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Preface

This book has been written as 3 guide for both expericnced and inex-
perienced users who want to cepair their Commodore 128, In it you will
find:

B A description of the various subsystems and how they work together
The use of test equipment and troubleshooting technigques
Circuit component descriptions and charactenistics
Troubleshooting guides arranged by trooble symptoms

Preventive maintenance procedures to keep your C128 operiting.

Chapter 1 is an overview of the Commodore 128, covering what it
does and how it does it Additionally, it discusses the compoments used on
the circuit board, how they work, and how to wdentily them.

Chapter 2 is an in-depth discussion of the Commaodore 128, covering
all of its internal systems and subsysterns. In it you will learn about the
basic operation-of each part of the computer and how Lhe various parts
interact,

Chapter 3 & a guide to basic troubleshooting technigues; 1t shows vou
how to isolate subsystems from the compuler and how o teack down defec-
tive components: It also provides a complele description of cach of the
more commonly used roubleshooting tools, and shows how to use them.

Chapter 4 covers logic devices and their operation. The concepts of
AND, OR, NAND, and Nor circuits as well as buffers, inverters, :]ip flaps,
EAM:, EOMzs and olher devices are described,

Chapters 5 through 8 are the rroubleshooeting chapters. 1ere the
swvstem s broken down into operating subsystems, cach of which is looked
at from a troubleshooting standpoint. In these chapters you will find
extensive failure mode descriptions and complete troubleshooting puides.
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Chapter U covers preventive maintenance. In it you will learn how to
avoid the more common probiems that can shorten the life of the
compunents in your computer. It also covers maintenance and trouble-
avordance techniques for most of the common Commaodore 128 peripheral
devices such as disk drives and printers:

The appendices include charts and diagrams of the various parts of
the Commodore 128. Here you will find system specifications, boacd
layouts, port pinout diagrams, and pinouts of the most common integrated
circuits used in the Commodore 128 and its peripherals. A comprehensive
glossary completes the book.

Tone HiEl s



Introduction:
A New Generation

Years ago, before Silicon Valley had giined its reputation as the
“Micraecomputer Valley,” | had 2 job working on some of the very first
vided game machines. In those d:l}"s. investors tor tudding electronics: firms
were hard to find, and as a result, our engineering “laboratorics” were
actually a corner of a huge dirt-floored cardbourd container warchouse,

The lab benches were laid out in a row along one of the wills of the
warehouse. And, in the path that separated our tiny domain from the
mountamnous rows of stacked, flattenad, cardboard boxes, rumbled the
masl enormous fork lifts 1 had ever seen. Their drive wheels alone
towered above the flimsy plywood frames that held sur oscilloscopes. Had
that ime not predated the famous space war films, I might have easily
expected a half-mechanical fork-lift driver {possibly named Darth) to step
out frem'a door on the side of one of the fork lifts, walk over, and smash
my bench for a fark. But as it turned out, the daily tremors from the
passing fork lifts did their share of damage anyway, frequently sending
clouds of dirl and socasional boxing staples into our circuits.

One tay a number of us were puzzling over how 1o produce just the
right seend for our video “tank.” It was supposed to sound like & powerful
engine roaring for battle—it actually sounded hike a playing card that had
been clothespinned 1o the training wheels of 4 small bicycle.

Just a5 we were about to give up For the day, a fork 1ift spun around
rauphly five feet from our bench and, hoping, | guess, to make a corner
without toppling over (some of the drivers Tancied the warchouse was the
Indianapolis speedway), lowered ils Bift arm and became unbalanced. It
didn’t topple, but it dropped about three tons of boxes no more two feet
from our bench, sending boxes, dirt, and onc fatefol staple right into the
first stage amplifier of our circuit.

xi
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First there wasa - BLAAAAAT sound, a puff of smoke, the familiar
smell of burning semiconductors and then—something none of us expee-
ted—our circuit was making a sound like an engine!

Somchow the staple had managed to "zap” one of the transistors in
the amplifier just enough to make the circuit produce a wonderful, raspy
sound instead of the plain old clicking that it had frustrated us with for
weeks. But how had it happened? And could we reproduce #t?

For the next few days we spent our time deliberately murdering
transistors. In those experiments, we came to understand the nature of
transistors more intimately than we had ever imagined. We learncd about
the stress that a tmy chip of silicon or germanium can handle, and in the
process, we learned how to bring life into circuits that had seemingly died.
We used our components like artists, carefully sculpting the sounds that
our amplifiers produced untif they were perfect.

Years later, a friend of mine came to visit me ohie evening, his
computer lucked pently under his arm.

“It's dead, isn't it,” he sighed.

"Computers don't die,” T told him, as 1 led him into my lab. 1o about
twi hours we had figured out whist wias wrong and Fixed the ;’h:‘t‘ﬂﬂfnl. From
that time on, he would frequently stop by evenings with this or that ¢ircuit
bouird or clever electronic device that had somehow stopped working.
Frankly, 1 think he'd go to the electronic junk stores just to find the “really
hroken stuff.”

This book Is a product of ail those cvenings'with the crisy circuits and
the years that preceded them—especially the time in the paper box ware-
house. Through those years 1 learned that to fix a circuit you have really to
understand what makes it “tick.”

In this book we'll look at the parts of 8 Commodore 128 and how they
work. In the process, we'll examine the things that can go wrong: why they
gor wrong, and what you can do if you want to set things straight,



A Look at the
Commodore 128

The Commodore 128 has three unigue opeérating
modes: Commaodore 64 mode, Commodore 128
mode, and CP/M mode. The reason for the three
aperating modes can be explained in one word
—software. The mure software @ compuoter can
use, the more uscful that computer becomes. Un-
fortunately, most new computers enter the world
with [ittle or nocsoftware wrilten for them and, un-
til software becomes available, the computers are
of little use. By mcluding two extra operating sys-
tems {Commodore 64 and CP/M) in the Commao-
dore 128, Commodore opened up a vast supply of
availuble software for the new computer when it
was introduced.

In Commaodore 64 made, the Commodore
128 emulates the Commodore 64, displaying 40
columns of characters in sixteen colors as well as
several praphics’ modes. These include  bit-
mapped graphics and sprites (moveable, pro-
prammable graphic shapes). In this mode, the
Commodore 128 ¢an ran the vast libvary of pro-
prams written for the Commodore 4.

The Commadore [28 mode is an enhanced
Commodore 64 mode which includes all of the
leatures of the Commodore 64 plus an improved
BASIC imguage (with more than 140 commanids),
a full-color 80<column mode, a built-in machine-

language monitor, an extended keyboard, a high
speed disk drive capability, and maximum memory
expansion of 655,536 bytes (ten times that of the
Commodore 6d4).

CP/M was, until the introduction of MS-
DO5, the most popular operating system for mi-
crocomputers. As a result, there are literally thou-
sands of programs available that run updér CP/M:
muast ol them are business programs.

The CP/M mode utilizes a second micropro-
cessor in the Commodore 128, called 2 Z20. Tn
CP/M mode the Z80 runs all of the software in
the computer and the 8502 {the Commodore 1287
main microprogessor) is used fo run all of the
peripheral devices sich s the printer, video
display, and soon.

SYSTEM DESIGN

The Commodore 128 is 8 dual-microprocessor,
single-board computer which uses 2 ZR0 and an
8502 microprocessor: [Uindudes 131,072 byvtes of
BAM memory { 128K} which may be expanded to
655,360 hytes (640K).
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Unlike is predecessor, the Commodore 64,
which had a 66-key keyboard, the Commodore 128
has a full 92-key kevboard which includes an
industry standard Qwerty style typewriter key-
board, a full ten-Key keypad, eight function keys,
and separate Up/Down/Left/Right! cursor keys.

Along the rear and the right side of the
Commodore 128 (Fig. 1-1) are a ldal of  en
connectors and three switches. These include:

Controfler prorts

Reset switch

Power switich

Power connoetor
Cartridge/expansion port
Cassette port

Serial 1/O-port
Composite video port
TV channel {3 /4) switch
TV video port

RGBT video port

Liser port

S AR

e
ER=R

Controller Ports

The controller ports (labeled 1 in Fig. 1-1A) were
originally designed for game use and accepted
commands from a joystick or a paddle controlier.
On the Commaodore: 128 they are called Control
Port 1 and Control Port 2 because, unlike the ear-
lier “game ports”, these ports will accept @ mouse,
light pen, joystick, paddie controfler, track baill. or
accessory keyboard, In fact, almost any kind of
“controlling™ device you can imagine can be con-
nected to these parts,

Reset Switch

The Reset switch (2.4n Fig. 1-1A) isa * button of
last resort™. Pressing this switch will kalt any pro-
gram that is running on the Commodore 128 and
return the compuier to its “power-up” state. You
should use this switch only in case of emergency
(i.e., if the computer is stuck doing something—or
nothing obvious, and will not respond to any Ro-
mal input such as the kevboard).

Power Switch

The power switch (3 in Fig, 1-1A) turns power on
and off 1o the computer, Do nod confuse this with
the Reset switch. You should never use the power
switch to reset the computer unless nothung ele
works! Repeatedly cyeling the power to the com-
puter with the power switch will subject the system
to undue stress and shorten the life of the elec-
tronic circuits.

Power Connector

The squitre conmector on the right side of the com-
puter {4 in Fig. 1-1A) carrics all of the power to
the system: To avoid accidentally shorting across
any of the connector pins on this cable, acver plug
the power supply cable inte the wall outlet until
the square connector is plugged nte the comput-
er. Also, bewsre: although the connector is keved
o make it difficult to meorrectly insert it into the
socket, it can bo overcome. Never force any con-
FeCiors iR Heir Sockery,

Cartridge/Expansion Porl

The cartridge/expansion port (5 in Fig. 1-1B) con-
tains all of the memory and control lines from the
computer, It is most ofien used for either memory
expansion or cartridge programs. However, it may
be programmed and used for custom applications
as well.

Cassette Port

The cassette port (6 in Fig. 1-1B} interfaces the
Commodore 128 10 o Commodore cassette player.
In addition w data lines, the port includes power
for both the cassette plaver and motor control
lines,

Serial YO Port

The serial IO port (7in Fig. 1-1B) is used to con-
nect most of the standard Commodoere peripheral
devices, incleding the disk drive{s), printers, and
plotiers, o the Commodore 128, Although it %
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T 8 9 10 M 12

|:FI_:| Foear vigw

Fig. 1-1. Commuodore 128 connector-and svwatch focations,

called a serial port, it & not compatible with the
industry standard R5232 serial interface.

Video Ports

The Commodore 128 has three different video
ports: the composite video port, the TV video
port, and the RGBI port. These are labeled 8, 10,
and 1] respectively m Fig. 1-18.

TV video is RF (radio-frequency) modulated
which means it is the same kind of signal that is
broadeast over the air. The difference, of coursa,
i5 that the signal is sent to the television through a
wire inslead of un antenpa. Therefore, the signal
from the TV video pont and can be viewed
through any standard television. Note: This video
signal is set up for channel 3 or 4 {depending upon
a switch setting).

Composite video s a video signal similar to
TV video, but it is not'RF modutated and cin only
be viewed with a video monitor. Do not mistake

the composite video port for the serial port which
15 just to its left.

RGBI (Red-Green-Blue-Intensity) video is
quite different from either composite or TV video,
Instead of providing a signal which includes all of
the video and color information together {compo-
site video), it supplies separate signals which are
fed directly to the red, green, and blue electron
guns in the video display, In addition, the “1” {in-
tensity) signal telis the monitor how bright 1o
display a given color. ,

TV Channel Switch

The TV channel (9 in Fig. 1-1B) is labelled L/H.
It swilches the TV video signal coming from the
computer between channels HL) to 4(H)., You
should select the channel that is not used (or
weakest) in your area, This will wsually produce
the clearest image on your screen.
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User Port

The user port {12 in Fig. 1-1B} has the necessary
logic signals to produce a parallel port or an R5-
232 serial port. Be aware, however, that the sig-
nals, as they emerge from this connector, are not
the correct valtage bevels for the standard R5-232,
Some of the signal lines have inverted logic {pro-
vide a positive signal when a standard device
woild be looking for a pegative signal) and, in-
stead of having a voltage swing of 0 to 12 volts, it
provides U to 5 volts, If you want 1o use this port
to-interface o @ standard RS-232 device, vou will
need to get (or make) a converter, and you will
probably need o get or write your own serial
driver software routines.

INTRODUCTION TO
TROUBLESHOOTING
TECHNIQUES

To begin with, you do not need to understand any-
Hﬂ“ﬂ: about computers to use this book and to
repair your competer. The enly assumptions
made are that you are reasonably handy and that
you want to fix your computer. 1'll discuss the use
af any lools you'll need as we come to them. Also,
if you ever “trip" over any of the terms in the
hook, don't panicl In “almost every case 1
describe what things are andfor how they work
right on the spot. However, if you find something
that isn't explained to your satisfaction, flip to the
hack of the book and check the glossary.

Indentifying Electronic Components

The componants that go into the Commodore 1258
and itz periphcrals can be divided into two
categories: mechanical components and electronic
components. Mechanical components are usually
protly easy w identify since their functions are
typically obvious from their design. For example,
a belt might be identified 2s: ® . . | geared hell
that goes around the two drive gears on the left
sitle of the paper feed motor on the printer.” Un-
fortunately, clectronic components are not abways
50 obwvivus. An electronic component might be
simply identificd as “U25™ or a “7406.7 Alsa, in

sorne cases, i wodiffeull to determine which resiss
tor has a value of 220 ochms (assuming that vou
know which of the devices i a resistor).

In this section, we'll take a Jook at the kinds
of components that you may run into. what they
Inok like, and how to determine what their vislues.
are. .. if they haveany.

Resistors

Figure 1-2 shows three differcnt types of resistors.
Although they look ditferent, they serve the same
function— they provide electrical resistance in a
circuil. The measure of electrical resistance is the
cvhm which s represented by the symbaol “0" {ihu
Greek letter omega).

Notice that the resistors in Figs. 1-2A and B
lock like small, banded oylinders. Every resistor
bas & resistance value and that value determines
its ziffect on the rest of the creuit. The bands are
color-coded with the resistor's resistance: value.
Takde -1 shows the standard resistor color codes
for carbon composition resistors {the most com-
monly used type).

Table 1-1. Resistor Color Codes

Bands | & I Hand 3 Rand 4
Caolor Skpndficant Digits Multiplier Tolerance

Black 1] I W
Brown 1 {1 15%
Hed 2 10 2%
Creange 3 LK 3%
¥l £ FEEELE 1 4%
‘Green a TEW3 00 -
Blug i HREL ERL L] -
Winket Hi AINRL L ERLE -
3rey . -
Wi kY - -
Laodd - 1.1 e
Sibver = 0 liEs:
Mong - Pt

To determine the value of a resistor, view it hor-
izontally. Notice that the bands are grouped so
they are closer to one end of the resistor than the
other in Fig. 1- 3. On some resistors, the bands
will be spread out across the entire resistor body,
and on others the hand labeled “Band D" in Fig,
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{A) Carbon composition.

{8} Carbon (elen resistor,

{C) Ceromic high-carment resistar,

=l

A

Fig. 1-2. Types of ramstors,

1-3 will be moved over next o the other bands.
Regardless of the positions, the result is the same.
Position the resistor so the bands are nearer to the
left end of the resistor. In this position, the hand
that is furthest left i band 1, the band to the right
of 152, and soon.

To read the resistance, determing the values
indicated by the colors of bands 1 and 2 and
multiply by the value of band 3. For example, to
determine the resistance of a resistor whose bands
are yellow (4), violet (7). and brown (10}, take the
first two digits (47} and multiply that by the third
(10). This makes the resistor 470 ohms (47 x 10 =
470).

The Fourth Band

Some of the resistors on the Commaodore 128 have
a fourth band. This is the tolerance band. A
three-band resistor such as the one we just dis-
cussed may have an aciual restdanioe that 15 as
much as 209 above or 20% below its coded value:
For example, our 470-ohm resistor may actually
have a resistance as low as 376 ohms or-as high as
564 ohms. If the fourth band is gold, the resistor
has a tolerance of 5%, that is, {ts actual value will
be between 4465 ohms and 4935 ohms. I the
fourth band 15 silver, the resistor has g tolerance of
0% {its value will be hetween 423 and 517 ohms).

Band & ——

Bard &
Band 8

Fig. 1-3. Location of color code bands on carbon compodition resisfors.
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Precision Resistors

Occasionally yvou will find a resistor whose the
fourth band is neither silver or gold. These resis-
tors usually have 4 doser tolerance (often 155
and the value is coded to three significant figures.
Maost resistors of this type look like the one in Fig.
1-2B; howéver, they can look like Fig. 1-2A.
When such coding is used, the first three hands
determine the three significant digits of the resis-
tor value, The fourth band then becomes the mul-
tplier. Thus, for a resistor with bands coded red,
red, red and brown, the first three bands translate
to 222 and the fourth (multiplier) band is x1{, so
the resistance 15 220 ohms. For this type resistor,
the tolerance hand iz wseally separated from the
others as shown in Figs. 1-ZB and 1-3, but it can
be tdjzicent to the other bands.

Mumeric Designators
The resistor shown in Fig.  1-2C does not use color
coding lo indicate its resistance. Instead, it js
printed with a numeric designator, One example
of a pumeric designator is 4.3 ko, The letter “K™
5 an abbreviation of the métric term “kilo™ and
means: thousand.  Therefore the number 4.3 ko
translates into 4300 ohms. Once again, the symbol
that Follows the number is the Greek leller omega,
which is used to represent the word *chms™ which
is the unit of measurement for resistance,
Owccasionally you may find o resistor with the
letter M following a number such as 2.2 M. The
leiter “M™ is an abbreviation of the metric term
*Mega™ nnd means million. Therefore 2.2 Mo
means 2,200,060 ohms.

Variable Reslstors

Variable resistors are resistors that can be adjust-
ed to any resistance value within a specified range.
This is the kind of control device you'll find inside
vour paddle controtlers, They are also called po-
teptiometers, pots, and rheestats. . Sometimes the
upper value of & variable resistor is simply printed
on its side, back, or face using numeric designators
{as we have described). The value printed on the
device indicates the highest resistance that can be
obtained using that resistor. 50 for example, a po-
tentiometer with the value of 1 k0 can be adjuested
from 0 te 1000 chms. Often no vialue s mcleded
on  potentiometerss—only a  parl  number is
stumped on i@

Capacitors

The devices in Fig. 14 are capacitors. The unit
measure of capacitance is the farad. Actually, the
farad 15 such an enormous amount of capacitance
that most capacitors are measured in microfarads,
nancfarads, or picofurads—one millionth, one bil-
hianth, and one trillionth of a farad, respectively.

There -are two major kinds of capacitors
—polarized and nonpolarized.  Polarized capaci-
tors are labelled + and - and must be inserted into
their circuits with the appropriate leads connected
Lo Lhe positive {+) and negative or ground (—) lead
respectively. Failure to do this will result in a mal-
function of the circuit and can éven cause the
capacitor to explode!

Figure 1-5 shows a detail of several polarized
capacitors. . Notice that each of them is Eabeled
with either a (+) or (<) on one or the other of its
leads.

Nonpolarized capacitors may be inserted into
their circiits in any orientation. In general, the
lower-value capacitors are not polarized and the
higher-value capacitors are polarized. To be sure,
however, always look cdasely at the eapacitor. Po-
larzed capacitors will have a (+) or (=) indicator
near one of its leads of terminals.

Capacitor Values
As mentioned earlier, capacitors are usually meas-
ured in microfarads or picofarads. The abbrevia-
tion for microfarads is uF {occasionally you will
also see uF or mid). The funny looking character
in the first example is the Greek letter mu and
represents 1AL ML), The abbreviation for pi-
cofarads is pF. The letter p represents pice which
means 1/1000,000,000,000. - Although not as com-
mon, you will also see capacitor values exprossed
in aanofarads {abbreviated nF), which stand for
11, G000, DTN, D00

Larger capacitors are almost abways [abelled
wilh their values; they do not use special codes. In
other words, a 100-microfarad capacitor will be la-
belled 100 uF, Unfortunatelv, smaller value capa-
citor labels are often a bit cryptic.  (Several color
codings and other labels are used ) Ty déterming
the capacitor vialue in these instances, refer to the
circuit schematic or parts list,
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Fig, 14, Types of capacitors.
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Transistors

Transistors are three-legped devices. On hipolar
transistors (the kind most commondy used in coms-
puters), the three legs are called the emilter, the
collector, and the base {often labefled E, C. and
B). Figure 1-6 shows some of these transistors.

Natice that the E, C, and B legs are not al-
ways in the same places. To insert a transistor
correctly it is important to refer to the circuit di-
apram and the basing diagram. Make sure that
you are inserting the parts into the circuit correct-
ty. Failure to do this can result in damage (o vour
COMTHLLES,

SlE

g T
=

Integrated Circuits

Integrated circuits, also called ICs are complex éir-
cuit subsystems that are used as logical modules in
barger circuits, Figure 1-7 shows a8 number of in-
tegrated circuits.

Netice that the integrated circunts pictured at
the 1-7 have two rows of leads. These leads are
numbered. To determine the lead numbers, ook
for & crescent-shaped or similar mark on one end
of the integrated circuit. Place this 1o your left
and the lower left lead is lead number 1 (Fig
1-8A). The leads are numbered counterclockwise
from number 1, therefore the lower right-hand
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lead is No. 7, the vpper right-hand lead is No. B
and the upper lefi-hand lead is No. 14, Other
‘similar 1C%s will have a different number of leads
but the same numbering method is used

Another common method of marking in-
tegrated circuits is with a small dot placed near
feadd number 1 (Fig 1-8B). These mlegrated
circuits are numbered in the same way as those
marked with & crescent or similar mark.

Integrated Circuit Part Numbers

Since integrated circuils are not single electronic
devices Tike resistors or transistors, but are actual-
ly many components assembled into a small cir-
cuit, manufacturers cannot simply place a device
value on the part. Also, there is no easy way to
determine what integrated crouit you have
wilhout proper labeling. Fortunately, most in-
tegrated circuits are clearly marked with a part
number. Unforiunately, the part numbers can be
mistaken for some of the other codes that find
their way onto the integrated circuit such as the
date code, For example, look at the integrated cir-
cuit in Figure [-9. This device has two sects of
numbers on fl—the date code (7406 and the part
number (7445). If you were to check a product
data book, you would find that 7406 and 7445 are
both valid part numbers.

Tor determine which is the part pumber, look
for additional numbers or letters in the code.
These vsvally indicate the part number, For ex-
ample, the part number in the integrated circuit of
Fig. 1-% has the letters SN in front and an $ in
back. Therefore, SMN74455 1 the part number and
J406 35 the date code {which means the part was
manufactured during the 6th week of 1974).

Co e
f
s

e

Yo T

Fig. 1-T. Inicpratald covenits,
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Fig, 1-8. Lead oumbering on infegrated arcoils
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Fig. 1% Part nomber and Jalecode oo an integraled circnl,

The Repair Process

Needless to- say, you may nof remember every-
thing that is tovered in this chapter. That's okay,
you will be able to use the chapters on trou-

blestrootmg and repar without memorzzing all this
information. As you will see; the repair process is
much more like exploring than like taking a test,
You can always check the map for diréctions in
case you el lost. This chapter is part of the map.






Commodore 128

Systems and Subsystems

Functionally, the Commodore 128 can be broken
down into three main sections: the micro-
processor/controller circuils, the memory circuits,
and the /O (input/output) circnits. Additionally,
each of these sections may be broken down into
several subsections. In this chapter, we'll look at
each of these three mam sections and the subsec-
tions that make them up,

Figure 2-1 is a simplified block diagram of the
Commodore 128, As you can see, ¢ach of the

three primary systems (midroprocessor, Memory,
and 1/0) contains several subsystems. ‘The pro-
cess of troubleshooting consists of examining each
failure from a functional standpoint, isolating it
first at the system level and then tracing it to
smaller and smaller subsections until we have
found the defective component.

Figure 2-2 shows the layout of the Commo-
dore 128 processor board. In it, each of the major
components is labeled and shown in its proper po-

Processors
ZB0
BEO2
: ViC
Figg. 2-1. Main scchionz
amd] sulsections of
the Commodore 128,
Loy
Memory
WIC
RAM (12BK) . .
ROMS {boot, chardacter, BASIC, &z 'E'-slils
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Fig. 2-2. Lavoutl of the Commodore 128 processor board.

gition. Thiz diagram will scrve as a guide to
locating each of the sections and subsections of
the Commeadore 128 throughout this book.

Unlike the arrangement on many printed
circuit (PC) boards, on the Commodore 128 PC
board, many of the mtegrated circuits are placed
upside down (with pin | down instead of up). This
is done to provide the shortest data path hetween
devices. Therefore, vou shoold be sere to look at
the position of any components_that you remove
before you actually take them out of the crcuit
board, Failing to install circuits comrectly can
damage the new component and/or the entire
gircuit board.

THE MICROPROCESSORS

The Commodore 128 has two microprocessors: an
BaA0T apc a FAEO, The 8302 15 the upgraded version
of the 6502 and related microprocessors (which
wo'll refer toocollectively @5 the 650 famaly) that
Commodore used in its carfier computers such as
the PET senes, the VIC 20, and the Commodaors
fi-4.

Although the 8502 has a few added features,
ils greatest improvement over the 65 micropro-
cessors is in speed. The 8502 can rum at twice the
speed of the A5xx-series processors,

How Fast Is Fast?

Microprocessors are timing-dependant devices.
To operate, they need one or more special elec-
tromic signals called clocks to synchronize their ac-
tivitics. Naturally, the faster the clock runs, the
faster the microprocessor will run. You cannot,
however, simply keep increasing the clock speed
of & computer system and hope to improve its per-
formance. Microprocessors have definite hmita-
tions and, when run bevend these limits, they will
malfunction. The 6302, for example, can operate
at clock speeds up to 1 MHz (one million cycles
per second). The 8502, on the other hand, ¢an
aperate as high ns 2 MHz—twice as fast.
Although it is not actually a good way 1o
gauge performance, the speed of 4 microprocessor
is- often’ measured by its maximum clock speed.
To get a better idea of how this works, let’s take a
look at what clocks are and how they work n 2
computer system such as the Commodore 128,
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Most electronic components are asynchro-
nous devices. This means that they do whatever
they are going to do as soon as they have the
proper inputs. For example, a logic circuit that is
properly powered and receives lopical data at its
input lines will produce some kind of logical
output mmediately. Microprocessors,  however,
are designed to controf whole systems and must,
therefore, synchronize many different events. To
do this, most microprocessors are designed so that
every logical event is timed according to some
signal which = common o the éntire system. This
sirnal 15 the clock.

The clock is actually nothing more than a
traim. ©of constant electrone pulses which are fed
into the microprocessor and its supplementary
cireuits. In most cases, the clock is generated by a
crystal und counter crrcuit in much the ssme way
digital watches are controlled. This way the
system will operate at a very precise speed. A
precise speod is necessary because, in most cases,
the microprocessors and support circuits run so
guickly that one or two improperly spaced clock
pulses could cause the system o make errors or
even come to a complete halt. Figure 2-3 shows
the type of waveform that s produced by a crystal
oscillator.

AWAWA
O U VU

Fig. 2-3. A erystal gscallior outpot,

As you can sce, the signal rises and falls in a
waveform that resembles a sine wave. As it turns
ot however, digital circuits preler square-wave
signals, As a result, the clock circuits need to
modif the crystal output to make it the correct
size and shape {Fig. 2-4.)

Fig. 2-4. Squarc-wave catpul from a crystal oscillator.

Like other mechanical devices, crystals are
subject to changes from their environment such as
temperature.  As computers operate, they get
warmer. As the temperature incredses, the speed
of the crystal will change, To help minimize these
changes, the oscllitor signal (also called the
clock) 1s divided down by a counter circuit. That
way, minor fluctuations in the main oscillator are
minimized at the actual clock speed. For example,
the main oscillator for the Commodore 128 is run
by a 16-MHz crystal. However, the system only
requires # 2-MHz clock. So the main oscillator is
divided down Lo 2 MHz using logic circuits.

To get an idea of how this works, lets say that
the 16-MHz crystal drifted vpwards w 16,16 MHz
fan increase of 160,000 Hz). This is a 1% change
in speed and will speed up the actual clock rate to
202 MHz—not a major problems. However, if the
crystal was running at only 2 MHz and it increased
by 160,000 Hz it would be nearly a 8% increase in
speed and could cause some major operational
problems  since the system speed would then
excecd the maximum ratings of the processor and
MEeMory circuits.

Figure 2-5 shows the logic structure of the
8502, It is quite similar to the structure wsed in
the earlier 65xx. The idea with the design of 8502
was to produce a part that was similar enough to
the clder parts to be able to run the same software
while mereasing the performance of the system.

The ZB0 is an wvpgrade of the earlier 8085
mucroprocessor which was at one time the most
popular microprocessor in the industry,  Although
the: primary function of the Z80 in the
Commuodore 128 is to tun CP/M, because of some
of its initialzation characteristics, it & also used o
boot up the Commodore 128, Once it has
initialzed the system, the ZBO will generally pass
control over to the 8502, Figure 2-6 shows the
logec structure of the ZR0.

Figure 2-7 shows the focation of the 8502 and
the Z80 on the Commaodore 128 processor board.
MNotice that the B502's chip index is upward while
the Z8Fs is downward. This was done because of
the pimout arrangements of the two processors
(see Fig. 2-8). By reversing the Z30, both sets of

data and address lines were brought to the space

between the chips.

Although I have referred o the Commodore
128 as a two-processor system, i fact it has a
third processor on board. This. is. the video
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Fig. 2-5, The miermal architecure of the 8502

processor: the 8564 WIC chip. The VIC chip used
in the Commodore 128 is an upgrade of the 6567
VIC ¢hip wsed in the earlier Cod. In addition to
its video display responsibilities, the VIC chip
scans the keyboard and performs the memory
refresh function. Additionally, unlike its predeces-
sors, the %564 is able to operate in both
1Mz and 2-MHz mode, In 2-MHz mode,
however, the chip cannot display data on the
SCTEen.

Coprocessing

The most difficult part of understanding the pro-
cessor portion of the Commoedore 128 is copro-
cessing. Within the Commodore 128 both the ZA()
and the #5302 processors (as well as the video
display processors) need to have access to one or
more of the devices on the control, data, and/or
address lines at one time or another. The problem
ix that only one of the processors can have control

Fig. 246 The internal

AL fa—n —®=  Accumulstor
B [Daln Counfers
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= Logic Imarace
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Fig. 2-8, 8502 and 730 pinoul disgram.

at i Ume; the Commodore 128 is not designed for
pariallel or multiprocessing, it cannot have more
than one controller in charge at a time,

Data Lines, Address Lines

Before we can cover how the Commodore 128
manages its internal controls, it is important to
understand what it is actuaslly controlling, As we

discussed earlier, in essence, the computer con-
sists of three main sections: the microprocessor,
the memory {RAM, ROM, video display memory,
et ), and the 1/O ports. In every case, the devices
are connected together by a series of conductors
called the data bus (Fig, 2-9).

To control which device uses the data on the
ity lines, the Commodore 128 has a second set of
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lines called the address bus (Fig. 2-10). Every
major: device in. the system has its own unigue
uddress, just as cvery memoary location and 17O
port has a'uniqoe address, When the compuler 13
operating, devices will only respond to the data
present-on the data bus if their address has been
selected,

In the Commaodore 128, the data bus contains
eight lines while the address bus contains sixtecn,
For all of its applications, the Commodaore only
requires 256 different kinds of data (28 = 2356},

Fig. 2-9. Commodone 128 block
diagram, shorwing the data
bus conmecions,

i | I

E BaotrSystem FI:DMEI

N  S—  —

Fig. 2-10, Commuodore 128 block
digrram, showing the addréss
by conmections.

E.anuc:yntpm ROMs|

NN J RN  —

On the other hand, it must address up to 65530
different memory locations at once and has
therefore sixteen address hines (218 = 65.5546)
This allows the Commodore: 128 to access any of
(5,536 memory locations and/or devices at any
ome time. We'll cxamine hove the Commuodore (25
is able 1o access the additional 64K of memory
and all of the TAQ devices and internal devices
within the (apparently) same 4K of memory in
the next section.
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Taking Control

In order to take control of the address/data lines
the Commuodore 128 uses a control signal called
the AEC (address enable control}, This signal is
praduced by the VIC chip and determines which
processor may be active {generating addresses and
reading/writing data on the buses),

One questicin that may arise at this point is:
"TTow cun all these devices be on the ssme ad-
dress and data lines at the same time?” Most log-
ical devices can be either at a logical 1 (hi) or logi-
cal & {low} and, if all of the processors are on the
same bus, then the signaly that are on the bus will
conflict at least some of the time.

In fact, with ordinary logic devices this would
b true; however, both the Z80 and the 8502 have
A0 lines that can be in any of three conditions:
hugh, low, ur “tri-state”.  Tri-state mode is a kind
of “floating™ condition in which the processor has
noy comltrol of the data or address lines, When the
processor{s) are inactive their T /0 lines are “tri-
stated.”

MEMORY

Figure 2-11 shows the various memory devices on
the Commodore 128 processor board, These in-
clude the 128K of RAM (Random Access
Memory) and all ‘of the systems ROMs (Read
Cinly Memories) which covers the kernal (hoot up
programs), BASIC programming language, the
character sel. and so on: In addition to these, the
Commodore 128 has a separate RAM chip which
i5 used to store all of the color data for the video
chispluy.

RAMs

There are three different kinds of semiconductor
memaory chips m the Commodore 128, they are:

Dynamic RAMs
Static RAMs
ROMs

ROMs are preprogrammed at the lactory and
contamn data that is essential to the operation of
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the computer. Without the correct ROM data the
computer  will almost  certainly  malfunction,
ROMs can only be read. Attempts to write to
ROMs are ineffective; however, because of the
preanization of memory in the Commuodore 125
paris of the ROMs may be copied into RAM and
then modified as desired. This can be useful for
certain diagnostic operations as you will see later
in the section on advanced troubleshooling
techniques. The Commodore 128 has two
different kinds of ROMs: 23128 and 23256, Fig
2-12 shows the pinouts and signal names for these
two ROM types.

R | ] 25 (Weo)
faszy 2l [ 27 [FGM)
ary 2l 026 (ATE)
Ay 4l J 26 [AB]
(asy 51 24 (ag)
iagy &1 J 23 (A1)
(A3 T | 2z (OE}
Az B[ 124 (A1D)
iasy Al 20 (CE)
(any tal j 13 (07
(Day 11 | ] 18 [D&)
(o) sz ] 17 (05)
a2} 13 16 [04)
el e | ] 15 (D3)
{A) 235138,
NGy 1 | 28 [Weao)
a1z 2] JET {A1d]
(A7) 3] 26 {h¥3)
1AET A 25 (AS)
1A5) 5] ] 24 (AR
(A4 B ] 23 (H11]
(A3 7l ] 22 (DEPEM
[AZ] B ] 21 (A0}
(A1) 4l ] 20 (CE)
(a0 e 19 (07
i 111 [} 18 [DE]
Th .
(023134 1
(Gmg 14] J 15 (03]

{H) 23256
Fig. 2-12. Commaodore 128 ROM
panouts and signal names.

There are two kinds of RAMs in the
Commodore 128: static RAMs and  dynamic
RAMs:. Static RAMs are devices that will retain
their dats as leng as power i supplied to them.
Dynamic RAMs must be “refreshed”™ (polled

electronicaily) periodically or they will lose their
data. In the Commodore 128, the color memory
(L9} is a 2016 static RAM. The main memory
consists of sixteen 4164 chips which are each
configured as 65536 = 1 bits of memory. To
produce the 128K of RAM for the Commodore
128, the 4164 chips are arranged as two banks of
eight, each contaiming 65536 8-bit bvtes of
memory. The Blcolumn video display RAM is
made of two 4416 RAMS which are dynamio
memories configured as 16K x 4 bits. Fig. 2-13
shows the pinouts and signal names for these
RAM chips,

Bank Switching

Since the Commodore 128 uses eight-bit mi-
croprocessors, it can never actually address more
than 64K (65,536) bytes of data at one time. How-

[A) 2004
Seatic RAM,

(Bj 4164
Dhmaimac EAN

L7 16
Drnamic HAM,

Figr. 2-13. Commodore 128 RAM pinouts
und gignal nancs
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ever, if you add ep all of the memory space and
add to that the /O and device port addresses
you'll find that the Commodore 128 actually
addressing far more than this limit, In fact, its
main memory atone is double the 84K limit. In
order to give the Commodore 128 the ability 1o
address more than s upper limit of 64K memory,
it has been desipned to perform bank switching.

Every memory chip has address lines, data
lines, and enable lines. By selecting a specific
address and enabling one of several differcnt
“epable” [nes; the Commodore 128 is able 1o
resd and write to different memory and device
locations that actually have the same address!
This (at léast theoreticallv) gives the Commodore
128 unlimited memeory space. In fct, Commo-
dore supports wp to 640K of memory cxpansion
for the Commodore 128. Bank switching is
handled by the MMU {memory manager unit)
The location of the 8722 (MMLI) on the progessor
board is shown in Fig. 2-14.

In addition to performing the bank-switching
functions tor the computer, the MMU also pro-
duces the L80, 8502, and VIC processor select
signals; controds the external BAM and ROM,

Waise 1 | a8 (¥
Aty 2l H 47 1GLK)
Ay all ] 45 [THARTIR
|ATE, 2] 45 PO HOM
[A515 5 []-a4 (TIWES
Aty 60 143 (KD Acc)
1 el =T A [ 42 (Vi
(DA ACHY 3 [ | 21 [TASE MR
(AEC) a[ [ <0 fVED
(READVWHITE] 10 36 D)
PEAME] 111 } 38 (TG0 C5)
EXRON 120 (B 721 ) Jar (BT
BT ENABLE) 13] J 36 (AT 25
wzen vop4ag (UT1) |3 T
{ed b Fak: EVRE-H 34 (BDM )
i GE 164 [ o ST
{RCIN BANK HI) 17 ] 32 [CLABNK,)
(ROM BANK L 181] |- 31 (AR,
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Fig. 2-15. PLA pincut and sipnal naomes.

swilches between fast and slow disk 170 modes,

and selects the 40/80 column display mode,
Although the MMU sctually selects which

bank of memory Is accessed, the signuls from the
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MMLU do not control the memory devices directly.
This is because there are a number of “rules”™
which the Commodore 285 makes for itself re-
garding how and when memory shall be switched.
For example, some sections of memory are never
switched. To make sure that the proper signals
are switched at the proper time, the memory
“hank" commands from the MMU are handled by
# PLA (Programmed Logic Array). Programmed
logic arrays are special devices (similar to ROMs)
that contain grougs of logic cells, The cells accept
input signals and produce an output based opon
the inputs and their own preprogrammed logic
structure. The PLA in the Commuodore 128 (Fig.
2-15) performs a large number of {in some cases)
seemingly unrclited  tasks  including  sccepting

commands from the MML! and sending the actual
bank-switch signals to main RAM and the ROMs!

Figure 2-16 is a block diagram showing the
way the MML!, PLA, and memory signals interact.

INPUT/OUTPUT

1/0 (Input/Cutput) functions on the Commoduore
128 can be split inte two categories: internal 1/O
and external 1/0. Internal I/O Tunctions are those
functions that are alwiys a part of the system.
They include reading and writing to the keyboard,
writing 1o the video display, and the sound vutput
device (typically a speaker inside the video
display).
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The externsl I/O functions coatrol the mme
ports; the oser port, the semal porl, snd the
cussette porl Internal /O functions must abways
bee opcrations]l for the Commodore 128 1o
function while the external I/O are nol reguired,
In this section we'll look at the 170 operations of
the Commodore 128, how they work, and how
they are connected to the computer.

The Keyboard

The Commodore 128 keyboard consists of 2 ma-
trix of B8 keys arranged as cight rows and eleven
columns of switches. It also includes four keys
that are not a part of the matrix. They are: Shift
Lock, Restore, 40/80 Column Display, and Caps
Lock. Figure 2-17 shows the armangement of the
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Fig. 2-18. Roybuard malna
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CIA

Pl

b
INPUTS

Fig 2-1%. A amplifaed keyboard seanocr.

keys oft the keyboard with their actual row and
column designations while Fig. 2-18 shows the
rows and columns as they ure arranged logically.

Kevboard Scanncr
In theory, the best way to determine if a key has
been pressed is for the processor to look at every

key position all of the time. The trouble with this
is that the processor would then have no bme
for any other functions. Instead, the processor
uses a technigue called “scanning.” Scanning con-
sists ol putting a signal on each of the keyboard
matrix columns one-at-a-time. Depressing a key
closes # switch connecting the column line (o

\

h
CUTPUTS

ClA

~
INFUTS

Fig. 2-20. Scanming the simplified keyboard.



Commodare 128 Sedtems gnd Subsystems 23

||||||||||||||

Signal Path

e

aysiroka

=
v
CUTPUTS

T
2l £ CIA
| —

" Signal Path ]—- ------------- > %
= =
S

Fig.2-21, Dcieciimz a kevalroke.

1o the row lime. Thux, the rows are then scanned
to see if the signal has been passed to one of them.

To get a better idea of how this works, take a
ook at Fig. 2-19. Tt shows a simplified matrix
with only four rows labeled RO-R3 and fowr
columns labeled C—-C3. Tn Fig: . 2-19, each of the
row and column lines from the keyvboard marrix is
connected to one of cach of the eight I/O lines of

lines of the complex interface adapter (CI1A). To
scan this keyboard, the CIA simply writes a
pattern of data to the four column lines and looks
at the four row lines to see if any data passed
through, I for example, the ClA writes the
pattern “0100" jt will place a low signal on lines 0,
2, amd 3, a high signal on column 1 {Fig. 2-20),

Co 1 G203 Ch 05 O CF KD K1 K2
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b 560066664

neCeEeReHee

bt bebebesse e =

P P eetete & &

5 0-0-0-0-0-60 -6 ]

B EFETPIERDEH

o boebeesea | CIN
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Fig. 2-22. Tho kevhourd scanning circuit.
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If no keys are pressed in that column while it
is high (bemng scanned), the CIA will read all s
{low) on the row lnes. On the other hand, it one
of the keys has heen pressed then it will receive a
pattern that corresponds to the key that is down,
since the key switch will conduct the signal lrom
the colomn line (Fig: - 2-21)

The actomal kevboard has eighl rows and
eleven columns. To scan the kevboard, the CIA
writes patterns to eight column fines and reads
eight row lines (it has only sixteen 1/O lines
aviilable). The three extra keyboard lines” are
connected to the VIC chip, which scans them just
as the CLA scans the other lines.

Incidentally, scanming the lines is exactly the
same as reading and writing data to any memary
location, The column lines -are at memory
location 56320: the cight row lines” are at 56321
and the three extra lines that go to the VIC chip
are at memory location 53295 (see Fig. 2-22)

Video Display

The Commodore 128 has two video display
chips—the 8564 VIC chip and the 3563 column
display ehip. o the dll-column lext and praphics
modes, the 8564 VIC chip controls the widen
display. In the 80-column text mode, the 8563
desplay chip takes over.

To get an idea of how these display circuits
waork, let's take a'look ar thie way the video moni-
tor produces imunges. Figure 2-23 shows a very
simplified cutaway video display tube. The neck
of the display lube contzins an electron gun which
is-at a slightly negative voltage. The inside front
surfave of the display tube is charged o a high
positive wvoltage. Therefore, electrons from the

Lindalisciad aloctran
brearm

Fig. 2-23 Cutaway view of a video display fube.

electron “jump” across the space between the
wefectron pun and (ke front of the display. ' Wheres-
er the electron beam strikes the phosphorus-
coated nner surface of the tube, il produces a
clowing dot.

Without any additional controlling circuitry
or devices, all this simplificd display would show is
a single dot in the center of the screen. To pro-
duce n full-screen picture, the beam must. be
caused to move back and forth and vp and down
the sereen. This seanming of the width-and heaght
of the display tube is called producing a “raster™

To produce a master, the picture tube uses a
set of four electromagnetic coils: As these coils
are encrgited, they dellect the electron beam (Fig
2-24). With application of the proper voltapes to
the deflection couls, the electron beam scans the
entire surface of the screen (Fig. 2-25).

When the video display s operating properly.
it produces & raster that runs at 3 constant spoed,
T prodece light and dark dots on the screcn, the
display turns the electron gun on and off as it
scans. When the gun s off, the screen is dark
When the beam is fully om; 3t produces 8 bright

Deflaction
cail
Deflectad elactron
baarm

Fig. 2-24, Eleetron beam being deflected by magnetic coil,
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Sean Lmes

Fig. 2-25. Velco rasler,

dot. Reducing the intensity of the beam produces
a lighter dot. The more quickly the pun is lurned
on and off, the smaller the dots will be and the
closer together they will be positioned (Fig. 2-26).

Color Displays

The display in the previous example was for a
moaochrome (one color) display. Thas, whether
thve monitor produces n white, green, or amber

Fig: 2-26. Dol patloms used 1o produce a video Saplay
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shadow mask

pattern, this principle applics. Although produc-
ing o color display is quite similar, there are a few
differences that arise. Instead of a solid, phos-
phorus coating on the front of the screen, color
displays have a pattern of three different kinds of
phosphor dots “painted™ onto the inside of the
screen. These phosphor dots will glow in either
red, areen, or blue when the electron beam strikes
them.

The color display tube (Fig. 2-27) has. three
separate electron gpuns (red, greem, and blue),
These guns are adjusted so that each beam will
strike the center of its respective color dot.

Additionally. there 15 ‘a perforated metal
sheet, called the shadow mask in front of the pat-
terned coating Lo insure the beams strike the
proper phosphor dots.

Video
Modulator

DHapiay
Chip

I

——= VIDEG BAM

LI ]

Three elactron guns

&

Fig. 2-27. Color display
fubse {eulaway),

The beams produced by the three electron
beams are turned on and off and varied in
intensity to prodoce a wide range of colors since
the glow produced by the three dots mix with each
other just as any other pallet of colors will mix
IF'or example, te produce s white dot, all three
electron beams are turned on and off, with equal
mtensity. For Back, all three beams are turned
off. The combination of red and green produces
vellow, red and blue produces magenta; and blue
and green produces cyan, (rher combinations
and intensities can be used to produce all colors of
thi rainbomw.

The Video [display Chips
As we discussed previowsly, producing dots on the
video display 15 a process of ming the electron

Fig. 2-28. Reading the vidéo
FAM and painting the dot
pattcen on the screen.
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beam' in the display on ansd off @l the proper
time(s). To time the dots properdy, bath the 8564
did-column VIC chip and the 8463 80-column text
chip use clock circuits that synchronize their out-
put to the video display.

To produce s particslar patiern of dots, the
display chips put the desired pattern into a block
of memory and then read it out at the same specd
45 they output on/off signals to the display (Is
correspond (o adot end Os correspond to no dot),
This i illustrated in Figure 2-28.

I text mande, the display chips read a Bock of
memaory that contains the Commodore ASCI
character codes for the text—not the actual dog
pitterns of the disply. To produce characters,
the display chip must “look up”™ the actual charac-
ter patterns frimn the charmcter ROM (or other
specified memory locationfs)) and place those dut
patierns inte its display RAM hefore it can paint
the images onto the screen (Fig 2-29).

To control the VIC chp, the Commodore 128
uses a3 sel of memary registers which are dicectly
connected 1o the WICs control lines.

Sound

All ol the sounds produced by the Commodore
128 are created by the 6581 Sowund |nterface De-

AR 1A 10 [] 28 (W)
AR 1B) 2] ] 27 (ALDID OUT)
(CAP 2a1 3] [} 26 (EXT M)
(CAP.ZB) 4[] ] 25 [Veoo)
(RES) 5] [| 24 (POTH)
22 6l [} =2 ;POTY)
A Tl § 22 (D7)
iCEF Bl 121 (L)
A af] (6581) f= |5
[&13 10[ ] 15 (D4
Az 11 IR
rAgy 120 | R
Ay 13l 15 4 )

15 {00
Fig. 2-30. The 6581 310 chip pinooks.

vice (SID). The SID chip (Fig. 2-30) has three
voices, four waveforms, and three amplitude
madulators. It can also produce programmable
sound envelopes

In most cases, the SID is used to produce
sound through the audio output of the video
display, It can, however, also source high fideliry
soutid Lo an  external audio sound  system.
Additionally, it can synchronize its output to an
external sound source.

To produce sounds, the STD chip is connected
to a range of memory locations in much the same
way as the VIC chip.

I:-is;:lfa',r Vidaa
e Madulater
Charactor 1 &
R i
=
N ES
Hoad
| m S N
| WVIDED BAM
m————————n 1 0

Fig. 2-29. Looking op U tharacler patterns, buildiag video RAM, and displaving (he loxd oo screen.
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Game Porls are more versatite than any of the other ports on
the computer. They can read switch-tontrolled
here are two  ports located on the side of the  devices such  as  joysticks, timing-dependent

Commaodore 128. These multipurpose T/ ports devices such as light pens, and resistive controllers
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such as paddle controllers. They accomplish this
by having meore than one input controller. In Gl
they are read and controlled by three separate
devices: the CLA, the VIC chip, and the SIDF chip
(Fig. 2-31).

Ter get an idea of the kinds of input received
by the game ports, amd why they reqguire somany
inprul devices, let’s take a moment to look at seme
of the input devices they can read.

Juysticks

Fig. 2-32 shows 2 cutaway view of a typical jows-
tick. Although vou can only see two of the
switches from this view, it contains five internal
switches: four to detect up to eight directions and
one Lo detect the “Fire™ button, There are eight
positions on the joystick which produce the follow-
ing closure patterns:

Switch 1 only
Switches1 & 2
Switch 2 only
Switches 2 & 3
Switch 3 onlv
Switches 3 & 4
Switch 4 onfy
Switches 1 & 4

To detect the position of the joystick handle
when it is pushed to one of ils eight positions,
closing one or two of the contact switches inside, a

Ground
Joy 0

Firg bulion
Joyg 1

doy 2

doy 3

(A Board Inyeut,

digital cocé 15 produced at the input lines of the
jovstick port (Fig -2-33) This code i5 then
captured by the CIA chip and the valee i
transmitted to the computer. The code cin then
be wsed by a program o determine which
direction the stick was pushed,  Interestingly, the
memory locations that correspond to the jovsticks
are the same locahons on the CIA chip that read
the keyhoard (56320 and 56321); however, when
the CIA is reading one of the joysticks, only the
first five bits of the /O port are used,

The Commodore 1350 Mouse s read in
exactly the saime way: as a joyshck. . Tt contiins all
of the circuitry internally to convert mouse move-
ment into direction-switch closures.

Paddie Controllers

The paddle contrallers are actually variable resiss
ters with a “Fire™ button {Fig. 2-34). Since they
are nodl switch-closere devices, they cannof his read
by the CLA chips, so instead, the information from
the paddlex s transmitted through the analog
switch (40606) to the 51D chip which can resd non-
digital data.

At the STD chip, the actual resistive values of
the paddle is converted {via an A/D converter) to
a numeric value which is stored in memory locn-
Lo 542097 and 54298,

Light Fen

The Light pen isa device thit detects a puise of
light from the video display. In so doing, it allows
the computer to determine the actual positiom of

Gratind \. Joy O

Ground \‘\ Firee bation|
Ground \\ Joy 1 ClA
Graurd \ oy 2

Gratnd \ Joy 3

[ E5] Equh'u.'ll:nl (RE R FIT

Fig. 2-33. Joystick PC baurds.
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Fip. 2-3, Culiway view and arcaitry of o paddie controller.

the pen on the screen, based vpon timing caleul:-
tions produced by the VIC chip.

To understand this process, you'll necd to
remember the discussion we had earlier about the
video raster. The VIC chip is synchronized to the
raster and has a cock pulse that corresponds to

]
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every dot {also called pixel) position on the
display.  While the VIC chip s reading out its
videao RAM it a5 keeping track of its position in
memory numerically;  after all, every dot
memory has o have a unijue location for the VIC
to finl it

u
By
Enm

E—

a)
'

@D-_
G [

. =
Al plis
E s
L =
| L e
[ g il
]
L3

Fig. 2-35. Location of the G526 CIA ¢hips on the Commaoadore 128 processor board,
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If, during the video scan, the VIC detects a
light pen pulse (caused by the pen detecting the
electron beam passing beneath it), the numeric
vajue of that current pixel location is stored in two
memory  locations  corresponding to the X
{horizontal) and ¥ {vertical) positions of the light
pen. They are 53207 (for the X position) and
53268 (for the Y position},

User Port and Serial Port

The user port and the serial port are both con-
troficd by the second 6526 CLA chipocalled CLAZ
at location U4 (Fig. 2-35).

The major difference between these two ports
and the other ports that we have examined thus
[ar 15 that they are bidirectional. This means that
they are both input ‘and output devices. The fact
is, the user port is actually a parallel port, which
quite different from the serial port. What makes
this interesting is that the CLA ports to which they
are connected are essentially identical.

The way that the CLA accomplishes this smadll
miracle is by making all of its 1/O lines fully pro-
prammable, In other words, every line of buth
ports may (at any time) be either an input or an
output. This switching is controlled through a pair
of special régisters in the CIA called the data
dircctiopn ports, lubeled DDRA and DDRB. The

contral registers” for this port are connected o
memory locations 56576 through 56591.

Cassette Port

Unlike the other ports in the Commodore 128, the
cassette port is controlled more or less directly by
the 8502 microprocessor. The control lines for the
casscite port are CASS SENSE (Cassette Sensc),
CASS WRT (Cassette Write), and CASS MTR
[Cassette Motor). The: first two lines contam
strictly dimtal signals that are produced by the
Commodore  Datazette,. Howeser, the  CASS
MTR line s actually a power control line. If the
microprocessor tried to control this line directly, it
would burn up.

SUMMARY

In this chapter we looked at all of the major sec-
tions of the Commodore 128 processor board. At
the same time, we examined how the computer
operates and how the various parts interact. We
saw how the various large circuits actually perform
many more functions than their primary tasks and
we saw how all of the /'O ports are polled.

In the next chapter, we'll take a look at basic
troubleshooting technigques and examine the tools
necessary for the job.






Troubleshooting Techniques

In general, the hardest part of fixing anything is
figuring oot what's wrong. The hesl way o deter-

mine where s fuilore hias ocoureed % to be able to

ask yoursell (and effectively, the computer) the
right questions. In this chapler, we'll examine the
kinds-of questions you should be asking and we'll
learn how Bo use Those answers o hunt down Uhe
prollems.

IDENTIFYING PROBLEM AREAS

As you saw in Chapter |, the Commeodore 128 i
noi 50 much » collection of components st is a
colection of subsystems. Additionally many of the
subsystemns themselves consisi of subsystems, For
exampic the mictopriscessor is nol o sinple oom-
ponent, but instead consists of two processors (the
ZB0 and the 8502 and an assoriment of support
cirouitry:

The aasiest way (o troubleshoot snything s fo
find the defective subsystem or peripheral device
(il the falure is not on the processor board) and
simply replace it This chapter centers in on how
ty icddentify defective subsystems, anil how (and i)
to replice them,

a3

Components versus Subsystems

A component is 3 nonrepairable device., IF it
breaks er becomes defective it must be replaced.
This is because it has no replaceable parts. Sub-
systems-are collections of components thal can (at
least theory) be disassembled and repajred, A
lrnnsastor, for cxample is @ component. If it be-
comes defective yvou cannot repair il. On the oth-
er hand, the video modulator s o subsystem, 0t
his guite a mumber of individual components that
can e replaced

Isolating the Problem

The lirst thing that you need o do when you are
lowking Tor trouble (e trying to figure out what
Is wrong with your Commaodore 128) is to examine
the symproms. For example; if you have no video
display, the first plice you should look is the tele-
wirion or monitor. Tn other words, begin with what
you ¢an spe. [That way vou'll have a place to start.,

Confirming Connections

Thi first thing you moed oy do when vou begin
troubleshooting your Commodore 128 is to make
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sure that It s properly connected. This includes
the obvious, “is power connected?”, “is the video
display cable connected to the computer?™ . ... If
you are nol sure aboul the Commaodore 128 con-
necions, check the computer manual.

Once  you have confirmed that  the
connections are correct, check for more subtle
interconnection problems such as the printer and
or disk drive configuration.. Most peripheral
devices require configuration. For example, the
disk drives may be configured as device 8 or 9.
Additionally, vou may toy remmri.ng any connected
peripherals just to see if the computer will work
propecly all by fiself. The configurations are &
series of options that tell the software what kinds
of devices are connected, to which 170 ports they
are connected, and other essential information. If
this information 5 left out or is incorrect. the
Commodore 128 will either not work at all or may
produce some very strange symptoms.

Looking for Ssymptoms

1f you have test equipment such as voltmeters, log-
i probes, or oscilloscopes, good, bul don’t get
them out yet. These are all excellent tools, but
they will not find the problems by themselves. The
most important tool is you. Test equipment i5 like
a magnifying glass, it helps you to see things that
are normally unclear or invisible, But all they do
is make them visible. Your eve must still see them
and vou must analyze what you see.

Most repairs can be made without any lest
equipment, and often test equipment can become
a distraction and inhibit clear observation and
evaluation.

THE SINGLE-PATH METHOD

There are, of course, a great many different ap-
proaches that you c¢an take in repairing your
cquipment. The trouble is that mamy approaches
are either very lime consuming or they are guite
expensive. The best approach is one that will Gnd
the repair quickiy and will not require the removal
and replacement of any nondefective parts. The
method that T use i the single-path method.

The single-path methed is designed to repair
only one defective component.. This means that at
any given lime, we shall assume that there is only
oné device causing any specitic fatlure. While this
may Bol always be the case, you can never really
identifv and replace more than one defective de-
vice at @ time anyway and, as you will see, follow-
tng a single path will help to keep your thinking
organized.

The steps to making a single-path repair are
as Tollows:

1. Trust your senses.

2. ldentify suspected failure area,

3. Remove or bypass the suspected device.
4, Ketestsystem,

5. Replace defective component.

6. Hetest svstem:

7. Repeat. if necessary.

Now that you know what the steps are, let’s
examine each of them in detail so you can actually
use them in your repairs.

Trust Your Senses

The first tool{s) you should be using are your
senses.  Remember, electronic and other test
cquipment mercly extend your senses. They are
not a-substitute for careful observation.

Smell

When electronic devices fail, they almost always
et hol—very hot—and when they get hot they
smell ternble. Use your nose to determine if a
component has had a heat failure. With experi-
ence; @ good {echmician can actually determine
what kind of component has failed by itz smell
alone. Resistors, capacitors, and semiconductors
each produce unique odors.

Light

Look for obwious failures such as smoke emitting
from a component. Devices can actually burn af
they become hot enough. Look for bent parts,
shorted leads, parts that have fallen ofl, and 0 on.
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Souni

Listen for unusaal sounds. I8 there a whistling
spund coming from the monitor that seems out of
|1];|.|:¢ while the Commodore 128 is running? [=
the power supply humming loudly? Do you hear
the stzle of burning components?

Touch

Here you must be cautious. If you see or smell
smoke, or if you hear a part soeling, you may still
nol be able to identify it by simply looking at the
Comimodore 128, Sometimes yvou must touch the
compuonents to determine which one is hot, Be
careful! Hot components can be hol enough Lo
raise a blister,

Identify Suspected Failure Area

If you are unable to determma which component
15 defective from simple obserwation, your next
step is Lo look at the Commodore 128 in terms of
its muajor subsystems. For example, if the Commo-
dore 128 is not working at all, vou should check
the power supply. Is the power light on? Do you
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have a picture at all? s the Commodore 128
plugged in”? Is the fuse blown (Note: The fuse is
inside the power supply)®

If vou are faced with a blown fose, do mot sim-
i replace irf Fuses do not normally blow for no
reason al all. They are designed to protect circuits
and to prevent fires, I the fuse has blown you
miay be looking tor a short in the wiring (such as a
paper ¢lip on the circuit board or a loose wire). In
any event, approach fuse replacement with cau-
tion. Also, be sure to replnce the fuse with an ée-
qet replacement. A Tuse that is rated too low will
generally cause the circuit to fadl unnecessarily and
a fuse that is too large may cause serious damage
to the circuit(s) it was supposed to protect or may
even cuuse @ fire, Remember, the fuse s desipned
to protect a cirggit from drawing too much current
imilbhecoming oo hot:

Remove or Bypass the
Suspected Device

Onee you have a suspected component i hand,
bypass it if you ecan, before you replace iL

L

—=—

Fig. 3-1. Bypassing the power switch.
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For example, suppose that yvou believe that the
power switch s defective. Normally the power
switch is in the “on™ position when the computer
it running. Try using jomper wires to bypass the
switch if vou cannot get power to the computer
{Fig. 3-1). By doing this you will be able 1o
determine: whether -a part is defective ‘or not
without having to replace it. Note: when
|'.-:,-'J:‘|';|,5.ﬂij'|E the power switch, take care to avoid
shorting other circuits that ‘are near your clip
leads,

Retest System

Whenever vou make a dingnosis, retest the system
one more Lime before you make your repair using
this verv specific process. First, turn off power to
all devices (i.e, Commodore 128, and other peri-
pheral devices). Then power up the system as you
would normally. Finally, retest the system,

The reason that you should power down and
then up again is because sometimes, during a test
procedure, it 15 possible 10 set up electrical condi-
tions that would not be present during normal
operation.. By powermg down and then up agan
yous can validate your test results more accurately,

Replace Defective Component

Once you hove determined which device is defec-
tive, look at the old part carefully before vou actu-
ally remove 1. Be sure you understand how it s
connected, Look for identifving marks that might
indicate a special orientation in the Commodore
128 such as the pin 1 notch in an integrated cieciit
{Fig, 3-2).

Finally, once you have looked at the old part
carefelly (and made a sketch of it and its orienta-
tion if necessary), remove the old part and careful-
Iv put it in a-safe place. Do your best to not dam-
age the part when you remove it. You may find
that vou replaced the wrong part and if you have
not damaged the old one, you may be able 1o use
it again some other time, Before you insert, at-
tach, or connect the new parl, ook at it careluily.
Dioes it match the old part perfectly? 1 it does
not, is it an scceptable replacement? Check with
the manufacturer if you are nol sure. Sometimes
subile differences can make quite » differcnce in

8631
SN7404N

8631
SN7404N

iTop View)

Fige, 3-2. Tdentifing pin 1 oman intepraded crcoit.

performance. For example a 7415123 15 nat the
same as a T4125 ora T40123.

Retest

Fimally, retest the Commodore 128. No repair is
complete until you have confirmed your fepair by
testing the Commodore 128, Test the Commo-
dore 128 m each mode it normally operates such
as 40- and Bl-column mode as well as CP/M
Make this a comprehensive test, 1t is possible 1o
repair one part of a Commodore 125 and capse a
[iilure in another part.

Repeat, It Necessary

Last, if you do find another problem (or the oid
one’ again) start over at step | and do npot be
discowraped.  Repurs  are  often multipass
processes. The mportant thmg s 1o remain cilm
and stay organizedk I you hecome frustrated
stand wp, walk around, and try again later, ‘The
most destructive foree to any piece of dquipment
is'a defective repair technician.
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TOOLS AND TEST EQUIPMENT

Just as a telescope allows us to see some stars and
planets that would be beyond the capabilities of
our normal sight, clectronic test equipment allows
us to “see” electromc signals that are ivisible to
our eyes. In this section, we'll take a look at the
toels that you might want (o have n your toolbox
and how they wark.

Mechanical Tools

Mechanical tools arc ot least as important to mak-
ing electranic repairs. as are the electronic tools
After all, electronic tools are used only for diag-
posis and there are (as you read before) many ap-
proaches to diagness. On the other hand, you will
reeee] mechanical tools to make the repairs. {If you
don't believe this, try loosening a tight screw with
your fingers somelime. )

Althouph you wom't always need all of these
togls, the following list is a good guide.

Flat-blade screwdrivers
Phillips screwdrivers
Twoorers

Forceps

Soldering iron

Solder vacuum tool

1 removal bool

IC insertion tool

One thing that is certain to lead (o frustration
is finding the problem in your Commodore 128
iand not being able to fix to it because of a missing
tool. To avoid this, look at the screws, nuts, and
bolts on the Commodoere 128 carefully when vou
begin the repair, and get the tools you'll need be-
fore you start. It is all too easy to strip out the
head of a screw by using the wrong size or type
serewdriver.

Soldering Irons

Soldering irons are not all alike, They can be pur-
chased with different tips {(Fig 3-3) and in dif-
ferent heat runges. The ideal iron should have a
srmall chisel tip, or a small round tip, and be within

the range of 20 to 35 walls (preferably 25 watts),
The wattage will determine the heat of most sold-
ering irons.

Avord “soldering guns" for working on com-
puters. . These are generally too hot and are diffi-
cult to control in delicate electronic circuits.
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Fip. 3-3 Sobdering irons.

Special Tools

In addition to the more common kinds of tools
such as serewdrivers, pliers, and 50 on, there are
many special tools that can make repairs much
easicr, Some of these are given in the following:

Solder Yacuum Tool
The solder vacuum tool (Fig. 3-4) i a device that
actually “sucks™ the solder out of a connection

after you have softened it with the soldering iron.
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Insertion holes

{4 Socker nlignment,
Fig 3= Solder voruam tool.

IC Remaoval Tool

The IC removal tool (Fig. 3-3) is used to pry in-
tegrated circuits that have been desoldered or are
socketed out of the circuit board.,

L

Imsarticn holes

(B} Circuit boord aligniment.

Fig. 0. Angle ol 1C legs versus angle of socke)
and circuit hoard holes.

using even pressure, align the second row of pins
with their associated holes as shown in Fig 3-7.

To insert the IC with the insertion tool
simply insert the IC into the tool and press the IC
IC Ingertiun Tool into: place in the socket or the circuit board as
shown in Fig. 3-8.

Fig, 3-5. Iniceratod circuil eemoval pool

Maost integrated circuits have legs that are slightly

splayed (bent outwards), This makes them sit

more firmly in their sockets after they have been

inserted (Fig. 3-6). Unfortunately, this also makes  Electronic Tools

them & bit more difficult to insert since the inser-

tion holes in circuit boards and sockets are paral-  In addition to the mechanical tools mentioned in

bel. the forepoing, there are a number of electronic
To insert the 1C by hand, you nedd to first in- tools that you may find uselul in your repairs.

serl one row of pins into the socket and then, Some of these are:
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(B} Adigning the second row of gins

Fig, 2-T, Tnserting an IO
Figr. 3-8. Inserting an 10 with aningerlion ool

1. Logic probe
2. Voltmeter Logic Frobe . o

Logie probes (Fig 3-9) are digital devices,  This
) ] means that they examine the logical states of
In this section, we'll take a look at what each of  your circuit, Most Commodore 1285 use logic cir-

these tools does and how il works, cuits to operate and the logic probe, properly

3. Oscilloscope

Megative N )
Potitive-Going Skgrial

Fig. 3-8, Typicul
lisme prob.

Megalive-Goirg Signal

‘H‘\Grﬂunnﬁ clip

Proba Tip
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Fig. 3-10. Logical signals.

tsed, can help to identify logical problems in the
circuil.

The indicators on logic probes wsually consist
of one, two, or three lights. These may be
incandescent  bulbs - or light emitting diodes
{LEDs). The lights indicate a positive sigaal,
negalive signal, or & topele {also called a clock)
signal,

Logic probe controls are usually quite simple
They inclede o trigger which determines what type
of stgnal will make the probe light (positive,
positive-going, negalive, negalive-going, or togide)
and an on/off switch. A positive signal is one that
is at a steady-state; logical high level. A negative
sipna] i one that s atoa steady-state; logieal low
level,

Positive-going and negative-going signals are
in transition. They are changing from high o Tow
{negative-going) or from low to high (positive-
going). Figore 3-10 shows how these signals might
look toa logic probe;

MMultimeter

Multimeters are available in two varieties: analog
ancl digital {(Fig. 3-11). Both of these kinds of me-
ters are similar in function but an analog multime-
ter his 2 mechanical indicator consisting of a scule
and moving-arm while a digital multimeter uses a
digital display. Do not be misled by the fact tha
digital meters provide numeric displays, they are
not inherently more accurate than analog meters
although they are easier to read for small differ-
ences. To delermine the accuracy of a meter you
must read its specifications.

Multimeters are designed to measure voli-
ages, electrieal resistance, current, and (some-
times} frequency and decibels although you will
not need the frequency and decibel functions o
repair most Commodore 1285

If you must measure current, check the
amperage rating of your meter, Current measure-
ments are mide with the meter in the circuit and
you can destroy your meter if the current vou
measure exceeds the meter rating
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(A Amnlog

(B Dhiginal

Fig. 3-11. Muolimcters:

Dscilloscope

Oncifloscopes are the most sophisticated picce of

test equipment that you will ever need in troub-
leshooting a Commodore 128. Oscilloscopes are
not, however, as difficult 1o use as they might ap-
pear to be at first plance. Essentially, all they do is
convert electrical signals into a visual representa-
tion on & video display.

Under most circumstances, electronic signals
changa at a predictable mte: The oscilloscope
produces a “trace™ which is actually a dot that
moves horizontally across the sereen at a specilic
rate which you may adjust. The electrical signal is
then used to dellect the dot up or down, depend-
ing on the mpul voltage at that instapce. The
sereen continues to glow for a long enovgh period
that the entire trace (Fig 3-12) can be viewed on
the screen.

There are many more tunctions: that can be
done with an oscilloscope; however, each is simply
a derivation of simple trace deflection.

REPAIRS: GUIDELINES AND
CAUTIONS

The most important part of making a repair s be-
ing able to put the Commuodore 128 huck the way
il was, This means that you'll need to stay orean-
izeel, make notes as you go, and keep track of
which screw went where,, On one occasion {in

Fig. 3-12. Oscillescops dinplay,

which T was rushing to make a “simple™ repair) 1
accidentally mixed up some of the hardware at-
taching a cirant board to the frime of & Commo.
dore 128 and wound up driving a screw through
the circuit board, and on through the case of the
Commodore 128. Needlessto say, | nm reminded
of my error every time | use my computer.

The best way to keep truck of scréws Is to
simply ingert them hack partially into the holes
from which they came (Fig, 3-13) as you remove
them, If this s impractical, use an egg carton to
store indnidual components. that you remove and
label the individual epg troughs carefully (Fip
3-14)
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Fig. 3=13 Storing screws i ther orginal locations,

Fig. 3-14. Epg carlon slomigie syslem,

Caution! High Voltage

Although the power supply that is connected to
the Commodore 128 produces low voltages such
as 5 volts and 9 volts, the other end of the power
supply 15 connected to the 117-volt house current.
Alihough most of us have come to look at house
currcnl as a safe commodity (which it 15 1f con-
tained in closed appliances) it can produce poten-
tially lethal shocks if mishandled. Whenever you
are working on an apen apphance especially the
power supply but also within the Commodore 128
with its covers: off, you are exposing yoursell 1o
some level of danger—oeven 5 volts can burn you if
vou short it out. Keep your hands and tools away
from the power sepply and never short any con-
nections while the power is on.
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Fig. 315 DMscharging a capacitor.

Capacitors SOLDERING TECHNIQUES

Capacitors are devices that are designed to hold a One of the most important skills you need o have
charge. Some of the larger ones can hold a charge  before you begin any electronic repair is soldering,
for several duys, even if the power has been
disconnected, Always approach large capacitors
with caution. If you are in doubt whether a capa-
citor has a charpe or not, discharge it by shorting
both terminals together with a larpe metal ool
like a screwdriver as shown in Fig. 3-15.

(A} Component jesds { B} Applying hour nnd selder,

-
G e
¥
() Rusin eleanimg and couting surfocg [Ty Salder bonding with melal contact,

Fig. 3-16. The soldenng process,
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Soldaring lron

Fig, 3-17. Soldering @ component o s vt Toaed.

Suldering is more than simply making a connec-
tion hot and ether adding or removing solder
from the connection. Circuit boards and elect-
ronic companents are sensitive to heat, mechani-
cal frce, and statie discharges.

Soidering a Component Into a Circuit

Since soldering a component into a circuit Is
gasicr than desoldering and removing acom-
ponent, we'll look at how to insert » component
fiest.

Tao begin with, let's look at the physics behind
soldering.  Most electronie components have e
ther pold, copper, of solder-plated copper leads.
This is beeavse copper and gold are excellent con-
ductors and solder (which consists primariy of the
metals lead and tin) adheres weil to both of them.
When the solder is melted and brought into elose
contact with the gold or copper leads, it forms an
intermotecular bond and produces an excellent
eléctrical and mechanical connection.

in order for the solder and the component
leads to make this connection, however, the con-
tact surface must be perfectly vlean, Unfortunate-
ly metals like copper oxidize naturally as a func-
tion of being exposed o air. To clean off the ox-
ides and - other contaminants, most elecirome sol-
ders include a rosin core which, when heated,
cleans off the metallic surfaces and forms an air-
tight seal unti] the solder flows in (Fig. 3-16},

Since most soldering is done for the purpose
of attaching & component 1o a circuit board, the
best approach m soldering is te heat the com-
ponent lead, the eircoit board trace, and the solder
at one time as shown in Fig. 3-1T7

By following this process, all of the com-
ponents of the soidering process are at the same
temperature and the solder joint will be made n
the least amount of time. This resulis in the least
amount of excess heating and mechanical stress.

Removing Components

Component removal is similar to inserting com-
ponents with ane; small exception, When you are
inserting a component, it is normally going into a
nice, clean hole. When you are removing @ com-
poncnt it is usually attached to that hole by some
very stubborn solder. To remove the companent,
you must first remove “all™ of the solder and then
break the lead free with a small pair of needle-
nose pliers (Fig. 3-18). The component may then

e withdrawn from the cirewit.
Adding Sockets

Naturally, the more leads a component has, the
more difficult it is to remove the component, 1Cs
are the most dilficult devices to remove from cir-
cuit hoards because of their many leads.  In fact,
once you have removed an 1C, it is better to selder
a socket into that location and plug the new part
inter the socket. Then, if you ever need to replace
the same part again, all you will need to do is pry
out the old part amd press in the new one.

Static Sensitivity

Although most electronic components are protect-
cd apunst static discharge, they are almost all
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Fig. 3-18, Removing an eleetronic componend from & circuit hoard,

somewhat sensitive: especially the large 1Cs and
memory chips.  The least sensitive of the
integrated circuits are the components that have
part numbers bepinming with 74 ‘such as 7400,
7404, and 20 on. The more sensilive components
are the CMOS and NMOS microprocessor-type
aircnits. Inany evedt you will want Lo make sore

thiat vou do not touch the leads of-an 1C while il ix
oul of its circuit board, This precastion will
protect you lrom destroving valoabie 1Cs when
you nserl them, Figure 3-19 shows the best way
to handle 1Cs when you are inserting them into a
sockel or a cireuit baard.
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FINISHING UP

There are any number of problems that can occur
at the end of a repair that may cause you prief,
The first of these i3 running out of parts before
you are finished putting the Commaodore 128 back
together. If you keep track of all parts as you take
the Commodore 128 apart, yvou should not have to
face this probiem.

The copverse is also true, you should not have
extra parts when you are done putting the Com-

modore 128 back together. The best rule is: stoy
organdzed.

Finally, never modify the Commodore 128
desipn. Many new technicians occasionally leave
pars out because they are hard Lo put inand *
il wor'l make a difference amyway™, Remember,
manufacturers ‘do not normally wanl to spend
muoney adding unnecessary parts to their prodisces,
If the part was there when the Commodore 128
was bulls, there must be @ reason for oo pot it
back in.



Digital Logic Circuits

The majority of the Commodore 128 consists
of logic circuits. Before covering specific trouble-
shouting approaches an understanding of digital
logic circuits is necessary, In this chapter we'll
lock at how digital legie circuits work (and fail),

All digital logic circuits, whether they are sim-
ple or complex, are based ppon the operation of
tiny, transistorized switches. In fact, electronic
switches perform logically in much the same way
that light switches do—that is, they turn circuits on
and oft.

Since light switches and digital logic switches
work similarly, let’s take a look at a light switch
and examine how it works . . Jogically,

LOGIC GATES

AND

Figure 4-1 shows a light circoit which includes a
switch, a light bully, an ac power source {117-volls
acn this case) and the wiring to connect them. In
this example, when the light switch is down (on)
the electricil current s able o resch the bulk, OF
course, when the switch is up (off) it cannot. IFthe

47

bulh s good, and the switch is on then the bulb will
light. This is & logical AND arrcuit, Both the switch
on and the bulb good factors must be present for
the bulb to light. If either is not true (if for exam-
ple we had & burned out bulb) then the bulb wil
not light.

Although this was a very simple example,
reatly digital logic s nit more difficult than this.
The only tough part s remembering all of the dif-
lerent devices and how they interact. For exam-
ple, Fig. 4-2A shows the symbol thar is used to
represent an AND deviee, This cin be any fogical
device that accepts two or more inputs and pro-
duces an output that [oHows the rules set oul in
the AND truth table (shown in Fig. 4-2B).

In the cxample of Fig. 4-1, it"s a little difficelt
to test the circuil logically beciuse one of the
elements—ithe light bulb—is normally always good
and az a result, the light switch almost always is
the only controlling device.  Ff we used two light
switches mstead and wired them up like the circoit
in Fig, 4.3, we could use the switches-as the inputs
and the light bulb as the output.  Now, if switch A
is-on amd switch B 15 on the light will light, if you
use any other combination of switch settings, the
light will be off. Thus the ¢ircuit in Fig. 4-3 is an
AND gircuit.
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Fig. 41. Light
swilcle errcuit,

functions. To make the electronic design process
a hit simpler {(and faster) the companies that
fogic  devices. have  combined
numerpus logic devices (which they call logic
sates) into single electronic components called in-
tegrated cirenits fulso called 1Cs). Each integrated
circuit may have from oneor two to thousands of
logic gates in them. In this section, we'll take 2
look at the more common logic gates and how
they can be combined to form more complex dev-

Light
Bulb
Swilch
5 / a
'.ﬁ."ﬂ‘
Truth Table manufictore
A @ o
1 T T
(A} Truth table,
T F F
Fl T ]| F
£ F ]| F wes.

A .
o (B Spnibal
F—
Fig. 4-2, The axn symbol and truth table,
OR

The ot is almost the opposite of AN Figure 4-4
shows - light-switch wrrangement that demon-
strates the OR Tunction. As you can see, in Fig,
4-4. if either switch A or switch B is on then the
hulb will light. A quick louk at the truth table for
the Ok function shows that, unlike the AND func-
tion which has three fulse conditions and only one
true condition, the OR has three true conditions
and only oné false condition.

Asyou can see from the preceding examples,
every logic function that we've looked at 5@ com-
bination of the simple on/oll switceh, 1n fuct, every
[.':.gi.; function 1s wlso sone combimtion of onfofl

Other Logic Gates

Figure 4-5 shows the symbals and truth tables Tor
most of the commonly used logic gatés: Notice
that some of them are very similar cxcept that
they have small circles at their outputs. This small
circle indicates an inverted output device. They
are identical to their noninverted counterparts ex-
cept they produce a false output for the conditions
when the noninverted device producés a true out-
put {and viseversa}. For example, the AND pate
looks very much like the NAND gate. In fuct, AND
and NANIY are Gxact opposites, 45 are Ol and NOR.

Mow look at the small, triangular gate called
an fnverter. Inverters are used to switch the sutput
of a gate from true to filse or from faise to true.

The counterpart to the inverter is called a
fueffer. Although baffers do not produce any logi-
cal changes in a circuit, they do perform electrical
and timing functions. that allow logic cirenits to
perform tasks that they would otherwise be unable
1o do, We'll wkea look-at the kinds of things that
buffers do, and how they are used later,
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Fig. 4-3. Two-switch
ANTY gireany,
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COMEINING LOGIC
FUNCTIONS

As individual components, the logic devices that
we've looked at so far are fairly powerlul, how-
ever, there are few real tasks that any one gate can
perform alone. Under normal circumstances, log-
ic gates are combined to produce complex logic
functions specifically designed to perform certain
tusks, To get a better idea of how this works, let's
take another look at the light creuits discussed
earlier; Suppose you had a long hallway with a
light bulb in the middle and you wanted to be able
tov turn the light on or off from aswitch at either
end of the hall {Fig. 4-6), This is clearly more
complex than a simple AND or Ok lunction, [t can,
however, be solved by combining several gates.
Before we design the actual wiring duagram, Jet's
look at the way that the logic devices might be
connected to accomplish this function.

One way to produece this circuit (and 1 am
sure you can find others it you try} is to make the
light turm on when bath switches are in the same
position {l.e., both on or hoth off). So we'll necd

one gate which will look at the switches and be-
come True if both are on (Fig. 4-7).

Second, we'll need a gate that is connected o
the same switches and becomes True when both
swilches are off (Fig. 4-8).

Incidentally, an easy way to determine the
kind of gate that you need for a particular applica-
tion is to look at the function {in Fig. 4-BA an
AND), and determine the kinds of signals that will
be needed to make the gate True {in this case;
both off). Drawing an AND gate with two negative
iputs (small circles at the inputs) will produce the
desired results (Fig. 4-8A). By creating & Truth
Table for this nonstandard device and comparing
it to the standard devices, we tind that this device
has the same Truth Table as the standard NOR
gate in Fig, 4-BB {see Fig. 4-5),

Finally, we want the light to g6 on if cither
the AND gate’s conditions have been met or the
WOR gale’s conditions have been met. Otherwise
we want the light to be off. Now, we kaow that it
is physically impossible for both of the gates to be
on at once (since the switches cannol be both on
and off at the same time), 5o the final gate can be
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Fig- 4-5. Commaon lugic devices.
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an OR pate, This will give us a True output i
either gate 15 True. If neither is True then it will
be' off. The finil logic diagram is shown in
Fig. 4-9.

The diagrams in Fig. 4-9 are shown with a
NOR mite mn 4-04 and a negative inpul AND gate

in 4-98. Although both perform the same
function, the one in Fig. 4-98 uses standard
symbols and the one in Fig. 4-%A shows the actual
logic fanction. In use, vou may find either of these
Torms used.

MNext, we need to translate this logie circuit
into a wiring diagram, The easiest way to do this
1s Lo Jook at the switches we used to make the anD
gates earlier (see Fig 4-3), As you can see, the
AND [unction is simply two switches wired in series
(in-line with each other). S0 half of the wiring
dhiagram would have two switches wired in series
(Fig 4-10A). The other half of the wiring diagram
would be essentially the same, but reversed (Fig,
4-108).

Finally, the two switches must be cor'ed This
iy accomplished by making the poles for both sets
of switches commaon (Fig, 4-10C).

ELECTRICAL
CHARACTERISTICS

We can discuss the way that logic eircuits work in
quite @ bit of detsil by simply calling the inputs
and outputs to the devices True and False or on
and off, However, the types of devices that we're
discussing are o part of the electrical circuits that
control your computer and they have certain
electrical characteristics that make them behave
Lhe way they do,

Typically. logic circuits use two voltage levels
o indicate True and False, These are +5 volts de
and 0 volts de {also called ground). The +5-volt
level ssually indicates True while the O-volt level
indicates False, Additionally there are ranges of
voltage levels that are considered “acceptable™
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Figz. 4-9. Onc light, two independent swilch logic diagram.

These voltages are: True = 3B o SSovodes de:
False = 0- to 03-volts de. Voltage levels that fall
hetween these limits may be recognized as either
True or False; however, they will not be reliable
and vsually, logic levels between the 0.3- and 3.7-
volts point to a fawlty 1C, a short, or an open
Sireuit,

DIGITAL MEMORY DEVICES

Maost digital logic devices will only produoce ther
outputs as long as they have an appropriate input,
There are circuits, however, that retain s signal
after the input that produced it has ended,

These devices include single flip-flops which are
devices that are designed to accept and save a sin-
ple input and mass memory circsils that can store
as little as-a few bits of data to more than a mallion
bits of information on a single 1C.

Flip Flops

Before we can discuss flip flops, we'll need to take
another look at clock signals. Clock signals are
waveforms that switch from True o False and
back. They may switch at a regular mte or they
may be intermittent (Fig. 4-11). One reason that
we need clocks is hecause they are used to trigger
a “save" an a-flip flop.
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D Flip Flops

Now fet's tukd o look ot the simple D-type Qip Nop
in Figo 4-12. This-device has s single data input
{called T2), & clock input (called CLK) and two
outputs (talled O and ), The short line dhove
the O cetput indicites thar it js a negative oulput.

Actually, the D-type flip flop will accept either a
True or False input whéndver it receives a low-
going clock inpot.

This means that the clock signal goes from
appreximately 5 volts Lo approximately 0 volts
(Fig. 4-13), When the D-ype flip Mlop detects the



By - Clheapier 4

e

Fig. 4-12, D-type Mip Nop.

In actual ase, circuits ke the one in Fig 4-15
can be used to simply count, or they may be used
to keep track of other logie circuit-activities.

RAM and ROM

Dagital memory is arranged logically a5 a number
of rows and columns. Esch memory location,
however, s read or written nto by address (each
location in memory has a unigque numerie nd-
dress). At one time, those memory locations:
could not be accessed directly, IF the processor

’ Bl

B Ml

EAAEERLALLELALLLLI IS

Fig. 4-13, Low-gmng clock spnal.

clock, it transfers the current signal at its X inpat
to the O output and the inverse of that signal to
the O output, This output will remain at the two
outputs if there are no further clock inpuls, even if
the input signal at "3 changes:

J-K Flip Flops

J-K flip flops (Fig. 4-14) are similar to the D-type,
except they have two inputs {called J and K). 1f
the 1 and K inpul signals are different (one True,
anc Fale) then they will be transferred to the out-
puts just as the D input was transferred. However,
if the two Inputs are both False, then the clock in-
put will have no affect on the outputs. If both in-
put sipnals are True. then the next clock inpul will
topgle the outputs (they will switch from their pre-
vious state o the opposite—i.c., True Lo Talse and
False to True)-

Counters

One interesting feature of J-K flip fQops is that
sinoe lhr::_'f' are able to togele their outputs, lhr::_,f are
able to count. Figure 4-15 shows four J-K flip
flops that have been connected together s a
Binary counter. The signal diagram below the cir-
cuit shows the states of the various outputs of the
lip flops as they count fram 0 to 13,

winted the contents of memory Jocation 100, for
gxample, it would have to read through all of the
memory locations from 0 through 99 first. These
were sernd memory.

J a
— e)ox
K Q

Fig, 4-14. 1-K flip Mop.

The term “RAM" 15 an acronym for Random
Access Memory, The term “ROM", on the other
hund, means Read Only Memory. AL one time,
the enly type of memory available for logic circuits
was serial memory. Thit i why RAM was called
Random Access Memorny—to differentiate it from
serinl memory. As it tums out, ROM is also
“random-pooess™ however, while EAM will lose
its contents when power is removed from its cir-
cuit, ROM will retain its memory. ROM i pro-
grammed once at the factory and cannot be repro-

prammed, That is why ROM is called Read-Only

Memory.
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Fig.a-15. A four-stage bisory counter.

Actually, today there are also devices called
EPROMs (Erascable Programmable Read Only
Memory) which can be writteén to, erascd, and
rewrilien numerows Umes,  However, in this
application, the differences between ROM and
EPROM are unimportant.

MICROPROCESSORS

Microprocessors are complex, programmable logic
circuits. Unlike the fixed logic devices we: exam-

ined exrlier {such as AND and Gk which always
produce the same response Lo any given input, mi-
eroprocessors can be programmed to produce al-
musl any kind of cutput for a given input. In fact,
microprocessors can produce . whole: string of
gutpuls in response o @ single input. They were
originally designed as a low-cost. one or two chip
replacement for complex logic circuits. Since that
timie, microprocessors have gone in two directions.
Some have prown amd become as powerful as
some minicompuoters. Others have become small-
er and less expensive and are used as controllers
{or small systems (such as the 1571 disk drive).






Troubleshooting Techniques:
System Doesn’t Work

In the previous chapter, we looked at the way thal
digital logic devices behove, In thiy chapter (and
Chapters 6, 7, and 8), we'll be using the informa-
tion on digital logic 1o troubleshoot the computer.
In the guides that follow, you'll be instructed to
look for certzin kinds of failures and how to fix
them, The compluint of *System Doesn’t Work"
ean be broken dewn in the following symptom
catepories:

® System does nothing
® System turns on, no display or bad display
= System turns on, no Keyboard response

W System furns on, oocasional strange or inap-
proprile messages or garbage on séreen

SYSTEM DOES NOTHING

The chart at the right outlines the probléms, possi-
ble causes, and repair actions for the condilion
where the svstemn does nothing. Specific troah-
leshooting and repair techniques for each probilem
then falluw,

T

Froblem Posslhle Cause Repair Action
legroper Necll7-V so o power  Plag in power cosd
varltnges supply from power sapply

Drclevtive fuse in
TeraeeT supply
Diefective fuse n
[ supply
Liefective T
supply

Poor fopen conniscion
HsEC compater

P relect e proweE. painch

Delooime brdee
reatifier

{ipen tnductor sl

Shoredopen
CapcEar

Replace sniomal Tuse
{irt power supply)

Heplace inrernal fuse
Lin power supplbd

Repilace powier supphy

Check froplae guomer
CORrECIr

Heplnce pawsr:pwirch
Hapince TR 11

Foplace 1§
Hepalzece {7104

Improper Voltage from Power Supply

[3efective Power Cable

The C128 power supply has two cables:. One con-
mects Lo the compuler snd the other connects to a
117-volt outlet. 1 either of these cables or their
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connectors is defective {or not plugged in) the
computer will nol aperate properly.

Defective Fuse in Power Supply

If both cables are connected propecly; turn off the
computer and disconnect the power supply from
both the computer and the 117-volt ac outlet
Turn the power supphy over and look for the exter-
nally acvessible fuse. To check the fuse, use a
small serewdriver to remove the fuse holder and
remove the fuse. An open fuse will have a burned
internal conductor. I you canmotl see the metal
conducior in the fuse use an ochmmeter to check it
for continuity.

If the fuse is apen, replace it with one of the
same type and rating. If it is good, open the power
supply and look for the interpal fuse. Check it in
the same manner as the other fuse. If it is defec-
tive, desolder it ‘and replace it with an exact re-
placemant.

Defective Power Supply

The power supply has a five conductor cable,
Connect the power supply to the 117 volt e outlet
and check the voltages at the computer connector,
Fig. 5-1 is a schematic of the power supply and
Fig: 5-2 shows the location of the components,

2-Volt AC Supply

Set your multimeter on the 20 volt ac scale and
connect the probes between pinsg 3 and 5 of the
connector. This reading should be approximately
9 volts ac. If it is lower than 8 volts or higher than
10, replace the power supply.

A-Volt DC Supply

The voliage between pin 1 and pin 4 or the con-
nector shield {pin 2) should read +5 volts de. 1f it
is lower than 41/2 volts or higher than 51/2 volis,
replace the power supplyv. Do not forget to change
sciales on your meter. The ac ranges on the mul-
timcter will not measors do voltages correctly,

Check Computer Power Receptacle

Power is supplied o the computer through the
power receptacte; Check the continuity of the
power through the connector to the PC board by
checking the voltages st the following locations:

® negalive side of the 220-xF capacitor (C104).
Should measare 9 volis ac.

m “switched™ side of rectifier CR13. Shouid
megsure 9 volis ac with power switch on and 0
volls with power switch off.

m Positive side of 100-uF capacitor (C107).
Should be +5 volls de when the power switeh
is on and 0 voltg when the power switch is off.

If the voltage readings are the same regard-
less of the power switch position, the switch may
be defective. To check the power switch, desolder
it from the circuit and check continuity between
each of the mput and output leads, Check for
shorts between the inpul leads and the output
beacds with the switch both on and off. Also check
for open connections (no continuity from input to
oulput with switch in the on position).

Lse
T 7812 |2
115 Ghﬁ 141
Powar cRIG 3‘ﬂj—l_ TFF T l 1{:' uf
Cannachor | MaDnT ZH11 T
il c1n S50 uF THNAN01 ;
3 e L + =
£a5 96 ==1 pF Gioe
22 pF ol cay CR13 N
s H—O N0 o i
— == 102

1 pwF

A |=- 100 m—

1 W #ﬂ_ I +5
2kl G0 C107 G103 L o4 ::u:u

l.'.ll |.I.F L
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s L=
E 4
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Fig: 5-1. Fower supply ciraal {00 proosssng baird).
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Fig. 5-2. Locatios of puswet supply componenis on processor board.

Check On-Board Power Chreuits
The: following voltage checks should be made with
the negative side of the multimeter connecied 1o
pin 4 of the power connector (ground) and the
mecter set to 20 volt de range.

The valtage at the positive side of cipacitors

(S {3%(‘] ,-.-:F:I. CIOL 0 uFy, O 15 I.r_.'l T ol I i B [

(.1 gFY and CHIT (10 uF) should all be 112 voles.
‘The negative side of the same capacitors should all
b () ki,

The woltage at the positive side of the full
wave rectifier CHI13 should be approximately 9

valts, however, this may vary by as much as a2 valt
oF twi.

SYSTEM TURNS ON, NO
DISPLAY, OR BAD DISPLAY

The following chart outlines the problems, possi-
ble causes, and repair actions for the condition
where the system turns on bot there is no display
or the display is not correct, Specific trouble-
shooting and repair techniques for each problem
then foliow.
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Problem Possible Canse Repair Action
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defocine: BAM chips
Monitor Not Working

Cables Not Properly Connected
The Commadore 128 can use gither a composste
vidiéo or an RGB monitor. Composite video mon-
ilars use RCA type cables to reveive the video sig-
nals. The cable that connects the Commedors 128
to a composite video monitor has a round, BIN
Lypre connector on one entd wnd several RCA con-
nectors on separate wires at the other end

Il you are using a Commodore cable ind
monitor, you can use the color coding on the ca-
Bles and menitor 1o connect the moniter. 11 you
are using another brand of monitor or cable, you

may need to eheck the cable wiring o determine
which RCA plug poes where,

T check the wiring of the cable, look at Fig.
3-3. It shows the names and numbers of the pins.
on the video connector. Fig 53 is a diagram for
the cable connector. Therefore, it is a mirror im-
age of the video port receptacle into which il is
plugged (Appendix C, Fig. C3). Also, not all video
cables have all eight pins; they are not necessary
for every monitor.

© o

© 0o
Qg0

12 LLEMSEY NG | S aLIDIC IN
SGROUND | GCOLORCUT
AL OUT | FNG

A MIDEGGLT B NG

Fig. 5-X. Composite video eable connector and pinougs.

Look: at the inputs for your monitor.
Depending upon the type of meonitor you have you
mury lind three inputs labeled LUMIN, AUDIO,
and COLOR, or you may find two inputs labeled
VIBECQ [N and AUDIO [N,

IT you have ‘a two cable momtor, use yvour
multimeter to check the continuity between the
video cable nnd the RCA eables, Pin 3 carries the
audio: signals and pin 4 carrigs video, Set the
multimeter Lo the ohms scale and, one at 4 me,
check the center pins oa the RCA connestors to
determine which is connected to pin 3 and which
B connected Lo pin 4.

If you have a three cable monitor, use the
same procedure as before, but look for pins |1
(LLUMIN), 3 (AUDIO), and 6 {COLOR).

Check Display Settings
Some monitors, including the Commodore F5902,
have two separate modes of operation: high reso-
[ution RGB mode apd medium resoletion compo-
site video mode, These monitors have a switch 1o
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select between the two modes. Additioaally, the
RGB signals and composile video signals (which
are totally incompatible) eonnect to the monitor
viar seprarate cables

If the computer is sending 80-column (RGB)
data, the meomitor will not display & picture in the
composite mode. To check for mode errors in the
high resolution mode, set the computer for the
Blcolumn mode vis the 80740 key on the
keyboard, Make sore the RGB cable i connected
to- the monitor and set the monitor switch to the
RGE mode. Then, turn on the computer,

Alternately, to cheek for mode efrors in the
medium resolotion mode, set the compuler for
40-column mode via the R0/40 key on the
kevboard. Make sure the composite cables are
properly connected to the monitor (see the
preceding section} and sel the munitor switch 1o
the composite vidéo mode.  Thep, tum on the
computer,

Checking Logic Devices

In the next few sechions, you will be instructed (o
check various 1Cs and lock for proper signal levels
and types. The kinds of faillures you'll be looking
for include missing signals or signals that are
prescnt, but at the wrong voltages, |n every case
{except if noted), the correct voltage levels will be
al either 5 volis (for high or true signals), ground
{for low or false data), clock data (rising and fal-
ling at « regular intervals, or data streams {signals
that rize and fall 4l irregular mlervalz),. Figure 5-4
shows a graphic image of a data signal as well'as

an example of an incorrect signal for comparizon.

Tz check for this Lypre of errar, youwill need a log-
ic probe or (preferably) dan oscilloscope.

._5 \'D“} ..ﬂ v H‘H“ ETETS mmnw -

O wolts
Good Digital Signal

e e e R R PR R R PR PR P e L e

+5 volts --

o

Poor Digital Sigrad

Fig. 54 Correct amd incorcect doatasiemads
from bopic and microproccssor chips,

Finding Power Problems

One of the first things vou should look for s poor
or missing power to ICs. I you have an open
power supply line, it will often affect only one part.
On the other hand, if power or ground is shorred
anywhere in the computer. it will geperally show
up everywhere. If you cannot find any -obvious
reason for @ power problem (such as a paper clip
on the circuil bodrd or a solder splash), you may
need to trace down the probdem by solating the
power supply lines This is done by carefully cut-
ting traces with a sharp knife and then measuring
the voltages on the power supply side of the cut
(Fig. 5-5)

The traces on the PC board are quite fragile

and you should take every preccaution to bend

them ay little as possible, Also, it is unadvisable ta
lift the same trace twice-in the same place. Tf vou
ever need to lift the same trace again, use a spot 2
centimeter or soaway il vou can.

1f you get a good reading on the power supply
side of the line and a poor reading on the circuil
sicde, then lay the trace back down, solder it back
into place ond make a cut ferther up into the cir-
cut.

Continue in this way until you find 4 place
that has either good voltage on the cirouit side,
poor voltage on the power supply side, or poor
woltage on bath sides.

The failure will be between the fast good
reading and the poor (ar changed) reading 11 you
still cannent see the problem, try opening the trace
ot both ends-and vsing & jumper Lo provide power
te the circuit,

Boot-Up ROMs Not Reading Correctly

Defective boot up ROMs will prevent the comput-
er from starting correctly and will therefore
prevent the display from appearmg on soreen,
These EOMs are o Iocabiong: U322 L1323, 134,
LELS, apd U536 in Fig. 56, U32-U35are 231283
and U36 is n 23256, The pinouts for these parls
are given'in Appendix A.

With the cxception of two pins; these two
ROMs have identical signals. Pind. | and 23
should be o stendy +5 valts and pin 14 showid be
solidly at ground (U volts). If pewer or ground 1o
any of these @ defective, truce the power begin-
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Fig, 5-6. Losation ol ¢lfected components for system toms on, no display, or bad display symptom,

ning-at the Inpul power source (ot the povwer
supply or regulator circuits covered in the previous
section}.

Pins 11, 12, 13, B3, 1617, 18 and 19 arc dats
Bnes and showld have irregular rising and falling
signals. If any of these are Ooating up and down

or are-stesdy #t some voltape o the middle (2-3.5
volts) then the data is bad, Since these pins are
outpulx, this s an ndication thet the part may ba
defoctive. Before you assume that the part is bad,
however, Bbe aware thal a shorled trace or a
defective input circuit can drag the output voliage
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down on a good part. To determine if the part is
bad, isolate it by cutting the trace(s) that it drives
(Fig. 5-5), or lift the leg on the IC {Fig 37)
Then look at the signal again. I it is'still in the
wrong voltage range, réplace the 1€,

Pins 2=1021, 23, 24, and 25 sareaddress lnes.
This means that they are inputs, If any of these
show improper signal levels trace the signal back
to its source and perform the same 1ests we used
previously for the data lines. Note: Pin 27 on the
23256 13 adso ¥ dats line. Im both cases, pin 22
should be low to enable the device. If this pin is
not low (amything higher than 1.75 volts) then the
ROM will not read property.

Display Circuit Problems

Check lor Defective VIO Chip
The VIC chip (8564) 15 located a1 U2l in Fig. 5-6.
It operates the 40- column display and most of the
CI28's graphic modes. Like the ROM chips, it has
both sddress lines and data lines: Additionally, it
produces signals that the CI28 uses for an amort-
ment of special functions. You can find the 8564
pinout diagram in Appendix A.

The data lines are pins 1, 2, 3, &4, 5,6, 7, 43, 44,
45, 46, and 47. These pins should have pregular
rising and falling signals. I any of these are float-
ing up ond down or are steady at some voltage i
the middie (2-3.5 volts) then the dato is bad
Since these pins ore outputs, the-absence of the
proper signal could be an indication that the part
15 defectivé, Before you assume that the part is
bad, however, be aware that a shoricd trace or a
defective input cirewit can drag the output voltage

down on a good part, To determine if the part is
bad, wolate it by cutting the trace(s) that it drives
(Fig. 5-3}, or lift the leg on the 1C (Fig. 5-7).
Then look at the signal again. If it is-still in the
wrong voltage range, replace the VIC chip.

Pins 31-42 are address lines. This means
that they are inputs, If any of these show improp-
er signal levels trace the signal back to lis source
and perform the same tests we used previously for
thie datie lines.

Pin 13 is the CS {chip select) line. It is used
by the CI28 to enable the VIC chip.. This line
must be fow for the VIC to operate.

Pin 14 15 the read/write line. 1t controls ac-
¢ess to the VIC, When this pin iz high, the VIC is
reading data amd when it is low it is writing, Ordi-
narily, the R/W line will be toggling up and down
as the C128 operates.

Pins 18, 23, and 25 are the system clock lines.
Pin 18 is the 1-MHz clock and should always pro-
duce a consistent 1-MHz signal, Pin 23 i the 2-
MH: doék and it swiltches between 1 MHz and 2
MHz depending upon the current operating mode
of the computer,

Pin 25 15 the system dock for the 280 mi-
croprocessor. [t operates at 4 MHz.

Fins 29 and 30 are the dot and color clocks:
They are high speed clocks and produce constant,
evenly spaced cutputs. They are the source for all
of the other clocks in the system.

Pins 26, 27, and 28 are three of the keyboard
spanming linds. They are slower than the other
clocks but should produce a regular, evenly spaced
oulpul.

Pins- 16 and 17 are COLOR and SYNC,
respectively. They produce the final video output



&l Claper 5

from the VIC chip and must be present for the
display to operate. The output from these pins
inoks like garbape on an osciloscope screen. To
check these lines, simply make sure that the
signals are preseal. In almost every case, if these
are operating at all, they are cirrect.

Pins 48 and 24 arc power and ground and
should be 45 volts and (1 volts, respectively. The
remaining  ping on  the VIC chip carry
asynchronoas signals. ond will rise and fall as
seeminghy randem times. Check them for voltage
levels remembering that they should be close to +5
volts at their peaks and 0 volis it their valleys.

Check Tor Defective 80-Column Chip

Thi 80-column video display chip (8503) is Jocated
at 122 in Fig 56 It operates the Bl-column
display mode. Like the VIC chip, it has both ad-
dress lnes and data lines, Additionslly, It pro-
duces: signals for the RGEI (high resolution)
display. You can find the 8563 pinout diagram in
Appendiz A

The dita lines are pins 10 through 18, 34
through 36, and 38 through 42 These pins should
have irregular rising and Ealling signals. 11 any of
these are flosting up and down or are steady at
some voltage in the middle (2—-3.5volts) then the
ditar s bad, Since these pins are outpots, a defec-
tive signal could be an indication that the part is
defective, Before you assume that the part 1s bad,
however, be aware that s shorted trace or a defec-
tive inpat circuit can drag the output voltage down
on 4 good part. To determine if the part is bad,
melate it by cutting the trace(s) that it drives (Fig.
5-5), or lift the Tegon the IC (Fig: 57k Then look
at the signal again. Ifit is stll in the wrong voltige
range, replace the VIC chip.

Pins: 20 through 33 are addeess hines This
means that they are inputs. If any of these show
improper signal levels trace the signal back to its
source and perform the same Lests we used previ-
ously for the data lines.

Pin 7 is the ©35 (chip select) line. Tt is used by
the CI28 10 enable the 6383 chip.. This line must
be low for the VIC o operate.

Pin 815 the register select line whach deter-
milnes the data area that the chip reads. Tt will rise
andd fall, depending wpon the data aréa being
selected,

Pin 9 s the read fwrite line. It controls access
to the 8563, When this pin 5 high, the 3563 @

reading data and when it s low it is writing, Ordi-
narily, the B/W line will be togpling up and down
as the €128 operates,

Pin 2 is the dot clock line, Like all other
clock lines, it must be regular and even for the sys-
tem 1o operale propery,

Pins 46, 45, 44, and 43 are the B, G, B, and I
outputs, respectively. They produce the final
vides: outpul from the 8563 chip and must be
present for the display to operate. Like the VIC
oulpul, the output from these pins looks like gar-
bapge on an oscilloscope sereen. To chock these
lines, simply make sure that the signals are
present. In almost every case, if these are operat-
ingat all, theyare comect.

Pins 37 and 12 are power and ground and
should be +5 volts and [ volts, respectively. The
remaining pins on the 8563 chip cary asynchro-
nous signals and will rise and fall at seemingly ran-
dom times, Check them for veltage levels
remembering that they should be close to 43 volts
#t their peaks and 0 volts at their valleys,

Microprocessor Problems

Check for Delective Z50 Microprocessor

The ZA0 microprocessor is located at Uth in Fig.
5-6. Tt operates the C128 in the CP/M mode.
Like the VIC chip, it has both address lines and
ditta lines. You can find the Z80 pinout diagram
in Apperdix A,

The data lines are pins 7, 8, 9, 10,12, 13, 14,
and 15. When vou fook at these in the CP/M
made, they should have lrregular rising and falling
signals. If any of these are floating up and down
ur are steady sl some voltage in the middle (2-3.5
volts) then the datn is bad. In the C128 mode,
these lines are supposed to float.

Since these pins are outputs, a defective sig-
nal could be an indication that the part is defec-
tive. Before you assume that it is bad, however, be
awire that a shorted trace or a defective input cir-

cuit can drag the output voltage down on-a good

part. To determine if the part is bad, isolate it by
cutting the trace(s) that it drives (Fig. 5-5), or lift
the leg on the 1C (Fig. 5-T). Then look at the sig-
nal agaime. T it is still in the wrong voltage range,
replace the Z80 chip,

Pins | through 5-and 30 through 40 are ad-
dress lings.. This means that they are inputs. If
any of these show improper signal levels trace the
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sighal back to its source and perform the same
tests we used previously for the data lines,

Pins 11 and 29 are power and ground,
respectively.
{power) and 0 volis {ground):

Pin 26 15 the reset line, In noromal operation,
this pin will abways be high. A low or intermediale
voltage level will prevent the Z80 from operating,

Pin 6 % 2 clock signal and must be present for
the £80 to run.

The: remaining pins on the ZB0 carry
asynchronous  signals. and will rise and fall ae
seemingly random times. Cheek them for voltage
levels remembering that they should be close to +5
volts at their peaks and 0 voles at their valleys.

Check lor Defective 8502 Microprocessor

The 8502 microprocessor is located at U6 in Fig.
5-0, It operates the C125 in the C128 mode. Like
the VIC chip, it has both address lines and data
lines: You can lind the 8502 pinoul diagram in
Appendix A,

The data lnes are pins 31 through 38. 'When
you lock at these in the €128 mede, they should
have irregular rising and falling signals. 1f any of
these are {loating up and down or are stesdy at
some volage in thr.. mickcdhe (2-3.5volts) then the
datis s bad. Note! In the CP/M mode, these lines
arc supposed Lo Hoat.

Since these pins are outputs, a defective sig-
nal could be an indication that the part is Gefec-
tive. Before you assume that it is bad, however, be
aware that a shorted trace or a defective input cir-
tuil can drag the output voltage down on a good
part, To determine if the part is bad, isolate it by
cutting the trace(s) that it drives (Fig- 3-5). or lift
the log on the IC (Fig. 5-7). Then look ot the sig-
nal again. H it isstill in the wrong voltage range,
repluce the 8502 chip

Pins 7 through 20, 22, and 23 are address
lines. This means that they are inputs. Hany of
these show mproper signal levels trace the signal
back to its source and perform the same tosts we
used previousty for the data lines,

Pins € and 21 are power and ground, respec-
tively. They should be a steady +5 volis (power)
and 0 volts {ground .

Pin 40 is the reset line: In normal operation,
this pin will always be high, A low or intermediate
valtage level will prevent the 8502 from operating,

They should be a steady +5 volis:

Pin 1 is & clock signal and mast be present for
the B502 to run.

The port 170 data lines are pins: 24 through
3. When you look at these during 1/0 accesses,
they should have irregutar rising and falling sig-
nals. 1amy of these are floating up and down or
are steady ot some voltage in the middle (2-3.5
violts) then the data is bad

Since these pins are both inputs and outputs;.
a defective signal could be an indication that the
part is defective. Before vour assume that it is bad,
however, be aware that a shorted trace or a defec-
tive input circuit can drag the oulput voltage down
on 2 geod part. To determine if the part s bad,
istlate it by cutting the trace(s) that it drives {Fig.
5-5), or lift the leg on the 1C (Fig. 57}, Then look
at the signal again. 109t 15 still in the wrong veltage
range, replace the 8502 chip.

The' remaining pins on the 8302 carry asyn-
chronous signals and will rise snd fall 5t seemingly
random times:. Check them for voltage levels re-
membering that they should be close to +5 volts at
their peaks and 0 volis at their valleys.

Memory Problems

Check for Defective 8721 PLA

The 8721 PLA (Programmed Logic Array) is lo-
cated at U1 in Fag. 5-6, It generates all of the
control ‘signals for the C128 while it is in C64
mixle as well as several that are used while the
computer s in the C128 mode, Unlike the proces-
sors nnd display chips, the PLA does not have
grouped data lines. However, it does have address
[iness and its vulputs behave very much like data
lines. You can find the 8721 PLA pmnout diagram
i Appendix A. The: PLA'S outpuls are given in
Tahle 5-1.

Since these pins are outputs, a defective sig-
nal could be an indication that the part is defec-
tve. Bealore you assume that it is bad, however, be
aware thit s shorted trace or a defective input cit-
cuit ¢an drag the output voltage down on a good
part. To determine if the part is bad, isolate it by
cutling the trace(s) that it drives (Fig. 5-5), or [ift
the leg on the 1C (Fig, 5-7). Then look at the sig-
nal bgamn. I 0L s still in the wrong voltage range,
repiace the 8721 chip.
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Table 5-1. PLA Qutputs

Fin Mo, Rignal Mame Fin Mo, Sipnal Mame

& DMAACK . CLEDNE
1 GAME 31 FROM

12 EXROM 3 ROM 4

13 TEEM 35 RO 3

 ZWIO 3  ROM 2

i G128 7 Ry 1

6 O CE 38 OO

17 ROMIANEH] 39 DIR

i BEOMBANELO dil DWE

.35 LOrEAM 41 FEEHI'E

prik | HIFAM 42 I

74 CHAREM 43 10 ACC

27 128/2% H GWE

an ROM L 45 COLRAM

a ROM H 6 CHAROM

Pins 1 through & are address lines. This
means that they are inputs. If any of these pins
show improper signal levels trace the signal back
Loy itx source and perform the sume tests we used
previousiy for the data lines.

Pins 48 and 24 are power and ground
respectively. They should be a steady +5 volts
{power} and 0 volts {ground).

Pin 47 is-a clock signal and must be present
for the 8721 to run.

The remaining pins on the 8721 cirry
asynchronous. signals and will rise and fall at
seemingly random times. Check them for vollage
levels remembering that they should be close to +5
volts at their peaks and 0 volts at their vaileys.

Check fur Defective RAMs

The CI128 has two different kinds of BEAMs: 64K
type 4164 dynamic RAMs (U38 through 153} and
16K type 4416 dynamic RAMs (U23 and UZS).
You can find the 4164 and 4416 pinowt diagrams
in Appendix A.

Pins'5, 6,7, 9, 10, 11, 12, and 13 are 1/O lines.
This means that they can act as data lines or as ad-
dress lines.

Since these pins are 1/0 lines, a defective sig-
nal could be an indication that the part is defec-
tive. Before you assume that it is bad, however, be
awsare that a shorted trace or a defective input cir-
coit ¢an drig the output voltage down on'a good

part. To determine if the part is bad, isolale it by
cutting the trace(s) that it drives (Fig. 5-5), or lift
the ter on the IC (Fig. 5-T). Then look at the sig-
nal again. If it is still in the wrong voltage ranpe,
réplace the suspected chip,

One problem with defective RAMs is that
they are all connected. This means that a bad sig-
nal line on one chip will be shorted to that same
pin on all the other RAMs. Additionally, in some
cuses, lifting a leg on one chip can cause all of the

‘chips to stop working temporarily,

I you suspect a RAM failure and you cannot
get the computer running (to help you track down
the memory location that is defective) it js often
easiest 1o desolder all of the RAMs (very careful-
Iv) and solder sockets in their locations. Then in-
sert the RAMS in the sockets,

After the RAMs have been socketed, you can
buy a few new RAMs and simply swap them with
the old RAMs one at a time until the problem
clears up.

SYSTEM TURNS ON, NO
KEYBOARD RESPONSE

The following chart outlines the problems, possi-
ble causes, ‘and repair actions for the condition
where the system turns on but there is no response
from the keyboard. Specific troubleshooting and
repar techniques for each problem then follow.

Proldem Possible Capse Hepair Action
Mo Feyboand consodas InsLall kevboard con-
e o nol insdalled i o=t
Irarm
kevhourd
Dielegimvi Koylbard Chedk freplace
commector bk Eevbonrd
cable feonnecior
Software probiem Trv running dilferent
FAOQTm O pusl
Lringr up Lok stisri-up
eTELT
IDidect re Gl L'hu'r_'ltlﬁ'q'.-'lru:-u ClA o
Eecniion LEL

Thelectme WIC Check frplece MIC e

BoagsiEaom LI21
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Keyboard Problems

Check Keyboard Connector

Althouph the kevboard connéctor can become de-
tached hecaose of vibration, it s most likely to be
disconnected beonuse of 4 previous repair session,
IT there is no response from the keyvboard, open
the computer case and check the conpector to
make sure it is properly seated, The connector is
keyed to fit only ene way, o you cannot nstall it
incorrectly without really forcing it

Defective Keyboard Connector Cable

A defective cable is muech more common than 2
cahle that simply “falls off.” The wires that are at-
tached to the keyhoard connector are crimped
into place and held there through the wire's insu-
lation. 10 the compuler receives excessive vibra-
tion, one or more of these wires can become
disconnected.

To test the wires, use a multimeter (set 1o
ohms) and check the continuity between the wires
at the connecior and where they are soldered to
the kevboard PC board. If any of the wires are
apen, repair them by resoldering or replace them.,

(TN, | S —
r_ PREROY m

ST
L+
i

o E

(S E
i ey o o3
el Lr1 e
P v

Lol ;

Leet] -l

't

P Fa Fa L3

|3 33104
ETEET]

£

]

e po23128
ik
]

a
i

Tl
1ABAA B

| rex
EEOEED po2angs

D16

]
W
8711

Ly

Check Your Seltware

some: software packages (especially games that
run on cartridges) are designed 1o run by joystick
only. Il you boot up with one of these inplace, the
keyboard will not respond becanse the computer
will not be looking at the keyboard for input.

Check for Delective CIA

There are two 06526 ClAs (Complex Interfage
Adapters) in the CI28. They arc located at U1
amd Ud in Fig. 5-8. CIAIL {at Ul handles the key-
board. Like the VIC chip, the CIA has both ad-
dress and data lines. However, the data lines of
the CLA are grouped into data bus data lines, port
A data linex, and port B data lines, In each case,
these are both input and output lines. You can
find the 6326 pinout diagram in Appendix A,

The data bus data lines are pins 26 through
33. Pins I through 9 are the data lines for port A,
and pins 10 through 17 are the data lines for port
B,

The data lines on the CIA are designed to
operate in three states: high, low, and tri-state
(also called high impedance), When the data lines
arc active, they should have irregular rising and

e
il 6381
F ]

4

HH

AEBEE O

k502
80

Fig. 58, Location of allfecied components for syslem turns on bul oo kevboard responze symiplom,
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falling signals. If any of these are tloating up and
down or are steady at some voltage in the middle
{2 =3 5valts) then the data is bad.

You will need to program the computer o
read or write via the C1A being tested to check the
dutat lines. The simplest way to do this is o press
kevs on the keyboard and look at the data lines on
ports A & B, Although the data lines will
eccasionally tri-state, they will toggle up and down
during the actual keyboard read cycles.

If the data lines om the CIA never toggle
between +5 volts and ground (0 volts), it may be
an indication that the part may be defective
Belore you assume that it s bacd, however, be
aware that a shorted trace or a defective input
circuit tan drag the cutput voltige down on a good
part, To determine if the part is bad, iselate it by
cutting the trace(s) that it drives (Fig, 5-3), or liff
the leg on the IC (Fig. 5-T7). Then look al the
signal again. If ot s still In the wrong voltage
runge, replace the 6526 chip.

Pins 35 through 3% are address lines. This
means that they are inputs, If any of these show
improper signal levels trace the signul back to its
source and perform the same tests we used
previously for the data lines.

Ping 20 and 1 are power and ground,
respectively. They shoukl be @ steady =5 volts
{ power) and [} volts (ground).

Pin 34 is the reset line. Tn normal operation,
this pin will always be high: A low or intermcdiste
voltage level will prevent the 6326 from operating.

Pin 25 is a clock signal and must be present
fior the 6526 to run properly.

The remaining pins on the 6326 cary
asynchronous signals and will rise and fall at
scemingly randoim times. Check them for veltage
levels remembering that they should be close to 43
vilts al their peaks and O volts at their valleys.

Display Circuit Problems

Check for Defective VIC Chip

The VIC chip (8564) isfocated at U21 in Fig 5-8.
In addition to operating the dl-column digplay and
mast of the CE28's graphic modes, it reads part of
the kevbourd data lines. Like the ROM chips, it
has both address lines and diata lines, Additional-

Iy, it produces signals that the C128 uses for an as-
sortment of special functions. You can find the
8564 VIC chip pinout diagram ln Appendic A

The datz hnes are pins 1.2, 3,4, 5,6, 7, 43, 44,
4%, 46, and 47, These pins shoukl have irregular
rising and falling signais. If any of these pins ure
floating up and down or are steady @t some vol-
tage in the middle (2-3.5 volts) then the data is
bad. Since these pins sre outputs, this condition is
an indication that the part may be defective. Be-
fre you wssume. that the part is bad, however, be
aware that a shorted trace or a defective input cir-
cuit can drag the output voltage down on a pood
part. To determine if the part is bad, solate it by
cutting the trace(s) that it drives (Fig. 5-5), or lift
the leg on the 1C (Fig. 5-7). Then look at the sig-
nal agn,. T it 15 still in the wrong voltage range,
replace the VIC chip,

Pins 31-42 are address lines. This means
that they are inputs. IF any of these show improp-
er signal levels trace the signal back to its source
and perform the same tests we used previously for
the data lines,

Pin 13 is the CS (chip select) Line. It is used
by the CI123 to emabie the VIC dhip: This Ime-
must be low for the VIC to operate

Pin 14 is the read/write line. It conircls ac-
cess lo the VIC. When ths n s high, the VIC s
reading datis and when it is low it is writing. Ordi-
narily, the R/W line will be toggling up and down
as the CI28 operates.

Pins 18, 23, and 25 are the system clock lines.
Pin 18 5 the |-MHz clock and should always pro-
duce a consistent 1-MHz signal. Pin 23 is the 2-
MHz clock and it switches between | MHz and 2
Mz depending upon the current operiting mode
of the computer.

Pin 25 is the system clock for the Z80 mi-
croprocessor. [t operates at 4 MHE

Pins 29 and 30 are the dot and color clocks:
They are high speed clocks and procduce constant,
evenly spaced outputs, They are the source for all
of thie other docks in the system,

Pins 26, 27, and 28 are three of the keybonrd
scanning linegs. They are slower than the other
cincks but should produce a regular, evenly spaced
output.

Pins 1 and 17 are COLOR and SYNC,
respectively. They produce the final video outpat
from the VIC chip and must be present for Lhe
display to opérite, The output from these pins
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looks like garbage on an oscilloscope screen. To
check these lines, simply make sure that the
sipriils are present  Inoalmost every case, if these
are operating at all, they are correct.

Pins 48 and 24 are power and ground and
shiould be =5 volts and 0 volls, tespectively. The
remaiaing pins on the VIC chip arc asynchronous
signals and will rise and Fdl at seemingly random
times, Check them for ‘voltape levels
remembering that they should be close to +5 volis
al their peaks and {1 voles at their valleys.

Keyboard Contact Problems

Before vou disassemble the keyboard, perform a
continuity test of the kevhord at the connector
{refer ta Fig: 5-9), Using the ohms range on your
multimeter, check the lines o make sure than
nont are shoried or open.

Llsually shorted kevboards will produce a con-
tinuous string of the same charncter{s) or they will
fock up eatirely, However, an intermittent short
can cause onpredictable results:. Open circuits, on
the other hand, will produce no signals at all.

Check continuity between each of the key-
board lines when the keys are open (up ) and when
your are pressing them. Use the kevbourd circnitry
puide in Fig 5-9 as you check.

STRANGE OR INAPPROPRIATE
MESSAGES OR GARBAGE ON
SCREEN

The following chart vuthines the problems, possi-
Ble causes, and repair actions for the condition
where oocasiomil strangg or mapproprizie. mes-

sages or garbage appear on the screen,  Specific

roubleshiooting and repair technigues for each
problem then follow.

Proldem Possitsle Caidse Regair Acfion

Dieleaive BAMIS Check froplive
tlefect e FLAM{K) o

bacnbians E138M—0552
Check froplass
delfecinee ROMH) u
Bscnlsms LII2— L16

lemamy
prcitrbems

Duzfective RO

CPU Dicdective 4302
probécms

Chgck freplmoe
defeoriee B30 31
Fost gimst LI

Defective 75 Check freplce
defective L8 @

location LG
Check freplice
dedective J564 ni
location L1X]

Dhsplay
el
prrublems

Defective W chip

Defomive Si-poluma
‘display clip

Check /replace
defeo ve B3 a
loesdion 1122

Ca 162 3 L9 °Ch CE CF KO K K2

Foit B
Pt A

C1A1

Fig. 59, Keybaard matrix, sean hygie, and detection circoils.
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Memory Problems

Check for Defective RAMs

The T128 has two different Xinds of RAMs: 64K
type 4164 dynamic RAMs (L3S through US3) and
16K type 4416 dynamic RAMs (U123 and UZ5).
You can find the 4164 and 4416 pinout diagrams
in Appendix A

Pins §, 6, 7,9, 10, 11, 12 and 13 are /O lines.
This means that they can act as date lines or as ad-
dress lines.

Since these pins arc 1/ lines, a defective sip-
nil could be an indication that the part s defec-
tive. Before yvou assume that it 15 bad, however, be
aware that a shorted trace or a defective input cir-
cuit can drag the output voltage down on a good
part. To determine if the part is bad, isolate it by
cutting the trace(s) that it drives (Fig. 5-5), or lilt
the leg on the IC {Fig. 5-7). Then look at the sig-
nal ngain. IT it 18 stll in the wrong voltage range,
replace the suspected chip. One problem with de-
fective RAMS is that they are all connected. This
meins that a bad signal line one chip will be short-
ed to that same pin on all the other RAMs. Addi-
tionally, in some cases, fifting # leg on one chip
can cause all of the chips to stop working tem-
porarily.

If you suspect a RAM [ailore and you cannot
get the computer running (to help vou track down
the memory location that is defective) it is often
easiest to desolder all of the RAMS: (very careful-
ly) and solder sockets in their locations. Then in-
sert the RAMs in the sockets,

After the RAMs have been socketed, you can
buy a few new RAMs and simply swap them with
the old RAMs one at a time until the problem
cleairs up.

ROMs Not Reading Correctly
Defective ROMs will prevent the computer from
starting correctly and will therefore prevent the
display from appearing on screen.  Alternatively,
defective ROMs can cause the display to display
bad data if only 5 [ew bytes arg defective. The
ROMs are in locations LI32, L33, U34, L3S and
L36 in Fig. 510, U32-U35ure 231285 and U36
s a 23256. The pinouts for these parts are in Ap-
pendix A

With the exception of two pins, the ROMs
have identical signals. Pins 1 and 28 should be a

steady 45 volts and pin 14 should be =olidly a
ground (0 volts). 1T power or ground o any of
these is defective, trace the power beginning at the
nput power source (at the power supply or regula-
tor circoits covered in the previous section),

Pins 11, 12. 13, 15, 16, 17, 18, and 19 are data
lines and should have irregular rising and falling
signids. Ifany of these are oating up and down
or are steady at some voltage in the middle (2-3.5
volts) then the data is bad. Since these parts are
outputs, this condition may be an indication that
the part may be defective. 'Before vou assume that
the part is bad, however, be aware that a shorted
tmece or & defective input circuit can drag the out-
put voltage down on-a good part.. To determine if
the part is had, Bwolate it by cutting the trace(s)
that it drives (Fig. 5-5), or lift the leg on the IC
{Fig.. 5-7). Then look at the signal again. If it is
still in the wrong voltage range, replace the 1C.

Pins 2—- 10,21, 23, 24, and 25 are address lines.
This means that they are inputs. If any of these
show improper signal levels trace the signal back
ter ibs source and perform the same tests we used
for the data lines: Pin 27 on the 23256 5 also a
data line. In both cases, pin 22 should be low 1o
enable the device. If this pin is not low {anything
higher than 1.75 volts) then the ROM will not read
prropeciy.

CPU Problems

Check for Defective 8502 Micropracessor

The 8512 microprocessor is located at Uit in Fig.
3-10. It operates the C128 in the Ci28 mode
Like the VIC chip, it has both address lines and
chitar lines: You can find the 8502 pinout diagram
in Appendix A,

The data lines are pins 31 through 38. When
yvou look at these in the C128 mode, they should
have irregular rising and falling signals, If any of
these are floating up and down or are steady a1
some voltage in the middle {2-35volts) then the
tlata i had, In the CP/M mode, these lines are
supposed to thoat,

Since these pms are outputs, a defective sig-
nal could be an indication that the part is defec-
tive. Before you assume that it is had, however, be
awiare that a shorted trace or a defective input cir-
cuit can drag the output voltage down on a pood
prart. To determine if the part is bad, isolate it by
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cutting the trace(s) that it drives (Fig. 53-3), or lifi
the leg on the IC (Fig. 5-7). Then look at the
sipnal again. I it is-still in the wrong voltage
range, replace the 8502 chip.

Pins 7 through 20, 22, and 23 are address
lines. This means that they are imputs. I any of
these show improper signal levels trace the signal
back to its source and perform the same tests we
used previously for the data lmes,

Pins: 6 amd 21 are power and  ground,
respectively. They should be a steady +5 volts
(power) and 0 volts {ground).

Pin 40 is the reset fine, In normal operation,
this pin will always be high, A low or infermediate
vollage level will prevent the 8502 from operating,

Pin 1 s & clock signal and must be present for
the 8502 to run,

The part 10 data lines are pins 24 through
3L When you look at these during 1/0 accesses,
they should have irregular rising and falling

signals. If sny of these are floating up and down

or are steady at some voltage in the middle (2-3.5
volts) then the data 15 bad

Since these pins are both inpuis and outpus.
a defective signal could be an indication that the
part is defective, Belore you AssUme that it is bad,
however, be aware that @ shorted trace or a
defective input circuit can drag the ocutput voliage
down on'a good part. To determine if the part is
hitcl, Isolate it by cutting the trace{s) that it drives
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{Fig. 5-5), or lift the leg on the 1€ (Fig. 5-7).
Then ook at the signal again. If it is still in the
wrong viltnge range, replace the 8502 chip.

The remaining pins on the 8502 are
asynchronous -signals and will rise and fall at
seemingly random times. Check them for voltage
levels remembering that they should be close to +5
voles at their peiks and 0 volis at their valleys.

Check for Defective Z80 Microprocessor

The ZE) microprocessor 15 located at T30 in Fig.
5-10. Tt opesates the C128 in the CP/M mode.
Like the VIC chip, it has both address lines and
data lings, You can find the Z80 pinoutl diagram
in Appendix Al

The dats lines are pins 7, 8,9, 10, 12, 13, 14,
and 15. When you look at these in the CP/M
mode, they should have irregular rising and falling
signals. If any of these are flodting vp and down
or are steady at some voltage in the middle (2-3.5
volts) then the data is bad. In the €128 mode,
these lines are supposed to float,

Since these mns are outputs, the absence of
the proper signal could be an indication that the
part is delective. Before you assume that it is bad,
however, be pware that o shorled trace or o defec-
Uve inpul circuit can drag the output voltage down
on a good part. To determine if the part s bad,
molate it by cutting the trace(s) that it drives (Fig.
5-5), or lilt the leg on the 1C {Fig. 5-7). Then look
at the signal again. 11 it 15 still in the wrong voltage
range, replace the Z30 chip.

Pins 1 through 5 and 30 through 48 are ad-
dress lines. This means that they are inputs. If
any of these show improper signal levels trace the
signal back to its source and perform the same
tests we used previcusly for the data lines.

Pins 11 and 29 are power and ground, respee-
tively, They should be a-steady +5 volts (power)
anc 0 volts {ground}.

Pin 26 15 the reset line, In normal operstion,
this pin will always be high. A low or intermediate
voltage level will prevent the Z80 from operating.

Pin b 15 2 clock signal and must be present for
the Z80 to run.

The remaining pins on the ZE are asynchro-
nous signials and will rise and fall at seemingly ran-
dom tmes. Check them for voltage levels
remembering that they should be close to +5 volts
at their peaks and (0 volts at thesr valleys.

Display Circuit Problems

Check for Defective VIC Chip

The VIC chip (85064) is located at U21 in Fig. 5-
10, It operates the d0-column display and most of
the C128's graphic modes: Like the ROM chips, it
has both address lines and data lines.  Additional-
tv, il produces signals that the CI28 uses for an as-
sortment of special functions. You can find the
8504 pinoul dingram m Appendix A,

The data lines arepins 1, 2,3, 4, 5, 6, 7, 43, 44,
45, 46, and 47, These pins should have irregular
rising and falling signals. 17 any of these are float-
ing up and down or are steady at some voltage in
the middle (2-3.5 volts) then the data is bad.
Since these pins are oulpots, this condition may be
an indication that the part is defective. Before
you assume that the parl is bad, however, be
aware that a-shorted trace or a defective input cir-
cutt can drag the output voiltage down on a good
part, To determine if the part s bad, isolate it by
cutting the trace(s) that it drives (Fig. 5-3), or ift
the leg on the IC (Thg. 5-T). Then look at the sig-
nal again, 1f it is still in the wrong voltage range,
replace the VIC chap,

Pins 31-42 are address lines. This means
that they are nputs. If any of these show mprop-
er signil levels trace the signal back to its source
and perform the same tests we used previously for
thie dista Tines.

Pin 13 is the ©5 (chip sclect) line. It is used
by the CI28 to enable the VIC chip. This line
miust bt low for the VIC o operate.

Pin 14 is the read/write line, It controls ac-
cess to the VIC, When this pin is high, the VIC is
reading data and when it 15 fow it is wriling. Ondi-
narily, the B/W line will be toggling up and down
as the C128 operates,

Pins 18, 23 and 25 are the system clock lines.
Pin i8 is the 1-MHz clock and should always pro-
duce a consistent 1-MHz signal. Pin 23 is the 2-
MIlz clock and it switches between 1 MIz and 2
MHz depending upon the current operating mode
of the computer.

Pin 25 15 the system clock for the Z80 mi-
croprocesser. [t operatesat 4 MHz.

Pins 29 and 30 are the dot and color clocks.
They are high speed clocks and produce constant,
evenly spaced putputs. They are the source for all
of the other clocks i the system.
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Pins 26, 27, and 28 are three of the keyboard
scpnning lines. They are slower than the other
ciocks but should produce a regular, evenly spaced
output,

Pins: 16 and I7 are COLOR and SYNC,
respectively. They produce the final video output
frown: the: VIC chip and must he present for the
display to operale. The outpul from these pins
louoks like garbage on an oscilloscope screen. To
check these lines, simply make sure that the
signals are present. In almost every case; if these
are operating at all, they are correct,

Pins 48 and 24 are power and ground and
should be 43 volts and 0 volts. respectively, The
remaining pins on the VIC chip are asynchronouos
sigrials and will rise and fall 3t seemingly random
times. Check them for voltage levels remem-
bering that they should be close to +3 volts at their
peaks and Ovolts at their valleys.

Check for Defective 80-Column Viden
Display Chip
The Bl-cofumn video display chip (8563) 15 focated
at U22 in Fig, 5-10. It operates the 80-column
display mode. Like the VIC chip, it has both ad-
dress lines and data lines. - Additionaliv, it pro-
duces signals for the RGEI (high resolution)
display. You can find the 8563 pincut diagram in
Appendix A

The data lines are pins 10 through 18, 34
through 36, and 38 through 42, These pins should
have irrepolar rising and falling signals. If any of
these are floating up and down or are steady af
some voltage in the middle (2-35valiz) then the
data is bad, Since these pins are cutputs, this con-
dition could be an indication that the part 15 defec-
tive, Boefore you assume that the part is bad, how-
ever, be aware that a shorted trace or a defectve
input circuit can drag the output valtage down an
a good part, To determing if the part i5 bad, iso-

late it by cutting the trice(s) that it drives (Fig. 5-
Ak or lift the leg on the IC (Fig. 5-7). Then look
at the signal again. If it is still in the wrong voltage
range, replace the VIC chip.

Pins 26 through 33 are address lines: This
means that they are inputs. If any of these show
improper signal levels trace the signal back to its
source amd perform the same tests we used previ-
ously for the data lines,

Pin 7 is the CS (chip select) line. Tt is used by
the C128 o enable the 6583 chip. This line must
be low for the VIC to operate.

Pin & is the register select line which deter-
mines the data area that the chip reads. Tt will rise
and fail, depending upon the data arca being
selected,

Pin 9 is the read fwrite line. It controls access
to the 8563, When this pin is high, the 8563 is
reading data and when it is low it 1 writing. Ordi-
narily, the R/W line will be taggling up and down
as the C128 operates.

Pin 2 is the dot clock line. Like all other
clock lines, it must be regular and even for the sys-
tem to Operate properly.

Ping 46, 45, 44, and 43 are the B, G, B, and 1
outputs, respectively. They produce the final
video putpul from the 8563 chip and must be
present for the display to operate. Like the VIC
catput, the cutput from these pins looks like gar-
bage on an oscilloscope screen, To check these
lines, simply make sure that the signals arc
present. In almost every case, if these are operat-
ing at all, they are correct.

Ping 37 and 12 are power and ground and
should be +5 valts and () volts, respectively, The
remaining pins on the 8563 chip are asynchronous
signals and will rise and fall at seemingly rundom
times, Check them for voltage levels remem-
bering that they should be close to +3 volts at their
preaks and O violts at their vallevs.






Troubleshooting Techniques:
Poor Video or No Video

In this chapter, the complaint of “Poor Video” or
“MNo Video™ will be investigated. This complaint
can be broken down into the following symptom
cabegories:

B Nopicture at all
m No color or wrong colors
® Picture rolls/tilts

NO PICTURE AT ALL

The chart at the right outlines the problems, possi-
ble causes, and reépair actions for the condition
where there is no picture at all Specific troub-
leshooting and repair techmigues for cach problem
then follow.

Monitor Problems

Cables Not Properly Connected

The Commodore 128 can use two different kinds
af monitors—eomposite video and RGR. Compo-
site vadeo monitors use RCA-type cables to re-
cepve the vided signals. The cable that connects

T8

Prolilem Possille Cause Repuir Action
Bl onmior Defeoive monisor Chedk/replice video
prihlems mICEhr

Deleving vides inder-  Cheek freplace viden
e cable
Chedk foarmeg moni-
foor sentings (e
R{BLS comgeasize
sedfings)
Drispay Diefective VIC chip Chodkfreplece defes-
circuil Lve RSk at Jocntion
problems L2
Drefective Bl-column Check freploce ar jo-
dispiay chip cition T122
L Delcctive B502 Cheok frepluce hofuc
probicms L 502 6l tocalign
L&
Dielectnee 280 Chedkroplace defoc-
tive 50 at fowsitvon
A0

the Commodore 128 Lo a composite video mondtor
his a round, DIN type connector on one end and
several RCA connectors on separate wires at the
other end.
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i you arg using o Commodore eable and
momnitar, you can use the eolor coding on the
cables and moentor Lo connect the monitor: 11 you
are using another bramd of monitor or cable, you
may necd to check the cable wiring to determine
which RCA plup goes where:

To check the wiring of the ¢able, look at Fio,
fi-1. It shows the names and numbers of the pins
on- the video connector. Figure 6-1 is & diagram
for the cuble connector and s a mirror image of
the video port receptscle wnlo which it s plugped
{Appendix O Fiz. C3). Also, not all video cables
have all eight pins; they are not aecessary. [or
CVETY monilor.

®@ o
®© 0 0

1 EUMSEYNG | B ALUDEE 1M
2 GROUND B COLOROUT
J: AUDIZFOUT |7 NG
4-VIDECOUT | B NG

Fig &1, Composite video cable eonnector and pinouts

Look ot the inputs for your monilor. De-
pending upon the type of monitor you have you
may find three mputs labeled LUMIN, AUDIO,
and COLOR, or you may find two mputs labeled
VIDEO IN and AUDIC N

If you have 2 two cable monitor, use your
multimeter to check the continuity between the
videa cable and the BCA cables Pin 3 carries the
audio  signals and pin 4 cammes video,  Set the
multimeter o the obims seale and, one at 3 time,
check the center pins on the RCA connectors to
determine which s connected to pin 3 and which
1% connected to pin 4.

If you have o three cable momtor, use the
same procedure us hefore, but look for pins |
(LUMING, 3 (A LD, and 6 {COT.ORY,

Check Display Settings
Some monitars, including the Commodore 1902
have two separaie modes of operation: high reso-

lution RGB mode and mediom resolution compu-
site viden mode. These monitors select between
these two modes by way of a switch. Additionally,
the RGH signals and compesite video  signals
(which are totally incompadtible) connect to the
micnitor via separale cables:

If the computer is sending Bi-column (RGB)
data, the monitor will not display a pi¢ture in the
composite mode: To cheok for mode ¢rrors i the
high resolution mode, set the computer for 80-
column mode via the 80/40 key on the keyboard,
Ensure the RGB cable is connected to the monitor
and set the momtor switch to RGB made. Then,
turn on the computer.

Alternately, to check for mode errors in
medivm resolulion mode, set the computer for
4i-column mode via the 30/40 key on the key-
board. Ensure the composite ables are properky
connected to the monitor {see the preceding sec-
tion) and sel the montor switch 1o composile
videomode: Then, turn on the computer,

Display Circuit Problems

Check for Defective VIC Chip
The VIC chip (8564) is located-at U210 in Fig6-2,
It epenites the db-column display and most of the
C128% graphic modes. Like the ROM chips, it bas
both address lines and data lines, Additionally, it
produces signals that the C128 uses {or an assort-
ment of special fonctions;. Yoo cn find the 8564
pineut dingram in Appendix A,

The data lnes are pins 1,2, 3, 4, 5, 6, 7, 43, 44,
45, 46, and 47. These pms should have irregular
rising and falling stynals. I any of these are Mloat-
ing up and down or are steady at some voltage in
the middle (2-3.5volts) then the data is bad.
Since these pins ace outputs, this condition is an
indication that the part may be defective. Before
you assume that the part is bad, however, be
wware that a-shorted trace or a defective input cr-
cult can drag the cutput voltage down on a good
part. To determvine if the part is bad, isolate it by
cutting the trsce(s) that it drives, or lift the leg on
the IC as outlined in Chapter 5 {Figs. 5-5 and 5-7).
Then Tock at the signal again. B it is still in the-
wrong voltage range, replace the VIC chip.

Pins 3142 are address lines. This means
that they are imputs: I any of these show improp-
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Fig. 6-2. Locition of alfected components for no picture symplom,

er signal levels trace the signul back to ifs source
and perform the same lests we used previousty for
the data lines.

Pin 13 48 the G5 {chip select) line. It is used
by the CI128 to emable the VIC chip. This line
must be low for the VIC to operate.

Pin 14 is the read/write line. 1t controls
access to the VIC, When this pin is high, the VIC
is reading data and when it s Jow it is writing,
Ordinarily, the R/W line will be toggling up and
down as the CI28 opéerates

Pins 18,23 amd 25 are the system clock lines.
Pin 18 s the [-MHz clock and should abways
produce a consistent I-MHz signal. Pin 23 s the
2-MHHz clock-and it switches between 1 MHz and 2
MHz depending upon the current operating mode
of the computer.

Pin 25 & the systern cock for the Zsl
nucroprocessor. It operates at 4 MHz,

Fins 2% and 30 dre the dot and color clocks.
They:are kigh speed clocks and produce constant,

evenly spaced outputs, They are the source for all
of the other clocks in the svsfem.

Pins 26, 27, and 28 are three of the keyboard
scanning lines. They are slower than the other
ciocks but should produce a regular, evenly spaced
output.,

Pins 16 and 17 are COLOR and SYNC,
respectively. They produce the final video output
from the VIC chip and must be present for the
display to operate. The outpul from these pins
looks like garbage onun wscilloscope sereen, To
check these lines, simply make sure that the
signals are present. In almost every case, if these
are operating at all, they are correct.

Pins 4% and 24 are power and ground and
should be +5 volts and 0 volts, respectively, ‘The
remuning pms on the VIC chip are asvnchranous
signals and will rise and fall at seemingly random
times. Check them for voltage levels remem-
bering that they should be close to +5 volts at their
peaks and ( volts at ther vallevs:
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Check 80-Column Video Display Chip

The 8563 8l-column video display chip 15 located
at 122 in Fig. 6-2. It operates the Bl-column
mode. Like the VIC chip, it has both address Tines
and data lines. Additionally, it produces signals
for the:RGBI (high resolution) display, You can
find the 8563 pinout diagram in Appendiz A.

The data lines are pins 10 through 18, 34
thorough 36, and 38 through 42 These pins
should have irregular rising and falling signals. 1f
any of these ar¢ foating op and down or-are
steady ot some voltage in the middie {2-3.5volts)
then the data is bad Since these pins are outputs,
this condition could be an indication that the part
is defective. Before you assume that the part s
b, however, be aware that a shorted trace or a
defective input circuit can drag the output voltage
down on a good part. To determine if the part is
bacl, isolate it by cutting the trace(s) that it drives,
or lift the leg on the IC as outlined in Chapter 5
(Figs. 5-5 and 5-7). Then look at the signal again,
If it i% still in the wrong voltage range, replace the
VIC chip.

Pins 26 through 33 are address lines. This
means that they are mputs. If any of these pins
show improper sipnal levels, trace the signal back

to its source and perform the same tests we wed

previously for the data lines,

Pin 7 is the C5 (chip select) line, Ttis used by
the CI128 to enable the 6553 chip. This line must
be fow for the VIC Lo operate:

Pin 8 is the register select ling which deter-
mines the data arca that the chip reads. Tt will rise
and fall, depending upon the data ares being
selected,

Pin 9 is the readfwrite line, It controls access
to the 8563. When this pin is high, the 8563 15
reading data and when it is low it is writing. Ordi-
narily, the RAW line will be toggling up and down
as the G128 operates.

Pin 2 is the dot clock line. Like all other
clock fines, it must be regular and even for the sys-
tem to operate properly.

Pins 46, 45, 44, and 43 are the R, G, B, and |
outputs, respectively. They produce the final
video output from the 8563 chip and must be
present for the display to operate. Like the VIC
putput, the output from these pins looks like gir-
bage on an oscilloscope screen. To check these
limes, simply make sure that the signals are

present. In almost every case, if these are operat-
ing at all, they are cormect.

Pins 37 and 12 are power and ground and
should be 45 volts and [ volts, réspectively. The
remaining pins on the §563 chip are asynchronous
signals and will rise and fall at seemingly random
times. Check them for voltage levels remember-
ing thit they should be close to 5 volts at their
peaksand (volts at their valleys.

CPU Problems

Check for Delective 8502 Microprooessor

The 8502 microprocessor 15 located at U6 in Fig.
6-2. 1t operates the TI28 in the C128 moude, Like
the VIC chip, it has both address lines and data
lines. You can find the 8502 pinout diagram in
Appendix A,

The data lines are pins 31 through 38. When
vou look at these in the C128 mode, they should
have irregular rising and falling signals. If any of
these are floating up and down or are steady ot
soume voltage in the middle {2—3.5volts) then the
data is bad. In the CP/M mode, these lines are
supprised 1o foat.

Since these pins are oulputs, a defective sig-
nal could be an indication that the part is defec-
tive. Before you assume that it is bad, however, be
aware that 3 shorted trace or a defective input cir-
cuit can drag the output voltage down on a good
part. To determine if the part s bad, olate it hy
cutting the trace(s) that it drives, or lift the leg op
the IC as outlined in Chapter 5 (Figs. 5-5 and 5-7).
Then look at the signal again. I it isstill in the
wrong vollage range, replace the 8502 chip.

Pins 7 through 20, 22, and 23 are address
lines. This means that they are inputs. TF any of
these: show improper signal levels trace the signal
bick to #s source and perform the same tests we
usedd previously for the data lines.

Pins 6 and 21 are power and ground, respece-
tively. They should be a steady +5 volis [power)
and O volts {(ground).

Pin 40 is the resct line, In normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the 8502 from operating,

Fin 15 a clock signal and must be present fur
the 852 to run.

The port 1/0O data lines are pings 24 through
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3 When you look at these during 17O acoesses,
they should have irregular rising and Galling sig-
they should have irregular rsing and falling
signals. If any of these are floating up and down
or are steady at some vollage in the middle (2-3.5
volis) then the data is bad,

Since these pins are both inpuls and outputs,
a defective signal could be an indication that the
patrt is defective, Before you assume that it is bad,
however, be aware that a shorted trace or a
defective input circuit can drag the output voltape
down on a good part. To determine if the part s
bad, isolate it by cutting the trace(s) thal it drives,
or lift the leg on the IC as outlined in Chapter 5
{Figs. 5-5.and 5-7). Then look at the signal again.
TF it &5 still in the wrong voltage range, replace the
8502 chip.

The remaining pins on the 83502 are
asynchronous symals and will rise and fall at
seemingly random times: Check them for voltige
levels remembering that they should be close to +5
wvolts al therr peaks and 0 volts at their valloys,

Check For Delective 280 Microprocessor
The Z&0 microprocessor is located at 10 in Fig.
6-2. It operates: the CI128 in the CP/M mode,
Like the VIC chip, it has both address lines and
data Tines. You can find the Z80 pinout diagram
in Appendix A

The data Iines are pins. T, 8,9, 104 12, 13, 14,
and 15, When vou look at these in the CP/M
mode, they should have irregular rising and Falling
sipgnals. IT any ol these are Noating up and down
or are steady at some voltage in the middle (2-3.5
volts) then the data is bad. In the C128 muode,
thesa lmes are supposed Lo foat

Since these pins are outputs, the absence of
the proper signal could be an indication that the
part is defective. Before you assume that it is bad,
however, be aware Lhal a shorted traceor defoe-
tive input ¢ireait can drag the output voltage down
on & good part. To determine if the part s bad,
isolate it by cutling the trce(s) that it drives, or
lift the leg on the IC as outlined in Chapter 5
(Figs. 5-5:and 5-7). Then look at the signal again,
If st 55 still in the wrong voltage range, replace the
Z50 chip.

Pins | through 5 and 30 through 40 are 4d-
dress lines. This means that thoy are inputs. 1T
amy uf these show improper signal levels frace the

signal back 1o its source and perform the same
tests we used previously for the data lines.

Pins 11 and 29 are power and ground, respec-
tvely. They should be a steady +5 volts (power)
and Ovolts (ground). N

Pin 26 is the reset line, In normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the Z80 from operating.

Pin & s a0 clock signal and must be present for
the 80 to run.

The remaining pins on the ZR0 are dsynchro-
nous signals and will rise and fall at seemingly ran-
dom times. Check them for voltage levels
remembering that they should be close 1o 45 valts
at their pesks and 0 volts at their valleys

NQ COLOR OR WRONG
COLORS

The lollowing chart putlines the problems, possi-
ble causes, and repair actions for the condition
where there i3 no volur or the wrong colors are
tisplayed.  Specific troubleshooting and  repuir
techniques for each problem then foflow,

Frulilem Possible Canrse Reguir aclion
L Drefective 8502 Cheokfreplace
prohlems whelecinn: RMIE af
koot LG
Lhefinct e R0
Lheck freplace
difective Z80G o
locution LEHD
Creplay Deletme WE chip Chedk feeplace
ciscuit defooive BSH AL
problems loepgion LA23
Drefectves $0-coalumn Check Sreplace
disilay chip delective 8563 ai
lechtivn 122
Memory Defodive oblor RAM. Cheel freplioe ool
prohlems BLAM 200060 al
lewszHewy B39
Aljusl oodor | rimmer
wnprzcitor C220
Mindulntoe Dhalecsve videp Check fnadjust freplace
problems imodulalios widen modilsinr
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Check for Defeclive 8502 Microprocessor

The 8302 microprocessor is located at Ub i Fig.
6-3. It operates the C128 in the C128 mode. Like
the VIC chip, it has both address lines and data
lines. You can find the 8502 pinout diagram in
Appendix A.

The data lincs are pins 31 through 38, When
you look at these in the CI28 mode, they should
have irregular rising and falling signals. 1 any of
these are floating up and down or are steady at
some voltage in the middle (2 -3.5volis) then the
data is bad, In the CP/M mode, these lines arc
supposed to foat.

Since these pins are outputs, a defective sig-
nal could be an indication that the part is defec-
tive. Before you assume that it is bad, however, be
aware that a shorted trace or a defective input cir-
cuit-can drag the output voltage down on a good
part.. To determine if the part is bad, isolate it by
cutting the trace(s) that it drives, or lift the leg on
the IC as outlined in Chapter 5 (Figs. 5-5 and 5-7).
Then look at the signal again. I it s still in the
wrong voltage range, replace the 8502 chip.

Pins 7 through 20, 22 and 23 are address
lines, This means that they are inputs. 1T any of
these show improper signal levels trace the signal
hack to its source and perform the same tests used
previcusly for the data lines.

Pins 6 and 21 are power and ground, respec-
tively. They should be a steady +5 volts (power)
and 0 volts (ground).

Pin 40 is the reset Bne. In normal operation,
this pin will always be high. A low or intermediate
voltape level will prevent the 8502 from operating.

Pin 1 is a clock signal and must be present for
the 8502 to run.

The port 1/O data lines are pins 24 through
0. When you look at these during /O accesses,
they should have irregular rising and falling sig-
nals: If any of these are floating up and down or
are steady at some voltage in the middle (2-3.5
volis) then the data is bad,

Since these pins are both inputs and outputs,
a defective signal could be an indication that the
part is defective. Betore you assume that it 15 bad,
however, be aware that a shorted trace or a defec-
tive input circudt can drag the output voltage down
on a good part. To determine if the part is-bad,
isolate it by cutting.-the trace(s) that it drives, or
lift the leg on the IC as outlined in Chapter 5
{Figs, 5-5 and 5-7). Then look at the signal again.

1f it is still in the wrong voltage range, replace the
8502 cinp.

The remuaining pins on the 8502 are asynchro-
nous signals and will rise and fall at seemingly ran-
dom times. Check them for voltage levels remem-
bering that they should be close (o +5 volts at their
peaks and 0 volts at their valleys.

Check for Delective Z80 Microprocessor

The ZR microprocessor 15 located at Ul in Fig,
6-3, operates the C128 in the CP/M mode. Like
the ¥IC chip, it has both address lines and data
lines, You can find the Z80 pinout diagram in Ap-
pendix A.

The data lines are pins 7, 8,9, 10, 12, 13, 14,
and 15, When you look at these in the CP/M
made, they should have irregular rising and falling
signals, If any of these are Ooating up and down
or are stexdy 2t some voitage in the middle (2-3.5
volts) then the data s bad. In the C128 mode,
these lines are supposed to float,

Since these pins are oulputs, the absence of
the proper signal could be an indication that the
part is defective. Before you assume that it is bad,
however, be avrare that a shorted trace or a defec-
Live input circuit can drag the output voltage down
on a pood part. To determine if the part s bad,
isolate it by cutting the trace(s) that it drives, or
lifi the leg on the IC as outlined in Chapter 5
{Figs. 5-5and 5-7). Then look at the signail again.
If it is still in the wrong voliage range, replace the
ZB0 chip.

Pins 1 through § and 30 through 4 are ad-
dress lines. This mcans that they are inputs. 1
any of these show improper signal levels trace the
signal back to ils source and pecform the same
tests we used previously for the data lines.

Pins 11 and 29 are power and ground, respec-
tively. They should be a steady +5 volts (power)
and 0 volts {ground).

Pin 26 15 the reset line. 1n normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the Z80 from operating.

Pin 6 i a clock signal and must be present for
the Z8& to run,

The remaining pins on the Z80 are asynchro-
nous signals and will rise and fall at seemingly ran-
dom times. Check them for voltage levels remem-
bering that they should be close 1o +5 volts at their
peaks and O volts at their valleys.
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Fig. 3. Loction of alfected components for no color or wrong colors symprom,

Display Circuit Problems

Check for Defective VIC Chip
The VIC chip (8564} is located at 121 in Fig. 6-3.
It vperates the 40-column display and most of the
C128’s graphic modes. Like the ROM chips, it has
buth address Lines and data lines. Additionally, it
prodoces signals that the €128 uses for an assort-
ment of special functions. You can find the 8564
pinout diagram in Appendix A,

The-data lincsare pins 1, 2,3, 4,5, 6, 7. 43, 44,
45, 46, and 47. These pins should have frregular
rising and falling sipnals, 17 any of these are float-
ing up and down or are steady at some vallape in
the middle {Z-35 volts) then the data is bad,
Since these pins are outputs, this condition is an
mdication that the part may be defective, Before
yvou assume that the part is bad, however, be
aware that a shorted trace or a.deélective input cir-
cuit can drag the output voltage down on a good
part. To determuine if the part is bad, solate it by
cutting the trace{s) that it drives, or lift the leg on
the HC as outlined in Chapter 5 (Figs. 5-5 and

5-7)- Then look at the signal again, If it is still in
the wrong voltage range, replace the VIC chip.

Pins 31-42 are address lines. This means
Lhat they are inputs. I any of these show improp-
er signal levels trace the signal back 1o its source
and perform the same tests we used previously for
the data lines.

Pin 13 is the CS {chip sefect) line. It is used
by the C128 to cnable the VIC chip. This lins
must be low for the VIC to operate,

Pin 14 is the read/write line. [t controls ac-
cess to the VIC. When this pin ishigh, the VIC is
reading data and when it is low it i= writing. Ordi-
nariy, the /W line will be togpling up and down
a5 the C128 operates,

Pins 18, 23, and 25 are the system clock lines.
Pin 18 is the 1-MHz clock and should always pro-
duce a consistent 1-MHz signal. Pin 23 is the 2.
MHz clock and it switches between | MHz and 2
MH¢ depending upon the current operating mode
of the computer.

Pin 25 is the system dock for the Z50 mi-
croprocessor, 1t oporates it 4 Mz
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Pins 29 and 30 are the dot and color clocks
They are high speed cocks and produce constant,
evenly spaced outputs. They are the source for all
of the other clocks in the system.

Pins 26, 27, and 24 are three of the keybourd
scanning lines. They are slower than the other
clocks but should produce a regular, evenly spaced
ot

Pins 16 and 17 are COLOR amd SYNC,
respectively. They produce the linal video output
from the VIC chip and must be presemt for the
display to operate. The output from these pins
looks like parbage on an oscilloscope screen, To
check these lines, simply make sure that the
signals are present. In dlmost every tase, if these
are operating at all, they are correct.

Pins 48 and 24 are power and ground and
should be +5 volis and U volts, respectively. The
remaining pins on the VIC chip are asynchronous
signals and will rise and fall al seemingly random
times, ‘Check them for veltage levels remem-
bering that they should be close to 15 volts at their
peiks and 0 volts at their valleys.

Check for Defective 80-Column Video

Display Chip

The Bi-column video display chip (8563} is located
at 22 in Fig. 6-3. It operates the Blcolumn
display mode. Like the VIC chip, it has both ad-
dress lines and data lines! Additionally, It pro-
duces signals for the RGBL (high resolution)
display. You can find the 8563 pinout diagram in
Appendix A,

The datx lines are pins 10 through 18, 34
thorough 36, and 38 through 41, These pins
should have irregular rising and Rlling signals. If
any of these nre floating up and down or arc
steacly at some voltage in the middle (2-3.5volts)
then the dita is had. Since these pins are outpuls,
the absence of the proper signal could be an indi-
cation that the part is defective.  Before you as-
stime that the part i bad, however, be aware that

a shorted trace or a1 defective inpul cifcuit can
u.-lu ag the output voltage down on a good part. To
determine if the part s bad, isolate it by cutting
the trace(s) that it drives, or Lift the leg on the 1C
as outlined in Chapter 5 (Figs. 5-5 and 5-T). Then
loisk at the signal again, If it is still in the wrong
voltage range, repla.n:t.: the VIC chip.

Pins 20 through 33 are address lines. This
means that they are inputs. 1T any of these pins

show improper signal levels trace the signal back
o its source and perform the same tests we used
previously for the data lines.

Pin 7 is the CS (chip select) line, 1t is used by
the C128 to enable the 6583 chip. This ling must
be low for the VIC w operate.

Pin 4 is the register select line which deter-
mines the data area that the chip rends It will rise

and fall, depending upon the data area: being

selected.

Pin @ is the read/write line, It controls access
to the B563, When this pin i5 high, the 8563 is
reading data and when it is low it is writing. Ordi-
narily, the R/W line will be toggling up and down
3z the CLZE operatis.

Pin 2 is the dot clock line. Like all other
clock lines, it must be regular and even for the sys-
tem Lo operate properly,

Pins 46,45 44 _and 43 are the B, G, B, and |
putputs, respectively. They produce the final
video output from: the 8563 chip and must be
present for the display o operate. Like the VIC
output, the putput from these pins looks like gar-
bage vn an oscilloscope screen. To check these
lines, simply make sure that the signals are
present. In almost every case, if these are operal-
ing at all, they are correct.

Pins 37 and 12 are power and ground and
should be +5 volts and 0 volts, respectively. The
remaining pins on the 8563 chip are asynchronous
signals and will rise and fall at seemingly random
times, Check them for voltage levels remember-
ing that they should be dose to +5 volts at their
peaks and O volts at their valleys.

Memory Problems

Check for Defective RAMSs

In addition to the standard dynamic RAMs (44165
and 4 164s) that the C128 uses for general purpode
data storape, the C128 has 3 special (static) RAM
called a 2016 that it uses to store color data, The
2016 is in location UT% on the processor board
(Fig. 6- 3) and you can find 3 pinout diagram of
the chip in Appencix A.

Like the other RAMs, the 2016 has both ad-
dress and «ata lines. However, unlike the other
RAMs, these lines are supplied on separate pins.
This means that the address lines are unly inputs
and the dita lines are only outputs,
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The address linés are on pins 1 through 8 and
the data lincs are on pins 9, 10, 11, 13, 14, 15, 16,
and I17:

While the computer 1 operating, the dala
lines should have drregular rising and falling
signals. If any of these are floating up and down
or are steady at some voltage in the middle (2-3.5
volts) then the dats is bad, Since these pins are
outputs, the absence of the proper signal could be
an indication that the part is defective,. Before
you assume that the part is bad, however, be
aware that a shorted trace or a defective input
circuit can drag the output voltage down on a pood
part. To determine if the part is had, isolate it by
cutting the troce(s} thut it drives, or lift the leg on
the 1C as outlined in Chapter 5 (Figs. 5-5 and 5-
7). Then look at the signal again. If it is still in
the wrong voltuge range, replace the VIC chip.

If any of the address lines show improper
signal levels trace the signal back 1o its source and
perform the same tests we wsed previously for the
data lines,

Adjust Color Trimmer Capacitor

The small trimmer capacitor (C20) controls the
color balance of the display (this capacitor may he
inside a metal RFI shield). If the colors are all
present, but they simply seem the wrong tint, try
wrning the adjusting screw (very slowly) while you
watch the display.

Moduiator Problems

Check Tor Defective Video Modulator
If you are using the C128 to run a standard relevi-
ston, you will need to connect it te a video maduo-
lator. The C128 has a video modulator (M1) built
in that can sendout video and audio signals to ei-
ther channel 3 or channel 4. TF you are unable 1o
obtain o good picture by sctting the modulator
(and your television) 1o one of these channels; try
using an externial modulator (available at most
computer stores).

To connect the modulater to' the C128, use
the composite monitor cabie to connect the video
and audio outputs to the external modulator,

PICTURE ROLLS OR TILTS

The following chart outlines the problems, possi-
ble causes, apd repair actions for the condition
where the picture rolls or tilts. Specific troub-
leshooting and repair techniques for esch problem
then follow,

Probless Fossible Capse Repair Activn
Mondor [hedectivg monitor Check reploce vides
prublcms i

TDrefemive viden Check Sreplace video
itles faed shle cable
Check fomrmrect
monilor settings (i.e.,
RGB compasite
seritings)
Drisplay Didiective YL chip Check freplace
CEICii deferctvee 4564 ot
pralslens btitbem U2 T
Defective 80-column Check freplace
display <lip defective 8563 a1
lpcation U22
Blodulaios DreFipctive wiclen Check fadjust freplnce
problems LIETTH L video modubator
Praleative video chock. . Check freploce onvsind
cirewid Y2, or E701 af
location V28

Monitor Problems

Cables Not Properly Connected
The Commodore 128 can use two different kinds
of monitors—composite video and RGB. Compo-
sile video monitors use RCA type ables to re-
ceive the video signuls. The cable that connects
the Commidore 125 to a composite video monitor
has o rownd, DIN-type connector on one end aad
several RCA connectors on scparate wires at the
other end. If vou are using a Commodore cable
ancl monitor, you can use the color coding on the
cables and monitor o connect the mondtor.

Il you are wsing another brand of monitor or
cable, you may need to check the cable wiring to
determine which RCA plug goes where,



84 Chapterd

To check the wiring of the cable; look at Fig.
1. It showd the names and numbers of the pms
on the video connoctor. This is a diagram for the
cable connector and 5 & murror image of the videa

port teceptacle into which it is plugged (Appendix

C, Fig. C3). Alzo, not all video cables have all
eight pins; they are ool pecessary for every
ORIt

Look at the mmputs for your monitor. De-
pending upon the type of monaitor you have you
may find three ioputs abeled LUMIN, AUDIO,
and COLOR, or you may find two mputs [abeled
VIDEQ TN and ALDIO TN,

If you have o two cable momior. wse vour
muitimeter to check the continuity between the
video cable and the RUA cables: Pin 3.ournes the
addio signals and pin 4 carries videa, Set the
multimeter o the ohme scald-and, one at a Lime,

check the center pins on the RCA connecters to

determine which 13 connected to pin 3 and which
15 comnected to pin 4,

IT you have a three cable monitor, use the
same procedure s before, bul Jook for pins 1
(LUMIN), 3 (AUDIO), and 6 (COLOR),

Check Thaplay Settings

Some monilors, including the Commodore (902
have two separale modes of operution: high reso-
lution RGE mode and medium resolotion compo-
site video mode. These monitors select between
these two modes by way of ¢ switch, Additionally,
the RGH signals and composite video  signals
{which are totally lncompatible) connect to the
monitor viz separate cahles.

If the compurcr is sending Mlcolumn (RGB)
dutia, the muonilor will pot display a picture in com-
posite mode.. To check for mode errors in the
high resolution mode, sct the computer for 80-
eodumn made via the 80/40 key on the keyboard.
Ensure the RGR cable @s.connécted Lo the monitor
and set the monitor switch to RGH mode. Then,
turn on the computer. '

Alternately, 1o check [or mode ermors. in
medivm resolution mode, set the computer for
A0column mode via the 80740 key on the key-
board. Ensure the composite cables are properly
copnected Lo the monitor (see the precoding péc-
tipn) and set the monitor switch (o composite
video mode, Then, turn on the computer,

Display Circuit Problems

Check for Defective VIC Chip

The ¥IC chip is located at U21 in Fig 64, It
operates the &0-column display and most of the
CI28s graphe modes. Like the ROM chips, it has
both ad:lrr_:gri fines and data hines. Additionally, it
produces signals that the C128 uses for an assort-
ment of special functions; You can find the 8564
pinout diagram in Appendin A,

The data hnes are pinsg 1,2, 3,4, 5,6, 7, 43, 44,
45, 46, and 47. These pins should have irregular
rising and falling signals. 1f any of these are float-
ing up and down or are steady at some voltage in
the middle {1 3.5 voltsy then the data is had.
Since these pins are ouiputs, this condition 5 an
indication that the part may be defective, Before
you ‘assume that the part is bad, however, be
aware that & shorted trace or 2 defective input cir-
cuit can drag the output voltage down on a good
part. To determine if the part is bad, isolate it by
cudting the trace(s) that it drives, or lift the leg on
the TC as outlined in Chapter 5 (Figs: 5-5 and
5-7). Then look at the signal again, M it is still in
the wrong voltage range, replace the VIC chip.

Pins 31-42 are ackdress lines. This means
that they are inputs. If any of these show improp-
er signal levels trace the symal back to its source
and perform the same tests we used previously for
the data lines.

Pin 13 is the CS (chip sefect) line. It is used
by the CI28 to enable the VIC chip. This line
must b low for the VIC 1o opemte.

Pin 14 is the read/write line. [t controls ac-
cess to the VIC, When this pin is high, the VIC is
reading data and when it 15 low it s writing. Ordi-
rurily, lh:: R/W line will be togeling up and down

a5 the C128 operates,

Pins 18, 23, and 25 are the system clock lines,
Pin 18 w the 1-MHz dock and should slways pro-
ducge i consistent 1-MHz signal. Pin 23 is the 2-
MHz clock and it switches between 1 MHz and 2
MHz depending upon the current operating mode
of the computer.

Pin 25 is the system ¢lock for the Z80 mi-
croprovessor. It operates at 4 MHz.

Fins 24 and 3 are the dol and color clocks.
They are high speed clocks and produce constant,
evenly spaced outpurs. They are the source for all
of the other clocks in the system.
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Fig. 64, Locution of affected components for picture rolls or tilts symptom.

Pins 26, 27, and 28 are three of the kevboard
scunning lines. They are slower than the other
clocks but should produce a reguler, evenly spaced
Oulpul.

Pins 16 and 17 are COLOR and SYNC,
respectively, They produce the final video output
from the VIC chip and must be present for the
display to operate. The outpul from these pins
lacks-like parbage on an oscilloseope screen. To
cheok these lines, simply make sure that the
signals are present. In almost every cise, if these
are pperatingat all, they are correct;

Pins 48 and 24 ire power and ground and
shiould be +5 volis and U volts, respectively. The
remining pins on the VIC chip are asynchronous
signals amd will nse and fidl at seemingly random
tmes. Check them for voltape levels remember-
ing that they should beclose o +5 volts at their
peaks and 0volts at their vallevs,

Check B-Column Video [Hsplay Chip
The 8563 $h-column video display chip is located
at L122 in Fig. 6-4. 1 operales the Bl-column

display mode, Like the VIC chip, it has both ad-
tress lines and data hnes.  Additionally, it pro-
duces signals for the RGBI (high resolution)
display. You can find the 8563 pinout diagram in
Appendix A

The data lings are pins 1) through 18, 34
thorough 36, and 38 throwgh 42, These ping
should have irregular rising and falling signals, If
any ol these are floating up and down or are
steady at some voltage in the middle {2-3.5volis)
then the data is bad. Since these pins are outputs,
thiz conditivn could be an indication that the part
is defective. Before you assume that the part is
bad, however, be aware that a shorted trace or a
defective inpul ciccuit tan drag the cutput voltsge
down on-a-good part. To determine if the part is
Duadd, isolate it by cutting the trace{s) that it drives,
or Bl the leg an the 1C.as cutlined in Chapler 5
(Figs. 55 and 5-7). Then look at the signal again,
I it is stifl in the wrong vollage range, replace the
VIC chip.

Pins 20 through 33 are address lines. This
means that they are inputs. IF any of these ping
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shivw improper sigial levels trace the signal back
to its source and perform the same tests we used
previously for the data lines.

Pin 7 is the CS {chip select) line. [t is used by
the G128 to enable the 6583 chip. This line must
be low for the VIC to operate.

Pin 8 is the register select line which
determines the data area that the chip reads. Tt
will rise and fall, depending upon the data arca
being selected.

Pin 9 Is the read/write line. It controls access
to the B563. When this pin is high, the 8563 is
reading data and when it is low it is writing.
Ordinarily, the R/W line will be toggling up and
down as the CI28 operates.

Pin 2 is the dot clock line: Like all other
clock lines, it must be regular and even for the
system to operate properly.

Pins 46, 45, 44, and 43 are the R, G, B, and 1
outputs, respectively. They produce the finud
video output from the 8563 chip and must be
present for the display to operate.  Like the VIC
output, the output from these pins looks like
garbage on an oscilloscope sereen. To check these
lines, simply make sure that the signals are
present.  ln almost every case, if these are
operating atall, they arc correct.

Pins 37 and 12 are power and ground and
should be +5 volts and 9 volts, respectively, The
remaining pins on the 8563 chip are asynchronous
signals and will rise and fall at seemingly random

times. Check them for vollage levels remember-
ing that they should be close to +5 volts at their
pesks and 0 volts at their valleys,

Modulator or Clock Problems

Chieck for Defective Video Modulator
H you are using the C128 to run a standard televi-
sion, you will aeed to connect it to a video modu-
lator, The CI28 has n video modulator built in
that can send out video and audio signals to either
channel 3 or channel 4. If you are unable to ob-
tain a good picture by setting the modulator (and
your lelevision) to one of these channels, try using
an external modulator (available at most computer
slores).

To connecet the modalator to the CE28, use
the composite monitor cable to connect the video
and audio cutputs to the external modulator,

Cheek Video Clock Circuliry

The video cdock creuitry controls all of the timing
functions of the C128. If the clock is the wrong
speed or voltage fevel, the display can become on-
stable.

The inputs to the clock circuit, LB (8701)
are pins 13 and 14. If the signal there is a good
solid sine wave, check the output at pin 2 of U29,
You can adjust the frequency of the clock by turn-
ing the adjustment screw on C2H.



Troubleshooting Techniques:
Defective Keyboard

Problems invelving a defeclive kevboard can be
subdivided into the following symptom catepories:

m Kevhoard doesn't work at all
m Kevboard generates the wrong or extra char-
acters

KEYBEOARD DOESN'T WORK
AT ALL

The chart at the right outlines the problems,
possible causes, and repair actions for the condi-
tion where the keyvbourd doesn’t work at all
Specific troubleshooting and repair technigues for
epch problem then follow.

Keyboard Problems

Check Keyboard Connector

Although the keyboaard connector can become de-
tached because of vibeation, it is most Bkely to be
disconnected beciuse of a previous repair session.
Il there iz no response from. the kevhaiard, open
the computer case and check the connector to

B

Problem Pousible Ciuse Repalr Action
boevhoand Foeytumard now Treszall keydmrid
problems coiecled Cofneclor

Phefedive Keybourd Check frepainfreplace
wiriny harness kizhoand wiring
hirness
Logic dreuit Deleanne CIAD Check firepdans (CIAL
prabicnis {65200 o Boctipn L1
Brefecivs VIC Cheds freplace VIC
(HH) Al location
LR
CRL Dhifeat e B302 Clheck friplnce
problems tefectiee B30T ng
linzariom UG
Difecive ZAN Checkfreplace
defeame 250w
boengion 1110
Sanme {aog ity kews Drizaszemble & clean
all) Ly keybard PO board
clon't work und conductive

raboer pads

rake sure 1L 5 properly seated, The connector is
keved to fit only one way, s vou cannot install it
incorrectly without eeally forcing it
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Defective Kevboard Connmector {Cable

A defective keyboard cable is much more common
than a cable that stmply “falls off.” The wires that
arc attached to the keyboard connector are
erimped into place and held there through the
wire's insulation. If the computer receives exces.
sive vibration, one or more of these wires can he-
come disconnected.

To test the wires, use a8 mullimetler (set (o
ohmis) and check the continuity between the wires
at the connector and where they are soldered 1o
the keyboard PC board, If any of the wires are
open, repair them by resoldering or replace them.

Logic Circuit Problems

Check for Diefective 6526 CIA

There are two 6520 ClAs (Complex Interface
Adapters) in the CI128. They are located at Ul
and U4 in Fig. 7-1. CIA1 (at Ul) handles the
keyboard, Like the VIC chip, the CLA has both
address and data lines.. However, the data lines of
the CTA are grouped into data bus data lines, port
A data lines, and port B data lines. In each case,
these are both input apd output lines. You can
find the 6326 pinout diagram in Appendix A.

The data bus data lines dre pins 26 through
33. Pins 2 through 9 are the data lines for port A,
and pins 10 through 17 are the data lines for port
B.

The data lines on the CIAs are designed 1o
operate in three states: high, low, and tri-state
{also called high impedance). When the data lines
arc active, they should have iregular rising and
fulling signals, If any of these are floating up and
divwn or are steady st some voltage in the maddie
{2—3.5vols) then the data is bad.

You will need to program the computer to
road orwrite via the CIA being tested Lo check the
data lincs. The simplest way to do this is to press
keys on the keyboord and look at the data hnes on
ports A & B, Although the data lines will occa-
sionally tri-state, they will toggle up and down dur-
ing the actual keyboard read cycles

If the data lines on the CIA never topgle
between +5 volts and ground (0 volis), it may be
an indication that the ClA is defective. Belore
you assume that it is bad, however, be aware that a
shorted trace or a defective inpat circuit can drag
the output voltage down on a good part. To deter-

minc if the part is bad, isolate it by cutting the
trace(s) that it drives, or lift the leg on the IC as
outlined 1in Chapter 5 (Fus. 5-5 and 5-T). Then
look at the signal again. If it is still in the wrong
vidllage range, replace the 6526 chip.

Fins 35 through 38 are address lines. This
means that they are mputs. I any of these show
improper signal levels trace the signal back to its
source and perform the same tests we used previ-
ously for the data lines:

Pins 20 and 1 are power and ground, respec-
tively. They should be a steady +5 volts (power)
and {1 volts {ground).

Pin 34 is the reset line: In norma! opemtion,
this pin will always be high. A low or intermediate
voltage level will prevent the 6526 from operating.

Pin 25 is a clock signal and must be present
for the 6526 to run properly.

The remaining pins on the 6526 carry asyn-
chronous signals and will rise and fall at seemingly
random times. Check them for voltage levels re-
membering that they should be close to +5 volts st
their peaks and 0 volts at their valleys.

Check for Defective V1C Chip
The VIC chip (8564) is located at U21 in Fig. 7-1.
It operates the 40-column display and most of the
C128% yraphic modes. Like the ROM chips, it has
both address lines and data lines, Additionally, it
produces signals that the C128 uses for an assort-
ment of special funclions like scanming the upper
three lines of the keyboard, You can find the 3564
pinout dingram m Appendiz A.

The dota lincs are pins 1, 2, 3, 4, 5, 7, 43, 44,
45, 44, and 47. These pins should have irregular
rising and falling signals. 10 any of these are float-
ing up and down or are steady at some voltage in
the middle {2-3.5 volts) then the data is bad.
Since these pins are outputs, this condition mary be
an indication that the part is defective. Before
you assume that the part is bad, however, be
pware that a shorted trace or a defective input cu-
cuit can drag the output voltage down on a pood
part. To determine if the part is bad, isolate it by
cetting the trace{s) that it drives, or lift the leg on
the 1C as outlined in Chapter 5 {Figs. 5-5 and 5-7).
Then look at the signal again. If it is still in the
wrong voltage range, replace the VIC chip.

Pins 31-42 are address lines.. This means
that they are inputs. 1Fany of these show improp-
er signal levels trage the signal back to its source
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Fig. 7-1. Location of alfecied components fur kevboard doesn’t work symptom.

and perform the same tests we used previously for
the data lines.

Pin 13 is the C8 (chip select) line. It is used
by the CI28 to enable the VIC chip. This line
must be low for the VIC to operate.

Pin 14 is the read/write line. It conirols
acoess o the VIC. 'When this pmcis high, the VIC
5 reading data and when it &5 low it is writing,
Ordinarily, the R/W line will be toggling up and
down as the C128 opernges.

Pins. 18, 23, and 25 are the system clock Lines.
FPin I8 is the 1-MHz dock and should always
produce a consistent 1-MHz signal, Pin 23 is the
2-MHz clock and it switches between 1| MHz and 2
M1z depending upon the current operating mode
of the computer.

Fin 25 15 the swstem clock for the ZE(0
microprocessor. 1t operates at 4 MHz.

Bins 29 and 30 are the dot and color elocks.
They are high specd clocks and produce constant,
evenly spaced outputs. They are the source for all

of the other docks in the system,

Pins 26, 27, and 28 are three of the keyboard
scanning lines. They are slower than the other
cloeks but should produce a regular, evenly spaced
output.

Pins 16 and 17 are COLOR and SYNC,
respectively, They produce the final video output
from the VIC chip and must be present for the
display to operate. The output from these pins
looks hike garbage on an oscilloscope sereen. To
check these linex, simply make sure that the
signals are present. In almost every case, if these
are operating at all, they are correct.

Pins 48 and 24 are power and ground and
should be +5 volts and U volts, respectively. The
remaming pinsg on the VIC chip are asynchronous
sipnals and will rse and fall at scemingly random
times. Check them for voltape levels remember-
ing that they should be ¢lose to +5 volts at their
peaks and {F volts at ther valleys.
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CPU Problems

Check for Defective 8502 Microprocessor

The 8502 micropricessor 18 located at Ud in Fig,
7-1. Tt operates the CI28 in the C128 mode; Like
the VIC chip; it has both address lines and data
limes. You can find the 8502 pinout diagram in
Appendix A,

The data lines are pins 31 through 38, When
you look at these in the C128 mode, they should
have irregular rising znd falling signals. If any of
these are floating up and down or are steady at
some voltage in the middle (2-3.5volis) then the
duta is bad. In the CP/M mode, these lines are
supposed to float.

Since these pins are outputs, a defective sig-
nal could be an indwcation that the part s defec
tive. Before you assume that it is bad, however, be
pware that a shorted trace or a defective input cir-
cuit can drag the output voltage down on a good
part. To determine if the part is bad, isclate it by
cutting the trace(s) that it drives, or lift the leg on
the IC as outlined in Chapter 5 (Figs. 5-5 and 5-
7). Then look at the signal sgain. 17 it s still in
the wrong voltage range, replace the 8502 chip.,

Pins 7 through 20, 22, and 23 are address
lines. This means that they arc inputs. 1 any of
these show improper signal levels trace the signal
back to its source and perform the same tests we
used previously for the data lines.

Pins 6 and 21 4re power and ground, respec-
tively. They should be a steady 5 volts {power)
and 0 volts (ground).

PPin 40 is the reset ne. In normal operation,
this pin will abways be high. A low or intermediale
voltage bevel will prevent the 8502 from operating,

Pin 1 5 a clock signal and muost be present for
the B502 to tun,

The port 1/O data lines are pins 24 through
3. When you look at these during 1/0 acvesses,
they should have ircegular rising and falling sig-
nals. IMany of these are oating up and dows or
are steady @t some voltage in the middle (2-5
volis) then the data is bad,

Since these pins are both inputs amd outputs,
& defective signal eould be an indication that the
part is defective. Before you assume that it is bad,
however, be aware that a shorted trace or a defec-
tive input circuil can drag the outpet voltage down
on a good part. To determine if the part 5 bad,
isolate it by cutting the trace(s) that it drives; or

lift the leg on the IC as owvtlined in Chapler 5
(Figs. 5-5 and 5-7). Then look at the signal again.
1f it i= still in the wrong voltage range, replace the
B502 chip.

The remaining pins on the 8502 are asynchro-
nous sipnals and will rise and fall at seemingly ron-
dom times. Check them for valtage fevels remem-
bering that they should be close to-+5 volts at their
peaks.and ) volts at their valleys,

Check for Defective £80 Microprocessor

The ZBD microprocessor is located at LI10 in Fig
7-1. Tt operates the CIZ8 in the CP/M mode.
Like the VIC: chip, it has both address lines and
dita hines. You can find the Z20 pinout diagram
in Appendix A.

The data lines are pins 7. & 9, 10, 12, 13, 14,
and 15, When you look at these in the CP/M
mode, they should have rregular rising and Falling
signals. 1f any of these are floating up and down
or are stesdy al some voltape in the middle {(2-3.5
volts) then the data 15 bad. In the C128 mode,
these lines are supposed to float.

Since these pins are putputs, the absence of
the proper signal could be an indication that the
part 15 defective. Before yon assume that it is bad,
however, be aware that a shorted trace or & defee-
tive tnput circuit can drag the output voltage down
gn @ good part. To determine if the part s bad,
isodate it by cofting the trace(s) that it drives, or
lift the leg on the IC ‘as outhined in Chapter 5
(Figs. 5-5and 3-T) Then ook at the signal agaimn.
If it s still in the wrong voltage range, replace the
ZE0 chip.

Pins 1 through 5 and 30 through 40 are ad-
dress lines.. This means that they are inputs. If
any of these show improper signal levels trace the
signial back to its source and perform the same
tests we psed previousty (or the data hines.

Pins 11'and 29 are power and ground, respoee-
tively. They should be a steady +5 volts (power)
and U velts {grouncd).

Pin 26 is the reset ine. In normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the Z80 from operating,

Pin 6 is a clock signal and must be present for
the ZE0 to run.

The remaining pins on the Z80 are asynchro-
nous signals and will rise and Fall at seemingly ran-
dom times. Check them for voltage levels remem-
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bering that they should be close to 45 volts st their
peaks and [ volts at their valleys,

Check for Dirty Keys

H you have checked all of the preceding dev-
ices and still cannot find the problem. you may
find that your problems stem from dirty keys. The
comtacts on the C128 kevboard are not sealed and
can become contiminated if you spill anything
onto the keyboard (such as colfee, tea, or other
beverages).

Ta check the keyboard (before disassembling
it), remove the cable and check the conlinuity
between the keyboard 17O lines as you press the
keys. Usc the kevboard circuitry schematic in Fig.
7-2 as a guide

KEYBOARD GENERATES THE
WRONG CHARACTERS

The following chart outiings the problems, possi-
ble causes, and repair actions for the condition
where the Keyboard generates the wring chasac-
ters. Specific troubleshooting and repair  tech-
niques for each problem then follow,

Froblem Purssible Coose Repair Action
Eayhard Thefoutive kayhaard Chedk Srepair freploce
wiring harness kcvbonsd wiring
harness
Logic cirouit  Dhefeciive CTAL Chesk freplace CIAT
jreabems {0526 . bt 11
[Dispriny Drefetiree VEC Chede freplnee VI
CLACuIE Lo ug lrcation
PRt 2
CPLI Defoclive 8512 ook freplace
problzms: alefeeame BS02 ai
Jisentdiom. L
Drelicet jve ZEih Cheek freplace
defersee 250 a4
lscatian LD
Crefectieg Shoreed comiacts on hssvaemble snd
ko santches  keyhoprd PO clenn/ cicar shorts on

P oad

Check Keyboard Conneclor

Although the keyhoard connector ain become de-
tached because of vibration, it is most likely to be
disconnected because of a previous repair session.
IF there 18 no response from the keyboard, open
the computer case ard check it to make sure the
conneéctor % properly seated. The connoctor is
keved 1o fit only one way, 50 you cannot install it
incarrectly without really forcing it.

Defective Kevboard Connector Cahle

A defective cable is much more common than a
cable that simply “falls off.™ The wires that are st-
tached to the keyboard connector are crimped
mta place and held there through the wire's insu-
ntion. I the computer recemves exocssive vibra-
tion, one or more of these wires can become
disconnectéd.

To test the wires, use a mullimeter (set to
ohms) and check the continuity between the wires
at the connector and where they are soldered to
the keyboard PC board. 10 any of the wires are
apen, repair them by resoldering or replace them.

Logic Circuit Problems

Check for Defective 6526 CLA

There are two 6526 ClAs {Complex Interface
Adapters) in the C12B, They are located at 11
and U4, CIAT (2t Ul m Fig. 7-3) handles the key-
board. Like the VIC chip, the ClAs has both ad-
dress and data lings as shown in Fige 73, How-
ever, the data lines of the CIA are grouped into
dats bus data lines, port A data lines, and port B
data lines. In each case. these are both Input and
output lines. You can find the 6526 pinowt di-
agram in Appendix A.

The data bus data lines are pins 26 through
33, Pins 2 through 9 are the data lines for port A,
and pins 10 through 17 are the data lines for port
B.

The data |mes on the ClAs are designed 1o
operate in three statess high, low, and tri-state
{also called high impedance). When the data hnes
are active, they should have rregular rising and
falling signals, If any of these are floating up and
down or are steady al some voltare in the moddhe
(2—3.5volts) then the dats is bad,
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You will peed to program the cormpuler Lo ports A & B, Although' the data lines will occa-
read or write via the CLA being tested to check the sionally tri-state. they will togele up and down
data lines, The simplest way (o do this 5w press during the actual keyboard read cycles,
kevs on the kevboard and lookat the dats lmes bn
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If the data lines on the CIA never toggle
between 45 volts and ground (0 volts) the CIA
may be an indication that the part may be
defective.  Before you assume that it is bad,
however, be aware that a sherted trace or o
defective input cireuit can drag the oulpot voltage

down on & good part. To determine if the part is:
bad, isolate it by cutting the trace(s) that it drives,

or lift the leg on the IC as outlined in Chapter 5
{Figs. 5-5 and 5-7). Then look at the signal agan,
I it is still in the wrong voltage range, replace the
6526 chip.

Pins 33 throogh 38 are address lines. This
means that they are inputs. If any of these show
improper signal levels, trace the sirmal back to its
source and perform the same tests we uvsed
previously [or the data limnes.

Pins 20 andl 1 are power and ground, respec-
tively., They should be a steady +5 valts {power)
and Ovolts {ground).

Pin 34 is the reset line: In normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the 6526 from opernting.

Pin 25 iz a elock signal and must be present
tor the 6526 to run properly.

The remaining ping on the 6526 carry
asynchronous signads and will rse and fall st
seemingly random times. Check them for voltage
levels remembering that they should be close to +3
voits al their peaks and {1 volts at ther valleys.

Display Circuit Problems

Check Tor Defective VIC Chip
The VIC chip (B564) is located at U21 In Fig.. 7-3.
It operates the 40-column display and most of the
C128% graphic modes, Like the ROM chips, it has
both address lines and data lines. Additionally, it
produces signals that the C128 uses for an assort-
ment of special lunctions Like séanning the upper
three lines of the kevboard. You can find the 8564
pinout diagram in Appendix A.

The data lines are pins 1, 2,3, 4, 5, 7, 43, 44,
45, 46, and 47, Thes pins should have irregular
rising and falling signals. If any are floating up
and down or dore steady nt some voltoge 1n the
middie (2-3.5voltz) then the data is bad. Since
these pins are outpuls, this condition may be an
indication that the part is defective, Before you
agssume that the part is bad, however, be aware

that u shorted trace or & defective input circuit can
drag the output veltage down on o good part. To
determine if the port is bad, isolate it by cutting
the trace{s) that it drives, or lifi the leg on the 1C
as outhned in Chapter 5 (Figs, 5-5 and 3-7). Then
look at the signal again, If it s still in the wrong
voltage range, replace the VIC chip.

Pins 3142 sre wddress lines. This means
that they are inputs. ITany of these show improp-
er signal levels trace the signal hack to its source
and-perform the same tests we used previously for
the dlata lines:

Pin 13 is the C5 (chip select) line. Tt is used
b the €128 to enable the VIC chip. This line
must be low for the VIC to operate.

Fin 14 is the read/write line. [t controls ac-
cess to the VIC. When this pin is high, the VIC is
reading data and when it is low it is writing.. Ordi-
nurily, the R/W line will he toggling up and down
as the C125 cperates.

Pins 18, 23, and 25 are the system clock lines.
Pin 14 is the 1-MHz dock and should always pro-
duce a consistent 1-MHz signal. Pin 23 is the 2-
MHz clock and it switches between 1 MHz and 2
MHz depending upon the current operating mode
of the computer.

Pin 25 is the svstem clock for the ZBO mi-
croprocessor. It operates at 4 Milz

Pinis 29 and 30 are the dot and color clocks.
They are high specd clocks and produce constant,
evenly spaced outputs. They are the source for all
of the oiher docks m the system.

Pins 26, 27, and 28 are three of the keyboard
scanning lines. They are slower than the other
elocks but should produce a regular, evenly spaced
output,

Ping 16 and 17 are COLOR and SYNC,
respectively. They produce the final video output
from the VIC chip and must be present for the
display (o operate. The output from these ping
looks like garbage on an oscilloscope screen. To
check these lines, simply make sure thar the s
nals are present. o almost every case, if these dre
operating ot all, they are correct,

Pins 48 and 24 are power -and ground and
should be +5 volls and 1 volts, respectively. The
remaining pins on the VIC chip are asynchronous
sionals and will rise and fall at seemingly random
times. Check them for voltage levels remember-
ing that they should be close to +5 volts at their
penks and O voits at ther vallews:
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CPU Problems

Check for Defective 8502 Microprocessor _
The 8302 microprocessor s located at UG in Fig,
7-3. Tt operates the C128 in the C128 mode. Like
the VIC chip, it has both address lines and data
lines. You can find the BS02 pinout diagram in
Appenddic A.

The data lines are pins 31 through 35 When
you louk at these in the C128 mode, they should
have irregular rising and falling signals. 1f any of
these are floating up and dewn or are steady at
some voltage in the middle {2-3 5volts) then the
data is bad. In the CP/M mode, these lines are
supposed to float,

Since these pins are outputs, a defective sig-
nal could be an indication that the part is defec-
tive. Before you assume that it is bad, however, be
aware that a shorted trace or a defective input cir-
cuit can drag the output voltage down on a good
part. To determine if the part is bad, wolate it by
cutting the trace(s) that it drives, or lift the leg on
the IC as outlined in Chapter 5 (Figs. 5-5 and 5-7).
Then ook at the signal again. If it is still in the
wrong voltage range, replace the 8502 chip.

Pins 7 through 20, 22, and 23 are address
lines. This means that they are mputs. 1f any of
these show improper signal levels trace the signal
back to its source and porform the sime (ests we
used previously for the data lines.

Pins 6 and 21 arc power and grotind, respec-
tively. They should be a steady +5 volts (power)
and 1 voits (ground).

Pin 40 is the reset line. Iln normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the 8502 from operating.

Pin 1 is a chock signal and must be present for
the 8302 to run,

The port 1/O data lines are pins 24 through
30, When you look at these during 1/0 accesses,
they should have irregular rising and falling sig-
nals. 1T any of these are floating up and down or
are steady at some voltage in the middle (2-3.5
volts) then the data 15 bad.

Since these pins are buth inputs and outputs,
4 defective signal could be an indication that the
part is defective,. Before you assume that it is bad,
however, be aware that a shorted trace ur & defec-
tive input civcuit can drag the output voltage down
on a good part.. To determine if the part is bad,
isolate it by cutting the trace{s) that it drives, or

lift the leg on the IC as outhned in Chapter 5
(Figs. 5-5and 5-7). Then look at the signal again.
IT it is still in the wrong voltage range, replace the
8302 chip.

The remaining pins on the 8502 are asynchro-
nous signals and will rise and fall at seemingly ran-
dom times. Check them for voltage levels remém-
bering that they should be close to +5 volts at their
peaks and 0 volts at their valleys,

Check for Delective L8 "ﬂimprucesmr

The 780 microprocessor s located at U0 in Fig
7-3. It operates the C128 in the CP/M mode.
Like the VIC chip, it has both address lines and
ditta lines. You can find the Z80 pinout dizgram
i Appendix A,

The dita lines are pins 7, 8, 9 14, 12, 13, 14,
and 15. When you look at these in the CP/M
mode, they should have wrregular rising and falling
signals. If any of these are floating up ard down
or are steady at some voltage in the middle (2-3.5
valis) then the data is bad, In €128 mode, these
lines are supposed to float.

Since these pins are outpuls, the absence of
the proper signal could be an indication that the
part s defective. Before you assume that it &5 bad,
however, be aware that a shorted trace or a defec-
tive input circuit can drag the output voltage down
on o good part, To determine if the part is had,
wolate 1t by cutting the trace(s) that it drives; or
lift the leg on the 1C ‘az vutlined in Chapler 5
{Figs. 5-3 and 5-7). Then look at the signal again.
If it is still in the wrong voltage range; replace the
ZA0 chip.

Fins | through 5 and 30 throogh 40 are od-
dress lines. This means that they are inpots. [T
any of these show improper signal levels trace the
signal back to its source and perform the same
tests we wsed previowsly for the data lines.

Pins 11 and 29 are power and ground, respoc-
tively. They should be a steady +5 volts (power)
and § volts (ground).

Pin 26 is the reset line, In normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the Z80 from operaling.

Pin & is a dlock signal and must be present for
the Z&{ o run;

The remaining pins on the Z80 are asynchro-
nous signals and will rise and fall at seemingly ran-
dom times. Check them for voltage levels remem-
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bering that they should be close to +5 volts at their
peaks and 0 volts af their valleys

Keyboard Problems

Before you disassemble the keyboard, perform a
continaity test of the Keyboard st the conncoctor,
Using the ohms range on your multameter, check
the lines to maky sure than none are shorted.

Usually shorted keyboards will produce a con-
Linuous siring of the same character(s) or they will
lock up entirely. Ilowever, an intermittent short
can cause unpredictable results.

Check for continuity between each of the key-
board lines when the keys ‘are open, and agaln
when you are pressing them. Use the: kevhoard
eircuitry guide in Fig 7-2,






Troubleshooting Techniques:
Input/Output Problems

In this chapter problems related to input/output
devices will be exammed. Problems epcountered
in reading and writing to the disk drive(s) or da-
tasette recorder, and operation of the joystick or
mouse will be examined.

DISK DRIVE PROBLEMS

Disk drive complumts that are related to computer
operation can be broken down into the following
symplom categories.

m Disk drive will not respond

m Disk drive lights flashing all the time

B Can’t read or write disks or reads or writes Lo
them poorly

The chart at the right outlines the problems, possi-
ble causes, and repamr actions for the condition
where the disk drive system 15 not operating prop-
erly, Specific troubleshooting and repair tech-
nitues for each problem then follow.

av

Problem Pussible Coose Repair Action
Dirive st Drove cables defeciive (Chedk/instal fropair
TECEivVIng or e properky or replace disk depve
dta conneted daea and poeser cables

v seu to wiong Check dove selector
device mumbrer jumper on disk drive
lagic baard
dore thon opedeviee  Check fehange device
with same dovios numbier of one o
faniber on Lhe sime moge devices on por
faldly|
serinl port connector Chodk/replace serial
shiricd or oen Porl CommEclor 39
location Chdis
Laogic Drefecive CLAZ Chedsfreplace CIAZ
garabiléms {serial pot (G526 B location L4
conlraber)
Deforive Kernal Check Sreplace ROMs
RiOxE=) wt beentions U2 -1136
CrU [ilfectve B302 Check freplace
probdcme dielecibee 8502 al
lecation La
Drefevino: T80 Check freplice
dulec e R ot
lenzadicim 1LV
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Drive Not Recelving Data

Check Dirive Cables

The disk drive(s) conned fo the C128 by way of
the serfal cuble. To connect a smgle drive to the
computer, simply connect the serial cable to the
back of the computer and to one of the two sersal
connectors at the back of the disk drive (it doesn™t
matter which one you use).

If you arce uwsing more than one serial deviee
with the CI28, conneot the second serial cabie 1o
the extra seral connector at the back of the disk
drive and the other end of the cable to onc of the
seerial connectors at the back of the second device,

“This cabling scheme s called daisy-chaining.
If the disk drive is not on, the computer will not be
able to communicate with it. Similacly, if the cable
is not connected or is defective, the data will not
be transferred.

To cheek the data cable, disconnect it from
both ends and use the ohms range on a mullimeter
to check continuity between each of the data pins
on the connectars,

Check Device IDs
Each device on the serial port of the C128 must

have a unigque device number, Typically, the disk

drive is No, 8, the printer is No, 4, dnd so on, If
you connect more than one disk drive to the sys-
tem you will need to change the device number of
the second drive. This drive should be set to de-
vice Ne. %

Logic Problems

Check for Deleetive 6526 CLA
There arg two 6526 ClAs (Complex Interface
Adapters) in the C138. They are located at L
and U4 in Fig. 8-1. CIA2 {at U4) handles the disk
drive{s). Like the VIC chip, the CIA has both ad-
dress and data lines. However, the data lines of
the CILA are grouped into data bus data lines, port
A data lines, and port B data lines. In each case,
these are both input and output linegs. You can
find the 6326 pinout diagram in Appendix A

The data bus data hnes are pins 26 through
33, Pins 2 through % are the data lines for port A,
and pins 1} through 17 are the data lines for port
B.

The data lincs on the ClAs are desgned to
operate. in three states: high, low, and tri-state

{also ealled high impedance). When the data lines
dre active, they should have irregular rising and
filling signals. If any of these are floating up and
down or are stedsdy at some vollage in the mididle
(2= 3.5volts) then the dota is-bad.

You will need to program the computer 1o
readd or write via the CLA being tested to check the
ileta lines, The simplest way to do this is for CLIA2
is to attempt to read or write (o the disk drive,

Although the data lines will oceasionally tri-
state, they will toggle up and down during the ac-
tunl disk drrve read fwrile ovcles.

If the data lines on the CLA never toggle
between +3 volts and ground (0 volts) it may be an
indication that the part is defective, Before you
assume that it 38 bad, however, be aware that a
shorted Lrace or a deéfectve inpul circuit can drag
the putput voltsge down on @ good part. To deter-
mine if the part s bad, isolate it by cutting the
tracefs) that it drives, or it the leg on the IC as
putlined in Chapter 5 (Figs. 3-5 and 5-7). Then
look at the signal again. 1t it is still in the wrong
varllayre range, replace the 6526 chip.

Pins 35 through 38 are address lines. This
meuns that they are mputs. IF any of these show
improper signal levels trace the signal back to ity
source and perform the same tests we used previ-
ousiy for the datas lines.

Pins 20 a#nd 1 are power and ground, respec-
tively. They should be u steady +5 volis {power)
and O volts (prosnd).

Pin 34 is the reset line. In normal operation,
this i will always be high. A low or intermediate
voltage level will prevent the 6526 from operating,

Pin 25 is a clock signal and must be present
for the 6326 to run properiv.

The remaining pins on the 6526 carry asyn-
chrooous signals and will rise and Fall at secmingly
ranclom times. Check them for voltage levels
remembering that they should be close to 45 volts
al their pesks and 0 wolts at their valleys,

Kernal ROMs Not Reading Correctly
Dfective ROMs will prevent the computer from
operating correctly and can therefore prevent the
disk drive from [unctioning These ROMs are in
locations U132, U33, U34, U35, and U36 (Fig. ¥
1). U32-U35are 231285 and 136 is @ 23256, The
pinouts for these parts is in Appendix A,

With the exception of two pins, these two
ROMs have identical signals. Pins 1 and 28
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Fig. &1, Lucation of affected components for disk drive problems.

should be a steady +5 volts and pin 14:should be
salidly at ground (0 volts). If power or ground 1o
any of these is defective, trace the power
beginning at the input power source [at the power
supply or regulator circuits covered in the previous
section).

Pins 11, 12, 13,15, 16, 17, 14, and 1% are data
lines and should have irregular rising and flling
signals; Il any of these are floating up and down
or are steady at some voltage in the middle (2-3.5
volts) then the data is bad, Since these parls are
owtputs, this condition may be an indication that
the part 1s defective. Before you assume that the
part is bad, however, be sware that a shorted trace
or a defective input circuit can drag the output
voltage down on a good part.: Todetermane if the
part is bad, isolate it by cutting the trace(s) that it
drives, or lilt the leg on the IC as outhned n
Chapter 5 (Figs. 5-5 and 5-7). Then look at the
signal again. 1T it is still in the wrong voltage
range, replace the TC.

Pins 2=10,21, 23, 24, 25, and 26:are address
lines. This means that they are inputs, If any of
these show improper signal levels trace the signal
back 1o its spurce and perform the same tests we
used above for the data lines. Pin 27 on the 23256
is-also a data lne. In both cases, pin 22 should be
low to enable the device. If this pin s not low
(anything higher than 175 volts) then the ROM
will not read properly,

CPU Probiems

Check for Defective 8502 Microprocessar
The 8562 mucroprocessor s located at Ud in Fig
B-1. Tt operites the CI128 in the €128 mode. Like
the VI1C chip, it has both address lines and data
lints. You can fnd the 8502 pinout diagram in
Appendix A.

The data lines are ping 31 through 38. When
you look at these in the €128 mode, they should
have irregular rising and falling signals. If any of
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these are floating up and down or are steady st
some voltage in the middle (2-3.5volts) then the
daly is bad. Tn the CP/M mode, these hines are
supposed to float.

Sipce these pins are oulputs, a defective
signal could be an indication that the part is
defective.  Belore you assume that it is bad,
however, he aware that a shorled troce or.a
defective input dircuit can drag the output voltage

down on a good part. To deterniine of the part is.

bad, solate it by cutting the trace(s) that it drives,

or lift the leg on the IC as outlined in Chaprer 5

{}"u::;s_ 5:5 and 3-7) Then look at the sipnal ajggamn.
If 1t 35 still in the wrong voltage range. replace the
8502 chig.

Pins 7 through 20, 22, and 23 arc address
lines. This means that they are mputs. 1fany of
these show improper signal levels trace the ugml
back to ity source and perform the same tests we
usied previously for the data lines.

Pins 6 and 21 are power and ground. respec-
tively. They shoukl be a steady +5 volis {power)
and (volts {ground ).

Pin 41 is the reset line, In normal operation,
this pin will always be high. A low or intermediate
voltage level will prevent the 8502 from operating.

Pin 1 isa clock signal and must be present for
the 302 1o mun.

The port L' data fines are-pips 24 through
30 When vou look at thése during 170 accesses,
they should have irregular rising and Falling
signals. 10 any of these are floating up and d::rum
ar are steady at some voltage in the middle {2-3.5
volts) then the data is bad.

Since these pins are both inputs-and outputs,
a defective signal could be an indication that the
part s defective, Before you assume that it is bad,
bowever, be aware that a shorted trace or a
defective input circuit ean drag the dutput voltage
down an & good part, Fo determing if the part j5
bad, isolite it by cutting the trace(s) that it drives,
or lift the leg on the [ as outlined in Chapter 5
(Figs, 5-5 and 3-7). Then look at the signal again.
If it 15 still in the wrong voltage range, replace the
BAO2 chp.

The remaining pins on the 8502 are
agynchronous signals: and will rise wad fall “at
seemingly random times. Check them for voltige
fevels remembering that they should be close to 55
volts at their peaks and 0 volts at their valleys.

signals,

Check For Defective Z8) Microprocessor

The £#) microprocessor is located at U0 in Fig.
8- Tt vperates the C128 in the CP/M mode
Like the VIC chip, it has both address lises @nd
data lines. You can find the Z8) pinout diagram
in Appendix A

The data linés are guns 7, 89, 10, 12; 13, 14,
and 15. When you look at these in the CPYM
maode, they should have irregular rising and falling
It any of these are floating uprand down
or are steady atsome voltage in the middle (2-3.5
volts) then the data is bad. In the CI2B mode,
thess hines are supposed W floak

Sinee:these pins are outputs, the absence of
the prr:q‘rm' signal could be an indication that the
part is defectve. Before vou nssume that it isbad,
however, be awere that a shorted trace or-a defec-
trve inpul errcuit con drag the outpod vobtage down
on-a good part. To determine If the part is bad,
molale i hy cutting the trace(s) that 1@ drves, or
Lift the leg on the IC as outlined in Chapter 5
(Figs: 5-5and 5-T). Then look a1 the signal sgain,
If it is still in the wrong voltage range, replace the
780 chip.

Pins 1 through 5 and 30 through 40 are ad-
dress: lines. This means thay they are inputs. If
any of these show impraper signal levels trace the
signal back o il source and perform the same
tests we used previously for the data lines.

Pins |1 and 29 are power and ground, respec-
tively. Thev should be a steady +5 volts (power)
and 0 voits {ground}.

Pin 26 15 the resel fing. In normal aperation,
this pin will abwvays-be high. A low or intermediate
voltage level will prevent the Z80 from operating.

Pin 6 &5 & clock signal and must be present for
the Zal to-run,

The remaining pins on the Z80 sre asynchro-
nous $igrals and will rise and fall at seemingly mn-
dom times, Check’ them for o voltage levels
remembering that they should be close to +5 volts
il their pestks and 0 volis st thear valleys,

CASSETTE PRCBLEMS

Problems with the cassette drive normally in-
volve cases where the datasette will not respond or
it reads andfor writes unreliably.

The following chart vutlines the problems,
possible causes, and repair actions for the condi-
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tion. where the cassette drive sysiem s not
pperating properly,  Specific troubleshooting ‘and
repair techniques for each probdem then follow,

Froblem Pusgible Coose Repair Aclion
alasee Cable defoczive or nod Checkfinseat] frepace
nul properiy connected or replace dagasetie
recETaang catHi

Diefocive Kernal Checkrepines BChis -
ROMs) ab locstions TR2 - 1134
P [Delectve ES502 L'hnl:'l-:_,-'mfﬂ:u:l:
probicms defedive 307 at
location U
Datasette Not Receiving

Check Datasetie Cable

The datasette cable is designed to be inserted only
onpe way, It is, however, possible to defeat the key
vn the connector. If you do, you may install the
cable upside down. Check the cable connector
and confirm that the key is in place and the cable
is not wpside down.

The wires that make up the datasette cable
are quite sturdy, however, the connection at the
drive ilsell or the connector may break. To check
the datasette cable, vse the ohms range of your
multimeter and make sure that the.connector con-
facts are connecled (o 1he conlacts inside the da-
tasette.

Kernal ROMs Not Reading Correctly
These ROMs are in locations U332, 133, 17134,
L35, and U36. See Fig. B2 U3Z-U35 are
231285 and U36 15 & 23256, The pinouts for these
parts are in Appendix A

With the exception of two pins, these two
ROMs have identical signals. Pins | and 28
should be a steady 45 volts and pm 14 should be
solidly at groundd (0 volts), If power or ground to
any of these iz defective, trace the power begin-
ning at the input power source (at the power sup-
ply or regulator circuits coversd in the previous
section ).

Pins 11, 12, 13, 15, 16, 17, 18, and 19 are data
lines and should have rreguiar mising and falling
signals, 17 any of these are floating up and down
vr are steady at some voltage in the middle (2-3.5

volts) then the data is bad. Since these parts are
outputs, this condilion may be an indication that
the part is defective, Before you assume that the
part is bad, however, be aware that a shorted trace
or a defective input circuit can drag the output
voltage down on a good part. To determine if the
part is-bad, isolste it by cutting the trace{s) that it
drives, or lift the leg on the 1C as outlined in
Chapter 5 (Figs. 55 and 5-7). Then look at the
signal again, H it is still in the weong voltage
range, repliace the 1C.

Pins 210, 21, 23, 24, 25, and 26 are adkdress
lires. This means that they are inputs, 1 any of
these show improper signal levels trisce the sigpal
back to s source and perform the same tesis we
usedd above for the dity lines. Pin 27 on the 23256
is also a data line: In both cases, pin 22 should be
low to enable the device. 11 this pin is not low
{anything higher than 1.75 volts) thea the ROM
will not read properly.

CPU Problems

Check for Defective BS02 Microprocessor
The 8502 microprocessor is located at 176 in Fig
820 Tt operates the C128 in the C1258 mode. Like
the VIC chip, it has both address lines and data
lines. You can find the 8502 pinout diagram in
Appendic AL

The data lines are pins 31 through 35. When
vou look at these in the CI128 mode, they should
have wregular rising and lalling signals. 1F any of
these are floating up and down or are steady at
some Voltage in the middle {2 -3 5volts) then the
data is bad. In the CP/M mode, these lineg are
supposed to float

Since: these pins are outputs, a defective sip-
nal could be an indication that the part is defec-
tive. Before vou assume that it is bad, however, he
aware that a shorted trace or a defective Input cir-
cuit can drag the outpul voltage down on a good
part. To determine if the part is bad, isolate it by
cutting the trace(s) that it drives, Or lift the leg on
the IC as outlined 1o Chapter 5 (Thgs. 5-5 and 5-
7). Then look at the signal apain, 1f itis still in
the wrong voltage range, replace the 8502 chip.

Pins 7 through 20, 22, and 23 are address
lines. This mexns that they are inputs. If any of
these show improper signal levels trare the signal
back to its source and perform the same tesis we
useed proviowsly for the data Tines
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Fig. 8-2. Locarien of allected components for casscite problems.

Pins & apnd 21 are power and ground,
respectively. They should be a steady +5 wvolis
(power) and 0 volis (ground).

Pin 40 is the reset line. In normal operation,
thiz pin will always be high. A low or intermediate
voltage level will prevent the 8502 from operating.

Pin 1 iz a clock signal and must be present for
the 8502 to run. _

The port 1/0 data lines are pins 24 through
30. When you look at these during 1/0 sccesses,
they: should have irregolar msing and  falling
signals. 1f any of these are floating up and down
or are steady-at some voltage in the middle (2-3.5
volts) then the data s had.

Since these pins are both inputs and outputs,
a defective signal could be an indication that the
parl i defective. Before you assume that it 15 bad,
however, be aware that a shorted trace or a
defective input circuit can drig the sutpot voltage
down on a good part. To determine if the part is
bad, isolate it by cutting the trace(s) that 1t drives,
or Eft the leg on the IC as outlined in Chapter 5

(Figs. 5-5 and 5-T). Then look at the signal again.
IT it 15 still in the wrong voltage range, replace the
B502 chip.

The remaining pins on the B502 are
asynchronous signals and will rise and fall at
seemingly random times. Check them for voltage
levels remembering that they should be close to +5
volts at their peaks and 0 volis at their valleys.

GAME CONTROLLER
PROBLEMS

Problems with pame controllers involve cases
where the joystick or mouse won't work; or wen'l
work properiyv.

The following chert owtlines the problems,
possible causes, and repair actions for the condi-
tion where the game controller{s) is not operaling
properly. Specific  troubleshooting and  repair
technigues for exch problem then follow.
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Problem FPossible Cuuse Hepuir Action
Tt Luefective game Check frepale fropiace
FECCI D peariis} game conLrolier
Comininds CaOMBECLORN]

Dredeinee poyalickis) Chedk frepair Sreplice
jemystick =)
Drefective joystick Chieek frepair freplace
cablers) joysiick eabie(s}
Defed e DefectreeClal Chiek freploce CLAL
contral Iogic {ihda) at focntion TF]

Mot Receiving Commands

Check Game Port{s)

The connectors vwsed in the game ports are the
maost frequently damaged parts in the C128. It s
quite easy to jam a game ‘controller onto the con-
nector pins, bending one or more in the process,

The fwst thing 1o check is the pins themselves.
Are any of the ping bent, broken or missing? 1l so,
replace the connector. D mof toy to repair it; they
are mexpensive and repairs on them are seldom
Lasting.

Check Joystick

The joystick has five internal switches (Fig: 8-3).
To check the joystick, use g multimeter to check
the switches for continuity, Put one lead of the
multimeter on the common pin and the ether on
each of the other connectors in turn, pushing the
jovstick in each of the four primary positions.
Check for nonfunctional switches and for shorted
switches.

Although the jovstiek cables are fairly sturdy,
they can becone disconnected inside the controll-
er. 1o check for 8 defective cable, open the joys-
tick and make the same test(s) as before but place
the multimeter probe st the cable connector in-
steud of the mlernal connectors.

Joy O M_Nm_
GMJI:' 'J"E"ir 1 m_Q—m
PORT Joy 2 fryyil - YL Glﬂ
P Joy 3 Y Y\ ot YV
Fire Bufion 'ﬁ'rm__
Joy 0 FYYY Y, Yy L
m_‘__._m‘ﬂ_
Joy 1 :
t;om"'% Yoy 2 laaaa Y YL
o Joy 3 YO .,_!'Ym._.
Fire Buiton SRELE '_

Fig, B-3. Toystick crrowlry.
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Defective Control Logic

Check for Defective 6526 CIA

There are two 6326 ClAs (Complex Interface
Aclapters) in the C128. They are located at U]
and U4:an Fig. 8-4. CIAlL (ar Ul handles the poy-
sticks. Like the VIC chip, the ClIA has both ad-
dress and data lines. However, the data lines of
the CTA are grouped into data bus data lines, por
A data lines, and port B data lines. In each case,
these are both input and output lines. You can
find the 6326 pinout diagram in Appendix A.

The data bus data lines are pins 26 through
33, Pins 2 through 9 are the data lines for port A,
and pins 10 through 17 are the dat lines for port
B.

The data lings on the CTA are designed to
operate In three states: high, low, and tri-state
{also called high impedance). When the data lines
are active, they should have irregular rising and
fulling signals. If any of these are floating up and
cown or are steady at some voltage m the middle
{2-3.5volts) then the data is bad.

You will need to program the computer to
read or wrile viz the CIA bemgtested to check the
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data lines. The simplest way to do this is 1o press
kevs on the keyboard and look at the data lines on
ports A & B. Although the data lines will occa-
sionally tri-state, they will topgle up and down dur-
ing the actual keyboard read cycles.

If the data lines on the CIA never toggle
betwesn +5 volts and pround () volts) it may be an
indication that the part is defective. Before you
azsume that it 15 bad, hovwever, be avare that &
shorted trace or a defective input circuit can drag
the output voltage down on a good parl. To deter-
mine il the part is bad, isolate it by cutting the
trace(s) that it drives, o Lift the leg on the IC as
oullined m Chapter § (Figs. 5-5 and 5-7). Then
look at the signal again. I it is still in the wrong
voltage range, replace the 6526 chip.

Pins 35 through 38 are address lines, This
means that they are inputs. If any of these show
improper signal levels trace the signal back to its
source and perform the same tests we used previ-
ouzly for the data hines.

Pins 24 and 1 are power and ground, respec-
tively. They should be a steady 45 volts (power)
and 0 volis {ground).

Fig. 8-4. Location of alfected componcats for game controfler problems.
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Pin 34 is the reset line. In normal operation,
this pin will always be high. A low or intermediate
violtage level will prevent the 6526 from operating,

Pin 25 is a clock signal and must be present
tor the 6526 to run properfy.

The rematning pins on the 6520 carry asvn-
chronous signals and will rise and fall at seemingly
random times. Chedk theém for voltape levels
remembering that they should be close to +5 vaolts
al thewr peaks and { volts at ther valleys.






Preventive Maintenance

If you're like most computer owners and users,
repairing your computer is not the thing that you
enjoy the mosL. In fact, most people prefer to sim-
ply use their computers. Unfortunately, nothing
lasts forever, not even compuleérs. However, there
are any number of common causes for break-
downs that can be minimized or avoided with a bit
of care. In this chapter we'll look at some of the
things that vouo n do to keep your computer alive
angd well ence you've repaired it, or (better still),
what you can do before it breaks down - keep it
operating.

Before you can begin any program of preven-
tive maintenance you'll need to find the arcas in
your computer that are likely to become worn. If
you don't do this, you might find yoursell replac-
ing, and/or adjusting the wrong parts. To help you
avold this, the first thing we'll do-is tnke a ook at
how {and which) things become nonfunctional due
to use (and oceaswonal abuse) of the computer,

LOOKING FOR TROUBLE

There are two classifications of devices associated
with a computer: thase things that are a part of
the compulter iself and those things whech must be
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connected to it such as printers, disk drives, and 5o
on. Additionally, each of these devices can be
separated into one of three major classifications:
mechapical assemblies such as motors;, gears, and
print heads: electronic. assemblies such as circuit
boards and power supplics; and expendables such
as ribhons, paper, and printwheels. In general cir-
cuit boards and other -strictly electronic com-
ponénts dont reguire any specific mainterance
other than making sure they are properly fastened,
however, circuits are very susceptible to demage
or stress (which shorfens their life) from their en-
vironment,

In this chapter we'll look =t the kinds of
things thal can shorten the life of your computer
and the things that you might comnect to it {such
as printers, disk drives and s0 on) or use-in, on, or
about it {such as diskettes, ribbons, paper, ete).

PROTECTING THE LIFE OF
YOUR COMPUTER

Alhough PC (printed circuit) boards are faicdy
robust devices, there are a number of things that
can affect them adversely. These things can be
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broken down into threc cateporics:  clectrical
problems, mechanical problems, and atmospheric
problems. We'll take a look at cach of these
things, how they may cause you problems and
whal yiu can do to aveid them.

One  thing  vou  should note; all of the
peripheral devices that we'll be covering have
electronic  circuits in them as much as the
computer itsell. Therefore, you can apply the
concepts given here to the peripherads as well.

Electrical Problems

Electronic circuits are designed to use very specif-
ic amounts and types of electrical current, The
power supplies on the Commodore 128 and its
peripherals supply very specific voltages. For in-
stance, pin 1 of the power connector has. +5 volts
dc; pin 2 has no connection; pin 3 and pin 5 supply
% volts ac and pin 4 is at ground (0 volts) (see Fig,
9-1%

Voltage Variations
All of the voltages coming the Commodore 128
power supply are derived from the 117-volt power
from a standard wall socket. Unfortunately, the
power companies are not always able to supply the
precise voltage that the power supply needs. If the
voltage poing into the power supply is too high for
example, it might cither blow oneg of its two fuses
(either the one ut the bottom of the supply or the
one on the inside) or it may {enfortunately) simply
produce excessively high voltage to the computer,
Additionally, sometimes appliances that are
connected to the same clectrical circuit as the

computer can draw high amounts. of current for
short times. For ecxample, the compressor on a re-
frigerator will draw enough power from the line
that the voltage can drop Lo as little as B0 or 90
volts for a few moments: Then, sfter the comprizs-
sor has come up to speed or after is shuts down,
the power may actually surge to as much as 200
volts!

When this happens, the power supply may
fail. a fuse may blow (Fig. 9-2), or it may simply
withstand the extra electrical strain. However,
both the power supply and the rest of the comput-
er will lose a bit of their life expectancy from esch
such evenl.

To avoid these kinds of problems, make sure
thit you plug the computer and its peripherals
inte i cirouit thit is (preferably) isolated from any
targe appliances.

Voltage Spikes and Natural Hazards

Another problem that cap arise from the efectrical
system is called spikes. Spikes are enormous vol-
tage peaks that can be ax high as 26,000 1o 30,000
volls or more, They are called spikes because they
never ksl more than a few microseconds to a mil-
lisecond or so. That, translated inte Enghsh is
about one millionth of a second to one or two
thousandths of a second.

While spikes also rarely do permanent dam-
age immediately, they will often halt the computer
and its peripherals and they will definitely do
harm over the course of time.

Spikes usually come from oné of three
sources: clectrical storms; big equipment on Your
power lines; and static discharge. To avoid spikes
that are caused by the electrical power lines you

R )
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. ¢ Shicid Fig. 9-1, The Cummdore
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Fig- 9-I. Location of the Commaodore 128 power supply lases.

can obtain 2 surge suppressor. These handy
devices will filter out most small and short
clectrical problems such as the ones caused by
large.  eguipment  andfor  electrical  storms
Unfortunately, they provide no protection from
static discharge. Muost static discharge is ciosed
by people walking on rugs on drv days and
building up a good charge. You may have noticed
this' when vou occasionally touch & door ¥nob-and
get a small shock that feels a bit Like a-pin prick,

Shocks like this can actuslly destroy a
computer! To avoid these problems, you cin
spray, your carpels with antistatic spray or simply
use a spray bottle with a  small
detergent. This will prevent the build up of static
charges -and the resolting problems  from
“rapping” your computer.

Mechanical Problems

Mechanical probiems thit can Giuse troube for
compuiers ape gsuaily centered arvund dust, oict,

amopunt of

vibrition, and sudden shocks. Most of s will as-
sume that dropping the computer will be of little
benefit to it however, believe it or not, placing a
compuler noar 10 a large speaker (such as for a
stereo) can produce sufficient vibration for socket-
ed chips (1Cs) to work out of the sockets, produc-
I PO Conmections.

Far more harmful than vibration, however, iz
dust and dirt. These can build up onto circwits,
causing excessive Beat build up and (occasionslly)
short circuits because some types of dust and
smoke are actually somewhat electrically conduce
tive,

Atmospheric Problems

Atmospherie problems include excessive humidity,
corrasive or  particle-laden  smoke  (such as
cigarette smuoke) chemical fumes, and so on,
These can all result in damaged dircuits and shaort-
ed [roces.
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Another problem that can be related to
atmosphere is heat {and cold). Heat is the single
most  destructive force to computers, If the
temperature becomes too high, areuits will behave
unpredictably because the semiconductor process
changes with tempeniure. Tn may cises, some
devices will have much lower resistance at higher
or lower temperatures, causing them to draw an
excessive amount of current. This type of stress
can cause hoth immediate and long-term failures,

To avoid these knds of problems,  try o
maintain the computer at a temperature that is
comfortable ti yow. 1 you sre uncomtortable, the
computer probably @ also. Addittonally, aveid
smoking around the computer, The smoke from 4
cigarette can cause hath corrosive and particulate
damage t0 computer components.

In terms of maintenance, the most that you
can do for your compuler is;

Avoid] exeessive heat
Svoid smoke and other kinds of fumes

Protect your computer from electrical stress

Eoe R ope

Avoed excessive vibratiops or mechanicasl
shocks
5. Koop the computer clean

If yvou follow these guidelines you will minimize
the major causes for actual computer fajlures.

PERIPHERAL DEVICES

As you can see, there 15 sctually very hittle you can
do in the way of maintenance for vour computer,
On the other hand, most of the peripheral devices
that are used with the Commodore 128 are more
mechanical in nature and require occasional

Print head Ratum . spring
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“tune-ups,” In thes section, we'll look at some
things that can go wrong with the Commodore 128
penpherals, and how you avoid many of the prob-
lems that may arise.

Printers

Printers are the most commonly used peripheral.
They provide a way of taking your computer work
and turning it nto something that can be read and
used directly. Unfortunastely, printers are also one
of the most complex pieces of mechanical eguip-
ment made for computers. In this section, we'll
look at the parts of a printer, how they may fail,
and how to avoid those failures.

Print Heads

Print heads are designed to withstand the most
hostile environment in the computer. Most of
them strike paper (which releases small amounts
of dust every time it is hit) through an inked rib-
boan (which releases small amounts of oily material
ench time it i hit). This mixdure of paper dust
and mk produces a glue-like substance which can
{and osually does) work s way mto the print
head, Without proper maintenance print heads
can comme Loa sereeching halt. In first section we'll
fook sl adjusting and clesning procedures to help
keep print heads printing,

DOT MATRIX PRINT HEADS—Dot matrix
prit heads consist of numerous print wires that
are housed in tight-fitting sleeves (Fig. 9-3). Tvpi-
cally they wre driven forward by 1 solencid and re-
tracted by @& spring. In order for the wires to
operate smoothly, they must slide smaoothly within
their sleeves,

Crdinarily, maintaining the print wires s sim-
phy & matter of wiping the front surfisoe(s) of the

Dirwenr serlanaled

Frint wires

Fig. 9-%. Cross soction
of dil magrx prang head.

Portion af wires nol

shown for clarity



Prvenfive Maintenmece. 111

Fig. 94, Cluaning the face of the print head.

ABCD oo
ABCD

fig. 9-5. Filled characters prodoced by & diery printwhecl

Maormal type

head and the surrounding areas with a ¢ottan swab
as shiwn o Fig. 94, This should be done every
time you change the ribbon and additionally
whenever the Build up s visible

IF the buitld up'is cxcessive, one or more of the
print wires may become stuck in its guide. In
these cases, you may be able to free the wire by
pulling it forward to it fully extended position and
gently cleaning It with .o cotton swab which has
been dipped in Lape head denner or alcohiol and
light oal.

DAISY WHEEL PRINT HEADS—Daisy wheel
print heads are subject to the same kinds of
materials problems that the dot matrix heads are,
however, instead of sticking, dasy wheels simply
become dopged with ink-sonked dgst. This will

Ink drooias

o W

Fig: %6, Crosssection ol anink joi bead

result in partially filled charscters such as the ones
showm in Fig 9-5. In these cases, you should
remove the printwheel and clean it with a small
bristie Brush insoap and water. If some of the ink
15 stubborn, you can dip the brush in a small
amountl of alcohel, Never use wolvenis to clean a
printwheel. Thev can dctually soften or dissolve
the plastic.

INK JET PRINT HEADS—Ink jets are actually
nothing more {on the owtside) than some very
small holes. Fig. 9-0 shows a cross-sectional view
of an ink Jet head. In order to print, the ink must
beabie tosquirt cut through the hobes freely.

Orcclinarily, an ink jet computer will have «
“home™ position for the héad which keeps the jets
moist 3o the ink in the holes does not hurden and
cause a blockage. However, ifan ink jet computer
is not used for a long time, the moisture will
evaporate and the jets con become blocked. To
avold this, the best muintenance for an ink jét
comyruter is lo operate it at least once or twice a
week,

If the jets become blocked anyway, use one of
the following procedures to clear them:

In=eing & shaff
by i Adaddar

Flg. 8.7. Cleanng replaceable ik jets.
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5
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3
-

Ink sireEm

F
7
=
§
g
.
7
é
g_
:1;.-"

R P P o o

Flg. 98, Purgc Cycle in the nonreplaceable ink jet.

I, If your computer has s replacesble ink jet

head, remove the unit, wipe its front surface

with a clean swab and press on the ink

supply bladder (Fig. 9-7},

If your heads are nonreplaceable, try

running a purge cycle (if the system has

ene). This pumps ink through the heads &

high velooity (Fig. 98}

3. If the system does not have a purge cycle, or
if the purge cycle is unsuccessful, vou may
need to use a plunger to force liguid through
the jets {Fig. 9-2). In most cases, the
manufacturer will he able wo supply you with
a plunger that fits your computer and a
special figuid to clear the jets, You should
not use water or solvents for this purpose;
They can (and almost always do) damage
the jets. For more information about your
specific computler, contact the manutacturer.

T-\J‘

-#— Fiunger

—{learing liguid

Ink pat head

3 > Ink jet
discharge

Fig. %9, Clearing the ink pets with a plunger.

Head Positioners

The head positioning mechanism (also called the
carriage assembly) in most printers rides on one,
two, or more rails that run the width of the
printer. The rails are usuvally steel and can be-
come rusty and/or dirty. To keep the head mov-
ing smoothly, you should clean the rails with 2 soft

Carnage assembly

(Tap View)

Halls

Soft ootton cioth

7ig. -1, Cleaning and lubricating the rails.
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Cotton
SwWalr

;‘ 2

Fy
Primary corona

Fig. 9-1 L Cleaning the primary coronn.

clath and lubricate them lightly with Tighe ofl each
time you replace the ribbon (Fig. 9-107,

Laser Prinl Heads

The laser unit itself in a laser printer is fairly
maintenance free. However, the toner cartridse
and support mechanisms can become dirty and
may need to be cleaned. The areas that can cause
problems are the corona wires, the shutters and
the rollers.

The corona wires are very thin wires that arc
charged with & high voltage, The high voltage
around the wires causes the air around the wire 1o
become charged (produce a corona). Laser
printers have two corona wires: the primary coro-
na and the transfer corona. The primary corona 1s
a part of the replaceable toner cartridge and can
be cleaned by removing the cartridge and wiping it
with & cotton swab or the cleaning tool that was
supplicd with the unit (Fig, 9-11).

The transter corona s a permancent part of
the printer and 5 generally positioned below the
paper path (Fiz: 9-12). To dean the transfer
corong, use /8 ootton swab, Often’ the transfer

corona is mounted inside a housing that has wraps
of nylon around it. Be very careful not to break
the wraps or the corona wire. Replacing these is
ot fan.

Paper Transport Mechanizms

Paper teansport mechanisms are not really very
susceptible to wear. They do, however, tend to he-
come misadjusted with veéry little provocation,
Additionally, they are penerally driven by gear
mechanisms that can become dirty and will there-
fore require cleaning and lubricating,

Gear trans consist of gears, drive shafts, and
{sometimes) pulleys, To clean the gears, you'l
need access to them. The hest way to clean them
is to remove any surrounding mechanisms and
then remove the pears and soak them in alcohol
and/or nonsolvent cleaner if they are plastic or
any standard solvent if they are metal.

Before you remove any mechanisms (espe-
ctally gear traing) you should make a sketch of
how they go together. It is very easy to assemble
gear trains incorrectly,

Mylon wrapa

A\ N

<

NN NN N

Transfer corona

Fig. 912, Cleaning {he transler corona.
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FPapar

Bail Rolier

Flaten —js

Plrch Boller —— o=

Papar Guide

When you lubvicate gears, vou should apply
the sgme: kind of lubrication that waos on the gears
vriginally. I you are not sure of the kind to use,
contact the manufacturer.

FRICTION FEED—Friction feed mechanisms
consist of a pluten and an assortment of pressure
rollers that press the papér agminst the platen.
The lower rollers are attached to an assembily
called the oradie and the upper rollers are
attached to the bail arm (Fig. 9-13)

In general, the only maintepance required
with friction feed mechanisms is alipning and
cleaning the rollers. Alter a lot of use, plaiens and

Dhisk Dfiw-?

MOTE: Be careful
nat o actually fowsh
hadcs whan you do
thiz.

Papar
Fig. 9-13.

Cross=scciional wiow
of o typieal riction
focd assembly.

-4 Pinch Foller

other rubber components bécome hardened. To
help extend their life, the rollers and platen should
be cleaned with a special compound availasble al
typewriter supply howses.

DISK DRIVES

Disk drives have far fewer moving parts than do
printers. The Commodore 1571, for instance has
only the head sssembly (which moves in and out)
and the rotating spindle which spins the diskette.
ln addition to the problems we discussed in

Fig. -1 Demapnedizing (hic
heads on g disk drve,

af— Demagnatizer
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Diesk Dirva

s

NOTE: Do not apply much
farce, the material on ihe
heads is powdery, not hard
and you can damage th beads
i wou are nol carefull

Long handle cofton
swiah, Spred in
akoohal (st banely
damp, nof wek)

Fig. 9-15. Cleaning the hemls with a cotlon swah.

Chapter 8, magnetic head/diskette surface prob-
lems can also occur.

The surface of a floppy diskette is vory similar
to the material on @ magnetic tape, Additionally,
the heads on a Noppy disk drive are very similar to
the heads on a tape recorder/plaver. The kinds of
problems thal can anse in these areas are related
to magnetism and dirt.

The medium that the disk drive uses to read
and write onto disketles is mapnetismu After a2
while the magnetic ficlds in the head ind those on
the diskette surfaces can deposit a permanent
magnetic fed in the head(s). TFhis will result in'a
lower sigral level to the drive circuitry and con
actually cdamage the diskette data.

Disk Dirive ;

To keep the heads from becoming
magnetized, it is useful to demagnetize them
periodically (once a year or so). Tape head
demagnetizers work fine for this purpose and are
available at most electronic supply stores (Fig
9-14).

The second thing that can cause problems
with & disk drive s dirt, Dirty heads cannot read
ar write properly. Floppy disk drives are designed
1o have the surfuce of the head actually contact
the diskette surface. I there is dirt, grease, dust,
smuke, or other particulate matter on the diskette
or head. the drive will have trouble reading and
writing dista.

i
e,
b o
bt E
ettt Tt

chh
Jagddtitoh
Al

A — ) lead-claaning

disketia

Fig. 9-16. Clcaning the heads wuh a special head-cleaning disketie:
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To clean the heads on the disk drive, use o
long cotton swab dipped in alcohol, Then, gently
wipe the head surfaces with the swab and let them
dey (Fig. 9-13).

Alternatively, you may use special head-
cleaning diskettes to clean the disk heads (Fig 9-
16), These usually use a special paper diskette
that will hold a special solvenl. When the special
diskette is “read™ in the drive, 1t automatically
cleans the head

A FEW FINAL NOTES

Every computer is different from and similier Lo,
every other computer on the market. But, like any
device, a computer can be reliable or unrehable,
Part of this Is determined by the design of the sys-
tem and the guality of the components used. But
today, the parts and designs of computers are all
quite similar. In fact, to & large extent, computers

can be purchased based upon features alome.
However, any mechanical device s subject to wear
and your best insurance against failures is to be-
come acquainted with the way your computer
works. Then, if you notice anything different, you
can check it out and make repairs and/or adjust-
ments before anything really bad happens.

The main thrust of this book is 1o show you
how your computer works and bhow fo look for
problems. This information, coupled with the in-
formation in the appendices, and from the com-
puter manufacturer (if necessary) is still of no use
unless vou use your sepses to find problems. Look
and listen to your computer—it will tell you what it
needs. And fnaily, always make notes to yourself,
Include drawings of how things looked before you
staried taking them apart. There is nothing more
frustrating than fixing a problem and then, not be-
ing able to put the computer back together again
because you forgot how one or more parts fit to-
pether
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Integrated Circuit Pinouts

14 13 12 11 10 9 B 14 13 12 11 10 g g

D D

22, P ..

o e I | o B S
1 2 3 4 B B Fooow& 3 A B/ CEgT T F

Fig. A-1. 745 quad 2-input NANID gale, Fig. A-3. 7407 hex hulfer/driver.

14 3 12 11 10 g
——— -

=
D> L,

GND
o B e B o I
1 e 3 4 5 B 7

Fig. A-Z. 7404 hox inverier baffor/ driver.

8
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14 13 12

11

10

g B

gy TR o, N |

}—

POWER L_l
D

L_,
B
[

e B R, NEOEE
1 2 3

4

=1
a

Fig. A-4, 7408 quad
Z-input positive NAND gate,

14 13 12

11

10

G 4

g

— P 1 i

POWER

D

X

—

——

1 2 3

4

5

Flg. A-5, 7413 dual 4-imput
positive NAND Schmitl-trigger.

13 12

14 13 12 1 1d g

— ] i =} | | = ||
PCWER
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—] | o 2! | o | i

1 2 3 4 B T

Fig A=T, 7432 quad 2-tnput
posilive OR gale.
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Fig. A-6. 7414 hex Schmitt-ingges invericr.

3 4 5

Fig. A-8. 7474 dual D-type
positive-cdge-trigger [lip flop.
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Fig. A8 2036 HE-word = 8-bit static RAM.
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Fig, A-110, 4164 (4K dymamic FAM.
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PGM A1 A8 A3 A1l OF A0 CE D7 DE D5 D& O3
98 27 26 25 24 23 22 2 20 19 18 17 18 15
e T S . S H H  H  H H ! - H H— H
POWER
EhD
—H H{ H H H H H H H H H H H
1 Z 3 4 5 B 7 8 8 46 41 2 13 14
[ [ % AT BB A5 ot a3 &2 A Al (4] B3 D2
Fip. A-12. T8 125K RO,

Moo Ald a13 Al fola) &11 CE'FGM 10 E_E. o7 B0 05 [ £a
o8 97 98 P55 24 23 22 21 20 19 18 17 18 1%
—— H H H H H H H H H H H H

POWER
GO
W H W HH W W o
i 2 3 4 5 & 7 & g 10 11 12 13 14
M Atz AT AG A5 Ad A3 Al A1 A0 [ ) 01 o2
Fig. A-13, 232506 1504 RO,
¥t 15 18 7 16 15 14 13 12 11
—— HC H H H W H H H H
POWER W v
H— M H H HH H H
1 ] 3 4 5 & i B g 10

Fig. A-14. 74244 octal bulTeed/ T
drivelline receiver wilh aonimverled 3-stale oulputs.
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e SR N . N - S L H —
1 2 3 4 5 & F B 8 0

Fig. A-135, T4245 oclal bus feansciwvers with nomnverfzd dstale ol puls.

INPLETS tNPLITS
CUTPUT e CUTPUT e CUTPLIT

COMTROL 44 1B a4 34 ke 1] 3y
16 15 14 13 12 11 10 9
e S = S — S T
FOWER

4,0

HH T H T H
1 2 3 4 5 (2] T 8
SELECT 14 1B ik 2A ZB b e T )
Tt EITRHT et
INPUTS MNPUTS

Fig. A-16. 74257 quad 2:ing to 1-line dats seleclor/mueliiplexer with 3-siate ooipul.
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Fig. AT, T3T3 ocdal D-vpe Edches witls 3atade oulpiis,

(A151

(A14)

[A13)

(A12)

(A1)

(A0

(VIC FiX)

(DMA AGK)

{AEC)
(AEAD/WAITE) 1
EEAME) 11
(EXROM) 12
(ZA ENABLE) 13
(£BQ 1O} 14
(CT28/GE4) 15
(I CE) 16
{RCM BAMNK HIY 17
(ROM BANEK LO) 18
(WMA4) 19
iVhang) 20
BAY 21
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(HIRAN) 23
(GROUND) 24
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PLA

(8721)
(U11)

48 (Vee)

A7 [CLK)

46 {CHARDOM)
(COLRAM}

44 (GWE)

42 (110 ACC)

42 (VIC)

41 [CASENB)

a0 (DWE)

38 (DIR)

38 (1D C8)

37 (ROM 1)

a5 (ROM 2)

35 (ROM 3)

34 (BROM 4)

33 (FROM)}

32 (CLRENK)

31 (ROMH)

0 [RORMLY

29 (SCEN)

28 (NC}

27 (128/256)

25 (VA 14)

25 (CHAREN)

Fhe A«18. ST programmed Tome deray (LAY,
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PHI & 1 L= 40 RES
READY 2 dg AW
IRG 3 38 DO
MR d 437 1IN
AEC 5 36 D2
Vdd. & 35 D3
AG 7 4 04
Al 8 3 D5
AR g 2 D5
A3 10 1 D7
Ad 11 B502 30 PO
A5 12 29 P1
AG 13 28 P2
A7 14 27 Pa
AB 15 <b P4
AT 15 25 P35
ATG1T ed Pg
1118 23 A15
AT 15 2g Al
A13 20 21 Vss
Fig. A-19. 552 nugropriscssor
S
A1 1 40 A10
A1z 2 [ 33 Ag
A13 -3 38 AS
Al4 4 a7 AT
Al5 8 36 A
PHI 8 33 AS
o4 7 34 Ad
D% 8 33 A3
D5 8§ e AL
D6 10 ¥ il
45 Y POWER 11 30 Al
b e ZBG 26 GROLIMND
07 1 28 REFRESH
D114 27 Ml
M5 28 RESET
INT 18 25 BUS REQUEST
_NMI17 24 WAIT
HALT 18 23 BUS ACKNOWLEDGE
WMEMBRC 19 22 WHITE
VORO 20 21 READ

Fig. A-20, 50 nicToprocessne,
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L
(AP 1A) 1 2B (Vdd)
(AP 1B) 2 27 (AUDIO OUT)
[CAP 28} '3 26 (EXT IN}
{CAP 28] 4 25 (Veo)
{RES) & 24 (POTX
(o2 & 51D 23 {POTY)
(R 7 22 (D7)
&5 8 21 |DE)
fAD) o (6581) o0 (D5}
(A1) 10 19 (L&)
(2] 11 18 (D3}
1n3) 12 17 (D2}
{ha) 13 16 (D7}
{GND] 14 15 (Do)

Fig: A-21. 6521 sound interface deviee (STDY.

 —
BEg 1 48 Voo
b5 2 a7 b7
oA 3 £6 08
o3 45 Pog
Bz -5 44 210
B I -1 43 D11
Dg 7 42 A1
[AD) 8 41 AD
1P [ 40 AB
BA 10 35 A7
DMARQST 11 38 AE (A1)
AEC 12 8564 37 A5 (A13)
£S13 36 Ad [A12) Fig. A-22, 3564 viden interface chip (VIC),
W 14 35 A3 (A11})
DMAACK 15 34 AZ [A10)
COLOR16 33 AT {A3)
SYNG 17 32 Al (AB)
1 MHZ 18 A1 A1
RAS 19 0 PHIN
CAS 2 28 PHOL
MUX 21 28 K2
Vo ACG 22 27 K1
2 MHZ 23 26 KO
END 24 25 Zgd
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Fig A-23. 8563 video controller chip.
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Fig. B-1. Commodore 128 board Liyout with chip locations,
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Input/Output Ports
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O o
© 6 0

1 LUNESY NG | S50 ALDED I
2: GROLINTY G COLOR OUT
ACAUTHOD QUT | 7 NG

S NIDEQOUT | BLNG

Fip. C-1. Composile video port.

¢ GROUMD

B VOLTS

L CASSETTE MTR
T CASSETTE READ
P CASSETTE WRT
L GASBETTE SENG

P L T o o

Fip. -5 Cassdile miprhice,

OGO NONO
® 0 6 6

1: SERIAL SRCHM 4: SERIAL CLOCK 10D
2. GROUND o SERIAL DATA MO

3, SERIAL ATN B0 | 6: RESET

101 DATA O B: FIRE BUTTON
2000y DATA a5 VOLTS
30O DATA 2 8: GROUMD

4 00 DATA 3 8;: PADDLE X

5. PADDLE ¥

Fig. C=1.- Serial Port.

Fig. C-6, Cinme connector.




System Spectications

Voltage Inputs: S-voits de at 4.3 amperes
Swvolts ac at 1 ampere

Operating Speedisis 8502—1.02 MHz/2.04 MHz
£80—2.04 MHz

1/0 Ports: 2 Game Ports {compatable with)
Joystick(s)
AT R L
Light Pen
huse
Board-Type Pointing Devices
Expansion Port {Full Bus)
Cassetle Port
Seriad Port
RGBI Display Pont
Muduleted Video Port
Stundard Video Port
User {Parullct) Por

()

Microprocessors: 232 and ZH0D

Memory Devices: 23128 { 128K ROM)
23256 (256K ROM)
446 { Dvnaermic RAM)
4164 {Dynamic RAM)
Video Display Circuits: 8564 (V1T Chip, for 40-
column display)
B563 (for E0-column
display)
Andio Processor: 6581 51D Chip
LAy Processors/ Timers: 6526

Other Devices: 8921 PLA (Programmed Logic
Array—Custom circuit)
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Keyboard Codes

CIEICd  ERRE) EEIESE) EEEE)

EEEEEEEEEEEEEE EEEE
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Fig, E<1. Commodore 128 row and column kevboard adiliciacs
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Fig. F-2, Keyboard midric



Glossary

ac Abbreviation for Allernating Current. The type sup-
ply voltage provided by a standard home power outlet,

wiphnnomeric Tedd conststing of both letiers and num-
bors:

nmperage (Al called amps) The amount of electrical
current.

amplitede The maximum voltage level of a signal, peak
Loy peak,

AND A logie fonction in which two or more inpul signals

are examined and 2 troe cuipul s produced if all of
the inpots are true,

antistatic A Matcral designed to prevenl static voltage
charges from building up by conduction.

upgpde The positive Slectrde of & bipolar device (3 dew-
ice having two electrical poles, positive and negative).

wrchiteciore The internal desyn ol an eledronic circud,

ASCII {American Standard Code for Information Inter-
change) The nomere code (o used by the compoter Lo
roprosent overy character used by the computer.

asyochronous Evonl based iming wsed on microcomput-
ers. In asynchronous systems, each logical cvent
triggers Lhe nest ovent mstead of the events belng ing-
gored by a separate tming device or signal.

hull element Bull-shaped characler element wsed by
some printers and vpowTilers.

135

bhank switching Swilching from one block of main
memaory (o anolther, This aliows a computer with a
limited mcmory address ramge 1o wlilize memory
beyomd that address range. For example, the 3502 mi-
croprocessor in the CI2R can ' address 64K bytes of
memary dicectly. By swilching banks it can read amd
wrile [0 any number of scparate K “hanks,™ oo al
i e

RASIC The programming language: boilt inta the Com-
mieiors 124,

bidireetional Printing from lell o right and from right 1o
le:ln,

binary The numeric system based wpon two digits, typi-
cally 0 and 1.

bipolar One of the fundamental processes for producing
1% A bipolar IC s made op of Llayers of silicon with
dilferent clectrical characteristios, T % a Jifferent cir-
cuit process than for NMOS or CMOS,

hit The smallest Jogical unit. There are ciphi Bits i a
computer word for the Commodore 128 (byle).

bonting The provess.of starting or restarting the compuf-
er.

buffer The logic devics used to manipolate: the curren,
voltage, o timing of a signal withoot aliering s k-
cal comdifion,
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bus A combination of logic himes amside the compulcr
{there are two primary busses inside the C125—the
address bus amd the dati bus).

byvie A computor word. A combination of several bits
into a single unil with & umigue meaning to the
computer, The Commodors 128 nses cight- hit bytes
because of #s internal cireuitey. Other microcompa-
ters mav use 4-hit, 16-bil, or 32-bat words (bytes).

capacitance. The measure of a doviees (usually a
capacitor) -ability to store & static charge.  Usually
neeasured in microfasads or pleofarads

capacitor A passive clectronic device used Lo slore an
electrical charge,

carriage The muchonism that supports and moves: (b
print head assemily,

CA%S Abbresdation for cassette. Belers o the cassetie
port om the back of the C125.

cosselie A data storage device which vses-mudie fape a5
the storage medim,

cathede The negative clectrade of a bipolar devce {a
deviee having two  cledoical  poles, positve and
negadive .

characters The letters. numbers, or symbols printed or
displived by 2 computer. Includes alphanumeric,
mathenratical, sud praph symbols,

chip A common ferm for an integrated circwil, The
seall, rectangular pocce of a silicon waler that holds
an individual imtegrated drewt

CIA Abbrevistion for Complex Interface  Adaplor
(6526). Used as an interfave device and timer in the
63 . 8

CLK Ahbrevialion for Clock. One of several pming
siymals psed by the microprocsssors (o synchronise
their actiaties.

clock The c¢venly spaced timing sgmal osed (o0
synchronize evenls within the C128, (There arc several
diffzreat clocks wsed within the CIR)

CMOS Abbreviation for Complementary Metal Oxide
Semiconductior. A type of inlegrated srenit, A Bonily
of circuit Lypes which have low power consumplion

coil An cleetronic device used prmanly 1o add an ac
resistunce (impedance} (oo a cireuil or o lune (with
capacitance) an ac creuit to s speeific frequency.

ecolar code Colored Dands on cortan clectrome devices,
such as resistors, used Lo dentily theer vialucs.

component In the context of this book, oy elecironic
device asscmbly or subassembly m the C125.

compaosite video An analog video signal which melodes
image; sound, and synchronization mlvrmation.

condycior Any materal which provdes. little or oo
risisiance b clociricity.

conductance The wverse of ressianos A messurement
ol o deviee’s ability 1o treosfer eleciriei.

coprocessing - Hisang e vsing morne lhan  ooe
microprocessor. The CI2K, for oxample, uses both the
B2 and FAD microprocessors: and 58 theeelons o
COpThCEssnEg svulom,

corpmn wire A deviee wed in plotocogiors and Taer
prinlers [ prosduce or remas 3 marnebs charme

CFU Aabbecviation for Central Processme Vinit- Another
e §or o T TR s sOT,

CR Aldseeviation for Carriage Keturn.

erudie The paper guide that lies underncdch (he platen in
a prinfer. It supporis - several of the “pmch™ or
*prizearre™ roflers that are wsed to hold the paper
Uhify sgpinkl the platen (the Rarge rubber policr)
which mwwes the paper through the printer in
nomlractor drive syslems,

erystal A devier used 1o 4t and hold the system clockis)
ta & -precise frequency.

rursar The Jashing box on the screen {bal shows (e
position of the next charmcier to be printed.

D-type flip Mop A memory/lygic device used as o
huilding hlock in digital circuits.

dabsy chaining The connbchine pénipheral devices for the
Commpdors 124 by woy of serial cubles fio one
whevane, nut the other).

daiisy wheel A duaisy-shuped characer glemenl used m
some printers and typewriters. Each “petal” hoids one
or mire characlers, dopending upon the prnler type.

Datasette Commodore’s digital tassette dota storage
disvice, I regpmbics o casicie fape reoorder, 14 bag a
dizrital oulpul crosil mstesd of an asdio oulpol drcut,

de Abbreviislon for direid current, The lype of sollage
provided by & butlery.

dewibmd The unidl of mcasmrenent for aodibde sowuod
levoks:

desolder The &t of remaving the solder from 4 joint by
heoting the juinl wilh o soblerng won and sucking the
solder away,

diode An electronic deviee that allows carrent flow
through it in one direclion only,

dish A circular mapnétic data stodage maedinm,

dizkette Sec divk.

dot-matrix A printer tpe (hat produces charactoes by
printing patierns of dois,
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DP1 Abbreviation for Dots-Per-Inch. Tt tvpically is ased
to refer to the resolntion of & printer, The higher the
DRI the: sharper the imagn,

drop-on-demtind A tyvpe of promess used o genceate
dots on an ink-jct printer. It produces drops ol ink as
they are necded wslesd of continoously.

dynambc Concorning or depending on a condition that
chanpes as a Tunction of lime, In this book it refers 1o
dynamic BAMs. which are memony devices thag will
hold a memory image for 2 Timided amount of (mme,
requiring a "redresh™ gycle af repoated intorvals
{typically &) times a second).

electrodyte. A liqguid or semifiquid wsed to condoct
clectrong in o batlery or clectrical cell, Tts primary
lupction & W prowdiece @n enviconmend o which
cloctron movemen! geoerates a do voltage.

emitter Ope of the elements of a bipolar transistor.

EPEOM Abbreviation for Eraseable, Programmable,
Read Only Memory. Used in the C124 as permancnt,
unchanging momory such ag dhe charpcter sef or the
bool-up rouimes:

fun fold A type of paper that % supplicd as folded,
connecled  sheels. which may be scparated into
individual pages by tearing along perforations,

o ool Descmbes the oumber of devices thal may be
conngeted to A logic. circuit. Tepical fan out of a
Tagedar deviee b5 alwoud 10 mesning thal the gulpot of
any bogic device in the cirouild may drbee as many a5 ton
other logic circuils.

farad The uoil ol myasurement for capacilance, Since a
farad is such a large vahlue, most capacitive devices
(ypally capaciors) sdre messured i microfarads
{#/1.000000 of a farad) or picafarads (14/0000,000,000000
of a Larad),

ferrous Made of, or contaimmng iron,

Aip fiop A memory/lisme device vsed as boilding hlock in
dhigiral circuits. The most common Tip Oops. e he
D-type, and the J-K fype,

friction feed A paper transport mechanion that pulls (he
paper by dragpang il between a platen and pioch (or
pressurs ) rollers.

fuse An cloctronic component  designed 10 pridect
electronic circuits By sell desiructing.

impedance The measurement of ag resistance, exprissed
in ohms.

indoctor An elecironic component such s g ool that
introduces inductance in a circuit.

inverter & oo device thal swatches o bigoe sgnal from
one polarity to the other e, positive (o negative ).

Joystick A eontrol devics thal conncets to the gyme part.

Jumper A wire with two eonncétors (one al cach end)
used to make a tompirary eleclronic conncetion,

kernal KOM(s) that confain the start up program and
primary operating system Tor the CI25.

kilo The metric prefix for one thowsind,

laser A cloctronic device thal prodoces a coherent light
beam,

LED Abbrevaation for Light Emilting DHode.

megn The metric prefic mesning one million,

MHz Abbreviion [or Megaherts; a measurement of
sigmal [requency mesning one million cwles per
seoond

micro The metrnc prefix for one millionth {abbrevinied
e

microfarad Measurement of capacitance mepning one
milliongl of a farad,

microprocessar A logic  device capable of  being
programmed wnd performing a myried of logical
[unctionz based upon those programs, Also called the
CPL or processaor,

microsecond (One millionth (1/1,0000m0) of a second

MMU Abbreviation for Memory Management Unit, A
special logic device used in the €128 (o control dals
going to, from, and between the memory and memory
conlrol cireuits.

muitimeter An cloefronic imatrument wsed to measare 3
variely of eleclromic  quantilics, inchoding voltage,
current, and resistansc,

NAND Negative AND lngic gate,

NLQ Abbreviation for Near Letter Quality, Tt refers Lo
the output of certain high guality dol-matrix printers,

wOR A logic funchion i which two or more nput signals
arc cxamincd and & Talse ouipol 5 produced o any of
the inputs are tree,

ohm The unit of messoremen! for resistanee

ORr A logc funclion in which two or more input sigoals
arc examined and a true outpur is prodoced il any of
the inputs are troe.

pF Abbrevistion for Picofarad (W ososioosm of a
farad}.

photogensitive Sensime o light,
pico The metrie profix for 1m0 000 w0 o,
picofarad 4100000000000 of o Tarad.

piezoelectric A materinl which produces electricily when
o mechanival force i= applied 1o it
pxel An indwidial dod ina vieleo display:



138 {rlossary

FLA Abbrevistion for Programmed Logic Array.

pluten The larpe mubber roller wséd as the primary paper
guide and printing surlace for impact-type printers..

potentiometer A variable resistznee dovice with a shiding
tap that may be moved to seledd d portion of the
voltage connected scross the teo ends or between one
cod and the tup,

RAM Abbreviation for Random Access Memory. Also
kg a5 rendwrite memiry,

raster The video dispiny scan pattcrm osed on most
standard televisions und video moniors, T consists of
multiplc horlzonlal scan lnes and 2 single vertical
‘wean for cach franie image,

rectifier An clecironic device that allows carrent Tow in
one direction onby. Used to convert ae to de

regulator An clectronic device that controbs the cormenl
or voltage (or both) ina power sapply.

resistance The mesurement of the oppostion of =
arcuit ar crcuil devies 1o the Bow of clectrons.
Measured i ohms. Hesistance is the opposite of
conduciance

resistor An clectronic device desizned to miroduce a
specific amount of resistance ikt @ ciremit.

ROM Abbrisaation for Read Only Memory. A memory
evice that is preprogrammed for @ specific purpose
{wually when a prodwd & manulactured) and
mamians thal memory for the kle'of the produc,

semicondoetor A material with a conductivity between

that of & conductor and an insulator and used in the
manufacture of transistors, 105, and microprocessons.

51 Abbrevition (or Sound Interface Device.: The inte-
prated cirenit that produces and comteols all of the
sosund (unetpons ol the CE2R,

selenuid An clectromagneiic devics thal moves o plaager
up and down {or o and out) based oponm on imput
willape:

thimblewheel A thimble-shaped characier elemenl used
in some printers and typewrilers, Similar to a dodsy
whizel.

toberumce The range of acourrcy to the specificd valoc.
The term &5 used i the speafication. of elecirome
charpcteristics for circull components,

toner The bBlack or eolored powdor used 1o produco
iages m photocopers and beser prinbers,

trmmsisior A semscondictor device  that  controls
cleetrical outpud based upon - an inpul cledinca] sheoal;

VIC Abbreviation lor Viden Interface Chip: Used in the
CEE o cootrol  the dkcolumn display and an
sssirtment of peripheral functions: such a8 the - light
pen and some kevboard functions,

volfmeter A Lesl snslrumedt ised foomeasune soflapge (o
i clocironic cicouli.

80 The mistopressor used for controlling CP/M
funciinns in the C1245.

zener diode A special type of diode that conducts
cloctricity backwsrds ol i speahed voltage, Used For
wollape regulation
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DEAR YALUEDY CHSTOMER

Haward W Samgs & Comprany i dedicated 1o bringing vou timely and aullisrative
boaks for your personal and peofessional library. Our goal i 1o provide you with
excellent techpiad books written by the nessd qualified autbors, You can assist us i
this endeavor by checking the box nest fo your particolar #reas of jaderest

We apprecute vour commenls and will wse the information fo provide vou with &
mare comprehensive selection of litles, '

Thimnk vou,
Vice Prosdent, Book Publshing

Hiward W Sams- & Compiay
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HOWARD W. SAMS & COMPANY

Commodore 128
Troub]eshooting & Repair

"Through the years, | have learned that the best way to fix a circuit is to first figure out
what makes it tick,” explains John Heilborn, author of more than forty computer-related
books. He should know—before entering the publishing field, he was o research and
development engineer during the pioneering days of Silicon Valley.

In his most recent book, Commodore 128 Troubleshooting & Repair, Mr. Heilborn
provides both experienced and novice users with a nuts-and-bolts look at the
Commeodore 128—how it works, what can go wrong, why, and how to make repairs.

The first book to address C-128 troubleshooting and repair, it discusses

* The Commodore 128°s design ond electrical components

= Systemns and subsystems

* Troubleshooting and step-by-step diagnostic techniques

* How to make repairs

* Preventive maintenance fips

John Heilborn is the president of ThinkWorks, a computer consulting firm in
the San Francisco Bay Area, and is a highly experienced computer-book
author. He also writes the nationally syndicated newspaper columns “Ask

Dr. John" and "ComputerTalk” and has written for such publications as PC
World, BYTE, Commodore, Power Play, and The Washington Post.

$19.95 US/22554

ISBN O-L72-22554-9
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