is then at-
tached to a pnp transistor emitter biased by a base
to emitter 68 ohm resistor. This transistor is in
control of how much current can flow into the +5V
line.

The transistor in turn is controlled by a 723C

Fuse and power transformer

01

Power
tr_a_n_sfo_rmer
' t o 18V ac
Fuse | %_'__ (+12V, =12V, -5 V dc)
Line o oM\_o % | O 18V ac
O o L o1 !
Voo T KV | o
ac

¢——0 +9 V dc (+5 Vdc)

1KV::%1KV

777

Fig. 20-2. The fuse and power transformer configuration can be found on a separate board away from the rest of the computer.
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chip that is an adjustable voltage regulator. Coming
out of pin 10 of the 723C is a regulator voltage. It is
applied to the base of the npn transistor which is a
buffer that is driving the pnp transistor. The output
of the pnp then goes to the .33 ohm collector resis-
tor. From there the voltage passes over a 6.2 V
zener diode and 220 microfarad filter. It emerges
from the circuit as the desired +5 V, able to supply
1.35amps. The zener diode is normally off. It is only
there in case a short develops between the +5 V
line and the +12 V line. It will start conducting at
6.2 volts and not let any higher voltages get into the

+5 V rated circuits.
The 723C is vital to keep the +5 V system

closely regulated. The illustration shows the block
diagram of the 723C regulator. The chip is powered
from the +12 V system. The +12 V is applied at pin
12, passes through a coil and arrives at zener diode
Za. The diode is rated at 7.15 V and this is applied to
pin 6. This is the voltage reference for the chip and
it can be adjusted slightly by a 1 k pot in series with
a 1.2 kand 3.3 k resistors in series to ground, out of
pin 6.

The reference voltage is set to exactly +5V
and connected to pin 5. Pins 4 and 5 are the inputs to
a comparator circuit. Pin 13 is an output of the
comparator and has a frequency compensating
capacitor for the comparator.

The output of the comparator controls the npn
Qa which is driving the regulator output through pin
10. There is another transistor Qb that is also pro-
viding some control over Qa. Qb is controlled at its
base through the current limit set by the 560 and 4.7
k resistors in the base line of the npn attached to pin
10.

The net result of the circuit is if the comparator
senses a rising or falling voltage leaving the supply
to the computer, it will adjust the output voltage of
the pnp pass transistor to readjust the output to
exactly +5 V.

The power transformer uses one centertapped
winding for the +5 V line since the amperage re-
quirements are so large. The other centertapped
winding is used for all the other voltages, +12 V,
~12Vand —5V. The +12 V is derived from the 18
Vac at the top of the winding, while the —12 V and
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—5V is made from the 18 Vac that is at the bottom of
the winding. The two winding outputs are con-
nected to the bridge diodes in a CSB20. The top
winding output is attached to a + of the diodes,
while a — of the bridge gets the bottom winding
output.

The +12 Volt Line. The 400 milliamp cur-
rent the +12 volt line is required to supply can be
regulated easily with a 7812 12 V regulator (Fig.
20-4). The regulator has three connections, input,
output, and ground. The input receives +23.5 Vdc
output from the bridge. The dc is filtered by a 1500
microfarad capacitor at 35 V. There is a diode at-
tached across the regulator chip for protection. The
output of the regulator is +12 V filtered some more
by a 200 microfarad capacitor at 16 V and a .1
microfarad capacitor.

The Negative Voltages. The —12Vand -5
V lines are both drawn from the negative dc output
from the bridge diodes. The bridge outputs —23.5
Vdc. Both lines use the same filter capacitor a 470
microfarad at 35 V. After the filter the line is split in
two. One line goes directly toa 7912 12 Vregulator.
The other line goes to a 1.2 k current limiting
resistor and then to a 7905 5 V regulator. The 1.2 k
resistor drops the —23.5 Vdc to —20 Vdec.

The —12 V regulator circuit shows the protec-
tion diode installed opposite to the +12 V protec-
tion diode and the polarities of the capacitors are
reversed. Otherwise the circuits are identical ex-
cept for the 1 microfarad capacitor bypassing the
input of the regulator. It is needed since both nega-
tive lines are using the same 1.2 k current limiting
resistor.

The —5 V line has a similar configuration ex-
cept the protective diode and the 220 microfarad
capacitor output filter are not needed. The -5V
line is only required to draw 100 microamps and the
regulator can handle that without the additional
components.

POWER SUPPLY REPAIRS

The most obvious symptom in a supply like
this is a dead computer. The vom can then be used
at the outputs of the regulators or any of the test
points that the voltages are applied to. Most of the



The +12V,~12V and -5 Vdc lines

1N4002
¢
+12 Vdc
—_—
7812} 4 ¢ o —»
I ! 400 ma
Bridge 220 uF 1 uF 4007
diodes . 16V l I
18 Vac ;20\(/) m
e Vo N
18 Vac
O\ IN4002
470 pF -12 Vde
S o
35V 7912
4 - 1 100 MA
1uF 220 uF

—-20Vdc ————— —inc
7905 —p
\__,/ | B 100 micro
amps

Fig. 20-4, The +12 volt dc supply is derived from the top of an 18 Vac secondary winding of the power transformer. The —12
volt supply and the —5 volt are both derived from the same 18 Vac output from the bottom of the same secondary transformer

winding.

time, when the supply has broken down, one of the
lines is in trouble. The vom will pick out the line
that is no longer providing its assigned voltage. For
instance, if you discover that the —12 V line is no
longer putting out — 12 volts, then that line probably
contains a defective component.

However, the troubleshooting is not always as
simple as that. First of all, the +12 V line supplies
some voltages to the +5 V line. Secondly, zener
diodes like the 6.2 V type in the +5 V output line
will automatically short to ground if more than 6.2 V
is applied to the line. This could be confusing and
lead to false troubleshooting paths that go nowhere.

Therefore, if there is no voltage coming out of

the +5 V line, test the +12 V line first. If the 12 Vis
present you can eliminate that possibility from your
mind. Next disconnect the 6.2 V zener diode. If a
voltage returns the diode is being overloaded and is
killing the +5 V. Find out where the overload is
coming from. It could be the regulator circuit in the
+5 V area. Disconnect the .33 ohm 2 watt resistor,
to avoid overloading computer components and test
the regulator.

When there is no voltage in any of the lines,
disconnect the line plug and check the resistance
from the supply to ground, it could be a short to
ground, either a shorted component or a board
short.
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If none of the above methods bear fruit, then
turn on the unit and begin tracing the voltages from
test point to test point. The bridge diodes can be
checked to see if the voltages are passing as pre-
scribed. If both the +23.5 Vdc and the —23.5 Vdc
are missing, the bridge is probably defective. If only

294

one of the voltages is missing then the filter
capacitor or the regulator has broken down.

The +5 V line can be traced by following the
voltage from the +9 Vdc input to the +5 Vdc output.
As soon as you arrive at a wrong voltage you are
near the bad component.



The TV Display

In the video display generator chapter (Chapter 17),
the discussion ended with the video signal entering
an rf modulator. In the modulator the video was
mixed with a carrier wave at channel 3 or 4’s fre-
quency and then directed to a conventional TV re-
ceiver. The TV set in that case is completely sepa-
rate. The TV set treats the incoming computer
video as simply another TV transmitter input.
There are no electrical connections between the
computer and the TV display. When a trouble oc-
curs in the computer, it is treated as a separate
entity. If a trouble happens in the TV, it needs an old
fashioned TV repair not a digital checkout.

There are a lot of popular home computers that
do not use the TV receiver as a TV display. Good
examples are the Heathkit H-89A and the TRS-80
Model III. They have the TV display circuits in-
stalled inside the case along with the digital com-
puter circuits. They use the same general power
supply and share a number of other circuit voltages
and signals (Fig. 21-1). When a trouble occurs the
troubleshooting must take into consideration the

TV display circuit areas as well as the computer
circuits.

These TV display circuits are like their coun-
terparts in the home TV receiver. However, only a
few of the home TV set circuits are present in the
computer TV display. The computer produces a
composite TV signal. If the computer was transmit-
ting the signal over the air to the display, it would
have to install the signal on a carrier wave like
channel 3 or 4. The receiver would then need a
tuner with a channel selector, a strip of i-f
amplifiers, a detector, and all the other circuits
needed to process the transmitted signal until it
was able to be applied to the video output circuits.

When the TV display is installed in the com-
puter case all this transmitting and reception
equipment can be dispensed with. The composite
TV signal can be coupled directly from the video
display generator circuits to the video output cir-
cuits. The video can then be quickly transferred to
the cathode of the CRT and be displayed.

Since the cathode ray tube is part of the com-
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Fig. 21-2. The TV type troubleshooting is confined mostly in the sweep, high voltage, and video output circuits.

ter, the circuits such as the vertical sweep, horizon-
tal sweep and high voltage generation must be in
the computer case too. This makes some of the
possible troubles fall into the category of TV re-
pairs. When troubles occur in these combination
computer-TV units the overall troubleshooting is a
potpourri of digital and analog considerations. Let’s
examine the Heathkit H-89A TV display circuits.
The circuits are all contained on a video circuit
board, a video driver circuit board and the CRT
(Fig. 21-2).

THE VIDEO CIRCUIT BOARD

Power Supply. The video circuit board per-
forms six jobs. First of all, it has a power supply line
to produce two source voltages that are needed to
run the transistors and chips on the board. There is
+53 volts for the transistors and +6 volts for the
chips (Fig. 21-3).

The power lines receive an input of +65 volts
from the computer’s primary power supply. The
voltage is applied to a four transistor network that
acts as a voltage regulator. The transistors Q201,

Q202, Q203, and Q204 output a regulated +53 volts
and +6 volts. The two voltages are used in both the
video and video driver boards.

When trouble happens in this power supply the
following symptoms could appear. If the collector of
Q204 shorts to the heatsink the main fuse will blow
shutting down the entire unit. When you change the
fuse and the new fuse also blows this could be your
problem.

When the symptom of no brightness occurs,
check for the presence of +53 V. When it becomes
defective the entire TV display section stops. If
+53 V is missing trace it back to +65 V till you
encounter the break in the line. The potential
troublemakers are the four transistors and the two
diodes.

The Vertical Oscillator. The vertical sweep
frequency the computer uses for its display is 60
Hz. The vertical oscillator, which is based around a
unijunction transistor Q205 (Fig. 21-4) is designed
to operate as a free running oscillator at 50 Hz. A 60
Hz sync pulse from the CPU circuit, is applied to the
gate of the oscillator through C206 and D204. This
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Fig. 21-3. The TV display section can have its very own power supply, derived from the primary supply (© 1981 Heath

Company, Reprinted by Permission of Heath Company).

forces the oscillator to run at 60 Hz. The oscillator
continues at this 60 Hz pace as the logic control
board keeps generating the vertical sync pulse and
applying it to the sweep circuit. After the 60 Hz is
produced it is sent to Q206 a voltage follower.
There is some feedback from the emitter of Q206
through a vertical linearity control, to linearize the
sawtooth vertical waveshape.

When trouble strikes in the vertical oscillator,
the vertical sweep could collapse into a bright hori-
zontal line across the screen (Fig. 21-5A). This no
vertical sweep symptom happens when the oscil-
lator stops running. This could happen if the vertical
sync pulse from the logic board doesn’t arrive, if one
of the oscillator transistors, Q205 or Q206 fails, or
one of the related components conks out.
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Between Q205 and Q206 are C208 and C209.
They have the job of charging up to the full +53 V
through R221. This generates the sawtooth wave-
shape. If one of these should short or change value
the frequency will become unstable. This produces
a symptom of vertical jitters on the screen.

The vertical size pot is in the +53 V line going
to the coupling between Q205 and Q206. Troubles
in this circuit area can cause too little or too much
height (Fig. 21-5B and C).

The Vertical Output. The transistors Q207,
Q208, Q209, Q211, and Q212 make up the vertical
output amplifier. Their output is fed through C216
to the vertical windings of the deflection yoke. The
sawtooth waveshape in the vertical yoke takes ver-
tical control of the cathode ray and draws it up and
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down the TV face at the 60 Hz rate. Failure in the
vertical output circuit also can cause the no vertical
sweep symptom. In addition the likelihood of too
much vertical sweep is possible, due to defective
components here too.

The Horizontal Oscillator. Q213 is a hori-
zontal sweep driver transistor that is connected to
T201, the driver transformer. The transistor is
there to amplify a sawtooth waveform of approxi-
mately 15,750 Hz that is produced in two flip-flop
like chips. They are timers acting as monostable
multivibrators. The two chips U201 and U202 are
triggered into oscillation by a horizontal sync pulse
that is coming from the CPU logic board (Fig. 21-6).

The horizontal centering control isina +6 V
line attached to U201. Adjusting the control adjusts

the width of the U201 output pulse. The output
timing of U202 is determined by C233 and R249.
They cause the output pulse from pin 3 to have a 20
microsecond interval. With the pulse having a
specified width and specified time delay, it is then
transferred to the horizontal output circuit through
Q213 and T201.

If trouble should occur in the horizontal oscil-
lator circuit the two main symptoms are no horizon-
tal sweep or the horizontal centering will not work.
If there is no horizontal sweep, there could be a
bright white line down the center of the screen,
much like the no vertical sweep symptom where the
white line is side to side. Mostly though the loss of
horizontal sweep will kill brightness altogether.
Either way, the horizontal sweep is gone, but the
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Fig. 21-4. This vertical oscillator is based around a unijunction transistor that runs free around 50 Hz (© 1981 Heath Company,

Reprinted by Permission of Heath Company).
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Fig. 21-5. When the vertical sweep circuit fails, the picture could collapse into a bright horizontal line (A), shrink at the top or
bottom (B), or expand causing a whitish haze foldover at the bottom (C).
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Fig. 21-7. The deflection yoke around the CRT neck takes
control over the cathode ray as it passes through the center
yoke (© 1981 Heath Company, Reprinted by Permission of
Heath Company).

horizontal sync pulse, coming from the logic board
will still be present at the input pin P202-1. The
components that can cause no horizontal sweep are
any of the components from R243 to Q214. Espe-
cially vulnerable are D206, U201, U202, Q213,
Q214, T201, C226, and the resistors in the +6 V and
+53 V lines.

When the centering control is inoperative, the
centering control itself rarely breaks but its series
components, C221 and R247 might let loose. The
timer chip U201 also could develop a defect causing
poor centering control.

Horizontal Output. Once a well shaped
pulse, correctly timed enters the horizontal output
transistor Q214 through T201, Q214 starts turning
off and on since it is a switch that controls the flow of
current through the horizontal output transformer,
T202 and the horizontal windings of the deflection
yoke (Fig. 21-7).

As Q214 switches on, current flows from the
+53 V supply through the primary winding of T202,
through the deflection yoke, L203, 1.204, and C232
to ground. During this interval, the yoke current is
increasing in a linear fashion and causes the cathode
ray, that is passing through the yoke, to be deflected
to the right side of the screen. The ray is being
drawn all the way to the edge of the screen, not the
end of the display block the computer uses as its
window into the video RAM (Fig. 21-8).

When the ray reaches the right edge, Q213
turns on and the output transistor Q214 switches
off. This transfers the energy that was stored in the
yoke to C228. The energy takes the form of a
halfwave voltage pulse with an amplitude of 550
volts. As the yoke then goes to zero, the cathode ray
returns to its original position at screen center.
C228 now discharges current back into the yoke.
The current going the other way, draws the cathode
ray to the left side of the screen.

As the voltage in C228 discharges to zero,
(228, the yoke and the primary of T202 form a
resonant circuit that tries to ring. As it tries to
oscillate the energy that has been transferred to the
yoke now draws the ray back toward screen center.
The damper diode D208 aids in the sweep action by
damping the oscillation and charging C228 for the
first half of the scanning line.

The width coil L203 is in series with the yoke
and can adjust the total current through the yoke.
The amount of current can spread or shrink the scan
somewhat. The horizontal linearity coil L204,
though, provides a fixed amount of linearity correc-
tion.

As mentioned, the scan lines developed by the
vertical and horizontal sweep systems, are drawn
from one side of the CRT to the other. As the
horizontal sweep pulls the cathode ray from side to
side, the vertical sweep is pulling the ray down and
up. This is identical to the way the sweep is con-
ducted in a TV receiver. The complete scanning
produces 525 lighted scanning lines known as a
raster. The raster is largely a product of the TV
display circuitry, except for the triggering vertical
and horizontal sync signals, that are sent to the TV
display circuits by the CPU logic board.
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Fig. 21-8. The display block is a window into the video RAM. The display block is composed completely of video. The raster,
that contains the display block, is produced by the horizontal and vertical sweep circuits and the yoke.

High Voltage. In order for the cathode ray to
be attracted to the phosphor screen fast enough to
smack the phosphor and light up the pixels, an
anode voltage of +15,000 volts must attract the
electrons in the ray. This high voltage is developed
as a byproduct of the horizontal output transformer
T202. The horizontal output transformer is also
known as the flyback.

The flyback activity produces a voltage pulse
that is developed during the horizontal retrace. The
retrace is the time between the end of one scan line
and the beginning of the next scan line. That is when
the scan line has ended on the right side and is
drawn back to the beginning on the left side. The
brightness is off during that time.

The primary of the flyback transformer is
coupled to three secondary windings (Fig. 21-9).
The top winding at P203-1 is the high voltage. The
flyback pulse out of the collector of Q214 is stepped
up to 15,000 volts. This is rectified by D1 and
applied to the CRT anode (Fig. 21-10). The internal
capacitance of the CRT anode is about 500 pF and
acts as the filter for the HV. The +15,000 volts can
then do its attraction job.
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The bottom flyback winding is 6.3 V to supply
the CRT with a filament voltage of 450 milliamps.
The center winding is for a —100 volt dc supply.
D207 and C229 rectifies and filters the —100 V.
Another flyback related output is a tap into the Q214
collector line. It provides +500 volts and is
rectified and filtered by D211, and C231. This volt-
age is needed by the screen grid of the CRT (G2) as
an acceleration voltage for the cathode ray. Resis-
tor R265 and focus control R264 are a voltage di-
vider between +500 and — 100 and they feed the
focus grid (G4) of the CRT. And still another volt-
age divider of D209, R261, G1, control R262, be-
tween +53 Vand the — 100 V, gives the control grid,
(1, an adjustable bias voltage.

These assorted voltages provide the CRT with
the following voltages and abilities. The 6.3 V fila-
ment voltage heats up the cathode. The cathode
emits the ray which passes through the control grid,
G1. The control grid is adjustable which varies the
intensity of the ray and subsequently the bright-
ness. The ray is then accelerated by the +500 V on
(G2 and is narrowed into a well focused beam by the
adjustable G4. The ray then passes through the
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of the CRT anode (© 1981 Heath Company, Reprinted by
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center of the yoke windings, where it is scanned
across and back by the horizontal windings and
down and up by the vertical windings. The HV then
attracts the beam and has it impinge on the phos-
phor to produce the raster.

When trouble strikes in the horizontal and HV
circuits the symptom is usually no brightness. Due
to the complex interaction between all the circuits
from the IC timers to the anode of the CRT, most of
the components in the circuits could be suspects.
Therefore it would be a good idea to narrow the
search area down before checking individual com-
ponents. This can be done with a neon bulb, a HV
probe, and a test horizontal output signal substitu-
tion. The neon bulb will light up if the rf of the
flyback pulse is active.

The HV probe is used to check to see if the
+15,000 V dc is on the anode. A signal substitute
can be obtained from test equipment that is usually
in a TV service shop. Once the circuit area is nar-
rowed down a bit, the components in the suspect
area can then be tested with normal analog mea-
sures.

THE VIDEO DRIVER CIRCUIT BOARD

The video driver board is a small print board
with only two transistors (Fig. 21-11). The two
transistors, Q901 and Q902 act as a conventional
cascade analog amplifier. The amplifier receives a
steady stream of composite TV waveforms from the
computer at P902-2. The signal is applied to the
board through a brightness control on the back
panel of the computer. The signal enters the base of
Q902. The signal then is transferred to the cathode
of the CRT through R904. L901, a high frequency
compensation choke maintains the frequency re-
sponse of the video through the circuit.

In the CRT cathode the stream of video mod-
ulates the cathode ray. Two of the elements of the
video information are the horizontal and vertical
sync pulses in the composite that construct the
display block in the raster.

Each TV raster frame consists of 264 scan
lines. Only 192 scan lines are lit up to show the
display block. There are 72 scan lines blacked out at
top and bottom to form the top and bottom border.



r— - T e T . i T e . gt ™2 —1

I VIDEQO DRIVER|
| CIRCUIT BOARD!

Q80|
417-834

|
|
|
|
RO04 '
% .
T
|
]
|
|

POO2-2| B Ryge
R vaw

]

|

1

eooi-sl 1000 {-J'ij
T 10%

i
‘L__—l
R
Peoe € b3 [ wHT
pooL] 101 {F=
ra Rl
| "4‘1(’!? I
108
BLK
é R AT |
1
v |
r's |
L coon | —
| %.on [
LY _¥_¥_ v_ — M=
i PooL-1| POOI-2 o, BRN
et LAST USED: Fil. -

— R909
Co08
g%02
D902

Fig. 21-11. The video driver board contains a cascade video amplifier consisting of Q901 and Q902. Itis also a routing area for
the CRT electron gun voitages (© 1981 Heath Company, Reprinted by Permission of Heath Company).
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Blank display

Fig. 21-12. The symptom of “garbage” happens when the
computer logic circuits develop troubles (A). Another form of
garbage is a blank display block. It too indicates the failure of
logic circuits (B).

In addition the beginning of each scan line and the
end is blacked out to form the side borders of the
display block. The sync information on when to light
the scan lines and turn them off, is contained as
pulses in the composite video. The video also con-
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tains the logic information that directs the lighting
and extinguishing of pixels. Between the sync and
the logic in the video the display block and its
contents are specified.

When there is trouble in the logic circuits, it
shows up in the 192 lines inside the display block.
The commonest trouble is seen by the symptom
called garbage (Fig. 21-12A). Garbage is the condi-
tion of the display filling up with meaningless
characters, symbols and numbers. The entire block
could fill up or only sections will show the non-
sense. Another variation of the same sort of trouble
is the appearance of a blank display block (Fig.
21-12B). Whichever version does appear, the
symptom indicates troubles in the logic areas of the
computer. This includes all the sections that use
binary, and the video display generator.

If the display block itself should disappear and
only a raster remain, then the horizontal and verti-
cal sync signals are gone and the display block
cannot be constructed. This could possibly happen
in the sync circuits in the computer. However, this
trouble is more likely to occur due to failure in the
cascade video amplifier section of Q901 and Q902.
More than likely, the entire composite video is not
getting past the video driver board. Start testing
there.

Testing the video amplifiers is a straightfor-
ward analog operation. The scope will show the
inputs and output and the missing signal is quickly
traced. The dc collector and base voltages are also
easily checked and missing voltages located. The
circuit extends from the board input to the cathode
of the CRT.

Besides being the video output, this board
routes all the CRT electron gun voltages to their
correct grids. There are a couple of rf bypass
capacitors, C907 and C908, attached to the 6.3 V
CRT filament on the board. The board also has a
common ground attached. The ground forms an arc
path to the chassis to eliminate any possibility of
electrical sparks upsetting the operation of the
computer.
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Accumulator, the, 181

ACIA, 10, 39, 53, 58, 120

Address and data bus testing, 221

Address bus, 215

Addresses, 129

Addresses, assigning, 219

Addressing, 115

Address lines, 46, 69, 217

Alphanumeric display mode, 49

Alphanumeric mode, 52

Alphanumerics, 14

Alpha semigraphics, 14

ALU, 180

American Standard Code for Informa-
tion Interchange, 261

Analog multiplexer, 272

AND, 132, 142

AND gate, 90, 143, 144

ANDing, 174

Anode, 76

ASCII, 124, 125, 261

Assemblers, 197

Assembly language, 146

Asynchronous communications in-
terface, 10

Asynchronous communications in-
terface adapter, 39, 53

Index

B
BASIC, 146
Binary addresses, 71
Binary counter, 162, 165
Buffer, 84
Buffers, 82
Buffers, tristate, 86
Byte, 54, 168

c
Cabinet removal, 21
Cassette audio, 280
Cassette input, 280
Cassette interface, 279
Cassette output, 283
Cathode, 76
CCR, 183, 185
Central processor unit, 39
Chip location guide, 27, 34
drawing your own, 28
important parts of the, 36
using the, 37
Chip pin chart, 256
Chips, changing, 99
Chip select, 220
Chip troubles, common, 100
Cleaning and inspection, 24

Clearing and complementing, 172

| 0 -

Clock, 121, 205
Clock, testing the, 212
Clock circuit, 205
Clock functions, 208
Clock signal, 210
CMOS, 106
CMOS chips, 109
COBOL, 146
Column address strobe, 239
Columns and rows, 72
Complementary MOS, 108
Component layout guide, 20
Computer, simple, 113
Computer audio, 270
Computer block diagram, 113
Computer repair, start to finish, 5
Computers, styles of, 18
Computer system, 41

block diagram of a, 6

typical, 7
Computer troubles, general catego-

ries of, 14

Control lines, 44
Control register, 247
Counter, binary, 162
CPU, 12, 39, 40, 42, 64, 113, 123
CPU, checking out the, 176
CPU, inside the, 178
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CPU addressing circuits, 198
Crystal-controlled oscillator, 206

D
Data bus, 45, 115, 215
Data bus, digital components in the,
216

Data lines, 43, 215
DDR, 246
Decoders, 88
Deflection yoke, 303
Device selection, 239
Diagnostic program, 3
Digital logic circuits, 132
Digital logic probe, 136
Digital logic states, 134
Digital registers, 160
Digital states, 87
Digital to analog devices, 270
Diode-transistor logic, 99
DIP, 109
Disassembly, repairing by, 22

step-by-step, 22

DTL, 99, 101

E
Electricity, static, 24
Enable, 83

Enable terminal, 152

Encoders, 88

EPROM, 77, 80

EPROM, MOSFET, 79

Erasable programmable ROM, 77
Exclusive NOR, 132, 155, 158
Exclusive NOR gate, 93
Exclusive OR, 148

Exclusive OR gate, 92

F

Factory seals, 19
FET, 105
Fetch and execute, 47
Flip-flop, 132, 163

basic, 161

R-S, 160
Flyback transformer, 305
FORTRAN, 146
40-pin DIP, 176
Full graphics, 14, 49

G
Garbage, 15, 308
Gate testing, 1569
Graphics, pure, 265

H
Hand assembly, 196
Hexadecimal, 167
Hex 3-state bus driver, 137
High voltage, 304
Home computer, exploded view of a,
17
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Horizontal oscillator, 299, 302
Horizontal output, 303

I
IC extraction technique, 109
IC insertion technique, 110
IGFET, 107
Incrementing and decrementing, 172
Index register addressing, 201
Input-output chips, 119
Inspection and cleaning, 24
Instruction register, 183, 186, 193
Instruction set layers, 192
Integrated circuits, 2
internal wiring, 81
Inverters, 139
1/0 bytes, 254
1/0 port, 11

J
Joystick assembly, 274
Joystick interface, 273, 276
JUMP instruction, 191

L
Latches, 85
Least significant bit, 167
Logical states, three, 132
Logic gates, 89
Logic gates, servicing, 132
Logic probe, 136
Logic symbols, 91
LSI, 109
1.8}, typical, 39
LS| chips, 39

M
Master frequency, 205
Memory, upgrading, 78
Memory map, 198, 204
Metal-oxide semiconductor, 24
Metal oxide silicon, 105
Metal oxide silicon field-effect tran-
sistor, 77
Microcomputer block diagram, 9
Mnemonics, 195
Modulator, 93
Monitor, 122
MOS, 24
MOS chips, 104
MOSFET, 77
Most significant bit, 167
MSI, 109

N
NAND, 132
NAND gate, 92, 104, 149, 157
NMOS, 105
No color, 15
NOR, 132
NOR gate, 94, 153
No sound, 15

NOT, 132

NOT gate, 92, 140, 141
Nybble, 166, 167
Nybble, LS, 170
Nybble, MS, 170

0
Octal D flip-flop, 85
Op code, 197
Operand, 197
Operating system, 122
OR, 132, 145
OR gate, 91, 94
ORing, 174

P
Parallel interface, 55
PASCAL, 146
PDR, 246
Peripheral interface adapter, 10, 39,
243
PIA, 10, 39, 42, 49, 123, 243
PIA application, 264
PIA I/0O chip, 120
PIA memory map, 250
PIA pins, 247
PMOS, 108
Power supply, 288
computer, 97
Power supply repairs, 292
Power supply voltages, 38
Power transformer, 290
Print boards, 30
Problems, isolating, 4
Program, assembling a, 194
Program, diagnostic, 3
Program counter, 131, 174, 185
Programmable ROM, 77
PROM, 77

R
RAM, 9, 60, 64, 116, 123
RAM, dynamic, 63
RAM, 1K, 61
RAM address, 67
RAM chips, 67
RAM register, 66
RAM test, 4
RAM wiring, 74
Random-access memory, 9, 60
Read-only memory, 10, 656
Reassembly, step-by-step, 25
Registers, 59
Regulators, 97
Relative addressing, 200
Reset circuit, 288
Resistor-transistor logic, 99
Resoldering, 112
Rf modulator, 96
ROM, 10, 60, 65, 117, 119
ROM chips, 68
Row address strobe, 240



Rows and columns, 72
RS-232 interface, 279, 285
RTL, 99, 102

S
SAM, 39, 50
8AM block diagram, 227, 239
SAM chip, 206, 226, 230
SAM chip, checking the, 240
SAM schematic, 226
Scope traces, 277
Semigraphic mode, 263
Serial interface, 57
Service checkout chart, 179
Service notes, 27
Shift register, 171
Shift registers, 169
Shorts, 23
Sockets, 29
Soldering precautions, 111
Sound circuit, 273
Source program, 197
SSI, 109
Stack pointer, 203
Static electricity, 24
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Symbols, 133

Synchronous address multiplexer, 39,
50, 226

System timing, 237

T
Timing diagram, 207
Transformer, flyback, 305
Transistors, 2
Transistor-transistor logic, 24, 99
Tristate, 102, 135
Tristate buffers, 218
Trouble analysis, 13
Truth table, 138
TTL, 24, 99, 101
TTL family, 103
TV display, 295
TV signal, rf modulated composite, 8

v
Vacuum tubes, 2
VDG, 39, 48, 51
VDG, checking out the, 267
VDG character set, 259
VDG inputs, 258

VDG output, 267

VDG video output, 266

Vertical oscillator, 297

Vertical output, 298

Vertical sweep, 300

Video circuit board, 297

Video display generator, 39, 258
Video driver circuit board, 306
Video mixer, 93

Video mixer chip, 268

Video mixer circuit, 96

Video RAM, 118, 128, 260, 262
VLSI, 108

W
Warranty, 16
Wired memory, 73
Write operation, 75

X
XNOR gate, 95

YES, 132
YES gate, 136
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