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Introduction

When I first turn on my Commodore 64, there is
a pause between the time the switch is flicked and
the blue on blue picture comes on with the READY
sign and the blinking cursor. It’s little more than
a second, but the pause makes me nervous. The
thought always flashes through my mind: come on,
fellow, come on.

Unfortunately, with the millions of 64s in dai-
ly use, even though the 64s are quite reliable, they
are still only assembled pieces of electronic gear.
On any given day there are many of them that do
not come on. If yours is one of the unlucky, what
can you do? Obviously, the reason why your little
favorite is not coming on will have to be discovered.

That is what this book is all about. Even though
you might be a top programmer or an expert com-
puter operator, the troubleshooting and repairing
of your 64 can only be accomplished by approaching
the machine from a different point of view. It will
be easier to gain the technician’s viewpoint if you
are a programmer or operator, but the approach is
a new one and requires a different dimension of
thought.

The analogy has often been given that the pro-
grammer can be compared to the driver of a car.
Just as the auto driver does not need to know how
the car’s engine burns gasoline, the programmer
does not need to know how the computer’s circuits
are consuming electricity. When the auto breaks
down, the driver takes it to a mechanic for the fix.
In the same way, a programmer can take an ailing
64 to a computer tech for the repair. You could
think of this book as the manual the tech refers to
as he makes the necessary tests to get the machine
back into operation.

However, this book is much more than that.
Besides the needed specific information on voltages
and parts, this is also a training course to give Com-
modore 64 owners the information that, added to
programming skills, will give you the missing
dimension that will enable you to gain mastery over
your computer.

In order to be able to figure out and repair a
circuit failure in your 64, you must first of all be
able to picture in your mind how the circuit is work-
ing. There are also tried and true electronic service



pathways that have been developed over the years.
By following these methods and using your puzzle
solving abilities, you will be able to locate defec-
tive components or connections. Once the trouble
is pinpointed, which is the most trying part of a re-
pair job, then the rest of the chore is either replac-
ing the part or repairing the connection.

The starting point of any repair is to carefully
analyze the symptoms of trouble. The computer not
coming on is only one symptom. There are a
number of others. In Chapter 1, all the common
symptoms are discussed. Each symptom points to
a circuit area that could possibly contain the source
of the trouble. In each circuit, there are primary
suspects that should be examined first. However,
in order to get to the circuits you must be able to
take the 64 apart. It is not difficult, and Chapter
2 shows you how. It’s all up to knowing where the
screws are. Dismantling the machine must be per-
formed correctly and carefully to avoid accidents.
A wrong move could cause additional troubles that
can really complicate things.

Chapter 3 contains the most used piece of ser-
vice information—the Chip Location Guide. This is
the Printboard layout of the 32 chips in the com-
puter. It lets you relate all the information you learn
to the location of any chip you might want to ex-
amine on the board. This Guide will be used on
every repair job and will be constantly referred to
during the course of the troubleshooting. It is in-
deed valuable.

Chapter 4 is the directive that provides the
mechanical and electronic techniques that must be
used if and when chips have to be replaced. The
tools and thinking that goes into the ticklish job of
changing an IC is reviewed. Changing a chip is not
at all like changing a vacuum tube and similar but
much more exacting than changing a transistor.
These first four chapters, amazingly, will teach you
how to repair quickly at least 50 percent, and
possibly more, of possible breakdowns.

Chapters 5 through 8 introduce you with a bit
more intimacy to the chips in your machine. Start-
ing in Chapter 6 you'll find the first of the 21 Test
Point charts that make it easy to quickly check out
every chip in the computer. Each chart is the top

view of a chip showing the exact pinout. The name
of each pin is given and, where practical, a sketch
of the chip’s insides. Then arrows point the direc-
tion of the signal flow. Attached to each arrow is
the actual reading you should receive if you probe
the test point with a logic probe or vom.

The readings were all made on my Commodore
64 with my logic probe and vom. The readings were
taken when the computer was first turned on with
the READY sign on and the cursor blinking. The
idea is when you read your chips the state of each
test point should match up with my charts. If the
chip reads correctly, then that chip is deemed ok.
Should one or more readings on a chip be incorrect,
that is a symptom of trouble and bears further in-
vestigation.

Actually, what you are doing is checking the
input and output status of the chips. The inputs and
outputs are clearly shown by the arrows. If all
signals are being input properly but not outputting
correctly, chances are the chip’s internal circuits
are not passing the signals. That would indicate a
bad chip. Should an input signal be incorrect, odds
are the chip is ok but the circuit feeding the chip
is not getting the signal to the pin. That circuit or
bus line could have a short or an open condition.
The 21 charts are your entree to getting repairs
underway quickly and locating troubles fast.

You'll find the charts in Chapters 6, 7, 8, 12,
16, 17 and 18. A list of the Test Point charts is
found immediately after the Table of Contents.

Chapters 5 through 20, besides being a servic-
ing manual, are also, with the exception of Chapters
10 and 11, a technical reference manual written on
a technician’s level. There are discussions of each
chip with considerable detail and even some tim-
ing diagrams for the 6510 MPU, RAM and the
ClAs. You can really gain mastery over your ma-
chine by gradually absorbing the material. You'll
find your programming skills will improve im-
measurably as you gradually realize what is actually
happening to the 1’s and 0’s as they flash around
the digital circuits.

The book ends up with a Master Schematic of
your machine. The schematic is needed during a
difficult repair after the circuit area containing the

xi



trouble has been located and the wiring details are
needed to pinpoint the prime suspects. The
schematic contains all the part numbers. These
same part numbers are found printed clearly on the
print board. For example, a U7 is found printed on
the board next to the 6510 MPU. The schematic
reads U7 as the part number for the MPU. All the
capacitors, resistors, etc. are identified in the same
way. With the Chip Location Guide, the Test Point
charts, the theoretical discussions of the circuits,
and the Master Schematic, you should be able to
cover all the information needs you'll ever require
for troubleshooting and repair of your computer.

Chapters 10 and 11 act as a short course in logic
gates and digital registers with specific reference
to the gates and registers in your computer. The
machine’s numbering methods are included too.
The BASIC language in your 64 uses ordinary dec-
imal as its number system. The 64 changes the
decimal to binary and then after processing changes
the binary back to decimal once again. With the
PEEK and POKE commands, you can signal trace
circuits that the MPU is able to address. The abili-
ty to convert from decimal to binary and then back
should be one of the tools in your servicing
repertoire.

Xii

From a money and convenience point of view,
itreally pays off to be able to at least make the easy
repairs on your computer. The easy ones are at
least half of the total. While your 64 is still in war-
ranty, there is no problem. Should your machine
give up the ghost during the first 90 days, all you
have to do is take it back to the dealer. He will give
you a new one. Commodore is very accommodating
that way. However, once the warranty period is
over, the complication begins. If the machine fails,
you must send it back to the factory repair facility.
This usually takes some weeks and it is returned
with a healthy repair bill. If you are able to do the
troubleshooting and repair yourself, the savings in
time and money is quite worthwhile. If you happen
to get one repair in the life of your machine from
this book, it will more than pay for the price of the
book.

I’d like to thank my wife Lea for running in-
terference and fielding interruptions while I wrote
the book. I would also like to thank my son-in-law
Michael Gorzeck for taking the black and white
photos. I hope your computing is uninterrupted, but
should your 64 act up, perhaps this book will be
directly responsible for getting it back on line again.
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Fig. 1-1. When your TV brightness comes on ok but your
64 won't display anything, your computer is playing dead.

counter is a blank TV screen. You have your 64

connected to the TV ok, and the TV is showing
light probably with snow (see Fig. 1-1). When you

at the side of the case.

Fig. 1-2. The tirst obvious step to take when your 64 acts dead is to make sure it is plugged in at the wall socket and

flip the off-on switch, nothing happens. The LED
pilot light could shine red or not show light at all.

Of course, you must be sure that the computer
is plugged in properly at both the wall socket and
that the power cable shown in Fig. 1-2 is plugged
into the side of the case. If everything is plugged
in, feel the casing of the ac adapter for your 64. Is
it getting warmish? If it is, then it is probably ok.
If it is not, it could be the trouble. Trying a new
one will prove the point. If a new one works then
it was bad. Should the new not work either, then
the old one is probably fine.

Once you complete the above quick checks and
the computer is still dead, then turn to Chapter 20
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Fig. 1-3. When the TV fills with GARBAGE instead of the
READY sign and the blinking cursor, there is some trouble
in the digital circuits of the computer.

for the next troubleshooting steps. You'll need to
take the 64 apart and make some ac and dc volt-
age reading with a vom.

Garbage Display

The next most common symptom is called
‘“‘garbage.” The extreme case of garbage is shown
on the screen in Fig. 1-3. When you turn on your
64, the TV display immediately fills up with

numbers, letters, symbols, white spaces and black
spaces. It looks like a cartoon character’s collec-
tion of swear words. Your 64 should have come on
with the READY sign, but you are looking at gar-
bage instead.

The TV display is normally able to show the
four items (Fig. 1-4). The border should come on
in light blue. Second, a dark blue display block
should appear contained in the border. The third
item in the picture consists of numbers, letters, and
symbols. The lettering ends in the word READY.
The characters that the 64 displays upon turn on
are also in light blue. The display is also capable
of changing the color of the characters. The colors
do not appear automatically upon turn-on. You must
type in the colors you want.

The reason why garbage appears on the screen,
instead of the two-tone blue, sign-on message, is
because the microprocessor is running wild. Nor-
mally, the processor performs its duties under the
careful control of the 64’s operating system, which
is contained in the ROM chips. When the operating
system for some reason loses control, the processor
simply goes mad, spewing addresses, data and con-
trol signals without any rhyme or reason. The re-
sult is, the TV display fills up with meaningless
characters, numbers, symbols, and spaces.

The garbage can be caused by failure in almost

©

®

Light blue

Light blue numbers, letters
border symbols
Blinking g;?
cursor can change colors
of characters
by typing
Dark blue
display block

Fig. 1-
and the ability to have the character colors changed easily.



any of the digital circuit components or chips. The
approach to first locating the general circuit area
of the trouble and then pinpointing the actual
failed component or connection requires the follow-
ing. You must learn how the digital circuits are pro-
cessing data from a hardware point of view at a
technician level of understanding. Then you can in-
telligently make voltage, logic probe, and scope
readings to seek out defects. Chapters 5 through
16 contain the information that will help you
discover what is causing a garbage condition.

Empty Display Block

A related trouble to garbage happens when the
border and display block come on ok, but none of
characters are appearing. You can strike the
keyboard to your heart’s content, but nothing hap-
pens. The block remains empty. Refer to Fig. 1-5.

Here again the same circuits are suspect. The
condition could possibly be located anywhere in the
digital circuits. It is the troubleshooter’s job to take
test readings and from the results of the readings
deduce what circuit area is in trouble. Under-
standing Chapter 5 through Chapter 16 should clear
up the maze of chips and print board copper traces.

These chapters contain troubleshooting tech-
niques and schematic drawings with the voltage
readings and logic states that are normally present
on the test nodes when the READY sign appears.
If you run some tests and one or more of the test
results do not match up with what is supposed to
be at the connections, you have found a clue that
could lead to the fault.

No Color

The 64 is a color computer. It has circuits that
produce colors that are placed into the TV display.
When the computer is putting out a correct display
of characters and symbols but will not show any
colors, it indicates that the trouble is in the color
circuits.

The color signal originates in the clock circuit.
Chapter 14 covers the system clock. The color is
output by the Video Interface Chip, or VIC. Chapter
17 reveals the VIC workings and its associated cir-
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Fig. 1-5. A variation of garbage is an empty display block.
The border and display block appear but no characters ap-
pear. Striking the keyboard has no apparent effect.

cuits that could be involved in the ‘“no color”
symptom.

No Video, Sound Ok

This symptom resembles the ‘‘dead set’’ power
supply troubles except for one thing, the sound is
ok. This means the digital circuits are working. The
trouble in this case is in the video output circuits.
The VIC and its output transistors are the probable
cause of this malfunction. They are covered in
Chapter 17.

No Sound

When everything is working except the audio,
the trouble is located in the area of the sound cir-
cuits. Chapter 18 covers the 64’s sound circuit in-
side and around the Sound Interface Device, or
SID.

External Device Troubles

The 64 is able to receive inputs from the
keyboard, the joysticks, the paddles, a cassette, the
disk system, and many other devices. It is able to
output to a printer, the cassette, the disk drive, and
other external units. When these units start acting
up the trouble could be either in the device itself



or the I/O circuitry that connects the device to the
computer.

If you have device problems, the first step is
to try another known good device. If the new de-
vice works, then the old one was defective. Should
the symptoms remain with the new unit, then the
problem is being caused by the computer. Chapter
19 covers all the interface connections on the back
and side of the 64 that devices can plug into.
Chapter 16 covers the I/0 chips that the plugs con-
nect to inside the 64. This type of trouble is usual-

i

ly confined to these circuits.

The keyboard is connected internally to the I/O
chips in the 64. Figure 1-6 shows the keyboard
wires disappearing into the 64’s innards. When the
keyboard does not work properly, you can test it
as if it is part of the computer and not an external
device. The keyboard connections are discussed in
Chapter 16.

DIAGNOSTIC PROGRAMMING

Odds are you have already spent a lot of time work-

Fig. 1-6. The keyboard is connected inside the case at a special plug on the print board. The keyboard is disconnected

only as a troubleshooting or repair measure.



ing on BASIC programs on the 64. BASIC pro-
gramming can be a very important tool to isolate
circuit sections where troubles might lie. I use BA-
SIC programming as a signal injection technique.
The function PEEK and the statement POKE are
the mechanisms that perform the signal injections.
They are powerful troubleshooting test in-
struments. You can write your own diagnostic pro-
grams or buy commercial software to perform tests.

PEEK and POKE

Peek allows you to read the contents of any of
the thousands of locations in the 64’s memory map.
POKE permits you to load a byte of data into all

of the memory map addresses except the read-only
locations. This gives you tests whereby you can run
data back and forth from the microprocessor to all
locations of the memory map.

The PEEK and POKE tests work in the im-
mediate mode or contained in a program. It should
be obvious, however, that diagnostic software tests
have their limitations. If the computer is dead or
the processor is out, you cannot use the test func-
tions or statements. They simply won’t work. On
the other hand, when the computer comes on nor-
mally and displays READY and the blinking cur-
sor, you can try the software testing. Chances are
good it will provide you with some valuable service

TV display

Z

READY. P

Decimal code for PRINT PEEK (209)

Memory location

HLHHHLLL W 184
voltages READY.
Bit holders
207 ~— e
g 7 6 5 4 3 ]2 1 0 ]| —BIT POSITION
'g 208
= 7 6 5 4 3 2 1 0
g 209 H L H H H L L L
Type of bit voltage
é 7 6 5 4 3 2 1 0 yp 9
210 )
7 6 5 2 3 2 1 0 H = High voltage
L = Low voltage

21 !

Most significant
bit position

Least significant
bit position

Fig. 1-7. When the technician sees the PEEK return decimal number 184, he knows that location 209 contains the voltages

HLHHHLLL.
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information to guide you to the ultimate repair.

The PEEK and POKE used for troubleshooting
requires that you have a clear idea of the relation-
ship between decimal numbers and the set of bits
they represent. When you PEEK a memory loca-
tion, a decimal number is returned to you and is
printed on the screen. The decimal number is the
code for the set of eight bits contained in the regis-
ter you have just read.

For instance, suppose you tell the 64 to PRINT
PEEK (209). The 64 returns the decimal number
184. The 184 is the decimal code for the binary bit
collection10111000. Figure 10-7 illustrates thisidea.
The bits could also be described as HLHHHLLL.
The programmer usually thinks of the bits in terms
of 1s and Os while the technician finds the Hs and
Ls more convenient. Anyway, the PEEK function
has permitted you to read the contents of location
209. In certain cases, learning the bit contents is
a piece of valuable service information.

At other times in a repair process, it might
become necessary to write a set of bits to a loca-
tion. For example, if you want to quick check the
color RAM chip, you could write to the location that
changes the color of the border. If you enter POKE
53280,8 the border of the TV display should change
to orange. Try it. If it does, then the color RAM
chip seems to be working ok. When the POKE pro-
duces no effect or the wrong effect, the chip could
bein trouble. At any rate, the 53280 is the decimal
address of the color RAM register. The 8 is a set
of bits, 00001000 or LLLLHLLL. The color RAM
uses the four lowest bits, HLLL, to change the bor-
der color.

PEEK and POKE can be used throughout the
entire memory map, which contains 64K of
dynamic RAM and additional memory locations for
static RAM, ROM, and I/0. The servicer must view
the locations as bit holders and the decimal
numbers as code for the bits. There will be a lot
more detail on this subject in Chapter 10 and
Chapter 11.

Diagnostic Programs

Besides being able to read or write to individual
addresses with PEEK or POKE in the immediate

mode, you can write programs that perform a whole
battery of tests and check out large portions of the
memory map. One way is to place PEEK and
POKE statements in loops. A POKE statement in
a loop can make the 64 write to a large group of
memory locations. A PEEK function in a loop could
have the 64 read many memory locations and print
the results in decimal on the screen. Another way
that PEEK and POKE can be used is to test mem-
ory locations and the bus lines to the locations. You
could first POKE some data to a location. Then you
would PEEK the location to see if the data ever ar-
rived. This could all be contained in one program.
There are examples of this technique in Chapter
13 and Chapter 15.

In addition to writing your own diagnostic pro-
grams as you need them, there is software available
that will perform some limited jobs. One piece I've
seen in the software stores is a program called 64
DOCTOR. It is manufactured by Computer Soft-
ware Associates, 50 Teed Dr., Randolph, MA
02368.

It is useful and will normally operate when the
64 comes on ok. The program comes on a disk and
also on cassette tape. I only saw the disk version.

It takes a few minutes for the disk to load the
program into the 64. Then a menu gives a number
of options. There is one test that checks out the disk
system and the 64’s internal RAM. Next there are
tests for the keyboard, a printer (if it is attached),
a cassette (if it is attached), and joysticks. Another
test provides patterns for the color TV or monitor.
The tests are similar to the ones you would use to
set up the colors and convergence of any color TV.
The DOCTOR also gives the SID chip a music
lesson.

The program is interesting and uses the 64’s
graphic capabilities to full advantage. You'll see
sprites that look like a TV, printer, etc. running
about the screen as well as all sorts of other pat-
terns. The program was selling for about $30 at the
two places I visited.

While these large diagnostic programs can be
interesting and occasionally useful during
troubleshooting, they can be especially important
before programming. If you are going to be

7



spending days on end programming a heavy proj-
ect, it is a good idea to exercise the 64, everyday
before work. If the machine exercises ok then it is
safe to program on. It is very frustrating to spend
many hours on a large numnber of program lines and
then find them trapped in the machine.

INSIDE THE 64
As you look over the 64 circuit board in Fig. 1-8,
the main landmarks are the large chips. A closer
look shows the data and address buses coursing

over the board. Figure 1-9 shows in a very basic
manner how these various chips interact.

Complex Interface Adapter

The input ports are on the extreme left side of
the board in Fig. 1-10. There you'll find two 40 pin
chips. They are both numbered 6526 and are called
CIAs for Complex Interface Adapters. The leftmost
one is connected to a plug that goes through a bun-
dle of wires to the keyboard. It is the keyboard’s
port of entry. It also connects through the print

Fig. 1-8. At first glance the print board of your 64 can look like a jumbled mass of components.
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Fig. 1-9. This block diagram shows how the chips in the 64 interact.

board to the joystick input plugs. When a key is
struck or a joystick is moved the signal is trans-
ferred to the CIA and CIA places the signal onto
a group of eight parallel copper traces called the
data bus. The data bus transports the signal to the
microprocessor further down the board.

The other CIA is connected to the nearby user
port and the serial port. The CIA performs like the
keyboard CIA on the user and serial ports. It will
receive the port inputs. In addition, it is able to out-
put to these ports. The keyboard and joysticks, in

contrast, use their CIA as an input only device. This
CIA also is able to put the signal out on the data
bus. It receives data from the processor on the bus.

Microprocessor

The processor is a 6510. It sits in the center
of the board. It is the originator of the data bus.
Besides connecting up to the CIAs via the data bus,
it also hooks up to a number of other chips, as seen
in Fig. 1-11. The data bus is sent to eight 4164
RAM chips, three ROMs, a 2114 RAM, the VIC,

9
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Fig. 1-11. The eight lines of the data bus originate in the MPU. They are named DO through D7. The ClAs, ROMs, VIC,
and SID are connected to all eight copper lines. The static RAM chip attaches to only the four lowest numbered lines.

The eight dynamic RAM chips each connect to a different one of the eight lines. The lines are all bidirectional.
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and the SID. All of the chips that the data bus is
connected to have a decimal number that identifies
specific locations. The numbers are called ad-
dresses.

The addresses range from 0 to 65535. Each ad-
dress can be accessed individually. All of the ad-
dresses connect to the 6510 microprocessor. A
listing of the addresses and what the address is con-
nected to is called the Memory Map.

The processor can access the addresses
through 16 copper traces called the address bus.
It travels around the print board from chip to chip.
The processor is able to place combinations of 16
highs and lows onto the address bus. There are
65536 possible combinations of highs and lows that
can be placed on the address bus. Starting with ad-
dress 0 and ending with address 65535 there are
65536 individual addresses. There are only a cou-
ple dozen or so chips, but the chips contain a lot
of registers. Some of the chips contain thousands
of registers. Each register has its own address.

When the 6510 dials an address, all of the highs
and lows do not go directly to the address. Some
of them travel first to substation type chips called
multiplexers and decoders. There are two 74LS257
multiplexers to handle the RAM addresses. An
825100 PLA chip conducts the ROM decoding.
Two 7415239 decoder chips do the CIA, VIC, SID,
and other decoding. The address decoding is shown
in Fig. 1-12.

Once addressed, the location can then be either
read or written to over the data bus. The reading
and writing takes place as the 6510 sends eight
highs and lows to an address during a write or
receives eight highs and lows from an address dur-
ing a read. All of the locations, except those on the
color RAM chip, consist of eight bit registers. The
color RAM registers only have four bit holders.

An eight bit register can hold a binary coded
number from 0 to 255. There are 256 possible com-
binations of highs and lows in eight bits. As you
no doubt know, eight bits make one byte. A four
bit register can hold a number from 0 to 15. There
are 16 possible combinations of highs and lows in
four bits. Four bits make one nybble. All of the
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registers in the memory map are byte size except
for the color RAM which holds nybbles.

When you POKE data to an address, such as
POKE 1099,65, the first number 1099 is a RAM
address. The second number after the comma is the
code for the byte LHLLLLLH. The byte is in-
stalled in address 1099. As it turns out, 1099 is a
location in video RAM. If you POKE any bytes into
video RAM, the VIC reads the byte as code for a
symbol. The VIC then fetches that symbol from a
ROM chip and displays it on the screen. If you
POKE that number into video RAM you'll see a
symbol replace the last asterisk in the top sign-on
line. Try it. This development will be covered as
you proceed in the book. If you are curious, the
location could be probed with PRINT PEEK(1099).
Your 64 should print 65.

The processor traffics with the chips in these
ways. It sends and receives highs and lows over the
data bus with the 4164 RAM chips. It receives but
does not send to the ROM chips. It sends and
receives data to and from the VIC and the SID.

Video Interface Chip

The VIC plays an unusual role. It is not only
a resident of the memory map and is addressed by
the 6510 in normal fashion, but it also can take over
and act as the addresser. It is able to address more
than 16000 of the total addresses. If any of the chips
have addresses in the VIC’s 16K range, the VIC
can access the chip and read bytes of data out of
it. This important VIC ability is covered in detail
in Chapter 17.

The VIC does not need an I/0 port chip. It
handles its own outputs. It does not have a provi-
sion for any video inputs. The VIC is the manufac-
turer of the composite color TV signal that is drawn
on the face of the TV.

The 64 comes equipped with an rf modulator
that makes the VIC output into a channel 3 or 4
TV compatible signal. The modulator is contained
in a metal case and is located at the right rear of
the print board. To the right of the modulator are
power supply components including the power in-
put plug, the off-on switch and the power fuse.
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Fig. 1-12. The 16 lines of the address bus originate in the MPU too. They are named AO through A15. The A15-A8 address
lines are used quite a lot to select the chip that the MPU wants to contact. The A7-A0 address lines can be used to choose
among the thousands of locations on the selected chips. The address lines go from the 6510 to the memory address locations.
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Symptom Possible
Defect Try

Disk won’t work ClA2 Replacing chip
Printer stops CIA1/CIA2 Replacing chip
Keyboard won’t work CIA1 or Replace chip or

Keyboard repair or replace

keyboard

Modem not operating CIA1/CIA2 Replacing chips
Audio-Video port SID Replacing chip
loses sound
Audio-Video Port VvIC Replacing chip
loses video
Cartridge port not PLA/Kernal Replacing chips
operating properly
Control port inoperative CIA1 Replace chip

Table 1-1. Peripheral
Troubleshooting Chart.

Sound Interface Device

The SID is the composer of the audio signal
that the 64 puts out. The SID is also able to receive
an audio input and process it along with sounds of
its own. Like the VIC, it handles its own I/O with-
out the aid of an I/O port chip.

TROUBLESHOOTING CHARTS

When a trouble occurs with your 64 and you realize
it is being caused by the computer and not one of
the external devices, refer to Fig. 1-13. If a device
is at fault refer to Table 1-1. The first step is to
analyze the symptom on the TV display. If the
display is just a snowy TV picture, try a regular
TV channel. Should the TV program be normal,
move to the next block on the right side of Fig. 1-13.

Now the computer could really be dead and
need power supply repairing, or the VIC could have
died. To determine which section is at fault, try to
produce a sound out of the SID. If the SID is quiet,
then the power supply is indicated. Should the SID
sound off though, the computer is ok except for the
VIC and it’s surrounding circuits. Turn to Chapter

18 for a SID test program of POKEs. If the sound
test fails, then the power supply is suspect. Turn
to Chapter 20 and follow the step-by-step in-
structions.

If the TV channel is also snowy, your TV is bad
and you need TV service, which is not covered in
this book. The same goes for any other recognizable
TV problem. The computer is not the problem in
these cases.

When the screen fills with garbage or comes
on with an empty display block (the left side of Fig.
1-13), all of the digital circuit components are
suspect. This includes the processor, RAM, ROM,
CIAs, and decoders. The VIC and SID are probably
not involved in the trouble.

When these symptoms occur, the READY sign
and cursor might or might not be displayed. If they
are not displayed, then diagnostic software cannot
be used. The repair will begin by making voltage,
logic probe, and scope tests. When the READY
sign and cursor do appear, chances are you can
make use of the various diagnostic PEEK and
POKE tests or longer programs, as demonstrated
throughout the book.

15



rtunately, the 64 s assembl in a sgnsible
~manner, which makes the disasse bly relatively
easy, although eXt eme care and slow moves are
the order of the day. The first steps are common
sense. Arrange a large enough place on your work
bench. Gather your tools together. Be sure to have
good bright lighting and place a rubber mat on the
bench. Disconnect all the attachments to the 64.
Place it on the soft mat. Figure 2-1 illustrates your
progress to this point.

It is a good idea to have the bench area as clean
as possible. Dirt and filings that manage to enter
the computer could cause troubles. It is not a good
idea to work on the 64 in a low humidity environ-

Phillips head screwd
shown in Fig. 2-2.
Once the screws are out, turn the 64 back to
it’s normal position. You'll find that the top will now
swing up at the front. As Fig. 2-3 shows, the rear
end is sort of hinged. I say ‘“‘sort of’’ because the
hinging is just the plastic top and bottom cut to hold
on to each other. When you swing the top all the
way up, the hinging will disconnect and the top
piece of plastic disconnects from the bottom. How-
ever, you must be careful. There are two miniature




Fig. 2-1. The 64’s case can be opened with a Phillips head screwdriver. The print board is removed with the aid of a
soldering iron and longnose pliers.

wiring systems that connect the top casing to the
bottom.

The first wires are three leads that connect the
pilot light to the print board. You can remove it
gingerly, as shown in Fig. 2-4, making sure you do
not bend any connections or cause any damage to
either end. The second set of wires are from the

keyboard to the keyboard port. The keyboard port
is a 20 pin male connector. The cable from the
keyboard terminates in a 20 pin female plug as
shown in Fig. 2-5. They can be pulled apart, but
before you do, find out if it is necessary to discon-
nect them for purposes of repair.

In the 64, the keyboard is mounted firmly on-

17
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et to the bottom.

Fig. 2-2. There are three Phillips head screws holding the top of the cabin
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Fig. 2-3. Plastic type hinging permits the top to be swung away from the bottom.

to the plastic case top. If youdo not have to remove
the keyboard from the top or unplug the 20 pin port
connections, don’t do it. The more you disconnect,
the more you have to reconnect and the more ex-
posure you’ll have to possibly causing additional
troubles. The good repairman only takes apart what
is absolutely necessary. You can place the still con-
nected keyboard to one side. Disconnecting the
pilot light will give you plenty of room.

Once the top is to one side you’ll be facing a
piece of cardboard covered with silver foil that is
hiding the print board. The covering is taped down

to a shield on the print board. The tape is covered
with a coppery cover and the tape is soldered to the
shield in a couple of places. Figure 2-6 shows how
to remove the print board cover. Desolder the tape
with as little heat as possible. Then bend the card-
board back as shown in Fig. 2-7. That does it. You
are into the print board area.

REMOVING THE
PRINTED CIRCUIT BOARD
Separating the top of the cabinet from the bottom
is easy. Three screws, a pilot bulb connection, one

19



Fig. 2-4. The LED Pilot bulb is connected to the board with a small pressure connector.
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Fig. 2-5. The keyboard is plugged into a socket at the end of the print board.




Fig. 2-6. The metallized cardboard covering on the board is soldered to the cover of the rf modulator. It is removed with
a low-wattage iron.




rd folds away ©

Fig, 2-7. The card>e?



solder joint, and the job is done. Removing the print
board from the bottom of the cabinet is somewhat
more difficult. Fortunately, most repair jobs do not
require the removal of the print board. When the
job does dictate the complete separation though,
here is how it is to be done.

First of all, the keyboard must be disconnected
at its plug near the end CIA. The top can then be
separated from the bottom. Place the keyboard top
in a safe place. It should be clear of any undue heat
and away from any liquids. If it is going to be
disassembled for any length of time, box it or do
something to keep it free of dust.

Figure 2-8 shows the print board screwed and
soldered onto the cabinet bottom. There are seven
Phillips head screws holding the board tight.
Remove all of the screws shown without touching
any nearby chips or ports. Keep the screws with
the three you took out to open the case. These sev-
en screws are a little smaller than the three for the
case.

Once you remove the seven screws, the board
can come free. If you grasp the board by the rf
modulator, you can lift it right out of the cabinet.
You'll see seven little plastic mold holes where the
screws had been attached to the cabinet floor.

On the bottom of the board, you’ll find a shiny
metal cover. This is the ground plane. A closer look
shows a tan sheet of insulation between the board
and the ground plane. It keeps the board bottom
connections from shorting to the ground plane.
Notice the ground plane has a number of tabs that
are folded over and connected to the print board
grounding strip. There are ten tabs, and they are
soldered to the grounding strip.

The rest of the disassembly job is desoldering.
If you must gain access to the bottom of the print
board you will have to desolder the ten ground
plane tabs from the grounding strip. That will un-
do the sandwich of print board, insulator and groun-
ding plane.

The desoldering is a tedious job and you must
take care not to apply too much heat or pressure.
The only reason that you would take the sandwich
apart is to replace chips that are soldered onto the
print board.

24

There are 32 chips on the board of various sizes
and shapes. Of the 32, eight of the largest are
plugged into chip sockets. There are 24 smaller
chips soldered into the board. If you must replace
one of them, the sandwich must come apart. If you
count the visible chips, there are seven in sockets.
The eighth one is under the metal shield. To open
the metal shield, take a small screwdriver and turm
it in the notch on the left side. The top of the shield
is hinged and the notch is where it opens.

There is one more socketed chip under the
shield along with four smaller chips that are
soldered in place. The socketed chip is the VIC.
When you open the shield, note that the VIC has
a heat sink that touches the shield. The sink is
covered with a white silicon paste to conduct the
heat away from the VIC. Should you replace the
VIC be sure to reapply the silicon paste.

It is vital that, as you take apart the 64, you
perform the disassembly in a slow and deliberate
manner. Carelessness will result in “‘induced”’
troubles. That is, troubles caused by you. If you
disassemble correctly, then you’ll be able to get it
back together again without undue difficulty.

DISASSEMBLY AS A CURE

The step-by-step procedure of disassembly often
provides a fix all by itself. Sometimes during print
board manufacturing, a form of booby trap can be
accidentally installed on the board. After the print
board is assembled, it is typically soldered with
automatic machinery. During the soldering process,
the machines generate hot gases that can expand
rapidly and shoot liquid solder into the air. As the
solder cools and falls, it hardens. The solder then
forms little balls and drizzles down onto the board.
The little balls have flux on them and often will
stick where they hit. They are tiny little
troublemakers.

Of course, the factory is very aware of the sol-
der drizzle, and the board goes through an exten-
sive cleaning procedure after soldering to eliminate
this potential source of trouble. However, no mat-
ter how hard they try an occasional sliver of solder
will stick in a place where it is not seen but does
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not cause any trouble at that time. It sneaks through
the extensive board inspection and is shipped out
with the finished computer.

Somewhere down the line, as the computer is
taken home and put into service, a solder ball gets
loose and starts rolling around the print board. It
settles into a spot such as between two pins on the
CPU. The computer stops operating in a logical
manner. A screenful of garbage appears. The com-
puter needs service.

If this happens to you and you have had the
computer more than the limited warranty time of
90 days and you decide to check it out yourself, the
first thing you do is take it apart. As you remove
the casing and turn the board over on its side, a tiny
solder ball could plink out. Then when you attach
power and turn it on, the garbage is gone! The com-
puter is now working fine. Yes, you have completed
a fix. The removal of the solder ball short has cured
the trouble. The technique was simply taking the
computer apart.

VISUAL INSPECTION

While the solder ball type of short does happen on
occasion, most of the time you are not so lucky.
There are, however, a few other service moves that
are easy to make that do often produce good results.
First of all there is the visual inspection.

The first step of a visual inspection is to take
the computer apart and expose the print board.
This includes removing the metal shield over the
VIC after you have inspected the open areas of the
board and found nothing out of the ordinary.

To inspect the board, a bright light and a good
magnifying glass are very helpful. You are mainly
looking for short circuits, open circuits, and burnt
or mangled components.

Ground Plane Short

One common short happens when a chip lead
pushes into and punctures the insulation between
the print board and the ground plane the board is

9 Capacitor

Board

|

PR s Ly
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Ground plane
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V to groun
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Fig. 2-9. The print board is the top of a sandwich. If a component lead should pierce the insulator, in the middle of the
sandwich and contact the ground plane, the bottom of the sandwich, a short circuit could develop.
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Fig. 2-10. The bus lines are copper-etched wiring strips that traverse the board. A short or open line will cause trouble.

mounted on. As shown in Fig. 2-9, the computer
is put together in layers. The cabinet is at the very
bottom. The metal ground plane is against the
cabinet. It acts as a common ground for the entire
board as well as a shield to ward off interference
that might come up through the bottom of the
machine.

The insulator is on top of the ground plane. Its
jobistokeepall the active connections in the board
from contacting the common ground. The print
board is mounted on top of the insulator. A ground
plane short occurs when one of the print board ac-
tive connections manages to puncture the insulator
and make contact with the ground plane. You can
often spot the short and clear it by snipping off the
excess amount of the lead or by bending it over.

Board Defects

Another quick check should be made at the chip
sockets. Sometimes a socket pin can get bent under
instead of being soldered into its board hole. It could
also sneak by inspection as it works ok since the
socket is attached firmly and the bent over pin
makes a pressure contact. However, in your home,

afterabout a year, some corrosion builds up on the
pin and the pressure contact no longer holds. You
suddenly have either loss of computing or erratic
performance.

This type of trouble can be seen with the bright
light and magnifying glass. Once you locate it, you
can gingerly move the pin into its appointed hole
and apply a tiny drop of solder with a small iron.

Other types of board defects can also be found
visually. The 16 copper address lines that travel
around the board from chip to chip and the eight
copper data lines that take almost the same routes
as the address lines should be examined carefully.
These two bus lines must be continuous. There can-
not be any breaks. Also each line must be separate.
They are not allowed to touch. If you find a break,
then you have an open circuit. If any of the copper
traces touch each other, then you have a short cir-
cuit. Figure 2-10 shows both problems. Either way,
you are going to have trouble. Chapter 15 goes in-
to these bus lines in detail. It is good practice to
examine the address and data bus lines carefully
before each repair. Odds are favorable that you
might find a solder sliver short or a break and have
a quick fix.
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CLEANING

Another service move that might complete a repair,
but is useful in any case, is cleaning. While the com-
puter is apart, you will be able to see how dusty
it is. As a computer is used and time goes by, the
inside collects dust. It can’t be helped without tak-
ing extraordinary measures. Dust itself is not a
problem. Ordinary dust is an insulator and, as such,
won’t short out the print board or its components.
One problem, however, besides the fact that it is
dirty, is ventilation. Dust enters through the ven-
tilation slots. If enough dust collects, the circula-
tion becomes restricted, which can cause some
overheating. If dust gets into the keyboard area,
the interface ports, or other moving part areas, it
can clog up plugs and cause all types of annoying
and erratic operation.

A good way to remove the dust is with the pa-
tient use of a thin, clean, dry paint brush. The dust
removal should be done slowly and carefully. Be
especially careful around the RAM chipssince they
are susceptible to static electricity. Don’t dust on
a day that is dry and static electricity is jumping
off of you. It is a good idea to ground the brush in
any case, as described in Chapter 4. Never use any
water or cleaning solution on the board. The idea
is not to make the board spotless. All you want is
good air circulation and a clear view of the circuits.

STATIC ELECTRICITY

The silicon chip has one serious drawback. It can
be easily destroyed by ordinary static electricity.
If you walk across a carpeted room on a dry day,
reach for a chip, and a static spark flashes from your
hand to the chip, odds are the chip has just been
electrocuted. Oftentimes, you cannot stop the static
build up of the electric charge on your body. How
can you avoid this problem? There are ways. Let’s
examine the situation first before discussing the
preventive measures you can take.

There are two important types of chips you’ll
encounter in the 64. One is called TTL, which
stands for Transistor-Transistor-Logic. The second
is the MOS, which stands for Metal-Oxide-
Semiconductor. There is more detail on the con-
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struction of these chips in Chapter 4.

The chips have a lot of electrical char-
acteristics. One of them is the amount of static volt-
age a chip can take before it is damaged. This is
called the Threshold Voltage for Electrostatic Dam-
age. It is measured in volts. It has been shown that
a TTL will be destroyed if a static shot of 300 volts
or more is allowed to contact it. The MOS chips
are likely to fail if hit by 250 volts or more. How
much voltage is pushing a spark between you and
the door knob on a low humidity day? It could easily
be a jolt of 3000 volts! As you can see, it is quite
easy to kill a sensitive chip.

What Is It?

Static electricity involves the build up of elec-
tric charges on the surface of an insulator. The elec-
tric charges are electrons. The insulator will be
charged if there is an excess or deficiency of elec-
trons. An insulator with an excess of electrons is
said to have a negative charge. When there is defi-
ciency of electrons, a positive charge is present.
The voltage developed gets larger as the charge in-
creases. Either type of charge can cause a spark
and a chip death.

Static electricity results from friction between
different types of material. Your shoes on a carpet
produce a lot of this friction. As you walk around
the room, you charge up. The rug and your shoes
are insulators. The charge is built up there and
passed into your body, which is a conductor.

The charge on an insulator remains at the spot
where it develops. The charge on a conductor, how-
ever, spreads itself uniformly throughout the con-
ductor. That is how we are able to get rid of the
charge. If we, as conductors, touch an earth ground,
the charge is removed at once. However, keep in
mind that the discharge to earth ground consists
only of the electrons in our body. Any charges that
are on our pieces of clothing, which are mostly in-
sulators, will remain. Attention to chip handling
must still be a concern even if you are grounded
properly.

To alleviate the problem somewhat, wear
clothes that are more conductive. For instance,
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Fig. 2-11. In order to keep static electricity on your body at
a harmless, low level, commercially available wrist strap
systems can be used. They provide an escape path to earth
ground for the unwanted charges.

leather soled shoes are better than rubber soled
shoes, and cotton clothing is more conductive than
nylon.

Wrist Strap

If you are going to be doing any extensive chip
handling, the professional way to deal with static
electricity is with a commercially available wrist
strap discharger. These can be bought in an elec-
trical or electronic supply house. They consist of
a wrist strap that is a conductor with a connector
coming out of it. The connector contains a resistor,
typically about a megohm, that connects to an earth
ground. Figure 2-11 illustrates this grounding
scheme. Any charge that builds up in your body will
immediately be discharged to earth ground. Note

Fig. 2-12. This chip extractor has a hole in the top to connect a ground wire to it.
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that I said earth ground. A cold water pipe is usually
such a ground.

This wrist strap is to be used only while
you are working with equipment that is
completely disconnected from any sort of
electric power! While wearing the strap, you are
connected to ground. If you contact 120 Vac, you
could get a nasty electric shock, although the one
megohm resistor will help to limit current. To be
safe, only connect yourself to the wrist strap dur-
ing chip handling on disconnected equipment.

Put the wrist strap on before opening up the
computer. Keep it on all during any chip handling.
You are producing static electricity with every
move you make. Be sure to remove the strap before
you plug in the machine to the line voltage.

Additional Precautions

The professional electronic technician often
uses a lot of other static discharge techniques to
avoid chip losses. First of all, work benches are
usually insulators. They build up charges. You can’t
easily discharge the entire surface because a ground
wire only discharges the point of the bench it
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touches. To solve this difficulty, the technician will
ground the print board he is working on. Being sure
the board is disconnected from power, he will con-
nect a jumper wire, with a one megohm resistor in
series, from the board to an earth ground.

The replacement chips come packed in a con-
ductive foam. He does not remove the chips from
the foam till he is ready to install it into the print
board. He will never take the chip out of the foam
a long time before it is going to be installed and
store it in a shirt pocket. That is asking for trouble.

If you can, it is a good idea to pull chips off print
boards with a grounded extractor tool like the one
in Fig. 2-12. The tool in the photo has a hole in the
top to attach a ground wire to it. A companion tool
is the chip inserter. It can also be conveniently
grounded through the pin on its top.

You may think that I am overly cautious con-
cerning these chip handling problems. It is possi-
ble and even likely that you could replace a chip
without all these measures. However, if you do
blow out a new chip with a static spark after waiting
weeks for it to arrive, the feelings of frustration can
be aggravating.



on the inside or
guide is a rough '
marks in the TV.
transistors and chips that
gives the location, name, and genen i} %
the landmark parts. The servicer is usually able
complete most TV repairs with the aid of the guide
coupled with his knowhow. I do not know of a single
TV that comes purposely without such a location
guide.
On the other hand, I have not seen a gu1Je like
this in any computer, including the Commodore 64.
Therefore, since the last chapter provided the in-
formation on taking the 64 apart I will take the next
servicing step and create a Chip Location Guide.
I will place on the guide a lot more than just the
32 chips.

DRAWING A GUIDE

This book covers the Commodore 64. As time goes

plex ¢
only requires :
dition, if the repair does
mation than the chip guide provides,
be hriefed since you did the chip guide first. It will
be much easier to read the complicated service in-
formation that you will be studying later in this
book.

To begin, take a piece of graph paper about 8
1/2" x 11" and draw a rectangle ahout 5" wide and
10" high. The 64’s print board has an aspect ratio
of approximately 2 to 1. Lay out coordinates by
inches. My illustration in Fig. 3-1 shows 10” across
the top of the rectangle and 5” up the left side. That
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way ever chip on the board has a location. For ex-
ample, suppose you want to know where the 6510
MPU is located. All you have to do is look on the
chart that accompanies the sketch. It says the MPU
is located at 3 1/2" across and 1 1/2” down. A
glance reveals the 6510 on the location guide and
the chip is quickly found on the print board in the
same relative position.

Once you have the coordinates laid out, you can
draw in the chips. Do not worry about being exact.
The only reason for the guide is to give you a feel
for chip locations. You should have a familiarity of
the board layout of any computer you are repair-
ing or cleaning. The better your feel of the board,
the faster and safer the work will progress. It is all
in the interest of eventual mastery over your 64.

The shape of the chips can be approximate.
The location of the chips need not be precise. You
do not have to put the manufacturers part number
on the chip. You do not even have to put as much
information on your guide as I've shown in order
for the guide to save you lots of time.

I put the following information into the illustra-
tion. First of all there are four 40 pin chips. There
are three out in the open and the VIC chip encased
in a metal shield. The 40 pin chips require a bit
more care. | have a little chart for them at the top
of the page. The chart quickly identifies them by
their coordinates. I also identify them by their cor-
ner pins, function, and generic part number. For
example, the VIC chip is shown as a 6567 in Fig.
3-1.

The 40 pin chips are drawn onto the chart first.
In this case I've drawn in the two CIAs, the MPU
and the VIC. Since the VIC is under a shield I've
drawn the shield as a dotted line. The rest of the
chips are then sketched in by using the 40 pin
packages as reference. There are the RAMs,
ROMs, buffers, latches, decoders, flip-flops, gates,
separators, video circuits, the rf modulator, and
finally the power supply regulators.

I’m sure it will take you longer to read the last
few paragraphs than it will take you to rough out
a useful location guide for the 64. In case you want
to avoid actually drawing the location guide, make
a photocopy of Fig. 3-1 and paste it inside your 64
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case. You’'ll miss out on one pass at becoming fa-
miliar with the print board though, if you do copy it.

The amount of information required for the
quick checks is actually small, and you have all
these valuable tidbits on the guide. They are the
location of the chips, corner pin numbers, the func-
tion of the larger chips, the generic part number,
and the dc voltages in the power supply. With on-
ly these tiny bits of information, you can complete
a large percentage of repairs in the same way that
a TV repairman does using a tube and transistor
guide.

Between Fig. 1-9 and Fig. 3-1 you can quickly
refer to the following information:

(0 Thelocation of all the chips. If a chip has a paint
dot or notch at one end, it is marked on the guide.
Pin 1 will be found immediately to the left of the
marking.

(0 The location of the chips under the metal shield.
The dotted lines could serve as a reminder to re-
place the shield after the repair. It is not good prac-
tice to leave shields off.

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

{J The location of external circuits mounted inside
the case. The rf modulator is an example.

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

(O The location of the power supply fuse.

(O The function of the large chips and their generic
part numbers.

O The voltages of the power supply regulators.

These two drawings illustrate what you actual-
ly see when you look down at the print board. It
gives you the perspective of the physical computer.
As you compare the guide to the board during
troubleshooting and repair, you do not have to con-
vert a theoretical schematic symbol to a physical
layout as you must when the schematic is used for
location information.

These guides, though, will only take you so far.
They enable you to find a suspect chip so you can
remove it from its socket and try a new replace-
ment. They show you where the fuse and the
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various plugs are to check for visual indications of
trouble. Fortunately, these few general checks will
allow you to complete a large percentage of repairs.

When the simple measures fail and the repair
does require the use of the schematic, the value of
the location guide does not end. When you read the
schematic, you are seeing symbols that represent
the physical chips and other components. Yet the
symbols and the actual components bear no
resemblance to each other. You must be able to
relate the symbols to the electronic parts on the
print board. You’ll find that the familiarity you gain
with the location guide helps bridge the step of fin-
ding a part on the board after reading it on the
schematic.

CHIP SURVEY

To get you even more familiar with the circuit
board, I want to introduce some of the major chips
that you have drawn on your chip location guide.
I will locate each chip with the coordinate system
used in Fig. 3-1.

Microprocessor

The microprocessor is located at 3 1/2 across
and 1 1/2 down. The 6510 is a variation of the 6502,
which has been one of the most used micro-
processors in recent years. The important dif-
ference between the 6510 and its predecessor the
6502 is an extra I/O register in the 6510 that the
6502 does not have. The details of the additional
register is discussed in Chapters 12 and 13. The
register provides a tricky way to handle all the
memory in the 64.

The MPU has the job of addressing all the
residents of the memory map all around the board.
It sends and receives data from the memory. It pro-
cesses the data with the aid of its internal registers,
its arithmetic and logic center, and its control sec-
tion. The registers are temporary memory locations
to store results in progress, incoming instructions,
and memory map addresses that will have to be
contacted during the data processing.

The arithmetic and logic center does the data
processing. It is known as the ALU (Arithmetic
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Logic Unit), and it performs all the calculations. It
also selects, sorts, and compares the information
according to the instructions it receives. The con-
trol section is a traffic cop in the MPU that keeps
data traffic moving in the correct direction at the
proper time.

Complex Interface Adapters

The two 40-pin 6526 Complex Interface
Adapters, or CIAs, are located at 1 1/2 x 1 1/2.
The one closest to the left side of the board (CIA1)
is used by the keyboard to enter data. The plug that
the keyboard cable plugs into is next to the CIA,
and you can see the copper etch tracks from the
plug to the CIA pins.

The keyboard is an arrangement of rows and
columns that intersect. Everytime you hit a key a
row is shorted to a column as Fig. 3-2 illustrates.
There are eight rows and eight columns. This pro-
vides 64 ways that the rows and columns can short.
Each short is transformed into a code for the
character or symbol on the key. There is more
detail about this setup in Chapter 16. The CIAs also
provide entry or exit of signals to or from
peripherals like the joysticks, user port, cassette,
disk, printer, and other items that are interfaced
to the 64.

These CIAsalso have other important abilities
that are discussed in Chapter 16. They deal with
shift registers and internal timing circuits, including
a time-of-day clock. In addition, the CIAs are able
to produce interrupts which enable the MPU to ser-
vice different circuits.

Video Interface Chip

Under the metal shield at coordinates 6 x 3 is
the 40-pin 6567 Video Interface Chip. The VIC chip
is the interface between the digital circuits and the
analog video output circuits. The VIC produces
many types of outputs that include variations of
alphanumerics, semigraphics and pure graphics.
One of the features of the VIC is its contribution
in the creation of ‘‘sprites.’’ A sprite is a high resolu-
tion programmable figure that can be put into a
graphic display. It is used in sophisticated graphic
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Fig. 3-2. The keyboard matrix is an arrangement of rows and columns. A row is shorted to a column when a key is pressed.

programs. A sprite can be formed in all types of
conceivable shapes and be made to cavort freely
around the TV display.

The VIC chip can act somewhat like an MPU.
It has some addressing capabilities and other MPU
features. The VIC chip is able, under some cir-
cumstances, to turn off the 6510 MPU and take
over the operation of the computer during video
processing. When the VIC chip, acting as copilot,
isin charge, it conducts the addressing and control
functions that the MPU normally performs. The
details on the operation and servicing of the VIC
chip is discussed in Chapter 17.

Sound Interface Device

The 6581 Sound Interface Device, or SID is
located at 5 x 3. The SID is also a device that takes
a digital input and converts it to an analog output.
The output is a fairly decent sounding audio. The
chip is a 28-pin DIP (dual inline package), and it
is quite complex. The details are covered in Chapter
18.

The SID is referred to as a three voice elec-
tronic music synthesizer. It is used to generate in-
teresting and exciting sound effects to go with the
graphics created by means of the sprites and other
video creations. The SID has a wide range of fre-
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quencies that it can produce. There is a high resolu-
tion control of the frequencies, harmonics, and
volume.

There are four different types of waveforms
that the SID can produce. They are triangular,
sawtooth, rectangular, and white noise. The fre-
quency of each waveform can be individually var-
ied. The sound can then be fed into an envelope
shaper circuit. The sustain level, attack, decay, and
release rates are then arranged. With these
variables you can get the 64 to sound like different
musical instruments and other noises. For further
information, turn to Chapter 18.

Besides being a digital-to-analog converter, the
SID has inputs that can change analog inputs to
digital signals. One example is the inputs of two
paddles can be interfaced to the SID for use dur-
ing games.

Random Access Memory

Eight dynamic RAM chips, each with a 4164-2
number are arranged in two lines centered at coor-
dinates 2 x 3 1/2. They are all 16-pin DIPs. Fig-
ure 3-3 provides a closeup of these chips. A more
precise name for RAM is read/write memory. The
RAM is the warehouse for the MPU. It is able to
store data and transfer data back to the MPU when
it is addressed. Chapter 6 goes into the actual mech-
anism of data transfer.

There are 64K memory locations in the Com-
modore 64. There is one byte consisting of eight
bits in each location. The bits in a byte are
numbered 7, 6, 5, 4, 3, 2, 1, and 0. There are eight
chips in the RAM set. The chips in Fig. 3-3 are
numbered 7, 6, 5, 4, 3, 2, 1, and 0. Each chip con-
tains 64K bits. Chip number 7 contains all the bit
number 7s. Chip number 6 contains all the bit

1 2 3
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1 16 1 16 1 16 1 16 1 16 1 16 1 14
3 T W [ W]
¢ 1 14
4 4 # #
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Fig. 3-3. The most congested chip area on the board is around the dynamic RAM and support chips. This is a closeup

of that area.
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number 6s, and so on. When the MPU addresses
a RAM location it is actually addressing all eight
chips at the same time. It gets one bit of a location
from each chip.

The dynamic RAM stores its bits as charges
or noncharges in a grid of tiny capacitances. The
charge in the capacitance can only stay for a few
milliseconds. It must be recharged every few
milliseconds or it will leak off. The VIC chip has
a special circuit attached to the RAM chips that
constantly refreshes the charge so that it will stay
as long as the computer is turned on.

BASIC Read Only Memory

Located at 2 1/4 x 2 is the BASIC ROM chip.
Itis a 2364 A contained in a 24-pin DIP. All of the
BASIC language is stored in memory locations on
the chip. The chip is an interpreter for the BASIC
commands. It is packed full of various routines that
will cause the computer to fulfill the instructions
in a BASIC program.

When a BASIC program is written and in-
stalled into a computer, it is passed through the BA-
SIC ROM. The ROM translates a BASIC instruc-
tion into its comparable machine language. One
BASIC command could cause literally dozens of
machine language instructions to be executed.
There is a machine language in the BASIC ROM
for every single BASIC command that the Com-
modore 64 is able to handle.

The ROM is unlike the RAM in that it is a Read
Only Memory. The ROM cannot store data that the
MPU might send its way. It can only send data on
to the MPU when it is addressed. There is more
detail on the BASIC ROM in Chapter 7.

Kernal Read Only Memory

At guide location 2 1/2 x 2, the next chip to
the right of the BASIC ROM is the Kernal ROM,
another 2364 A chip. The Kernal is the operating
system of the Commodore 64. When you turn on
the 64, the Kernal takes over and controls all the
input, output, and memory management of the

computer.
The Kernal works with the BASIC ROM. Most

of the work a computer does is transfer data from
the MPU to memory and back. Another vital job
that must be done is verify the validity of the data
that travels from place to place. The operating
system has special load, store, and verify routines
that the BASIC routines call upon to conduct the
business of computing.

The Kernal is made with an eye to the future.
As time goes by, the machine language of the 64
could and probably will be improved and upgrad-
ed. There is a special jump table in the Kernal that
is designed to accommodate these changes. That
way, the machine language routines that you
develop will still work on the newer model
operating systems that will inevitably replace pres-
ent systems. There is a lot more about the Kernal
in Chapter 7.

Character Read Only Memory

In the same row of chips, to the right of the
Kernal is the Character ROM. It is a 24-pin 2332A
read only memory chip. It is an amazing little stor-
age area. It contains all the shapes of the characters
that are displayed on the TV screen.

Each character can be depicted on the screen
with eight bytes of memory as shown in Fig. 3-4.
The Commodore 64 has 512 characters to display.
They are all in the Character ROM. If you multip-
ly 512 characters times eight bytes, that means
there must be 4096 bytes of storage in the
Character ROM. There is. It is a 4K memory chip.

In a set of eight bytes, there is a pattern. The
different patterns form all the letters, numbers, and
symbols that you place on the screen. During ma-
chine language programming you must pay par-
ticular attention to the details that are needed to
work with the Character ROM. When you are us-
ing BASIC, the BASIC ROM and Kernal handle the
Character ROM.

Color Random Access Memory

At location 4 x 3 1/2 is the Color RAM. The
18-pin DIP is a static RAM chip in contrast to the
dynamic 64K RAM that is used to store normal pro-
grams, video, and data. The Color RAM is used to
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Fig. 3-4. Character patterns are stored in a matrix of eight bytes. With eight row locations and eight column bits, any
character can be formed by judicious placing of the highs and lows.

store the position of a color that a character on the
screen is using. This static chip is needed since the
dynamic RAM must hold so much information that
it doesn’t have any more convenient storage to con-
tain the color position information.

The chip isa 2114-30L. It is organized in a 1024
x 4 bit arrangement. This makes each location in
the chip only four bits wide, a nybble, rather than
a byte. Figure 3-5 contrasts ROM and this RAM.
The color of a position on the TV face can be con-
tained in a nybble.

The color RAM chip is in the memory map and
is addressed by the CPU just as any other map resi-
dent is. The difference in this chip is that it also
outputs to and receives data from the VIC chip. It
works as a helper to the VIC chip. It holds the in-
formation of the color of each character position on
the screen. There will be a lot more detail about
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this RAM in Chapter 17.

Other Board Landmarks

There are more circuit components that will be
discussed in their pertinent chapters. One of these
is the chip at 5 x 1 1/2. It is the Programmable
Logic Array (PLA) that helps in selecting the chip
that the MUP is to read from.

The rf modulator is located at 6 x 1. It places
the composite color TV signal that the VIC chip
creates into a channel 3 or 4 signal that your TV
can use.

In the rear and on the right side of the print
board are the ports that interface with the
peripherals that are designed to work with the Com-
modore 64. In clockwise fashion they are the user
port, the cassette port, the serial port, the audio vid-



eo plug, the cartridge port, and the control ports.
These are discussed in Chapter 19. The ports are
very important test points during troubleshooting.

SOCKETS

Whether a radio, TV, or computer finds its way to
a servicing bench, in the final analysis the trouble
will turn out to be a defective component or con-
nection. While the diagnosis in each can be dif-
ferent, radios have mostly sound trouble, TVs have
picture problems, and computers have digital infor-
mation complications. The root of the trouble in
each case, however, is electronics. Basic repair
techniques have a lot in common, regardless of
what you work on.

One of the most common and important com-
ponents that servicers look for are sockets. Vacuum
tubes almost always use tube sockets. It is rare to
find a tube that is wired into a circuit instead of be-
ing plugged in. The only tube I can recall that was
wired in was an old miniature high voltage rectifier.

As aresult of the almost universal use of tube
sockets and the fact that most TV troubles were

caused by bad tubes, a large percentage of TV
repairs could be performed by any mechanically in-
clined person. Technical training was not required
to change a dead tube.

When transistors arrived on the repair scene,
they were found in two ways. Some manufacturers
used a lot of transistor sockets in their units while
others simply saved money by soldering the solid-
state devices in place on the print board. There are
advantages and disadvantages to both methods. It
is claimed that a soldered in transistor is much more
reliable than a socketed one. Transistors are built
with skinny, flexible leads that lend themselves to
be soldered into place rather than poked into a tiny
socket. In addition, unlike a tube that has a keyway
to prevent plugging it in wrong, transistors have
no such keyway. They can be inserted incorrectly,
which could be disastrous.

On the other hand, during servicing, if tran-
sistors are wired in, a repair hardship occurs. First
of all, the luxury of the quick direct replacement
transistor test is not available. If a transistor is a
suspect it must be tested in-circuit or desoldered

Fig. 3-5. The data registers in the memory are all
one byte wide except for the color RAM, which is
one nybble wide.

Typical ROM register
L One byte N
r eight bits A
7 6 5 4 3 2 1 0
Typical 2114 RAM register
One nybble
four bits 4
3 2 1 0
/ 53280 H L L L
Address of
border color /
register in
color RAM HLLL
represents
decimal 8,
the color
orange
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with a new one resoldered in place. Wholesale
replacement, which often quickly effects a repair,
is out. To add to the problem, a lot of soldering can
induce additional problems that complicate an
already poor situation.

The servicer seesthe transistor socket as a very
valuable test point. The transistor can be removed
and all types of signal injection, signal tracing, and
voltage and resistance tests can be made. When the
transistor is wired in, to make the same tests re-
quires desoldering the transistor with all its atten-
dant difficulties.

Chips, from a socket point of view, appear
somewhere between tubes and transistors. Chips
are miniscule and not as easy to handle as a tube.
However, chips have sturdy little feet and can be
pulled out of and inserted into the tiny socket holes
freely if you use the proper techniques.

The chip package is designed to mate with a
socket. The reliability of a chip in a socket is al-
most as good as a chip that is wired onto a print
board. If a manufacturer produces a microcomputer
with the large chips soldered into place instead of
socketed, its usually because he wants to save the
price of the socket. He can’t be faulted too much,
because in production the savings of the cost of 10
or 20 sockets can come to a lot of money, and we
are all rooting for him to keep the price of com-
puters low.

The rule of thumb among designers concern-
ing chip sockets has been the following. During
design and breadboarding, while technicians are
hand wiring a new board, sockets are used for prac-
tically every chip, large or small. During the ex-
perimental stages, techs are constantly removing
and reinstalling all the components, including the
chips. Once the project is finished and the board
goes into production, the sockets are dispensed
with, except perhaps for the 40-pin or larger
packages, and the board ends up with mostly
soldered in chips.

As a servicer, I would naturally like to enjoy
the benefits the design breadboarder has with his
board full of sockets. As a computer user though,
I am also interested in buying my equipment at the
lowest possible price. The manufacturers try to
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make everyone happy. As a result, you'll find some
computers replete with sockets and others with
practically none.

Chips operate with very little electric current
and have proved to be quite rugged. They do not
seem to fail as often as tubes and transistors do.
This fact tends to lessen the need for sockets. How-
ever, if a 40-pin or even a 24-pin package that is
soldered in should fail, you have a considerable
replacement job on your hands. That is not all. In
addition, the testing of the chip in-circuit is quite
a chore too. The socket question is knotty, but as
time goes by, and millions upon millions of com-
puters are installed in homes, I'd say more and
more chip sockets will be used to make servicing
easier and consumer repair bills tolerable.

In the Commodore 64 that I have sitting open
in front of me, I see a number of sockets.The four
40-pin packages—the CPU, the two CIAs, and the
VIC chip—are all socketed. Among the smaller
chips, the SID, the Kernal, and the BASIC ROM
are also in sockets. The RAM, including the eight
dynamic and the single static Color RAM are not
socketed. They are soldered right into the board.
None of the other chips are socketed.

Handling the socketed chips and desoldering
and resoldering unsocketed chips are techniques
that require considerable briefing. Locating the bad
chip is perhaps the easiest part of a repair job. The
next chapter goes into the right way to do the
replacement job.

USING THE LOCATION GUIDE

Let’s see how the guide works on a typical easy re-
pair on the Commodore 64. Suppose you turn on
your computer one warm summer day and it is
operating fine. It continues working well for about
a half hour. Then, all of a sudden, as you enter a
program line, the screen quickly fills up with gar-
bage. To make matters worse, as you try to
straighten out the literal confusion, the machine will
not respond to any of your key strikes. You have
trouble.

As you analyze the condition you know that
garbage is usually due to failure in the digital world
area. This includes the circuits of the 6510 MPU,



the 6526 CIAs, the 6567 VIC, the PLA, the ROMS,
the support chips and maybe one of the RAM chips.

The experienced tech would also pick out an-
other symptom that is not so obvious. The trouble
did not begin till the 64 was up and running for a
half hour in the warmth of the day. This indicates
that one of the chips or components is heat sen-
sitive. It breaks down as it heats up. This heat
breakdown lends itself to some heat testing tech-
niques. The schematic of the 64 won’t be needed,
the location guide should be the only service sheet
needed.

There is a quick freeze aerosol liquid that can
be bought in a can at any electronic supply house.
If you have the print board exposed you can,
through a tube that comes with the can, spray the
suspect circuit components, one at a time, while the
trouble is happening. If you spray a chip that is fail-
ing due to heat prostration, and the trouble sudden-
ly disappears, chances are you have pinpointed the

defective chip.

You must be careful where you spray the quick
freeze liquid. You only want to place a fine spray
on one component at a time and then observe the
results. That way you will pinpoint the bad one.
You also only want to spray prime suspects, not
every part of the board. That is where the location
guide is invaluable. It permits you to find the
suspects and conduct the test.

In this particular trouble, taken from an actual
repair, the condition disappeared when the CIA on
the end of the print was quick frozen. The trouble
reappeared in about a half hour as the machine was
left on. A new CIA chip cured the problem per-
manently.

This is a typical example of the way that the
location guide is used as servicing information dur-
ing a repair. You’ll find that a good guide will be
used much more often than the schematic.
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experiences that the miniscule transistors must go
through. Even though a chip is perfect at the begin-
ning of a repair, there is always the possibility of
it not being quite so perfect at the end.

Some types of chips are exceptionally sensitive
to heat, voltage, and static electricity. Other forms
of chips are not overly disturbed by these forces.
In the 64, there are lots of these easily hurt chips
and a few tough types that can withstand some
punishment. As we discuss the various chips in
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=» TL AND RTL

The rugged type chlps you’ll find in the 64 are
called TTLs. This stands for Transistor-Transistor-
Logic. The predecessors of the TTLs were the
DTLs, Diode-Transistor-Logic, and the RTLs,
Resistor-Transistor-Logic. You won’t find any
DTLs or RTLs in computers anymore. They have
been completely replaced by the more efficient
TTLs.

The TTL is known as a bipolar integrated cir-
cuit. The bipolar name is used since the chip is built



with bipolar transistors. Without going into a long
dissertation about bipolar transistors, let us say that
the bipolar transistor has three connections called
the emitter, base, and collector, e, b and c. Figure
4-1 shows a typical TTL gate with these connec-
tions marked. They are called bipolar because con-
duction takes place in two directions at the same
time. The electrons travel in one direction between
emitter and collector, while holes travel in the oth-
er direction. Figure 9-2 gives a graphic explanation.
This type of conduction is in contrast to the Field
Effect Transistor, or FET, discussed next. It has
either electrons or holes on the move, but not both
at the same time. If you desire more details on the
bipolar transistor theory, please look it up in the
many books available from TAB Books.

The TTL, DTL, and RTL all use bipolar tran-
sistors. While you won’t see any DTL or RTL types
inthe 64, its a good idea to review them since they
were the predecessors of the TTL. The RTL was
among the first forms of integrated circuits. It was

an inexpensive chip that was easily connected to
larger discrete components like resistors and
capacitors. However the RTL was highly suscep-
tible to voltage noises and it had low fanout abili-
ty. Fanout is the characteristic a chip has to drive
a number of parallel loads. The RTL can only drive
a few loads. On the other hand, a TTL can drive
a large number of loads which gives it a better
fanout characteristic.

The RTL gate in Fig. 4-3 uses two resistors in
the base inputs of two npn bipolar transistors. That
is why it is called a Resistor-Transistor-Logic chip.
This particular configuration is called a NOR gate.
There will be more about NOR gates in Chapter 10.

The DTL gate in Fig. 4-4 uses diodes in the in-
put circuit rather than resistors. This change of
component makes the gate faster, gives better noise
immunity protection due to diode clipping, and in-
creases the fanout characteristic. In addition, the
DTL permits a large fan-in. Fan-in is the ability of
the chip to accept parallel inputs. The diodes are

Collector
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Fig. 4-1. The TTL (Transistor-Transistor-Logic) chips are based around the transistors that are endowed with double emitters.
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Fig. 4-3. The DTL (Diode-Transistor-Logic) chips are so called because the inputs are made through diodes.
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Fig. 4-4. The RTL (Resistor-Transistor-Logic) get their name from the input resistors that are used.

able to isolate the gate input circuits from the
preceding stages and many parallel inputs can be
connected without loading the input. The basic
DTL circuit shown is called a NAND gate. There
is more about NAND gates in Chapter 10.

The TTL evolved from these two basic circuits.
In 1961, Thompson invented the TTL. It is like the
DTL in that there is diode action in the input. The
input is through the double emitters of the tran-
sistor. Their are a number of emitters in the TTL
m Fig. 4-1. The extra emitters are pn junctions, just
like diodes. All the inputs to the chip can enter
through the multiple emitters and be diode isolated
in the same way that the DTLs are isolated. The
circuit operation is very similar to the DTL.

There is a whole family of TTL chips. At this
writing, they are approaching 200 in number. They
have been given the generic series part numbers
beginning with 7400. Typical TTLs in the 64 are
7406, 741508, 741.574, 741.5239, and so on. All the
TTLs will be discussed in various sections of the

book. While the numbers in the 7400 series in-
dicates the chip is a TTL, the letters in the number-
ing, such as L and S have special meanings. The
L stands for low power. When there is an L in the
chip number, it means the chip uses 80% less power
than a chip without the L designation. However,
the lower power dissipation is at the expense of
slower switching speed.

That is why there is usually an S accompany-
ing the L in the nomenclature. The S stands for
Schottky clamped diode. When the S is in the name,
there is a Schottky barrier diode clamp in the base
circuit that speeds up the switching action. In com-
pensates for the slowdown caused by the low power
characteristic. Therefore, if you are called upon to
replace a 74LS type chip, use another 74LS and not
a plain 74 type. While the two chips are functionally
about the same, the exact replacement is always
the best way to go. If you have no choice but to
make a change, just be aware of it in case some oth-
er trouble symptom should suddenly appear. In
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some cases, the substituted chip will not work
properly.

THREE-STATE TTL

There is another ability that is often built into
TTLs. It is called TRI-STATE, three-state, or the
third state. What is this third state? By this time,
you should know that computers are in the busi-
ness of processing two logical states. The states are
known by such names as 1 and 0, high and low, off
or on, true or false, + 5 volts and zero volts, set and
clear, set and reset, and other names. Whatever the
names, they are only descriptions of the two logical
states the computer goes to work on. Then there
is the third state.

The third state is sometimes confused with the
zero volt logical state. The third state condition,
though, has no definable output. It is the condition

that the output of the chip exhibits when it is discon-
nected from the circuit. The TTL output gets shut
off and assumes a high impedance condition. In con-
trast, the zero voltage state is a connected state and
the chip output shows a voltage, only thing is the
connected voltage is zero.

When a chip is three-stating, there is no
definable output voltage. As a matter of fact, if you
do happen to take a voltage reading with a vom,
there will be a voltage present, around 2 volts, but
it is a result of accumulated static electricity not
a logical high or low. There will be more about
testing the TTL chips in Chapters 10 and 11.

In the TTL with the three-state ability, there
is a special input stage that is able to disable the
TTL gate circuit upon command. Figure 4-5 shows
a chip with the disable stage. There are three npn
transistors and a diode in the disable stage of Fig.
4-5. They are Q2, Q3, Q5, and D1. When the disable

Vcec
T Data stage
‘5 |
Q
£ O Q1
©
© O
o R Q6
Q4 \___1 Q7 o
[
l D1 &
(o]
<
- Qs 2
| I !
Vee -
T Disable stage o
| :
2
=
35 5
a
£
2 .
g s Q2
0
D |

Fig. 4-5. This three-state NAND gate has two stages. The top stage is normal NAND gate and will process input H’s and
L's accordingly. The bottom stage is the disable. It acts as a switch for the NAND gate. It either lets the gate process
normally or it shuts off the gate and puts it into a high impedance state.
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Table 4-1. Logic State Indications for a Vom and Logic Probe

LOGIC VOM LOGIC PROBE
STATE READING LED LIGHTS
HIGH  LOW  PULSE
HIGH 2.3V to 5.0V ' O O
V4 \
LY ’
LOW OV to 0.8V O . O
/ \
THREE-STATE 0.9V to 2.2V
FLOATING O O O

input is low, Q2 will turn on fully and, asitis called,
saturate. As a result of Q2 saturating, Q3 and Q5
will turn off. This turns off the output of the disable
stage and the stage has no effect on the rest of the
chip. The data stage of the gate continues to
operate as if there were no three-state circuit in the
chip. The normal processing of 1s and Os continues
unabated.

Should the input to the disable stage go high,
Q3 and Q5 will conduct and kill the output current
at Q4. This makes the output transistors of the gate,
Q7 and Q8 stop conducting. Should you measure
the voltage at the output, you’ll find neither a de-
fined high or low. The only voltage there will be
undefined, somewhere between a high and a low.

During bench type troubleshooting, you can
test the output of a three-state type chip at its out-
put. You can also produce a defined output or a
three-state output by injecting a high at the disable
input to effect the logic condition or a low input to
get the undefined performance.

The three-state effect can be used as a valuable
servicing technique. Sometimes when a chip dies,
it produces a three-state condition at its output. Oth-
er times, a three-state condition is present during
normal operation. You can use the reading you ob-
tain to figure out whether the condition is normal

or indicates trouble.

The TTL is easily tested with either a vom or
a logic probe. The only difficulty is the tinyness of
the chip feet. The feet are test points and it
behooves you to have a bright light and maybe a
magnifying glass on the light. You should take care
as you touch down on each test point.

The vom, on a TTL, will normally reveal a
logical 1, or a high, by reading a voltage between
2.3 volts and 5 volts. The logical 0, or low, will
display itself on a vom by reading a voltage between
0 volts and 0.8 volts. During a three-state condi-
tion, the vom willread somewhere in between, from
0.9 volts to 2.2 volts. The logic probe has LED
lights to show the logic conditions. The high lights
the HIGH light and the low makes the LOW light
shine. When the condition is a three-state one, the
logic probe does not light up at all. Refer to Table
4-1 for a summary of the logic probe indications.

Most of the bench readings that is performed
during servicing is either with the vom or the logic
probe. The servicing consists of a search and seek
expedition of examining the tiny test points.

In the 64, there are a lot of TTL chips. They
are all the smaller support chips and are for the
most part soldered onto the board without the ben-
efit of having their own sockets. They are fairly rug-
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ged and can take some careful soldering if need be.
They are easily and safely tested with either the
vom or the logic probe.

MOS CHIPS

While the TTL chips are plentiful and are used ex-
tensively, in the past ten years or so, they have been
receiving competition from the Metal Oxide Silicon
chips known as MOS. There are three types of
MOS chips. There is the NMOS that is based
around pieces of n-type silicon, and the PMOS that
has p-type silicon and the CMOS, (Complementary
MOS), which has both n- and p-type silicon chan-
nels for electrons or holes to pass through.

When you look at a chip there is no quick way
to tell whether it isa TTL or one of the MOS types.
They are, for the most part, contained in what is
known as a DIP. The term DIP stands for Dual-
Inline-Package. The tiny wafer of silicon is wired
into the familiar rectangular package and the leads
emerge from the package out of both long sides of
the rectangle.

While the basic transistors in the TTLs are
bipolar transistors, either npn or pnp, the transistor
in the MOS is the FET. Where the TTL elements
are the emitter, base, and collector, the FET uses
a source, gate, and drain. The main thing that the
TTL chips and the MOS chips have in common is
that they are both made out of pieces of p- and n-
type semiconductor material.

The bipolar transistors in the TTL chip are con-
structed with building blocks. There were two
types of blocks shown in Fig. 4-2. A block is made
of p-material or n-material. A pnp is, as the name
suggests, a sandwich. The n-material is in the mid-
dle between two blocks of p-material. The npn is
also a sandwich with the p-material inside the two
pieces of n-material. The top block is the collector,
¢, the middle block is the base, b, and the bottom
block is the emitter, e. The transistor connections
are made at c, b and e.

The bipolar transistor can roughly be thought
of as an electronic set of gears. If you get a small
current to flow between the emitter and base, that
will cause a large current to flow between the emit-
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ter and collector. This is called a current amplifier.
The bipolar transistor deals in current amplifica-
tion. This is different than the FET that deals in
voltage amplifying. We'll get to that in a few
paragraphs.

The FET is not made with the same building
block layout. The FET's found on ICs are made with
a channel. The channel can be thought of as a piece
of either n-type or p-type silicon. Study Fig. 4-6.
At one end of the channel is the connection called
the drain, D. The other end of the channel has the
source connection, S. In the middle of the channel
is the gate, G. The gate is not connected directly
to the channel like the source and drain. A piece
of glassy silicon oxide is connected to the channel
and the gate is attached to the other side of the ox-
ide. The oxide forms an insulating barrier between
the gate and the channel.

This insulation must be maintained. Should
something happen to the oxide, such as the static
electric short in Fig. 4-7, the insulation will be ru-
ined and the chip would die.

Since there is an insulator between the gate
lead and the channel, electric current cannot pass
from the gate to the channel. In the bipolar tran-
sistor, the base, which is analogous to the FET’s
gate, is not insulated from the emitter-collector elec-
tron path. Therefore current can flow between the
base and the emitter-collector path. That is why the
bipolar transistor is called a current amplifier. The
current from the base controls the emitter-collector
current.

In the FET, current can't flow from the gate
to the channel, but a voltage on the gate can affect
the electrons flowing in the channel. The voltage
can vary the number of electrons that flow. For ex-
ample, if the voltage is high, it can stop the elec-
trons flow. Should the voltage be low it can allow
the electrons to flow at full strength. At any rate,
the voltage on the gate controls the electron flow
in the FET channel between the source and the
drain. That is why the FET is called a voltage
amplifier.

During troubleshooting and repair, the way the
microscopic transistors are performing in the chips
is abstract. There is no ordinary way you can test
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the individual TTL or MOS transistors. If you are
desirous of learning more about the transistor ac-
tivity, again, I refer you to other books.

All three types of MOS chips are in common
use. The NMOS is used a lot in large scale integra-
tion (LSI). The LSI chips are those that have more
than 100 individual gates on a chip. It is useful to
know that the NMOS chips use a positive dc sup-
ply voltage. The NMOS is said to be a single chan-
nel, one polarity chip. The dc voltage applied goes
to all the FETSs on the chip at the same time. The
ground return is also connected to every FET on
the chip. The gates, sources, and drains though
have their own configurations according to the job
they are doing on the chip.

When the channel is made of p-material, the
FET works in a similar way, except that holes move
from source to drain instead of negatively charged
electrons as in the n-material channel. In the n-
channel, a + voltage is applied to the drain to at-
tract the electrons from the source. In a p-channel,
a - voltage is applied to the drain to attract the
holes from the source. The gate still does the volt-
age controlling job except that it changes the in-
tensity of hole conduction rather than electron
conduction. You’ll recognize a chip with a p-channel
because the schematic shows a negative dc supply
connected to the chip. Whatever the polarity,
whether holes or electrons are on the move, the sen-
sitivity of the MOS chip to gate oxide rupture re-
mains the same. Great care must be taken while
testing and handling MOS chips.

The CMOS chip is the most common chip in
small scale integration (SSI). SSI is the term for a
chip with less than 10 gates to a chip. The CMOS
type is also used a lot in medium scale integration,
(MSI). MSI chips contain between 10 and 100
gates.

Remember, a gate can contain a number of
FETs. The NMOS chips are built with n-material
channels. The PMOS chips are made with p-
material channels. The CMOS chips are made with
both n- and p-channels. Figure 4-8 shows how this
is done.

Typically the supply voltage to a CMOS is of
a + nature. Internal wiring takes care of applying
the correct polarity voltages to the different type
channels. The NMOS is thus able to propel elec-
trons from source to drain. The PMOS is able to
move holes from source to drain. The insulated
gates are able to exercise control over the channel
currents no matter whether electrons or holes are
on the move.

Just as the TTL chips have been designated
numbers in the 7400 or 74LS00 series, the CMOS
small package chips are assigned numbers in the
4000 series. An example of a CMOS chip in the 64
is the 4066, a quad bilateral switch. This chip
receives more attention later in the book.

THE DIP PACKAGE

If you take a small magnifying glass and examine
the chips on the 64’s print board, you will see many
neatly arranged DIPs. You know by now that the
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Fig. 4-8. Both NMOS and PMOS IGFETs can be installed on one substrate with this pocket scheme. The result is a CMOS.
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Fig. 4-9. Finding the pins on the
large 40-pin DIPs is made easier by
inserting toothpick indicators be-
tween 10-11 and 31-30.

word DIP stands for Dual In-line Package. On each
chip, there are two in-line rows of tiny feet. The
top view of the chip is a rectangle with a key
designation at one end. The key is either a notch,
a paint dot, or an indentation. The key is between
pin number 1 and the last pin of the chip. The pins
are counted starting with the first pin on the left
and counting counterclockwise. The last pin is on
the other side of the key across from the first pin.

When you replace a DIP, you must make sure
that the key is placed in the same position. The key
is only a visual indicator. The chip can be placed
into the chip socket or print board holes incorrect-
ly. Be sure not to do that. If you do remove a chip,
it might be a good idea to make some sort of mark
on the print board to indicate which way the key
must point. Recall that I marked the location of the
key on the Chip Location Guide in Fig. 3-1. You
should do the same.

When you test the feet of a chip, you must be

able to read the numbers of the pins. Tests consist
mostly of applying the vom for a voltage, touching
down with a logic probe to see if a logic state or
pulse is present, and reading the resistance of the
pin to ground or to another test point with a low
voltage continuity tester.

The fastest way to find a pin is by knowing at
a glance how many pins are on a chip. In the 64,
there are many size chips. Let’s use the 40-pin chip
in Fig. 4-9 as an example. Pin 1 is at the upper left
of the rectangular top view. Pin 40 is opposite to
pin 1. At the bottom left is pin 20. Across from 20
is 21. At the center of the chip on the left side are
pins 10 and 11. Across from 10 and 11 are 31 and
30.

With a bit of concentration, you can quickly
find all those pins. Once you are oriented, you can
locate any other pin using one of these as a
reference. If you have any difficulty remembering
where 10-11 and 31-30 are, take a couple of
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toothpicks and stick them into the gaps between
10-11 and 31-30. That way, if you are making a lot
of careful readings you won’t accidentally touch
down on the wrong pin.

Other chips you might have to handle have dif-
ferent numbers of pins emerging from the package.
Some SSI DIPs are packaged with 14 or 16 pins.
Other packages have 18, 24, and 28 pins. The
largest DIPs in the 64 have 40 pins. No matter the
number of pins the general packaging arrangement
and numbering are all the same.

Printed on the DIPs can be all sorts of useful
servicing and replacement information. Note on
Fig. 4-10 the logo of the manufacturer. Near the
logo is a code date that is needed to exercise war-
ranties. The code date is placed on the chip in a
difficult to read configuration. Often, only the
manufacturer is able to decipher it. Look at the il-
lustration for some hints.

Next on the chip are part numbers. First there
is the generic part number. This is the standard-
ized industry designation. The generic number
allows you sometimes to replace the part with a DIP
from a replacement manufacturer rather the
original. As a word of warning, it is always best to

use the original manufacturer’s parts, if possible,
and not a replacement.

TTLs as mentioned earlier have generic
numbers in the 7400 or 74LS00 series. CMOS chips
are found in the 4000 series. In the 64, there are
other numbers not easily found in generic lists. First
of all there is the 6510 MPU. This is a special
microprocessor that is used by the Commodore 64.
It is part of the 6502 MPU family. This makes it
compatible with 6502 type machine-language soft-
ware, but it has an extra I/O register that is not
found on the 6502 MPU. This is discussed in detail
in Chapter 12.

Next there are the 6526 CIAs. They are special
I/0 chips that operate with the 6510 MPU. Then
there is the 6567 VIC II chip, the 6581 SID chip,
and the RAM and ROM DIPS. They are all dis-
cussed in detail in their own chapters.

SOCKETED CHIPS

The 64 has a lot of the chips in sockets. All the 40
pins chips are in sockets. This includes the 6510,
the two 6526s and the VIC chip under the metal
shield. Two of the ROMs are also in sockets. The
SID chip and the PLA chips are given sockets. This
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Fig. 4-10. While a lot of the markings on the
various chips will remain a mystery, you can
decipher some of them in this manner.
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totals eight sockets. All the rest of the chips are
wired into the print board.

The removal and replacement of socketed chips
is relatively easy. There are a few guidelines that
can make the job safe and easy.

Chip Removal

You probably won't be able to help yourself,
but a good rule to try and abide by is, never touch
a chip with your hands, body, or clothing. TTL
chips can be touched safely. They are not as sen-
sitive as the MOS chips, but I'd use the rule for
both. On occasion, you might pick up what you
think is a TTL only to discover that it was a sen-
sitive dynamic RAM MOS. My reasons for the an-
tiseptic approach is fear of chip electrocution by
static electricity. The weak, vulnerable time of a
MOS chip is when it is loose. Any static discharge
into the chip at that time could very easily burst
some of the insulated gates of the tiny FETs.

Small chips, those with 24 or less pins, can be
extracted and handled safely with the DIP extrac-
tion tool shown in Fig. 4-11. The tool is nothing but
atweezer formed of steel. It is built so that two lit-
tle lips can be placed under the two ends of the chip.
This allows you to gently tug the chip out of its
socket. Once out, the chip can be placed on a con-
ductive grounded surface that shorts all the pins to
the surface. With all the pins shorted to ground, no
static potential can build up and kill a FET gate.

The DIP extractor tool comes with a small hole
a the top. This is to be able to screw a grounding
strap onto the tool. The grounding strap is then at-
tached to earth ground through a one megohm
resistor. One other important word of caution. Do
not remove or insert chips while the computer is
plugged in to ac, whether it is on or off.

The extraction tweezer works easily with chips
of 24 pins or less. It can be used with the larger
64 pins too, if you take some extra care. The longer
DIP bodies, especially on the 40 pin chips, will be
placed under strain if you use the same technique
asyoudid with the smaller chips. The way around
that problem is not to pull the chip all at once. Take
one side at a time. Gingerly rock the chip out of

Fig. 4-11. The chip extractor is the safest way to remove
chips.

the socket, first tugging one side and thenthe oth-
er. That way the holding ability of the socket is
gradually relaxed and the large chip will not ex-
perience undue strain. Once again, after the chip
is free, place its feet on a conductive surface.
The most sensitive of all the chips are the eight
4164 dynamic RAMs and the 2114 color RAM.
They are all NMOS chips, and the gate insulators
are easily shorted. On the RAM instructions, you
are told to ground yourself and keep the chips in
a conductive tube or foam. If you use the grounded
extraction tool, you will be relatively safe.

Chip Replacement

During troubleshooting and repair, chips are
usually in place when you begin. The preceding sec-
tion went through chip removal from a socket.
There comes a time in the repair that chips must
be inserted back into the socket. Either a new
replacement or the old, proven good, chip is to be
reinserted. Just as much care should be exercised
during the chip insertion as the extraction.

The chip to be inserted should be standing on
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a conductive grounded surface. You could use the
grounded extractor tool if you are surehanded and
careful. There are pitfalls though, as the little feet
are fragile and getting all the legs into the socket
at the same time, without bending a leg or two
under, is tricky. Therefore it is advisable to use the
chip inserter shown in Fig. 4-12.

The insertion tool in the illustration is typical
of the devices. Note the conductive post sticking
out of the top of the tool. That is where you attach
the grounding strap. The post goes all the way
through the tool. The post ends at the two flat sid-
ed metal holders at the bottom of the tool. If you
pull the post, you can see the way the holders
operate. The holders are able to grasp a chip or let
it go as you pull the post up or down. On the side
of the gadget, is a locking button. This can lock the
holders and the post in place. That way, while the
holders are hanging onto a chip, it can’t be acciden-
tally dropped during the action.

On one side of the inserter is a pin straightener.
The pin straightener is also grounded to the post.

-----

eove X :
. . RN "y
Fig. 4-12. Chips are best inserted with a gadget that can
hold all the feet at ground potential at the same time.
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Often the little legs of a chip can go out of line. The
straightener fixes that problem promptly. Let’s go
through the procedure once and see how a fragile
chip is inserted into its assigned socket.

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

If any are, pick up the chip with the grounded
extractor tool. Push the chip feet first into the
grounded pin straightener. Rock the chip, feet first
into the grounded pin straightener. Rock the chip
gently till the pins are all in their correct inline spac-
ing. Then place the chip back on the conductive sur-
face. Do not use the extractor to insert the chip.
The inserter is better suited for the job as you'll see.

Pick up the insertion tool. The post should be
attached to an earth ground. Pull the post out. The
twin holders will retract. Place the tool over the
subject chip and release the post slowly. The
holders will now come down snugly around the chip
and ground all the pins. Note that the extractor had
held the chip by its insulated ends. The inserter
holds the legs instead and grounds them at the same
time. The chip is as safe as it can be under the
replacement circumstances.

Next, place the chip over its socket and put all
the pins into their correct holes. Observe the
keyway on the chip and socket so that the chip is
placed in the socket with the pins in the proper
locations.

Once the pins are all in their correct holes pull
the post up carefully. The holders will release the
chip. Then with the post still held up press the in-
serter against the chip to seat it firmly. Do not press
too hard, just enough for proper seating. Then
remove the insertion tool. The idea is to keep all
the pins of the chip grounded as long as possible.
Notice that the only time during the insertion that
the pins were off ground was an instant when the
chip was released into its socket.

The extractor doesn’t keep the chip pins at
ground level. It grasps the chip at the ends. It holds
the plastic packaging material of the DIP. The in-
serter on the other hand grounds the pins most of



the time. Grounding is the trick to keeping MOS
chips intact during handling. If you must move or
manipulate the chips out of circuit, make sure you
are grounded. Attach grounding straps to your
wrist. Should you have to transport chips from place
to place, even across the room, keep the chips in
some sort of grounded condition. It is very trying
toorder a chip, have it arrive after a week or so,
and the lose it to a shot of static electricity as you
walk across a carpet on a low humidity day. When
you keep the chip at ground level, it is safe from
static electricity.

SOLDERED-IN CHIPS

Of the 32 chips in the 64, 24 of them are soldered
directly to the printed circuit board. This presents
a problem when one or more of them must be
removed or reinstalled. The desoldering and
resoldering of chips has been described as a job for
an artisan, not the ordinary person.

Perhaps this is true if you want to reproduce
the same professional finished look that is accom-
plished in a factory. However, as much as you take
pride in your work, the polished look of a finished
jobdoes not mean a thing to the computer. The only
important thing is replacing the chip accurately so
that the computer begins operating correctly once
again,

Desoldering

Once the decision is made to desolder a chip,
whether it is known bad, just suspected as defec-
tive, or must be removed for a test, the potential
for inducing additional problems becomes a large
factor. It is bad enough to have one trouble in a
computer. Great care must be taken to avoid caus-
ing a second and third complication.

The first step is to reach for the right solder-
ing iron. Only the right one will do. Don’t place a
hot 100/400 watt bench gun against the print board.
Itis much too hot. Use the lowest wattage iron you
have. One that will just about melt the solder. Thir-
ty watts is the absolute maximum and if you have
an iron with less wattage use it. The iron should

be one specifically designed to be used for chips and
sensitive transistors. They are on the market, some
are battery operated and others use dc operating
schemes. These are good to use when replacing
MOS chips because the use of dc eliminates all the
60 Hz line voltage sine waves you get out of the
house sockets. However, if you do use conventional
ac house current with a low wattage iron, just
ground the iron like you did your wrist.

The skill required to use solder on a chip is the
control of heat. Too much heat, even momentari-
ly, or prolonged heat even from a low wattage iron
can Kkill a chip. Too little heat does not let the sol-
der connect properly to the lead and a cold solder
joint is the result. All surfaces that receive solder
must be clean, and the tip of the ironshould remain
tinned all during the operation. That way connec-
tions are made in the fastest possible time.

Heatsink techniques are a must. The best heat-
sink is to grasp the lead between the connection and
the body of the chip with a long nose pliers although
this heatsink is not always possible. A piece of lamp
cord connected to clip leads can also serve as a heat-
sink. The heat will always take the easiest path to
dissipation, which is the fat plier nose or the lamp
cord rather than the skinny lead to the chip. It is
good practice to have the pliers grounded too. This
prevents the connections from developing any
undesirable static buildup.

Solder tips are easily kept clean by wiping it
with a paper towel. Naturally, wipe quickly so the
paper doesn’t get a chance to char or burn. The sol-
der should be rosin core 60-40 (tin to lead). It melts
at 371 degrees F.

Desoldering a chip is not too difficult especial-
ly if you know it is bad and you do not care if it
is damaged. Even if you do care the technique,
when performed properly, is easy. The first steps
are to be sure the print board is free and clear at
the top and bottom. A good bright bench lamp with
a magnifier will be extremely helpful. Get into a
comfortable position so you are not straining as you
work. Then the job can begin.

Attach the lamp cord-clip lead heatsink be-
tween the connection to be desoldered and the chip.
Touch the hot iron to the connection. Most of the
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heat that is melting the solder flows into the lamp
cord. The technique is to slowly apply heat to the
print board connection, jiggle the pin with a solder
pick and wipe the connection. Keep doing that pa-
tiently till the pin is free. It could take a number
of picks and wipes. Most of the solder in the print
board hole will be removed. Once the pin is free
go on to the next connection. Pin after pin is freed
in this way. Keep working till each individual pin
is free. Then lift the chip off the board.
Commercially available solder suckers can
speed up this process. They are expensive, but they
work. Most electronics suppliers carry them.
Whenyouare sure the chip is defective and you
just want to get it out of there, you can use less care.
Then you can apply heat and pry faster. After
awhile you’ll pop the chip out. Just be careful not
to disturb the board and the nearby components.

Resoldering

Once the old chip is out, clean up the holes in
the print board. Use a bit of heat, some wiping and
pick out all the excess solder. The new replacement
can then fit nicely into the holes. With the new chip
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in place, apply a drop of properly heated solder to
each connection. After checking the connections for
possible shorts or opens, the job is done.

Asyoucan see, the tough part of the job is the
patient loosening of each lead during the desolder-
ing process. It is good technique to never have to
desolder the same chip twice. Often a particular
chip is the victim of a manufacturer’s design
mistake. The chip will, over the life the computer,
fail time and time again. You will do a lot of breath
muttering if you have to desolder and resolder the
same chip over and over again. What can you do?
There is an easy solution. You can avoid the unplea-
sant chore after the first replacement. Make it a
rule in your repoirtoire of soldering techniques to
always install a socket whenever you have to
remove an unsocketed chip. That way you’ll never
have to resolder that particular chip again.

Follow the same resoldering instruction for in-
stalling a socket. Of course, you need not worry
about damaging the socket like you would a chip.
Yous still want to use as little heat as possible, how-
ever, since the plastic body of the socket can melt
if too much heat is conducted up the pins.



board of the Commodore 64, you'll see three

large 40-pin DIPs and a 28-pin DIP. Should you "

remove the metal shield with rows of ventilation

holes, you will see one more 40-pin DIP. These five

class of large scale integration. LSI

sand inchvidu

cuits have been installed on 2
way to get a test probe into any of the circuits.
if you could somehow run a voltage or scope test
and find a bad circuit among the thousand or more,
there would be no feasible way you could remove
the defective component and install a new
replacement.

The only practical way to gain access to the
minute circuits, is the 40 pins that stick out of the
little package. The pins connect internally to the
circuits. There are only 40 pins that attach to over
a thousand circuits. It follows that, on an average,
one pin connects to at least 25 circuits and each cir-
cuit could have at least 10 input-output leads, which
makes each leg on the DIP a connection to 250 in-

F YOU LOOK DOWN AT THE EXPOSED PRINT

LS Chips

Pservice the Commodore 64, it
is not necessary to learn all there is to know about
LSI chips. You do not need to know the detailed
construction secrets of the 6510, 6526, 6567, and
6581 chips. The servicing skills are in general those
techniques that are used to repair any electronic cir-
cuits. The servicing techniques in specific terms are
those that apply to the specific chips in the 64, as
shown throughout the book. Let’s start the explora-
tion with an overview of the 64’s five LSI chips.

6510 MICROPROCESSOR
The heart of the 64 is the 6510 MPU. It is a

57




member of the 6502 family. The 6502 is found in
the VIC 20 computer. Commodore chose the 6510
for the 64, so a lot of the software that is developed
for their computers will be compatible in the dif-
ferent machines.

The reason the MPU is called the heart of the
computer is because it connects to all the rest of
the chips. It is Grand Central Station to all the chips
in the digital area of the computer. The MPU has
four types of lines that go to and come from all the
rest of the chips. The 6510 has address lines, data
lines, control lines, and special I/O lines. These lines
are grouped together in Fig. 5-1. The 6502 is al-
most identical to the 6510 as far as the address,
data, and control lines go, but the 6502 does not

have the I/O lines. The I/O lines are used for mem-
ory control and will be discussed in detail in Chapter
12.

The MPU in all computers handles the vital
computing chores. Without an MPU, a computer
is not a computer. You can probably design a com-
puter and leave out any of the other chips. You can-
not leave out the MPU and still have a computer.
At this point, let me introduce the general duties
of the MPU. They might not have much meaning
at this stage, but the duties will be clearer as we go.

The MPU, first of all, has the job of providing
and requesting data. Figure 5-2 illustrates both of
these jobs. The reason it requests data from the rest
of the computer is to process it. The data is ob-

S—
Yo 4*RESET
A —— 4 $20UT

Control ————————g R/-W

AEC

[ *IRQ

1 ¢IIN
—_—

2 ————4 RDY
Y ————q *NMI
1105

110
registers

1100

4 3z
b7 31
3c

ta

|

—3
F—— b
DO 17

al

Fig. 5-1. The 6510 has four types of lines that connect to the rest of the computer chips. They are address, data, /0,

and control lines.
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RAM

One way

A0-A15
MPU —> ROM

address bus
requests data

I

~

v

CIA —e

Two way
DO0-D7

data bus
moves data
back and forth

I 3
A 4

Fig. 5-2. The address lines have the job of going to a location and requesting access to the data in the location. The
data lines are the wires that do the actual transferring of the data.

tained from places like the RAM, ROM, and the process the data and send it back via the same data
CIAs. The MPU will send a message to one of these  lines to one of these storage or I/O places just men-
places and request data. The data is sent back to tioned. How does the MPU alert a data holding area
the MPU over the data lines. The MPU can then that it wants data?
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The messagethat the 6510 sends is an address.
The address goes out over 16 address lines called
the address bus. These are shown in Fig. 5-3. The
16 lines carry the address. The address is com-
posed of 16 bits of information. One address bit can
be transmitted over each address line. That way,
different combinations of bits can form different ad-
dresses.

The procedure is quite like telephoning. If you
want to call somebody you dial their number on the
telephone. Everyone in the telephone book has a
different telephone number. You contact your party
by dialing their assigned number. The telephone
lines are like the address lines that connect the
MPU to the rest of the computer. The MPU is con-
nected to every major digital section. With the 16

address lines, the MPU is able to contact the in-
dividual addresses 0 through 65,535 in the Com-
modore 64.

Therefore, when the 6510 needs data, it out-
puts an address on the address bus line. Like a
dialed telephone number the address goes right to
the correct location in the computer and opens up
that address. As soon as the address opens, the data
contained at the address is placed on the data lines.
Then it travels to the MPU. The MPU accepts the
data through the eight data lines shown in Fig. 5-4.

The MPU is capable of doing some limited
mathematical and logical manipulating of the data.
The nature of this work is covered in greater detail
in Chapters 10, 11, and 12.

Once the MPU has processed the data, it is

Chip .
\ / pins Each line
carries an
Address/\ 03 Hor L
lines A15 =
A4 22 >
20

A13 19 >
A12 —
AN 18 >
A10 4% .
A9 16 .
15 -
A8 >
A7 14 .
A6 13 ‘
6510 12 >
MPU A5 1 >
A4 >
A3 10 R
A2 >
Al >
A0 7 .

Range of

16-bit
decimal
locations
Address LLLL LLLL LLLL LLLL =0

Fig. 5-3. The 6510 has 16 address lines that are able to form 65536 different binary bit combinations.
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Data Chip
lines pins Each line
& carries a
30 . Horl
b7 31 ¢
6510 De > —>
MPU D5 —>
D4 33 >
D3 ¢34 >
35 >
D2 g
D1 36 >
Do ¢-37 >
Range of
/ 8-bit
decimal
data
LLLL LLLL = 0
DATA lHHH HHHH = 255

Fig. 5-4. The 6510 has eight data lines that are able to transport 256 different binary bit combinations.

ready tosend the data back to storage or to an out-
put peripheral. The MPU addresses the location
where the data is to be sent. The addressed loca-
tionis activated and opened, and then the MPU out-
puts the data to the location on the data bus. The
location accepts the data and, if the location is
RAM, it stores the data. If the location is a CIA,
the data is readied for output to a peripheral.

This explanation describes in brief what the
MPU does as it works through a program. In com-
puterese, this is known as the feich and execute cy-
cle. When the cycle breaks down, the computer
then needs troubleshooting and repair services. It
is a necessity for you to understand the hardware
layout and general operation to apply the fix to most
repairs. Your ability to write programs will not aid
very much here.

Besides the 16 address lines and the eight data
lines, there are 16 more connections in the total of
40 on the package. Two of the last 16 are the +5
volt and ground connections shown in Fig. 5-1.
These pins power the chip. The remaining 14 pins

do various controlling jobs that are described in
Chapter 12.

6526 COMPLEX INTERFACE ADAPTER

The two CIAs are prominently displayed next to
each other at the left top of the print board. They
have the job of connecting, or interfacing, the MPU
with external devices. The CIAs are both input and
output ports. They interface input devices like the
keyboard and joysticks, input-output machines like
the cassette player, and output units like the
printer.

The CIAs connect to the MPU through the
same data lines that go to all the other data loca-
tions in the computer. The CIAs have their own ad-
dresses. When the 6510 desires to access the CIA,
it outputs the CIA address, and it is immediately
connected.

The CIA closest to the end of the board is al-
most exclusively devoted to the keyboard. When
you hit a key on the keyboard you are shorting out
a row and a column. Internally the keys are wired
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in a block composed of vertical rows and horizon-
tal columns. There are eight rows and eight col-
umns. This produces 64 row-column intersections.
There is one intersection for every keyboard
character. When you strike a key, one of the in-
tersections is shorted, which causes that character
to be generated inside the computer. The keyboard
CIA, as shown in Fig. 5-5, is the device that
transfers the shorted intersection identity to the
MPU so that the character can be generated.

The second CIA performs this same type of du-
ty on other external devices. For instance, the sec-
ond CIA connects to the terminal strip called the
user port. The user port is able to connect up to
a printer, a Votrax Type-N-Talk, a telephone
modem or even a second computer. With some ad-
ditional software, the CIA can send or receive from
a large number of other devices.

The CIA can also be connected to more than
one device at the same time as long as only one de-
vice is operating at the same time. For example,
the CIA that is handling the keyboard can also be
connected to the joysticks simultaneously. This ar-
rangement is shown in Fig. 5-6. The keyboard and
the joysticks are both input only devices. Howev-
er, when they are not being used they are both open
circuits. As long as they are both not in use at the
same time, the connections can remain in place.

The 40 pins of the CIA are shown in Fig. 5-7.
There are 24 pins to handle data. There are eight
data pins that connect to the internal computer side.
There are 16 data pins that connect to the user port.
The 16 external pins are actually from two different
CIA I/O ports. These are two sections in the CIA
that operate almost exactly alike. They will be dis-
cussed in Chapter 16.

The rest of the CIA pins are used to address
the chip and control it. There are only five lines in-
to the CIA for addressing purposes. The CIA only
contains 16 locations, unlike the RAM and ROM
that could have thousands of locations on a chip.

In addition to the normal I/O duties that the
CIA performs, there are some other abilities that
the chip can be programmed to use. First of all
there is a 24 hour Time Of Day (TOD) clock. The
clock can give you the time of day in either the AM
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or the PM. It also has an alarm. You can set the
alarm with a few program lines.

For some sophisticated computer operations,
special timing mechanisms are required. In the
CIA, there are two such circuits called 16-bit inter-
val timers. They are said to be independent and
linkable. These are characteristics needed when
these timers are used. If you'd like more details
about these timers or the Time Of Day clock men-
tioned in the last paragraph, you'll find them in
Chapter 16.

Another feature of the CIA is a special 8-bit
serial I/O shift register. The term I/O, of course,
means input/output. It was mentioned that the CIA
has two I/O ports between the chip and the inter-
face connector called the keyboard connector. The
keyboard uses the two I/O ports to communicate
the row-column short location to the computer. The
two /O ports each have eight connections to han-
dle the keyboard information.

The two 8-pin I/O ports all send a bit of infor-
mation at the same time. Since all eight bits are
moving at the same time, or abreast, they are said
to be moving in a parallel fashion. This is in con-
trast to bits moving along in single file along one
of the eight lines. The single file movement of bits
is called serial. No doubt you have heard the terms
parallel and serial concerning the transfer of digital
information. Figure 5-8 contrasts this type of data
movement.

Anyway, besides the CIA having the two par-
allel I/O ports, it has one serial I/O port. The port
uses one pin. Inside the chip, attached to the pin
is an 8-bit serial register. The 8-bits in the register
leave or enter through one end and exit or enter
the chip one bit at a time, in single file, through the
one pin. There will be more about the serial and
parallel ports in Chapter 16.

The CIA has the capability of conducting an
8-bit or 16-bit handshake for both read and write
operations. The handshake is a complicated pro-
cedure whereby the computer can either receive in-
formation from a peripheral (read) or send
information to a peripheral (write). The handshake
is very important and is conducted in machine
language. If you conduct a handshake in BASIC,
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Fig. 5-5. CIA1 is devoted almost exclusively to interfacing the keyboard rows and columns to the MPU. CIA2 uses its
A and B ports to interface external devices to the MPU.
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Fig. 5-6. CIA1 is able to interface the joystick positions through the same pins the keyboard uses.

it is done automatically for you.

A handshake is simply a check and doublecheck
between the computer and the peripheral to be sure
the information is transferred correctly. If we en-
dow the computer and peripheral with human
characteristics, the handshake will proceed as
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shown in Fig. 5-9. Suppose you have a peripheral
that is attached to a CIA with information. The
peripheral says in digital code, ‘“Hi there 6510. I
have some data for you.”

The 6510 hears the message andsays, ‘‘I hear
you calling. All's clear, send the data.” The



peripheral promptly sends the data over the paral-
lel lines and waits. The data enters the CIA, passes
through the CIA, and exits onto the data bus. The
data flashes over the data bus and enters the MPU.
The MPU notes the data entry into its registers and
calls to the peripheral, ‘‘Ok there peripheral, the
data is received, I'm ready for more.”

The peripheral thus sends information to the
MPU and is able to continue sending until all its

data has been transferred correctly. While the
characterization of the two devices is exaggerated,
the procedure is not. The CIA chapter has a
description of the electronics of the handshake pro-
cedure.

6567 VIDEO INTERFACE CHIP

The VIC chip is the place in the 64 where the TV
picture originates. It receives a lot of digital infor-

Serial /0 port

+5V

SP

10 A Port A

Parallel ports

Port B

10 B

. *FLAG
*RESET
. 2 IN
Control ~—————4¢ R/"W
 *IRQ
- *PC

b CNT
TOD

»

RS3
Addressing
RSO pins
CS
D7
Data
DO
Time of day

Fig. 5-7. The ClAs have address and data bus connections, control lines, and the A and B port pins.
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Fig. 5-8. The ClAs have the parallel-type A and B 8-pin ports and a single-pin serial I/O port.

mation. It takes all these bits of information and
assembles them into the composite color TV signal
that appears on your TV screen or computer mon-
itor screen. Figure 5-10 identifies the functions of
the VIC’s pins.

Inside the VIC the various digital signals are
assembled and converted into analog video signals.
The VIC then outputs a sync signal, a luminance
signal and the compatible color signal. These three
components are then combined in conventional col-
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or TV video amplifiers and applied to the TV
display machine. The electronic details are covered
in Chapters 17 and 18.

The analog signal that the VIC outputs appears
on the TV screen. It is the window into the com-
puter. What you see when you turn on the 64 is an
arrangement of little lighted blocks. There are 40
blocks across and 25 blocks down. As Fig. 5-11
shows, this produces 1000 blocks on the screen.
The blocks are graphic locations. Each block has
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Fig. 5-9. The ClAs are able to conduct a handshake operation between the MPU and a peripheral device.
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Fig. 5-10. The VIC has two addressing modes. One is the normal addressing from the MPU by means of the chip select,
CS, and the address lines. The second mode allows VIC to do the addressing through the two-way addressing lines.

a corresponding address in 1000 bytes of the video
RAM. Figure 5-12 demonstrates this cor-
respondence.

Each block on the screen consists of 64 dots.
The dots are arranged as eight dots across and eight
dots down. The computer is able to light or dark-
en each dot individually. Also, the computer can
color each dot with one of 16 different colors.

The Commodore 64 is able to form colored let-
ters, numbers, symbols, and graphic characters in
each of the 1000 blocks. It does this by sending a
digital pattern of the character that is to appear in
each block to the VIC. There are 256 patterns for
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characters stored in a Character Base in the
Character ROM chip. The computer calls specific
characters and sends the patterns to the VIC. Fig-
ure 5-13 shows a portion of ROM and the resultant
block that it produces on the screen.

In order to color the characters, the use of the
Color RAM is needed. It sends a pattern to the VIC
that causes a choice of colors to light up the
character. All of this input information is in digital
form. The VIC in turn changes all this information
into sync, luminance, and color outputs in an analog
form. The TV circuits take it from there.

During servicing the inputs of the VIC are



tested with digital techniques while the output
testing is nothing more than old TV repair pro-
cedures. You'll find the methods in Chapters 17 and
18. These chapters are very important since a large
percentage of the Commodore 64’s breakdowns
have been in the video input and output circuits.

The VIC II is a very powerful chip. In some
ways, it can operate without needing any help from
the MPU. These independent operations stem from
the fact that the VIC is used as a video controller
in video game applications besides appearing here
in the Commodore 64.

The VIC has 47 control registers that attach
to the computer’s data bus. It is also able to access
16K of the machine’s 64K of RAM memory. The
registers and the memory that the VIC can use are
all needed to place the display information into the
TV picture.

6581 SOUND INTERFACE DEVICE
The 6581 Sound Interface Device (SID), is the
28-pin DIP found in the center of the print board.
Its pin functions are identified in Fig. 5-14. The SID
and the VIC are, relatively speaking, new to the
computer scene. In the early days, before the ad-
vent of the micros, computers were large and very
expensive. Only the government and giant corpora-
tions were able to afford their use. As a result, the
applications of computers were few. Aside from the
military using it for ballistic calculations and cor-
porations doing complex business figurings, the
computer had little use. When the micros came
along and the small computers dropped in price
from around $25,000 to under $1000, new applica-
tions of computers proliferated.

One of the most popular uses quickly became
arcade/home video games. The VIC and the SID

1st matching
location

CRT Display

/ Border / / 1063

Display block
1000
little lighted
blocks
in 16 colors

L //

Last matching
video RAM location

Fig. 5-11. The VIC lays out the display into 1000 little lighted blocks. There are 1000 8-bit dynamic RAM locations as-
signed to service those blocks. There are also 1000 4-bit static locations assigned to color those blocks. Each block, therefore,

needs 12 bits in order to show a character in color.
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D4 D3 D2 D1

addresses

1023

1024

1025

1026

1027

RAM
locations

1000 bytes
video

2020

Holds
character
pointers

2021

2022

2023

2024

2025

2026

/\-.—-—/k_’—“

Fig. 5-12. The addresses 1024-2023 are called video RAM. They are filled with an address called a pointer. The pointer
tells the VIC the address of a character that is stored in ROM.

are both designed to fit the game scene. Thisis a
far cry from tracking an ICBM. While the VIC is
needed to control the TV picture, the SID is used
to create the sounds that come out of the TV. If
you are using a monitor that does not have any
audio output, the SID would be useless to you
unless you hook the SID’s output to a compatible
audio arrangement.

The SID is a sound effects generator. It is
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designed to be driven by circuits in the 6502 MPU
family. Note that its number is 6581. This com-
puter’s 6510 MPU is one of the group. The SID
is one of the most advanced computer music syn-
thesizer and sound effects chips around.

If you are musically knowledgeable, you’ll
recognize the following qualities. First of all the SID
is able to provide a wide range, high resolution con-
trol of pitch. Pitch is produced by controlling the



frequency of an audio output. There are three audio
oscillators in the SID. They are called voices. Each
voice can be used by itself or in combination with
the others. By controlling the frequency of the audio
oscillators, you can control the pitch of each voice.

In addition to pitch control, the SID permits
control of tone color. This is accomplished because
the oscillators produce four waveforms at the
tuned frequency. Each waveform has its own
special harmonic content. By judicious choosing of

the individual waveforms, you can control the tone
color of the sound.

Besides controlling pitch and tone color, you
can instruct the SID on the volume level of the
audio. Each voice has an amplitude modulator cir-
cuit on the chip. Each voice also has what is called
an envelope generator circuit. When the program
instructs it to, the envelope generator creates an
envelope waveform that controls the amplitude
modulator. All this creates the desired amount of

Character ROM
8 addresses Contents of 8
containing A ROM addresses
7 6 5'4 3 2 1 0
53256 O|L|L|JL]|H|H]L]|L|L
532657 1|L|L|H|H|H|H|L|L
53258 2| L|H|H|L|L|H]H|L
53259 3| L|H|H|H|H|H|H|L
53260 4| L|H|H|L|JL|H]|H]L
53261 S5|L|H|H|L|L|H|H]|L
53262 6J L|H|H|L|L|H|H|L
53263 7| L|LjLrjrjrjrfr]t
Resultant
little block on
TV screen
o o
e 6 o o
[ I ) o o
e 6 6 o o o
o o o o
[ N ] o o
N R
o o o o

Fig. 5-13. The little blocks on the TV screen consist of an 8 x 8 matrix of 64 color phosphor dots. Each dot can be turned
on by an H or turned off by an L that is passed through the VIC. The character ROM contains the necessary Hs and
Lsin eight locations. Here is how the letter Ais stored in addresses 53256-53263. The VIC is able to fetch the eight bytes

and put them into a TV block.
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+12V +5V
VDD vce
— 4*RESET AUDIO p———
—_— 402 ouT
Control  POTx ) ]
R/I*W L
AUDIO {
IN
:CS
—_— A
Addressing — A3 /S c—
—— A2 G ———
A1 ) —
4 A0 ) C—
Do b

Fig. 5-14. The SID has the usual address and data lines. It has some special control lines as well as audio output and input.

volume. Lastly there are programmable filter cir- in greater detail in Chapter 18. The chapter ex-

cuits that further generate complicated, interesting  plains the way the SID uses 29 8-bit control

tone colors. registers to produce the arcade quality sound
The electronics that runs the SID is discussed effects.
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pensive but is very stable and requires less support. :
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circuitry. As a result, you’ll find static memory be-
ing used where small amounts of memory is need-
ed while dynamic is utilized for large memory
demands. That is why the 2114 static RAM chip
is used for the Color RAM with its small demands,
and the 4164 dynamic RAM chips are used for the
main RAM with its large demands. In this chapter,
I will describe static and dynamic memory and how
the 64 memory is organized.

The 64 in the name Commodore 64 refers to
the amount of random access memory that the
system has. Specifically, there are eight 4164
dynamic RAM chips in the machine. There is also
a 2114 static RAM chip.

Each dynamic chip contains 65,536 bit holders.

'ou arrive at the
; > n th ber is chosen is
ecause compute s do- ‘figuring in powers
The numbers go like . 4, 8, 16, 32, 64, 128,
256, 512, and 1024, which is 21° and is called 1K.
If you continue the progression, you’ll encounter
a lot more important computing numbers, 2048
(2K), 4096 (4K), 8192 (8K), 16384 (16K), 32768
(32K), and 65536 (64K). Table 6-1 summarizes all
these numbers for you. It is a good idea to
remember these landmark numbers up to 64K as
you could be using them often during trouble-
shooting and repair.

The term RAM for random access memory is
a holdover from before the microcomputer. It is not
really an accurate description. You'll find that com-
puter people think of it as read/write memory in
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Table 6-1 Good Numbers to Remember.

Powers of 2 Decimal Count Bits Required
2 0-1 1
4 0-3 2
8 0-7 3
16 0-15 4 (nybble)
32 0-31 5
64 0-63 6
128 0-127 7
256 0-255 8 (byte)
512 0-511 9
1024(1K) 0-1023 10
2048(2K) 0-2047 11
4096(4K) 0-4095 12
8192(8K) 0-8191 13
16384(16K) 0-16383 14
32768(32K) 0-32767 15
65536(64K) 0-64535 16 (2 bytes)

comparison to ROM which is accurately called read
only memory. ROMs are covered in the next
chapter.

I use the kitchen memory board to describe
RAM workings. You are probably familiar with the

type of kitchen memory pad that has a plastic
transparent face. When you lift the plastic, the
number you jotted down disappears and the mem-
ory board can be used again for more reminders
The memory board can be used over and over again
till it wears out, which is usually a long time.

The board starts out as a blank page. When you
want to, you can write on it. Again, at your leisure,
you can read the information it contains. After you
are completely finished with the information, you
can lift the plastic sheet and the information disap-
pears as if it was never there. The board is then
ready to receive more information.

RAM, in principle, acts in an analogous way
to the kitchen memory device. The RAM chips
though do the job by means of electronics. The
eight dynamic RAM chips in the 64 are 16-pin
DIPs. The eight DIPs are a set. They comprise the
stated 64K in the name of the computer.

STATIC RAM
In addition to the eight dynamic RAM chips, there

Internal
Register
Addresses _Bit_holders _
3 2 1 o
0
3 2 1 0
1
2 |3 2 1 0
T ~— e Fig. 6-1. The Color RAM 2114 chip
1020 is organized in nybbles. The inter-
3 2 1 0 nal address of each 4-bit register
1021 ranges from 0 to 1023.
3 2 1 0
1022
3 2 1
1023 0
4 bits
4————————— (nybble) >
register width
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is one more RAM chip, but it is called static. It is
the 2114 Color RAM. Static RAM, although it
stores data like dynamic does, works on different
principles. Let’s examine the differences between
static and dynamic RAM. We can begin with the
2114 static chip.

The 2114 is an 18-pin DIP. It is made as an
NMOS. It is said to be organized in a 1024 x 4 for-
mat. This means there are 1024 individual locations
built into the chip. The 4 means that each location
has four bit holders. Four bits is half a byte and is
accordingly called a nybble. Figure 6-1 illustrates
the arrangement as a tall skinny 4-bit wide struc-
ture. Each nybble location has an internal address.
The 1024 addresses are numbered 0 through 1023.
0 is the first address and 1023 the last.

Each bit holder (four to each address) is able

to store a high voltage or a low voltage. The highs
and lows are code for 1s and 0s. The highs and lows
are stored in flip-flop circuits. Each bit holder is a
flip-flop circuit in a static RAM. The flip-flop cir-
cuit itself is covered in Chapter 11. In fact, this is
the difference between static and dynamic RAM.
Static RAM uses flip-flops for bit storage while
dynamic RAM uses another method.

This tall skinny memory layout is called the
memory matrix. Each location is called a register.
The address bus is connected to the rows of ad-
dresses from 0 to 1023. The data bus is connected
to the columns for four bit holders. The bit holders
could be called D3, D2, D1 and DO0. All of the 1024
locations have their D3 flip-flop connected to the
D3 data bus line. The D2 flip-flops are all connected
to the D2 data bus line, etc. The signal on the ad-

Address
Ag__BYS a0
-1os3 ~1D2 D1 ~Joo
I CE [D2 | D1 |po
|03 |D2 | D1 | Do
D3 D2 D1 Do
L -1 «——Location 1023
Address Flip- Flip- Flip- Flip-
row flop flop flop flop ’ / .
decoder circuit circuit circuit circuit ) chatlon 2
4———Location 1
. Location 0
Col Column
Column Column olumn Do
 ———
D2 o1 i Data
D3 — bus

on the data bus.

fiip-flops on the data bus.

Each different bit pattern on the address allows a
data bus.

If the signal on the address bus is LLLLLLLLLL, then Location O places the contents of its four flip-flops

If the signal on the address bus is HHHHHHHHHH, then Location 1023 places the contents of its four

different row of flip-flops to place their data on the

Fig. 6-2. Each register in the 2114 is able to store a high or low voltage. The high is the electronic representation of a
1 and the low indicates a 0. The register addresses are arranged in rows. The data bits are in columns.
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dress bus will determine which row of four flip-flops
can place their data on the data bus. Figure 6-2 il-
lustrates this idea.

When one of the registers is addressed it ac-
tivates the connections between the bit holders and
the data bus lines. A copy of the highs and lows
in the bit holders will pass over the data lines.

If youlook at functional arrangement of the pin
connections of the 2114 in Fig. 6-3, the first thing
you'll note is ten address lines A9 through A0. Each
address line is able to carry a high or low to the
chip. It so happens that 10 address lines are able
to bring 1024 possible combinations of highs and
lows to the chip. Since there are exactly 1024
registers inthe 2114, theten lines are able to bring

a separate address for each location in the chip.
That is how the memory matrix of the chip can be
addressed.

Figure 6-4 is the actual arrangement of pins on
the chip. At pin 8 of the chip is the notation +CS.
The CS means chip select. The asterisk in front of
the CS means pin 8 is held at a high voltage most
of the time except when you want to turn it on. If
you desire to turn it on, then you send a low volt-
age to pin 8. The change in voltage from a high to
a low selects the chip for action. When the chip is
turned on it will respond to the ten address lines.

If the asterisk was not there, it would mean the
CS pin is being held low while off and would turn
on if a high arrived.

+5V
18
ot :2 A9 1
Ag —— 24 D3 {———D3
A7 17 I ! D2
o —— [E__:: o
Jrpa—0 DO | DO
3
A4 ———— 2114L3
A3 —————dq us
A2 —-———7-4 color
Al — 81 RAM
A0 ._.._.._—5.4 A0
— 8l.g
— 10 l.we
9

Fig. 6-3. The ten address lines, A9-AQ are able to bring one of 1023 separate addresses to the 2114.*CS is able to turn
on the chip. *"WE sets up a read or a write. The four data lines pass the contents of the addressed register.
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+5V

Pulse 1 |A6 '
Pulse —E A5
Pulse ——»@ A4
Pulse ———-E A3 Ue
Pulse ————{5 | A0
Puise ———{'6 | A1
Pulse ——{7 | A2
Pulse ——E *CS
9 |GND

Veel18
A7 17 Pulse
A8 |16 Pulse

Pulse

1775

A9 |15
DO |14 Pulse

D1 |13 Pulse

D2 |12 Pulse

D3 Pulse

1

*WE |10 Pulse

Fig. 6-4. The 18 pins on the 2114 are its inputs and outputs. These are the test points you examine with a logic probe

to troubleshoot the chip.

The 4-bit data to or from the 2114 travels via
pins 11-14, which are connections to the data bus,
D3-DO0. As the chip is selected with a low into *CS
and the internallocation is addressed by the 10 ad-
dress pins A9-A0, the 4-bit holders D3-DO0 can ei-
ther be read and give up a copy of their contents,
or be written to and receive a new set of highs and
lows to store.

How does the chip know whether to output the
register contents or input a new set of highs and
lows? Pin 10, called * WE, makes that decision.
*WE means write enable. The write enable deter-
mines if the chip is to be read or written to. It is
the read/write input of the chip. The asterisk means
the pin is held high. It will read into its registers
while in that standby condition. If it is necessary
to write the chip, a low will be sent to the pin and
change the mode from a read to a write.

DYNAMIC RAM

One of the most striking differences between static

and dynamic RAM is the organization of the bit
holders. As we just discussed, the static 2114 RAM
chip is organized in a 1024 x 4 layout. Other static
RAM or ROM examples are organized as 1024 x
8 and 2048 x 8. These are a common 1K byte chip
and a 2K byte chip. The arrangement of a 2K byte
chip is shown in Fig. 6-5. In all of these chips, the
nybble or the byte sized registers are contained on
one chip. The 2114 has nybble sized registers, and
the other two examples have byte sized registers.
The layout of the dynamic RAM is entirely dif-
ferent.

One dynamic 4164 chip has a layout of 65,536
x 1. This means there are 65,536 bit holders in the
chip and each one has its own address. Refer to Fig.
6-6. They could be loosely referred to as 1-bit
registers in contrast to the 2114’s 4-bit registers,
or the other examples with their 8-bit registers. The
Commodore 64 is an 8-bit computer with 8-bit RAM
addresses. The set of dynamic RAM chips are all
identical, and they are connected in parallel as
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Internal
Memory
Address
70 67 [5T |47 [37 [27 |77 |07
ol v 1V | : N R B All of the
t t } ' + + ' : same bit numbers
1 | | | | | | \ . are connected
i i
| | I ' '
2| I ' '
N i i ] 1 |
1 v L ' ¥ T M L)
3 . ! | | | ' | :
T
| |
4 | | l ' | 1
i i ' } ! | 1 1
| | !
5 | | | | | \
1 | | 1 ! )
| M T T y
s | [ v
: i ] 1 } J ]
7 | | | | 0 1 |
e N B O - L
O Pt B o P an gl M ]
2039 | | | | | ! I J '
1 |
a0 | V] VY] :
! L ) ! | | 1
| ! ' ' ! !
2041 | | I | |
] . \ | |
T 1 L T ] T : 1
(]
2002 | 1|0 |y | | e .
1 | [ ! ! |
2043 | | ' I | |
[ | | \ | [
| | 1
2044 ' I ! I |
| ' ! 1 | !,
|
205 [ V] MV HERE
I : 1 | | | !
v T
| [ | |
2046 | ' | ! B
1 ! 1
1 | $ t
| |
2047 | VL | o |
& o
l e DO
D1
D2
Bi Data bus
D5
D6
D7

Fig. 6-5. Other static RAM chips are organized like the 2114 but with 8-bit holders, 7-0, instead of only four, 3-0. The
addresses in this example have a row of 2048 addresses and eight columns for the data.
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Fig. 6-6. The dynamic RAMs are organized in an entirely different manner than the static RAMs. There is only one bit

in a register rather than four or eight.

shown in Fig. 6-7. Each chip has the same number
of bit holders. That comprises 65,536 total ad-
dresses. With the chips in parallel, all the first bit
holders of each chip combine to become an 8-bit
register even though each bit of the register is on
a different chip. Figure 6-8 illustrates this type of
memory organization. All the second bit holders are
a register, all the third bit holders are the next reg-
ister and so on. Figure 6-8 illustrates the 8-bit reg-
ister at location 1024.

If you look at the pin connections in Fig. 6-9,
you'll see that the address pins are all connected
together. If you dial up an address, for example
1024, you are connected to all eight chips
simultaneously and can receive or send data in
bytes. There are two data bus lines to each chip.
They can receive or send the single bit to the
desired address. One pin is to read data out of the

chips and the other is to write data into the chips.
If you write to the RAM, a byte of data travels the
length of the bus and the byte is stored, one bit to
a chip. Should you read from the RAM, one bit will
emerge from each chip and the net result is the
desired byte of data.

The bit holders are not flip-flop circuits as in
the static RAM. The bit holders are the capacitors
that are formed in the MOS gates. Refer to Fig.
6-10. The gate is separated from the rest of the
MOSFET by that sensitive glassy insulator. The
gate becomes one lead of a capacitor and the rest
of the FET becomes the other lead. The insulator
takes the part of the dielectric. In this way, a tiny
capacitance is formed. The capacitance, like any
capacitor can be made to hold a charge.

In order for the charge to represent code for
the binary data, the following convention has been
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Chip 3 \
\ #2 Bits
) I#3 Bits
1#4 Bits
) #5 Bits
Chip7 ——D0
\ #6 Bits . b1
#7 Bits D2
D3
Data bus
D4
65536

x D5
1 D6
D7

Fig. 6-7. Each RAM chip is attached to one of the data bus lines. All the #7 bits are contained on the same chip. All the
#6 chips are on the same chip and so on. Between the eight chips, the 64K bytes can be formed.

From RAM
Chip #7 6 #5 #4 #3 #2 L #0
L Y S B o
g w23 A7 N ) M MM . n )
§ #7 | 0 #5 | #a | #3 ! #2 ! LA L |
§ 1024 :“- L'I :-‘| I__| :"I :-'u i---
| | ' ' ' ' !
2 i i ! ; ; : :
o2s \[#7 1 | W\{# + + D\U#s ) U # I R IR ERS ¥ ! ,
| - DO
D1
D2
I D3
D4
D5
D6
D7

Fig. 6-8. RAM address 1024 is shown as one bit torn out of each RAM chip.
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9. 9. While there is only one data bus line to each chip, all of the address bus lines go to all of the chips simultaneously.
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Fig. 6-10. Dynamic RAM does not use flip-flop circuits as bit holders. The gate capacitance of the FETs on the chip hold

the highs and lows.

arranged. If the capacitor is charged, it represents
a high or binary 1. When there is no charge, the
capacitor is storing a low or binary 0. The
capacitors have a tiny but adequate capacitance.
The memory matrix on the dynamic 4164 chip is
really nothing more than a clever circuit around a
grid of tiny capacitors.

Memory Refresh

The 2114 static memory chip, with its nybble
sized registers, have four flip-flop circuits in each
register. The flip-flop circuits are dc stable. That
is why the chip is called static. If you place the cir-
cuit into a high state or low state (representing a
1 or 0), the flip-flop will hold that state as long as
the power is on. Nothing more has to be done. If
you want to read the state of a memory register,
you address it. You can make as many copies of
the data in a static register as you want without los-
ing the stored state.

This is not the case with the dynamic RAM.
The 4164 chips are storing their states as capaci-
tor charges, not stable flip-flop transistor conduc-
tions. The capacitors contain tiny charges. The
capacitor can only hold the charge for a short period
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of time. To be exact, the capacitor charge will fall
to a useless voltage level in a little more than 3.66
milliseconds (thousands of a second). The
capacitors in the 4164s must be refreshed at least
once every 3.66 ms.

As Fig. 6-11 shows, the VIC provides the
refreshments. Pins 18 and 19 of the VIC output
signals called *RAS and *CAS. These signals are
applied to pins 4 and 15 of all eight 4164 chips at
the same time. These signals from the VIC are
designed to recharge the grids of the capacitor bit
holders in the memory matrix.

In any computer using dynamic memory, some
sort of refreshing system must be used to keep the
memory full of data. There are all sorts of schemes.
The 64 uses the VIC with its special refresh cir-
cuit. The VIC is able to refresh five 8-bit row ad-
dresses every raster line.

Memory Layout

As Fig. 6-7 illustrated the bit holders are layed
out in a grid of 256 rows and 256 columns. Actual-
ly, as Fig. 6-12 shows, the layout is divided in half
with two grids of 128 x 256 with a band of sense
amplifiers inbetween. But for all practical purposes,



To all < 18 [ *RAS
dynamic 19
RAMs < "CAS

h’_—\_v_\m

6567
vIC

Fig. 6-11. Pins 18 and 19, * RAS and *CAS, are the signals that constantly keep recharging the tiny capacitance bit holders

in the dynamic RAM.

you can think of the grid as 256 x 256. Consider
the total grid as a single component.

Figure 6-13 shows a functional block diagram
of the inside of a 4164 RAM chip. Attached to the
bottom of the grid is a column decoder circuit. It
is able to contact every one of the 256 columns.
Connected to the side of the grid is a row decoder
circuit. It is able to contact every one of the 256
rows.

The column decoder circuit is the data in-
put/output circuit. When a bit in the grid is ad-
dressed and becomes activated, the column decoder
isthere to help out. If the bit is being read, the col-
umn decoder receives the high or low contents of
the bit at one of its connections. Should the bit be
the one that is being written to, the column decoder
will be the circuit holding the data and will transmit
the data to the addressed bit.

The row decoder circuit is part of the bit holder
addressing mechanism. The column decoder circuit
is also part of the addressing system. The column
decoder helps out with the addressing in addition
to handling the data in and out.

Thedynamic RAM chip is addressed different-
ly than the static RAM. From the minds eye, a
static RAM is thought of as a high stack of in-
dividual byte locations. A dynamic RAM chip is a
grid of bit-sized locations. Each location has its own
address. The 4164 chip has 65,536 locations, but

they are arranged in a 256 x 256 grid. 256 x 256
equals 65,536.

A single bit is addressed by using two ad-
dresses: a column address and a row address. The
desired bit holder is the location where the two ad-
dresses intersect. Therefore, the address sent out
by the MPU over the address bus is in two parts.
Eight of the address bits are to locate one row ad-
dress, and the other eight bits find the column
address. The address bits go to all the RAM chips

Total
256 x 256

128
x
256

256
sense amplifier

128
X
256

Fig. 6-12. If you could see the microscopic insides of the
4164, you'd find two grids with a set of sense amplifiers be-
tween them.
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Fig. 6-13. An address in the chip is located by addressing the 256 rows of addresses with eight bits. Then the 256 col-
umns of addresses are addressed with the remaining eight address bits. Where the addressed row meets the addressed

column is the desired bit. That bit can be read or written

at the same time. The same location bit, on each
chip is addressed. The contents of each bit that is
addressed can then enter or exit each RAM.
The RAM chips in the 64 are addressed
through two 74LS257 multiplex chips. The
multiplexer is needed to help out because the ad-
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dressing gets complicated. There is more about this
addressing in Chapters 12 and 17. The internals of
the 74L.S257 chip are discussed in Chapter 8.

Operation
Figure 6-14 shows the pin definitions for the



4164 dynamic RAM chips. The 16-pin DIPs are
powered with +5 volts at pin 8 and the chip is
grounded at pin 16. There are eight input address
lines, MAO-MAY7. The eight lines are derived from
the 16 address lines that are connected to the
multiplexers, the 74LS257s. These eight address
lines enter all of the chips in the 64K byte array
in a parallel manner. That way all eight chips have
their bits addressed simultaneously.

There are 16 bits needed to address the 64K
bytes in the array. Eight bits address the 256 rows
and eight bits address the 256 columns. The
multiplexers handle the arrangements along with
the two inputs *RAS and *CAS.

At pin 4, the *RAS signal enters. At pin 15
*CAS arrives. RAS stands for Row Address Strobe.
CAS means Column Address Strobe. The row ad-

dress bits approach the multiplex-memory array on
eight address bus lines. The column address bits
arrive at the array via the remaining eight address
bus lines.

The two multiplex chips receive the two sets
of bits, as Fig. 6-15 shows. The multiplexer then
feeds the two bit sets alternately to the array. The
multiplexer performs this bit feeding in sync with
the signals *RAS and *CAS. During *RAS the
multiplexer feeds the row address bits and during
the *CAS it feeds the column address bits. That
way all 16 bits are injected into the eight 4164 ad-
dress lines, eight bits at a time.

The array accepts the row addresses during
*RAS, and then over the same lines, accepts the
column addresses during *CAS. This multiplexing
scheme uses only eight pins. The saving of eight

[ 7
W
—2 e GND t@-—

Pulse——E Din *CAS |15 Pulse
Pulse -——E *WE Dout |14 Pulse
Pulse ———’E *RAS MA6 E— Pulse
Pulse ———{5 | MAO MA3 [12} =22 puise
Pulse ——{ 6 | MA2 MA4 [ 11— Puise
Pulse _OE MA1 MAS EGLO—W Pulse
—{8 | vce MA7 | 9 J—— Puise

P O = no light

+5V

Fig. 6-14. This test point chart is for all eight chips. They should all show the same readings if they are operating properly.
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+—» MA3

—— MA2
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Fig. 6-15. The address bits are multiplexed through a pair of 74LS257s before application to the 4164s.

lines allows the 4164 chips to be placed in a 16-pin
package.

Recall from Fig. 6-9 that the 4164 has two data
pins at 14 and 2. Note the data pins connect togeth-
er and then attach to one of the data bus pins. Chip
7 attaches to data bus line D7, chip 6 attaches to
data bus line D6 and so on. The two lines are for
input and output. Pin 2 is data-in and pin 14 is
data-out.

Internally the two pins work with the column
decoders. Refer to Fig. 6-13. The data-in connec-
tion is attached to a data latch. The data latch is
a temporary holding register for the incoming data.
The data latch is also connected to pin 3, *WE, the
write enable pin. During a write operation, *WE
goes low. When it does go low it activates the latch
and lets the latch transfer the data to the column
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decoder. The decoder will then install the data in-
to the addressed bit holder.

When data is leaving the chip it is passed from
the bit holder to a data output buffer stage. The
buffers are connected to the *CAS inputs. When
*CAS strobes the data output buffer permits the
outgoing data to leave the chip and head out over
the data bus.

Timing

The timing diagram in Fig. 6-16 summarizes
how the memory array is controlled by the three
signals *RAS, *CAS, and *WE. During address-
ing, the *RAS strobes in the eight row address
lines. Eight lines can have 256 different bit com-

binations. The combination of bits chooses one of
the 256 rows of bits. A row address latch in each



chip accepts the row address and feeds it to its ad-
dress decoder. That row in each of the eight chips
is activated.

The *CAS then strobes in the eight column ad-
dress lines. A column address latch in each chip ac-
cepts the column address and feeds it to a column
decoder. The decoder chooses a column address.
The corresponding columns in each chip are cho-
sen at the same time.

Meanwhile the *WE signal sets up either a read
or a write condition for the eight selected bits, one
oneach chip. A low at *WE causes the data-in latch
to pass data written to the array to be installed in

the memory bits. A highat *WE keeps the data-in
latch shut and lets the chip output the addressed
data to the data bus.

As you can imagine, the timing of the three
signals are critical. However, during routine ser-
vicing the timing is not normally a factor requiring
testing. The timing is an important consideration
during design. The important part that timing plays
from a repair point of view is its feature during a
chip replacement. You’ll see the timing in the spec
sheet of a new part referenced as access time. For
instance, the 4164 could come in three timing ver-
sions. The access time on different 4164 chips could

Addresses High
Row Column
1 Low
Strobe Strobe
signal signal
*RAS High
Falling
edge
9 Low
*CAS High
Falling
edge
g Low
*WE 9y
Goes / Sets up a read condition 's
Goes high /
low /
Low
Sets up a write condition
Cycle time _

Fig. 6-16. The 4164 chips are controlled by the three signals *RAS, *CAS and *WE. During a cycle, the row addresses
are strobed and then the column addresses are strobed. During that time *WE sets up a read or a write condition.
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be 150 nanoseconds, 200 nanoseconds or 300
nanoseconds. What does this mean?

Different computers run at different speeds.
The Commodore 64 runs at a clock rate of 1 MHz.
This means that the 64 completes one million full
cycles in one second. One cycle takes a millionth
of a second, or as it is called, a microsecond. In one
microsecond, there are 1000 nanoseconds. A
nanosecond is one billionth of a second. When a
4164 chip is said to have an access time of 200
nanoseconds, that means it uses 200 ns of the 1000
ns in one clock cycle. The clock cycle comprises
one full execution of the MPU.

During the 1000 ns execution cycle, the MPU
must address the 4164 array, send the signals to
control it, open up the addressed bits, either write
to the bits or read them, and then prepare for the
next cycle.

A 200 ns array is fairly fast and can easily re-
ceive the control signals, open the addressed bits,
and complete a write or read. In fact, even the 300
ns chips are also easily accessed. If on the other
hand, you had some sort of chips that had a 1000

ns access time, you would be hard put to get them
fully accessed with a 1 MHz clock. You’d have to
get a slower clock or add additional circuitry to gain
proper access.

Refresh Timing

Now that we got into timing, a question might
have arisen about refreshment time. Specifically,
there are 64K bytes in the Commodore 64 memo-
ry array. It was mentioned that every bit must be
recharged at least every 3.66 milliseconds or it will
lose its information as the charge drops below a cer-
tain voltage. Incidentally, notice that the refresh
time value is milliseconds, a thousandth of a sec-
ond in comparison to the micro and nanoseconds
that I just mentioned.

In order to recharge the tiny capacitances, all
you have to do is address each one. The electrical
action of the addressing restores the charge. This
means every address must be contacted within the
3.66 millisecond period. There are 65,536 ad-
dresses. At the 1 MHz clock rate of the 64, it is
clearly impossible to contact every address at 200

! One cycle |
1000 ns
I |
! |
| Active time | ]
High
| |
I I
1 | |
Low
Active time
High
®2
Low

Fig. 6-17. The 64 has a 1000 ns cycle time. About half the time the signal ¢ x is active and the other half ¢ 2 runs the operation.
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ns each and still be able to do the rest of the com-
puting. It would take more than 13 ms. Fortunate-
ly, there is no need to contact every address. All
that is required is to contact every row. There are
only 256 rows.

A dynamic RAM refresh controller in the VIC
is able to refresh all 256 rows in under 3.66
milliseconds. The refresh circuit uses the *RAS
signal to address the rows. It does the job while the
computer is busy doing other jobs, not during the
time the RAM is being accessed.

The 6510 is controlled by two clock signals
shown in Fig. 6-17. They are called phase 1 (¢1)

and phase 2 (¢2). These will be discussed in depth
in Chapter 14. ¢l is a signal that drives the inter-
nal circuits of the MPU. It is active about 500
nanoseconds of the 1000 ns total cycle time. ¢2 is
a similar signal that is active the other 500 ns of
the 1000 ns cycle time. It drives the rest of the com-
puter, external to the MPU. The 4164 array is ac-
cessed during ¢2.

During ¢1, while the MPU is busy internally
and the 4164 array is waiting to be accessed, the
VIC goes ahead and refreshes the 256 rows in the
array.
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mnto the.m

use a
plugge
The
modate the thre , : s with your com-
puter. They are the 4K"2882A Character ROM, the
8K 2364 A Kernal ROM, and the 8K 2364A BASIC
ROM. The two 2364A ROMs, even though they
have the same number, have thousands of dif-
ferences.

In the last chapter, it was shown that RAM is
a warehouse for binary bits. The bit can be in-
stalled, removed, and reinstalled continually. ROM
on the other hand is hand wired. The bits in the
ROM are burnt into the bit holders and are there
on a permanent basis. Once a bit is burnt onto the
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no removing it. To change the inftn::,:
alocation, the ROM must be physically

’ e two 2364A ROMs house the Kernal and

the sockets s BASIC operating systems. They started out life as

identical chips. They were built to hold binary bits
in byte sized locations like a RAM. However a
RAM chip has either flip-flop circuits or
capacitances to hold bits while the computer is ac-
tivated. A ROM chip has neither. In each bit holder,
a component is installed. For example, the compo-
nent could be a diode as shown in Fig. 7-1.

The ROM, in true memory fashion, has rows
and columns. The rows are attached to the address
bus and the eight columns are connected to the data
bus. Each row has its own address. Each column
is connected to every address. Between the rows
and the columns, a diode could be wired in. There
is one microscopic diode between each row and
every column. In Fig. 7-2, row address 0010 has
eight diodes attached. The cathodes of the diodes
are connected to the row side. The eight anodes of



Address

Address

“Hc”’ioizteact “L” burnt in

7 6 \ 5 4 3 2 1 0
Code
e X )P/ /] Ve Va HLHHLLLH

)*/ - 119X
LHHLLHHL

'q )/ / N7 / /]

Address / / / /
LLLHHHLL

A A A / )/ / A A

2 12 1/ Dol A VA
3 DO
> D1
> D2
> D3
> D4
> D5
—> D6
->» D7

Output only

Fig. 7-1. A byte of bits can be burnt into an address with diodes. An intact diode can output an H voltage. A blown diode

can’t pass any voltage, which is an L.

the diodes are wired to the column side. While all
eight cathodes are connected in common to row
0010, the anodes are attached separately to the
eight columns.

The columns are in turn attached to the data
bus. When address 0010 is dialed up, the eight
diodes will all conduct, cathode to anode. The col-
umns D7-DO0 will all be applied with a high voltage.
This is the binary signal representing 1. The col-

umns will then output 11111111 to the data bus.
From there, the 1s will go to the MPU.
Suppose you are the manufacturer of this
ROM. You do not want address 0010 to output
11111111. You want address 0010 to output binary
10011100. In order to effect the change, you must
alter some of the diodes to produce the change in
signal. An analysis of the change shows you want
to alter bits D6, D5, D1, and DO. Bits D7, D4, D3,
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D7 D6 D5

o

Row address
0010

Before

D3 D2 D1 DO

ow address /] /’X/
ronssame ] 7],

After

Fig. 7-2. A row address on a ROM can start out life with eight intact diodes. It will output eight Hs, representing 1s. Each
bit position that then has its diodes blown out, outputs Ls, representing Os.

and D2 should be left alone since they are already
outputting 1s. But you want Os installed in bits D6,
D5, D1, and DO.

The technique is to place a large voltage onto
the diodes where the Os are to be installed. The
diodes from the row address to columns D6, D5,
D1, and DO are thus blown. They become open cir-
cuits. They can no longer output a high voltage.
With the conducting diodes representing 1s and the
blown diodes representing 0s, the data at address
0010 becomes the desired 10011100.

While this procedure will work, during actual
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ROM manufacturing nothing so slow is used. When
a ROM is designed, large printed circuit patterns
are made. The junctions that are going to contain
a diode or transistor are clearly defined on the pat-
tern. They become the row-column locations that
will be outputting 1s. The row-column locations
that are to designate Os are left open. Once the pat-
terns are produced, they are reduced pho-
tographically and used to manufacture the ROM.

So while the 2364s started out life as identical,
once they have their individual patterns burnt in,
they become different entities. In the 64, the two



2364s become the Kernal and BASIC ROMs.
BLOCK DIAGRAM

There are four main partsto a typical ROM besides
the power in and the ground. For example, let us
look over the 2332A, the Character ROM. The
pinout of the 2332A in Fig. 7-3 shows 24 connec-
tions. The connections all lead to microscopic cir-
cuits that are completely inaccessible to you.
Although the circuits are to tiny to work directly
with, you can make tests accurately from the pins
on the chip.

In the block diagram in Fig. 7-4, notethe mem-
ory matrix. The memory is organized as 4096 x
8. This means that there are 4096 byte sized loca-
tions in the ROM. The locations are figuratively
stacked in a tall skinny pile with location 0 at the

very top and location 4095 at the bottom. Actual-
ly, the matrix is layed out in a grid fashion like the
dynamic RAM, but it is wired as a tall pile, like the
static RAM, so we should consider it in that way.

In order to address 4096 individual locations,
an address bus with 12 lines is needed. There are
4096 separate combinations that can be made with
12 bits. In order to address one of the internal loca-
tions, the 12 lines can choose whichever one of the
group it desires. For instance, if you want to ad-
dress location 185, you’d send bits 000010111001
out over the 12 address lines. Those highs and lows
would activate location 185 and leave all the rest
of the locations shut down.

The 12 address lines A11-A0 are the connec-
tions made to the pins 18, 19, 22, 23, 1, 2, 3, 4, 5,
6, 7, and 8. The lines enter the package and are

+5V

Pulse 1 A7
Pulse 2 | A6

Pulse ———-E A4
L
Pulse ——%-—E A3

Pulse ————E Al
Pulse -—-——E A0

Pulse (—l'-"w—alz DO
L

Pulse 10 | D1
Pulse 11 | D2
12 | GND

Puise —————[5 | A2 Us

Vee | 24
A8 |23 |<____— Pulse
Low
A9 |22 It—— Pulse
High
csz2 [21 k 9
cs1 [20 —:,: Pulse
A10 1__9_]¢——— Pulse
An |18 |¢-————"°w Pulse
D7 [17 p—————> Pulse
D6 [ 16 f———— Puise
D5 E—————bPulse
Low
D4 |14 Pulse
Low
D3] 13 Pulse

Fig. 7-3. The 2332 Character ROM will read these highs, lows, pulses, and voltages on a logic probe.
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6 el - D1
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Ad : 4096 D3 l f( 13 R
A5 ____3_)1 Address Address x > D3
2 2 8 14 Data bus
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:g 1 Memory %—————b D4
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matrix D5 R
A9 -——? D6 N 16 - D6
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D7 . 17 R
At ___i%. 1> > D7
4095 w,
N0
Three-state
buffers
. 20
Cs1 9 \ Turns chip
21 AND
CS2 —m—m78M———— / off and on

Fig. 7-4. The ROM is turned on with the two CS pins. The internal addresses are turned on with the address lines. At
that time, data from the location can exit through the buffers and out of the data pins.

connected to an internal circuit called the address
decoder. In the decoder, the highs and lows are
evaluated and control voltages are produced. These
voltages are processed into the memory matrix and
activate the single location that was desired.
Once the location is accessed, the voltage ap-
plied at the row address follows the wire pathways
that Fig. 7-2 demonstrated. The paths are through
components, like diodes, that are connected from
the row line to the column lines. The pathways with
intact components pass the high voltage. The
pathways that were blown in manufacturing do not
pass the high voltage, but instead, maintain a low
voltage. The byte of highs and lows travel out the
columns to the next stage. These bit holders can
only transmit highs and lows, or be read. They can-
not receive highs and lows, or be written to. The
bit patterns are permanently burnt into the mem-
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ory matrix.

The next stage in the ROM is a set of three-
state buffers. The buffers can be turned on and off
by another circuit in the ROM, which we’ll discuss
next. Then the buffers pass the highs and lows from
the eight matrix output columns to the eight con-
nections that attach to the data bus, D7-D0. They
are pins 17, 16, 15, 14, 13, 11, 10, and 9.

Between the incoming 12 address lines and the
eight data lines, 20 of the pins are accounted for.
Pins 24 and 12 are +5 volts and ground. This
leaves two pins unaccounted for. They are pins 21
and 20, called CS2 and *CS1.

The asterisk indicates that the pinis activated
when a low voltage is applied. Another com-
puterese word that means activated or turned on
is enabled. Therefore the asterisk is said to indicate
a condition whereby a pin is enabled when a low




voltage is applied. *CS1 is enabled by a low volt-
age. A pin name without an asterisk usually in-
dicates that the pin is enabled if a high voltage is
applied. The low voltage is typically thought of as
near zero volts while a high voltage is considered
roughly as being near +5 volts.

These two pins *CS1 and CS2 are chip selects.
The chip will be enabled only if *CS1 receives a
low and CS2 receives a high. Otherwise, the chip
will remain dormant. To sum up, the chip is ena-
bled by one out of four possible conditions. The con-
ditions are shown in Table 7-1.

The two chip select pins are connected to an
internal AND gate (Refer to Fig. 7-4). AND gates
arediscussed in detail in Chapter 10. This particular
AND gate circuit will only be enabled by the ap-
plication of a low through *CS1 and a high through
CS2. When this combination of correct voltages are
applied,the AND gate conducts. The gate is in turn
connected to the three-state buffers in the ROM
output. The AND gate conducts when the correct
combination of a low and high are applied at pins
20 and 21, thus enabling the three-state buffer. The
three-state buffer allows the addressed location to
output its data contents to the data bus. In this
ROM, the data contents are part of a character that
is to appear on the TV screen.

CS2 at Pin 21 requires a high to be enabled.
On the circuit in Fig. 7-5, you can see that CS2 is
tied directly to the +5 volt power line. The +5
volts in this case is performing two separate jobs.
It is powering the entire chip at pin 24. There is
a 0.47 uF bypass capacitor also connected there

Table 7-1. 2332 Rom Chip Select

Input Input Chip
Pin 20 Pin 21 Reaction
*CS1
CS2
L)
2 1 L L OFF
28 2 L H ON
as 3 H L OFF
58 4 H H OFF
3]
& o

help filter the +5 volts. Besides the powering du-
ty, the +5 volts is also meeting the requirements
of CS2. It applies the +5 volts to CS2 as the en-
abling high voltage. This connection is permanent.
The + 5 volts holds the CS2 pin high all the time.
In this computer, CS2 is really extra baggage. It
is not needed for the chip select operation. To keep
it out of the way, it is held high and always en-
abled. *CS1 does all of the chipselection. In a dif-
ferent computer, both CS2 and *CS1 might be
needed, but in the 64 only *CSI is needed for the
chip selection chore.

*CS1, pin 20, is connected to pin 16 of the PLA
chip, which is covered later in the chapter. Pin 16
of the PLA is outputting a signal called
*CHAROM. The *CHAROM signal stands for
Character ROM. It is the signal that enables the
Character ROM. When the *CHAROM signal goes
low the Character ROM will turn on and output the
contents of the location of the address bus. The data
bus will receive a character from the ROM.

A lot of the time *CHAROM is held high and
the chip stays off. The *CHAROM signal originates
at the MPU. It is routed to the 2332A chip via the
PLA. The full name of the 2332A chip is Character
Generator ROM. The 4096 locations in this chip
contain all the shapes of the characters you might
want to display on the TV. The letters, numbers,
punctuation symbols and the other shapes you see
on the keyboard. When you program the 64 to
display those shapes the 6332A is enabled with a
low on line *CHAROM and the ROM character pat-
terns are output from the burnt in bits in the matrix.

Each displayed character is composed of a grid
of dots in an 8 x 8 matrix of light. In order to see
one full character, you must address eight ROM
locations. There is a set of eight bytes for each
character. Eachbyte is one row in the pattern. Each
bit in a byte has control over one dot. A high from
a bit holder causes a dot of light to go on. A low
from a bit holder makes a dot of light go off.

The output of the Character ROM leaves the
chip through the data lines in the data bus, D7-DO0.
The output goes to D7-D0 of the VIC. The input
to the VIC receives the character shape informa-
tion and processes it onto the TV display.
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Fig. 7-5. Pin 21 is always held high because it is permanently attached to +5 volts.

CHARACTER ROM

The Character ROM has a memory of 4096 bytes.
Internally they are addressed from 0 to 4095. In the
64K computer memory scheme, the ROM is ad-
dressed from location 53248 through 57343. Each
eight bytes contains the dot information for one
complete character. The first character in the
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ROM, found at locations 53248 to 53255, is the
symbol @. @ is the first character code, and it is
called code number 0. Code number 1 is the sec-
ond character in the set. It is located at 53256
through 53263 and is the capital letter A. Recall
from Fig. 5-13 how the binary contents of the loca-
tions and the resulting A formed in one block on
the TV screen.



In the 4K ROM, 512 characters can be stored.
Since each character takes up eight bytes and 512
x 8 equals 4096, it is easy to see how the storage
is accomplished. The 512 characters are the total
of two sets with 256 characters in each set. The first
set contains all the capital letters and graphics. The
second set has a full reportoire of upper and lower
case letters. When you first turn on the 64, it comes
up in the standard capital letter character mode.
This is the mode used for programming. The screen

display codes of the Character ROM are shown in
the User’s Guide that came with your Commodore
64.

KERNAL AND BASIC ROMS

A computer is helpless without an operating system
(OS). An operating system is a program that the
manufacturer installs in the computer to run things.
The operating system can be placed into RAM or
ROM. It doesn’t much matter as long as the con-

+5V
24
8 9
AO A0 Do m —DO
A1 7 D1
A2 6 1; D2
A3 - ROM :4 b3
4
D4
Ad 3 2364 15
AS D5
A6 2 16 D6
A7 1 D7 ¢7 D7
AB 23 U3
A9 22 and
9 Ua
A10
A1 18
A12 21 Iav2
BASIC Kernal 20
_——-—— *CS
| ROM ROM
| 12
|
|
| "BASIC *KERNAL
lk\ )\
From From
PLA PLA
pin 17 pin 16

Fig. 7-6. The schematic drawings of the BASIC and Kernal ROMs are identical except for PIN 20, the chip select. The
only internal differences are in the data burnt into the bit holders.
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trolling system is present. In the Commodore 64,
the operating system is found in the Kernaland BA-
SIC ROMs. They are both 2364 As. Their 8K each
of burnt in memory runs the operation of the 64.

In Fig. 7-6 the two ROMs look quite alike and
evenresemble the Character ROM. Theyare both
24-pin DIPs. They are powered with +5 volts at
pin 24 and returned to ground at pin 12. They both
attach to the data bus D7-DO0 at pins 17, 16, 15, 14,
13, 11, 10, and 9. At this point in the description,
there are some changes. They also interact with
each other, as you will see.

First of all, there are thirteen address line con-
nections, A12-A0. The Character ROM only had
A11-A0. That’s because the Character ROM only
had to address 4K. The Kernal and BASIC ROMs
each have 8K internal locations. It takes thirteen
bits to address 8K. There are 8K combinations that
the thirteen bits can assume.

The next difference is the chip select arrange-
ment. There is only one chip select on the 2364 A.
It is on pin 20 and is labeled *CS. This means pin
20 is held high while the chip is inactive and is en-

abled by a low. The Kernal ROM is turned on if
a low signal called *KERNAL arrives from pin 16
of the PLA. The BASIC ROM is activated when
the signal *BASIC comes to its *CS pin from the
PLA.

The internal block diagram of the Kernal and
BASIC ROMs are similar to the Character ROM.
Refer to Fig. 7-7. They each have a memory ma-
trix deep in the chip. The matrix is laid out in an
8192 x 8 organization. The matrix is connected to
a decoder stage.

The decoder has an input from the address bus
A12-A0. The address is decoded, and the desired
memory location is activated. The location outputs
a byte of bits to a three-state buffer stage. The buf-
fers connect to the data pins, D7-DO0. They in turn
attach to the data bus.

The single chip select does not need any gates
since there is only the one select. The chip select
connects directly to the three-state buffers. When
the *CS is in its high state during standby, it keeps
the buffers off. If a low enters the *CS pin, the buf-
fers go on and pass the byte of data that was ad-

Pin
numbers

8
l@

Pin
Data

j numbers

Do . N 9 > DO
A2 6 D1 10 — D1
—-—.—.. K L
A3 5 ] D2 N 1 » D2
VS N Ada 8192 D3 Vf& 13
AS 3, ress x = ~ D3
A6 2 decoder Address 8 D4 ,\L( 14 Data bus
—_— 3 = » D4
1 » Memory
ﬁ; 23 [ matrix DS = lﬂ 15 —»D5
A9 ?: | D6 N K 16 — D6
A1) —————>¢ D7 lﬂ 17
18 = -» D7
O | LR
A12 ———7 \
Three-state
Turns chip buffers
20 off and on
*CS

Fig. 7-7. The internal layout of the 2364s are similar to the 2332. There are more address lines since the memory matrix
has more locations. The chip does not have to AND chip selects since there is only one—*CS on Pin 20.
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Fig. 7-8. Thetestpoints on both the BASIC and Kernal ROMs show the same logic probe or vom results, except for pin 20.

dressed. The Kernal and BASIC ROMs are
identical except for the permanent data that Com-
modore has installed in them. Figure 7-8 shows the
actual arrangement of the pins.

Basic ROM

The BASIC ROM is also called the BASIC In-
terpreter. It is a translator that turns the BASIC
code that you type into the 64 into the highs and
lows that are stored in RAM. The computer has
noidea what anything means unless it is a state of
high and low voltages. The voltages are the only
entities that RAM is able to store in its flip-flops
or capacitances.

Burnt into the BASIC ROM bit holders are lit-
tle programs and data. For instance, suppose you

want to clear the TV screen. You press the
CLR/HOME key. A logical state is formed and the
system addresses a location in the BASIC ROM.
At that location is the start of a little program of
bytes of highs and lows. The addressing of the first
byte starts the program running. The program out-
puts the highs and lows. The screen clearing pro-
cedure then promptly takes place.

On the BASIC ROM are hundreds of small ma-
chine language programs thatrespond to all the BA-
SIC statements and all the requests for calculations
and data manipulations. The ROM is activated by
about 65 special keywords. The keyboard upper
and lower case characters plus the digits 0-9 are
used to produce these 65 keywords. Some of the
other symbols are also used to produce the BASIC
keywords.

99



The keywords are the BASIC Commands you
are familiar with: for instance, CHR$, DATA,
GOTO, etc. When you enter these keywords, the
BASIC ROM is addressed and runs a little program
that performs the chore that the keyword is
designed to do. The keywords and other details are
found in your User’s Guide.

Kernal ROM

While the BASIC ROM is a collection of a few
hundred little programs that execute the keyword
commands of the BASIC language, the Kernal con-
tains the programs that perform the rest of the
operating system’s duties. The Kernal, first of all,
setsup the machine whenyou first turn it on so that
all the registers on all the pertinent chips are in-
itialized for action.

Secondly, the Kernal activates the Screen
Editor in your computer. This lets the 64 look at
the characters you type on the keyboard and place
them in their blocks on the TV screen. The Screen
Editor gives you control over the cursor. It also
responds to commands like delete and insert.

Thirdly, the Kernal provides access to a myriad
of subroutines by means of a jump table. The jump
table gives the computer a considerable amount of
longevity. As time goes by, the Commodore 64 will
not tend to become obsolete as quickly when new
routines are introduced. The jump table allows your
machine to quickly adapt to lots of new subroutines.

When you first switch on the Commodore 64,
the Kernal goes into its initialization sequence. It
sets a section in RAM called the stack. Then it
clears the decimal mode of operation. Next, the
Kernal checks the ROM cartridge holder circuits.
If there isa ROM cartridge plugged in, the control
of the machine is switched to the cartridge system.
If the holder is empty, then the Kernal retains con-
trol and continues its initialization procedures.

The Kernal then turns its attention to all the
Input/Output devices and their registers. We'll
discuss them all later in Chapter 16, 17, 18, and 19.
The serial bus is initialized. The CIAs are set to
constantly scan the keyboard. The 60 Hz timer in
the CIA is turned on. The SID chip is cleared and
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the BASIC memory map is selected. The cassette
motor is turned off.

The Kernal also contains a special diagnostic
routine that exercises the RAM. The Kernal runs
this routine at the beginning to make sure the RAM
chips are intact. Once the RAM checks good, the
Kernal sets the memory pointers for the top and
bottom of RAM. Then the first page in RAM, page
0, is initialized. The tape buffer circuit is then set.

The Kernal then puts some special addresses
in RAM at specific addresses. These addresses are
used during some I/O activities. Another little jump
table is installed by the Kernal in the low section
of RAM. The TV screen is cleared. The screen
editor has its variables reset.

All of these steps take care of the original
housekeeping duties that the Kernal must perform
before you begin your BASIC programming. Once
all this is accomplished, BASIC is addressed and
you are READY. The Screen Editor Program, in
the Kernal will now work with you to display your
keyboard input.

Jump Tables

Asyoucan see, the operating system of the 64
is detailed and complicated. It has been carefully
burnt into the 8K memory matrix of the 2364A
ROM chip. The layout is critical. If one vital bit in
a byte becomes defective, it is possible that the en-
tire 8K of programming could become useless.

Like the BASIC ROM, the Kernalis filled with
many operating programs. The Kernal’s programs
though are not activated by BASIC keywords. The
Kernal’s programs are turned on by machine-
language code numbers. However, both the BASIC
and KERNAL program outputs to the rest of the
computer are machine code. Their machine codes
are instructions and data that the computer can un-
derstand and process.

The Kernal’s control programs are located in
the beginning addresses of the chip. The Kernal has
39 input/output routines and a number of other
management programs. These routines take up
most of the addresses in the chip. The jump table
code is located near the end of the address list. The



jump table is a bunch of addresses with each address
full of data, as shown in Fig. 7-9.

The data in each address is another address.
The addresses stored in the jump table are start-
ing addresses of the various routines stored in the
beginning of the Kernal ROM. When you write a
machine-language program, and you want to obtain
the services of a Kernal routine, you address the
appropriate location in the jump table. As the jump
table location is addressed, it is activated. It’s con-
tents, the starting address of the desired routine,
is output. That starting address is, in turn, put on
the address bus and the routine is contacted.

The question becomes, why bother with this in-
direct way to contact the routine? Why not just ad-
dress the Kernal routine directly? The answer is
that the Commodore 64 designers want the pres-

ent models to be compatible with and operate with
future models.

As time goes by, improvements in the opera-
tion of the 64 will continue to occur. Even a small
change could make a newer operating system
useless in an older model. In the interest of having
new OSs work in older machines, or as it is called,
to make the OS portable, the jump table scheme is
utilized. The jump table is designed to standardize
the input, output, and memory management
routines of the 64 for the following reasons.

During expected changes, the actual routines
are not expected to change much. Even if they do,
they should still run the 6510 MPU andits dynamic
memory without undue complication. What is ex-
pected to change are the addresses of the routines.
If the addresses of the routines change, literally

KERNAL You'll
57344 It you automatically
land here jump
Binary code burnt into here
Kernal KERNAL registers
addresses
A e e e e T e Jump
65487 71 o 1 0 0 1 1 0 0 instruction
65488 | o 0 0 1 0 1 0 1
To 16-bit
65489 address
1 1 1 1 0 0 1 0 61973
Jum
65490 0 1 0 0 1 1 0 0 instruct’::on
65491 0 1 1 0 0 1 i 0
To 16-bit
address
65492 | 4 1 1 1 0 0 1 0 62054
Jump
65493 | o 1 0 0 1 1 0 0 instruction
65494 | 0 | o | o | o[ o] o] o] 1 To 16-bit
— N L — address
65535

Fig. 7-9. At the highest addresses of the Kernal ROM is a special jump table. The table consists of a number of 3-byte
data groups. Each three bytes is made up of a one-byte jump instruction and a two-byte address. If you address one
of the data groups, you are instructed to go to the stored address.
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thousands of programs on tape or disk will become
obsolete. A lot of your hard written programming
won’t work with these changed OSs. That is where
the jump table comes in.

When a new Kernal chip is manufactured, the
jump table will be located at the same chip places
as its predecessors. The contents of the locations,
which are the addresses of the routines, can be
changed. That way your program will still address
the same old places in the jump table. The new ad-
dress contents will then point to the new address
of the routine. You won’t even know the difference
as the program is run.

I did not mention that the jump table holds
some program addresses not found in the Kernal.
These off chip addresses are located on the BASIC
ROM chip. That is because the BASIC ROM chip
contains a lot of programs that are very useful. In-
stead of a programmer writing some of those
routines, he just puts an address in a program, that
goes to the jump table. The jump table, in turn, ad-
dresses a program on the BASIC ROM. The pro-
gram is then run. The programmer, as a result,
saves the time it would have taken to write and in-
corporate the same thing in his overall program.

PROGRAMMABLE LOGIC ARRAY

There is one other ROM in the Commodore 64. It
is not usually referred to as a ROM since it is not
used as read only memory, but it does a decoding
job. It is the 825100 PLA chip. It is a 28-pin DIP
shown clearly on the chip location guide.

A PLA is a chip that has certain types of pro-
gramming built into it. You've heard of AND and
OR gates. They are covered in detail in Chapter 10.
We'll touch on them here in a block diagram fash-
ion. A PLA is a combination of two ROMs. One is
an AND ROM, and the other is an OR ROM. Both
of these sections are shown in Fig. 7-10. The AND
ROM receives the chip inputs. The OR section
delivers the chip outputs.

The AND gates at the PLA input area receive
the input signals that need decoding. An AND gate
can’t output a signal, unless all the inputs to the gate
itself are highs. The AND gate can have two or
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more inputs. It only has one output. It will output
a high when all inputs are high. The AND gate is
like an electronic combination lock. It turns on
when all the high inputs are present. Otherwise it
remains off.

The OR gate is so named because it will out-
put a high if any of its inputs are high. The OR gate
can have two or more inputs. It only has one out-
put. It will output a high when one or more inputs
are high.

The OR gate is like an electronic lock too. It
turns on when a high is inserted into any one of its
input leads. The difference between the AND gate
and the OR gate, at first, does not seem world shak-
ing, but it is. Because of the difference in logic, the
computer is feasible. The PLA is only one of the
applications.

In the PLA, the AND gates are able to
distinguish between a lot of inputs and only output
the desired signals to OR gates. The OR gates are
then able to output when the desired signals appear.

82S100 Pinout

I mentioned earlier in this chapter that the BA-
SIC, Kernal and Character ROMs were enabled by
some chip select signals called *BASIC, *Kernal
and *CHAROM. The asterisks in the front of the
signal name indicate that the enabling signals are
lows. The three ROMs remain dormant while a
high is at their chip selects,*CS, and activate when
a low appears. The three enabling signals are com-
ing from pins 17, 16, and 15 of the PLA. These
PLA output signals are shown in Fig. 7-11.

There are five more output signals coming out
of the PLA. At pin 18, *CASRAM is exiting. This
is a form of the column address strobe that is used
by the dynamic RAM during addressing. The
*CASRAM goes directly to pin 15 on all the eight
RAM chips. It passes through a 33 ohm limiting
resistor on its way.

From pin 13, the output signal GR/*W
emerges. It is the enabling signal to turn on the
2114 Color RAM. It goes to pin 10 of the Color
RAM, *WE, write enable. Pin 10 is held high till
you decide to change a color in a character block
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Fig. 7-10. A Programmable Logic Array is a set of AND gates receiving an input and a set of OR gates producing an
output. By careful design a particular type of input will predictably always result in a predictable output. This is an expen-
sive way to produce a ROM chip. The PLA in the 64 though, is not used as a ROM. It is made to operate as a decoder
and produce chip selects and other signals.
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on the TV screen. When you do and send the in-
struction, the GR/*W signal goes low, and the *WE
pin is turned on. The Color RAM chip is ad-
dressed and you send the color you desire over the
four data bus lines, D3-DO0.

At pin 12, the PLA outputs *I/O. It is one of
the input signals to *EN 74LS239 decoding chip
that is discussed in the next chapter. Here again
the *EN 1 pin is held high. A low from the *I/O
line enables *EN 1.

Pins 11 and 10 are called *ROML and *ROMH.
They are two PLA outputs to the Cartridge Expan-
sion 44-pin female plug. These two outputs connect

into an ROM cartridge that might be plugged into
the computer. The ROM cartridge that might be
installed is like the BASIC and Kernal ROMs.

A ROM cartridge could be a game, an assembly
program, a bookkeeping system, or what have you.
When it is installed, it takes over the operation of
the machine. The BASIC or Kernal might still be
used but probably in a subsidiary manner. If you
recall, when the Kernal did its housekeeping duties
during startup, it checked to see if a cartridge was
installed. If it was,the Kernal would have turned
control over to the cartridge.

If the ROM cartridge is in place, these two con-

+5V
T (Pin 15
| All 4164s)
',1;_70,47
(From pin 19 28 330
of VIC) 9
"CAS 34 10 .
*LORAM . ouTo » *CASRAM
'HlRAM—————;——u- ouTy $-Z » "BASIC
*CHAREN s > out2 L6 - *KERNAL
. ————e
VAT 4 outs 418 - *CHROM
A5 PLA 13 P
3 ouT4 > GR/I*W (pin 10 2114)
A4 > 825100 12 S
A13 = U7 ouTS = 110
A12 > ouTs ¢ > *ROML
BA 75 out? ¢2 > ‘ROMH
A ] FE 4— NC
RI"W ———————>¢
EXROM >
GAME =
VA13
VA12 20 Jys
19
*OE
14
77

Fig.7-11. The PLA has 16 input pins and eight outputs. Note *OE is tied to ground, which keeps the chip enabled at all times.
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Fig. 7-12. These readings should be on the PLA when it is first turned on and is waiting for inputs.

trol lines *ROML and *ROMH would be placed in
use. They help in the assigning of addresses to the
cartridge. *ROML gives the cartridge addresses in
a lower numbered area of the memory map.
*ROMH gives the cartridge addresses in the higher
numbered section of the ROM address list.

The outputs of the 82S100 have pins named
00-07. The inputs have the names 10-115. The six-
teen inputs, as they pass through the AND and OR
gates, are thus able to be coded into eight outputs.
Let’s examine the inputs and see where they are
coming from.

PLA Inputs

At 10, the input signal *CAS enters the PLA.
*CAS, the column address strobe for the dynamic
RAM addressing, is generated in the VIC II chip
along with its companion *RAS, the row address
strobe. *CAS exits pin 19 of the VIC and goes
straight to 10 of the PLA. Inside the PLA, it enters
an AND gate. There are some other connections
to the AND gate. One of the resultant outputs of
that AND gate is the *CASRAM signal out of OO0,
that goes to all the dynamic RAM chips.

At pin 8 of the PLA, the *LORAM signal

105



enters. *LORAM is produced in the 6510 MPU.
Atpin7, the *HIRAM enters. *HIRAM is also pro-
duced in the MPU. Also coming from the MPU is
the signal *CHAREN. It enters pin 6 of the PLA.

These three signals are used to transfer data
from the MPU to a peripheral device and back.
They come from a special I/O port located right in-
side the MPU. They are discussed in more detail
in Chapter 12. They are open drain circuits and are
held high by +5 volts through some pullup
resistors.

At pins 4, 3, 2, and 27 are lines from the ad-
dress bus, A15-A12. These are the most significant
address lines. They are needed to aid in the selec-
tion of the various ROMs. *VA14 is coming from
one of the output ports of a CIA. VA13 and VA12

are two address lines from VIC. Note *VA14 has
an asterisk which means that it is beld high while
inactive and goes low to operate. The other two
connections, both without an asterisk, are held low
and must go high to be active. Their operation is
discussed in the VIC and CIA chapters.

*EXROM and *GAME are both connected to
the Cartridge Expansion Plug. They work with the
expansion ROM and game cartridges.

This leaves the two control lines R/*W and
*AEC. R/*W is the read/write control line that
travels from the MPU to a lot of the chips in the
digital circuits. It is input to the PLA and is need-
ed to turn some of the gates on and off during opera-
tions. The R/*W line originates in the MPU. The
PLA is only one of its destinations.
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Fig. 7-13. | find my analog vom is more useful to service logic circuits than a digital vom. Highs are up near +5 volts
while lows are down around 0 volts. Voltages in the middle are usually indications of three-stating. The only drawback

is that the vom will not show pulses.
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The *AEC line, address enable control, enters
pin 25 at I10. It is provided by the video circuits.
It is needed to turn off all of the address bus lines
from the MPU while the VIC chip is addressing the
various memory areas. The PLA gets portions of
its internal circuits disabled by the AEC.

Lastly the PLA has inputs from the power
supply. Pin 28 connects to +5 volts and is by-
passed to ground with a 0.47 uF capacitor. Pins 19
and 14 are tied together and returned to ground.

SERVICE CHARTS

All four of these ROMs, BASIC, Kernal, Character
and PLA, are composed of bipolar transistors. As
aresult, they are fairly rugged. When you first turn
onthe computer, they all receive power and the ker-
nal automatically goes through its start up routine
where it initializes the pertinent registers and the
other housekeeping duties. Then it gets BASIC to
display the READY sign along with the blinking
cursor. At this point, the digital circuits are in a
standby loop waiting for keyboard input. At that
time, you can run voltage or logic probe tests at all
the ROM pins. There are three ROMs with 24 pins
and the PLA with 28 pins. Figures 7-3, 7-8, and 7-12
show what voltages and logic probe results should
be present if the computer is operating normally.

During trouble, as you make each pin test, it
can be compared to the expected results. Should
the reading be different than the one that is called
for, that could be a clue indicating trouble. In or-
derto decide if the reading is indicating a fault, you
should be able to see which pin is not right and try
to deduce, by having an idea of the pin’s function,
whether the pin’s operation could be related to the
trouble.

If there is a relationship, then you can decide
if the trouble is in the chip you are testing or the
circuits feeding or being fed by the chip. If the in-
correct pin is an input, then chances are good that
the circuit that is feeding the chip is causing the
poor reading before the signal ever gets to the chip.
Should the wrong reading be at an output pin, it
is likely that the chip is defective. The signal is not
able to get out of the chip. Of course, these are sup-
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Fig. 7-14. The logic probe is a must during computer ser-
vicing. LEDs show highs, lows and pulses clearly. The only
drawback is that the probe has no three-state indication.

positions and the reverse could be true, but this is
a good way to start.

All the readings in these chips are quite the
same. There are highs, there are lows, and then
there are pulses. In addition, there could be three-
state readings. Both the vom and the logic probe
reveal the same conditions. They simply exhibit the
results in different ways.

My vom is an analog device. It shows dc volt-
agereadings on a meter like those in Fig. 7-13. In
these circuits the highs are somewhere near +5
volts. The lows are around 0 volts. The three-state
reading caused by static noise makes the needle rise
up near 2 volts. The vom has no way to depict a
pulse, its readings are dc only.

The logic probe reveals the voltage levels as
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LED lights. In Fig. 7-14 the lights are labeled just
asthey appear on the probe. There is onefor a high,
one for a low, and one for the pulse indication. The
logic probe has no light for the three-state noise
level. It is best to have both a vom and a logic
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probe to explore these chips. The vom does not
show pulses. The logic probe will. The logic probe
has no three-state indication. The vom does. Be-
tween the two, you can determine the logic states
on the pins in an accurate manner.
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Fig. 8-1. Besides changing highs to lows and vice versa, the NOT gate will invert a pulse that is high going to one that

is low going.

With the aid of Fig. 8-2 and a vom or logic
probe, you can check out the hex inverter quickly.
Each inverter has an input and an output. The on-
ly type of signal that should be present at the in-
puts and outputs are logic states. The 7406N has
no three-state pins so there should not be a three-
state condition on any pins under ordinary cir-
cumstances. The input pins are 1, 3, 5, 9, 11 and
13. The respective outputs are 2, 4, 6, 8, 10 and
12. Pin 14 and 7 are power.

The first check with the vom should be pin 14.
There should be +5 volts present. Pin 7 should
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read 0 volts at ground level. If either voltage is in-
correct, it is a clue. For example, suppose there is
no voltage at pin 14. If there are +5 volts on the
surrounding chips but not on pin 14 of the hex in-
verter, chances are the copper trace on the print
board to pin 14 is broken or has a corroded con-
nection. When the quick check at 14 shows power
is present, then the individual inverters come under
scrutiny.

Test the voltage at each input. A high on this
chip is considered + 2.0 volts or better. If the in-
put voltage is a high then the output pin should have



alow. The low on this chip is considered + 0.8 volts
or less. When the input voltage is a low, then the
output should have the opposite state, or a high.
All six of these inverters should follow the same
logical approach: Input high, output low; input low,
output high. If the input is a pulse input, the 7406
should produce an inverted pulse output.

Ifthere is a discrepancy from this pattern, you
have a clue. The inverter with the wrong output
voltage could be shorted or open. A dead short in
the stage would place the input voltage on the out-
put. An open circuit would place the surrounding
voltages on the output. This could be any voltage
including a three-state condition.

In the 64, this chip is fully occupied. In other
computers, you might find the chip with some of

its inverters unused. In those cases, the unused in-
puts are usually tied to +5 volts to keep the un-
used gates from interfering with the normal pro-
cessing.

74LS08 QUAD 2-INPUT AND GATE

The Commodore 64 has a 74LS08 AND gate per-
forming several jobs. It is a 7408 type chipwith LS
extras. The L stands for low power dissipation at
the expense of switching speed. The S stands for
Schottky. A Schottky diode is known for its high
speed switching. By using both in a gate, the ad-
vantages work together.

The quad part of the name means four. Figure
8-3 shows the four little AND gates on the chip. The
2-input means each gate has two inputs in contrast
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Fig. 8-2. The simplest chip on the board is the 7406. There are 14 test points you can probe.
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Fig. 8-3. The four AND gates in the 64 each receive a high and a pulse, which causes a pulse type output.

to the NOT gate that only uses one input. There
is still only one output. Each AND gate requires
three pins on the chip. There are four gates. 12 of
the 14 pins are used up as inputs and outputs to the
gates. Pins 14 and 7 are attached to the supply volt-
age and ground exactly like the 7406N.

The AND gate is built so that it will output a
high if, and only if, both inputs are highs. Should
one or both of the inputs be low, the AND gate does
not output a high. It simply acts like an open cir-
cuit. Refer to Fig. 8-4.

The four AND gates on this chip are installed
in four different circuits in the Commodore 64. Each
performs a job of outputting a high if the condition
of two input highs is met. The AND gate connected
to pins 9, 10, and 8 of the 74LS08 has its inputs
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9 and 10 attached to BA, bus available, and *DMA,
direct memory access. The output, pin 8 connects
to the RDY, ready, line of the MPU.

The gate that connects to pins 4, 5, and 6, have
the inputs attached to AEC, address enable control,
and *DMA. The output goes to the AEC line of the
MPU.

Another gate is connected to pins 12, 13, and
11. The inputs are *COLOR and AEC. The output
connects to the *CS pin of the Color RAM. The
fourth AND gate, pins 1, 2, and 3, outputs to the
Time Of Day circuit on a CIA. One input comes
from the power supply and has 9 volts ac, and the
other input is tied to a perpetual high at + 5 volts
dc. Refer to Fig. 8-5. Every time the 9 Vac passes
through +5 volts the AND triggers TOD on the



High
\ High
Inputs High AND } Output
High |
\ Low
Inputs Low AND F Output
Low |
\ Low
Inputs Low AND F Output

Fig. 8-4. The AND gate, when good, has these predictable outputs with these inputs.

High

High pulse

Inputs Pulse iDJ——-—-Output

Low

Low
Inputs Pulse AND Output

Fig. 8-5. When a pulse is applied with an input high, a high pulse is output everytime the input pulse goes high. When
a pulse is applied with an input low, the gate never turns on and continually outputs a low.
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CIA. Since the 9 Vac cycles 60 times a second, you
have yourself a very accurate clock ticking away
at terminal TOD.

The AND gates are used in this machine as
handy controldevices to send a high to various ter-
minals to turn chips and circuits on and off. The
conditions to send the triggering voltage highs must
be met at the inputs by supplying two highs there.

74LS74 DUAL D FLIP-FLOP

The clock circuit of the Commodore 64 uses a
74L.S74. The clock is discussed in detail in Chapter
14. The flip-flop acts as a momentary storage de-
vice in the clock circuit. It is a 14 pin DIP. The dual
means there are two identical flip-flops on the chip.
Figure 8-6 shows the physical layout of the chip.
There are six connections for each flip-flop and two
terminals, 7 and 14, for ground and supply voltage.

Figure 8-7 shows the way Commodore is us-
ing the flip-flops. Flip-flop one has four pins (1, 2,

3 and 7) shorted together and grounded. *Q has no
connection. Only preset and Q are connected in the
circuit. They go to the 74LS193 chip, a binary
counter.

The second flip-flop has the D and *Q connec-
tions shorted. The CK pin is connected to the count-
er and Q goes to a phase detector network. Don’t
worry about the way a flip-flop works, at this time.
It is covered later in Chapter 11.

This 74LS74’s two sections are doing two jobs
in the clock circuit. The top flip-flop is aiding the
frequency selection network. The clock is capable
of producing one of two frequencies. One is for the
American NTSC and the second for the European
PAL. America uses one type of TV frequency while
Europe uses another. To make the computer able
to function with an American TV or a European
TV the clock produces a frequency of 14.31818
MHz for an American TV or 17.734472 MHz for
a European TV.

™~ Q e—— Pulse

U |nput Output Output
| -a
H

(V] [ Q
2 2 2
3 = =]
a. a a
5 =y
sV g Z
CLR D PRE Q Q
2 2 2 2 2
14 Fs-] [El 1 10 |9l m
U29 l Ll j
[
h — | v
L] [ [ [ b
CLR D CK PRE
1 1 1 1
3 3 3 2zl 6 5,
3] S] Sl S‘ i ':‘:

L

Fig. 8-6. The 74LS74 chip has two D flip-flop circuits. Each FF uses six testable pin connections.
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Fig. 8-7. Pins 1, 2, 3, and 7 are made permanent lows by tieing them to ground.
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A jumper type switch selects the frequency. A
connection to a high gives you the PAL frequency
and a low attachment forces the circuit to produce
the NTSC. The top flip-flop aids in that ar-
rangement.

The bottom flip-flop is a coupling circuit be-
tween the binary counter, the 741.S193, and the
phase network. The phase network in the MC4044
chip has one input from the flip-flop but two out-
puts. Refer to Fig. 8-8 and 8-9. There is one out-
put at pin 3 of the phase detector below the input
at pin 1 and a second output at pin 5 of the charge
pump to the base of the npn transistor. These are
two frequencies originating from the single input.
The frequencies are discussed in the Clock Chapter.

The flip-flops used here in the clock circuit are
just one of the many ways the 741574 can be used.
To test the flip-flop, a logic probe is useful. The
test point chart in Fig. 8-9 shows what states or
pulses should be on the pins after the 64 has been

turned on and the cursor is blinking near the
READY signal.

74LS193 UP/DOWN COUNTER

The central chip in this clock circuit is the 16-pin
DIP, the 741.S193. It is called the Synchronous
Up/Down Counter with Dual Clock. All it really
does is divide the incoming 14.31818 MHz into
lower more useful frequencies. For instance, if you
divide the incoming frequency by 16 you get a re-
sult of near 1 MHz. This is the frequency that ex-
its at pin 3 of the phase detector. It is sent to the
MPU to drive the computer activity.

The 74LS193 is a 4-bit binary counter. The
details of a counter register are discussed in
Chapter 11. The four bits are contained in four flip-
flop circuits. Each flip-flop can hold a high or a low.
The logic state in a flip-flop is determined by what
input is placed into each flip-flop. The word syn-

+5V
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1K
5V Ripple Io.1
filter ,;
PN2222A
0.1
r— - — — T f
| ol NI e
| Phase
Charge J\ | i
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| frequency pump S 8 —> 74 S629N
detector [/
dot clock
I . Buffer
From l ! 2 ° Ny q SI |
pin 9 L/ ]
741574 | Pin 1
U32 )
MC 4044 J 8510
| ’ —_— 1 MHz
— |7 clock frequency

Fig. 8-8. The MC4044 chip has one input from the flip-flop that it splits up into two separate outputs.
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Fig. 8-9. The 4044 should show these test results when probed.

chronous means that all of the flip-flops output at
the same time.

This chip is able to count from 0 to 15 in binary.
This is an upward count. The chip can also count
the other way from 15 to 0. This is a downward
count. That is why the chip is called an up/down
counter. Not all binary counters can do that. Some
can only effect an upward count.

For this application, the 74LS193 is using on-
lypins 5, 6, 9, 10, and 1 for inputs and outputs. In
other types of applications other pins could be used.
In this case though, the other input/output pins

are unused. To keep them from interfering with the
counting in the chip, they are rendered harmless.
Pin 15, a possible input type is held high by tieing
it to + 5 volts. Pin 12 and 11 are bypassed to ground
through an 82 pF capacitor. Pin 10 is held low at
ground and pin 4 is held high at the supply volt-
age. The supply of + 5 volts is connected to pin 16
and grounded at pin 8.

The counter is receiving an input from the ad-
joining 74LS629N oscillator chip. The frequency
it receives is either the NTSC or PAL frequencies
as determined by the jumper select. The 74LS193
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Fig. 8-10. The 74LS193 Up/Down Counter receives a sampling of the 14.31818 MHz signal at pin 5 and divides it into

other useful frequencies.

then counts upwards and fills the flip-flops with
highs and lows. When the count goes from 0 to 15,
the chip outputs a pulse. This output pulseis 1/16th
of the incoming pulse. The counter has divided the
incoming pulse by 16.

The changed frequency is then transferred to
the phase detector network. The phase detector
outputs two frequencies. One is sent to the MPU,
and the second to another section of the 74LS629N
chip. All of this activity is discussed in more detail
in Chapter 14.

Quick checking a suspected 74L.S193 chip can
be done with a logic probe. Figure 8-11 will show
the states and the pulses. This illustration shows
what should be present on the active pins. In order
to read the actual frequencies at the input and out-
put pins, an expensive lab scope is required because
of the high frequencies involved. Fortunately, it is
rarely necessary to look at the waveshapes and
determine their frequencies for ordinary servicing.
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It is usually only required at the factory during re-
search and design.

74LS 139 2-4 DECODER

This 2-4 decoder is a 16-pin DIP. Other chips are
3-8 decoders and 4-16 decoders. Notice the number
relationships. In decoders, it takes four inputs to
choose one out of a possible 16 outputs. In order
to output one of eight outputs, you need three
binary inputs. When there are four possible outputs,
two logic state inputs will force one of them to out-
put. The 74LS139 is a dual chip and has the 2-4
relationship. Each section has a pin called *EN that
provides additional control. Refer to Fig. 8-12. The
2-4 decoding won’t perform unless the *EN, which
is normally held high, receives a low to turn on the
chip section.

The inputs to the chip sections are address lines
A11 and A10 for pins Bl and A1. Address lines A9
and A8 connect to pins B2 and B1. The address



lines can have the following four logic state situa-
tions at either A and B input pins. They can be low-
low, low-high, high-low or high-high. If they are
low-low, they will activate the VO output. A low-
high will turn on the V1 output line. A high-low
enables V2. A high-high forces V3 on. Of course,
there won’t be any output unless *EN also has a
low input.

The decoders are part of the addressing
scheme. The schematic in Fig. 8-12 shows the out-
puts are all going to chip select pins. In the number

1 section of the chip, each two bit address drives
one of the V outputs low while the rest are held
high. For instance, VO is the VIC chip select. When
address lines A11 and A10 input two lows while
*EN is low, VO outputs the VIC enabling signal,
*VIC, a low. The signal is applied to pin 10 of the
VIC, *CS. This enables the chip select of the VIC.
The VIC chip activates and lets the rest of the ad-
dress, on the rest of the address bus open up a loca-
tion inside VIC.

The same thing occurs at the SID chip. When
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8 | GND i}"
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Fig. 8-11. Quick checking the 74LS193 with a logic probe should yield these inputs and outputs. If any are missing or

incorrect, trouble is indicated.
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Fig. 8-12. The 74LS139 has two decoding sections that aid the PLA perform chip selection duties.

A1l and A10 place the twobit address low-high into
the decoder chip, V1 goes low and outputs the low
signal, *SID. It enters *CS of the SID chip, and the
SID is selected, but the rest of the chips remain
dormant.

When the two bit address to choose *COLOR
enters the decoder, as in Fig. 8-13, a low goes to
one of the 74LS08 AND gates. If *COLOR arrives
at the gate at the same time as the high signal AEC,
the AND will shut off. A low and a high shuts down
an AND gate. Otherwise, the AND gate is on since
two highs enter, a high exits and a high is applied
to *CS of the Color RAM. When the high from the
AND gate is on *CS, the chip is off.

When *COLOR arrives at the AND gate
though, the gate turns off which places a low on
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*CS of the RAM chip. As the AND gate turns off,
the Color RAM is selected, and it turns on. All these
offs and ons can be very confusing, but get used
to it, for that is what computing is all about.

The situation is very logical but gets even more
confusing, so follow it slowly. V3 puts out a low
called *CIAS. *CIAS is chosen when the two bit
address is high-high. *CIAS is connected to *EN
of the second section of the decoder. That is the
first requirement of getting the number 2 decoder
section to operate.

The next requirement is installing the two bit
address from A9 and A8. When low-low and low-
high are applied, VO or V1 is chosen from the four
possible outputs. VO goes to *CS of one of the CIA
chips while V1 goes to *CS of the other CIA chip.



In order to select a CIA chip, first you must choose
*CIAS and then one of the V signals from this sec-
ond decoder section.

Thelast two decoder selects are attached to the
Cartridge Expansion female plug. One can choose
adisk connection, and the second selects the Z-80
card peripheral.

The 74LS139 decoder is a chip select helpmate
to the 82S100 PLA chip. The *EN on the first sec-
tion of the decoder is controlled by the *I/O out-
put, from pin 12 of the PLA. Figure 8-14 provides
atest point chart for checking out the 74LS139.

74LS257 QUAD 2-INPUT MULTIPLEXER
The 74LS257’s stand between the dynamic RAM

array and the address bus. Refer back to Fig. 6-18.
The 16 address lines are connected to the two chips,
eight lines to a chip. The address arranging appears
strange. The top chip receives address lines A15,
Al4, A13, A12,and A7, A6, A5, A4. The bottom
chipaccepts A11, A10, A9, A8and A3, A2, Al, AO.

Each chip has four output lines, V0-V3. All of
the output lines go to the same address inputs on
all eight chips. The four output lines from the top
7415257 go to MA4-MAY7. The bottom lines go to
MAO-MA3.

Note in Fig. 8-15 that pin 1 is *SELA, the chip
select. This select comes from the VIC. It is one
of the *CAS branches. Pin 15 is *OE. It is the out-
put enable and controls the three-state off and on
ability of the chip.

u27
74LS08
AEC 10
8
9 AND
Inputs Output
Pin Pin Pi
74Ls139 |6 *COLOR 1:) . ;"
decoder
V2 Chip is
H L selected
Chip is
H H off

Fig. 8-13. The decoder provides the signal *COLOR to an AND gate for Color RAM chip selection.
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Fig. 8-14. The 74LS139 test points can be quickly probed and should yield these results if it is ok.

The chip is a multiplexer and it has four sec-
tions. There are two inputs and one output to the
four sections. If you recall, the dynamic RAM chips
have the matrix laid out in a grid of 256 rows and
256 columns. To address the columns requires eight
addresses and to address the rows requires eight
addresses. This takes up all 16 address lines. There
are eight assigned to each chip. The chip select
*SELA and the three-state control *OE act like two
more address lines.

The multiplexers are able to organize the ad-
dress lines to point out the rows and the columns.
The actual scheme is covered in Chapter 13.
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Pin 16 on each chip is powered with + 5 volts.
Ground is at pin 8. The chips are quickly tested with
a logic probe. The test point chart in Fig. 8-16A
and B shows the highs, lows, and pulses that should
be present at sign on.

74LS258 QUAD 2-INPUT MULTIPLEXER

There is a third multiplex chip in the 64 with the
generic number 74LS258. It is almost identical to
the 74LS257’s. Besides the fact that it dissipates
35 mW and the 74LS257 dissipates 50 mW, the two
chips are considered identical. The chip is in-
stalled as a workmate with the VIC. The actual wir-



ing is discussed in Chapter 17. Meanwhile let’s take
a look at the internal wiring of these multiplexer
chips.

The test point illustration in Fig. 8-17 shows
a block with leads to the pins. Pin 15 is the output
three-state control. Pin 1 is the chip select. You can
turn the chip on or off with these pins. A high on
either pin can turn the chip off. It takes two lows,
one on each pin to turn the chip on. All three chips
use the same AEC and *CAS for this purpose. All
three chips get selected and freed from a three-state
condition in the same way, but not at the same time.
One of the 7406 NOT gates takes care of that, as
Fig. 8-18 shows.

However, the two chips that are multiplexing
the address lines to feed the dynamic RAM are us-
ing the bits coming in off the MPU’s address bus.
The chip working with the VIC is using address
lines out of the VIC.

Note there are four input pairs and four single

outputs from the chip shown in Fig. 8-19. The in-
ternal wiring shows the circuits behind the scene.
The input pairs lead to a pair of AND gates. One
input lead goes to each AND gate. The single out-
put line comes from an OR gate. Each of the four
sections are wired with two AND gates and one OR
gate. Also keep in mind that each gate is com-
posed of microscopic bipolar transistors. The in-
sides of the gates are discussed in Chapter 10.

With one lead on each AND gate being oc-
cupied by an input pin, the second lead is not ac-
counted for. The drawing shows that the second
leads are connected to the outputs of two NOT
gates. All the A named AND gates are connected
to the output of one NOT gate. The B named AND
gates are all connected to the output of two NOT
gates in series. These common connections are all
coming from pin 1 which is the recipient of the
signal *CAS.

The two AND gates in each section attach to
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Fig. 8-15. The 74LS257 chips perform the multiplex addressing for the eight dynamic 4164 RAM chips. There are eight
pins connected to the address bus and four output lines on each chip.

123



+5V

Pulse {7 | l Vee (16
SELECT
High ouTPUT
LNy B T puse
ENABLE
Pulse ————-(j— B0 A3 —JE-——— High
Puise e————4 || Yo B3 -—1_1_3_}—— Pulse
u13
High
— 5 A v3 [—{12 f——Puise
High
Puise ————( 6 |—| &1 A2 |— 11
Pulse ¢— ~ 7 }—| Y1 B2 —@t——— Pulse
Y2
8 |GND l 9 + Pulse
- W
Pulse_—E SELECT Vee [16
Low INPUT OUTPUT
Pulse 2 A0 ENABLE E‘-——Pulse
INPUT INPUT
u25
OUTPUT INPUT
Pulset———E YO B3 E‘————Pulse
P INPUT OUTPUT 3
ulse ———E Al Y3 I——-—bPulse
3 INPUT INPUT m Pul
Pulse ———il B1 A2 |n——— ulse
[—‘ OUTPUT INPUT
Pulse e— 7 Y1 82 10 lt-——— Pulse
8 | GND

OUTPUT 3___’ Pulse
Y2

Fig. 8-16. The 74LS257 test points.
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Fig. 8-17. The 74LS258 test points.

the inputs of the individual OR gates. The OR gates
are three-state types and have a third connection
for that purpose. These three-state connections are
all wired together and go to pin 15 the three-state
control. Pin 15 has the job of receiving the AEC
type signal.

As mentioned, the AND gates will only output
a high if both inputs are high. By using two AND
gates in a section, data can be selected from two
inputs, even though both inputs are arriving at the
same time. For instance, suppose high address bits

from A15 and A7 arrive at this chip. They are in-
jected into 11 and 10. You want to select the bit
from A15 for a row addressing chore while se-
lecting the bit from A7 to address a column.
Yousend a low signal *CAS into pin 1. The low
passes through the two NOT gates. After passage
through the first NOT gate, the low becomes a high.
The high is attached to the AND gate that connects
to pin 11 with its incoming high. The two highs on
the AND gate make it output a high.
Meanwhile, the *CAS signal passes through
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Fig. 8-18. Pin 15, *OE, on both chips is separated with one of the 7406 NOT gates. By means of the AEC signal, this
turns off one of the chips when the other one is on. They cannot interfere with each other.

the second NOT gate. It becomes a low again. This
low is connected to the AND gate at pin 10. The
high and low input stops the AND gate from out-
putting anything. As a result, the pin 11 AND gate
outputs the A15 high and the pin 10 AND gate lies
dormant.

At the nextinstant, *CAS turns off. It becomes
a high. The output of the first NOT gate becomes
a low. The pin 11 AND gate turns off. The output
of the second NOT gate becomes a high. The pin
10 AND gate now has two highs input. It outputs
a high. The result is the high from A7 now passed
through the chip. This choosing of data from one
AND gate to the next is called multiplexing.

When the outputs leave the AND gates, they
are injected into the OR gates. The OR will output
a high when either one or the other of the inputs
is high. That is what happens. First one of the in-
puts is high and then the other. First a row address
is strobed into the RAM and then a column address
is strobed in.

The OR gates can be turned off and put into
a high impedance state by means of a low into pin
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15. This three-state effect makes the chip appear
to be completely out of the circuit. There is virtually
no leakage of current or signal while the three-state
control is exercised.

When either a high or low is passing through
the chip, the chip has a low impedance. When the
three-state control is on, the chip develops a very
high impedance. This can be confusing if you are
using a vom to check voltages. The vom will read
about 2.5 volts at an output during three-stating.
The voltage is all built up static noise levels and
has no meaning to the computer operation. The log-
ic probe simply does not light any of its LEDs dur-
ing the three-stating.

If you are servicing a trouble, an open chip
could appear as a three-state device. If you do en-
counter three-state evidence, it is possible that it
is happening because the chip is faulty. Keep n
mind that this is a common symptom of trouble.

74LS373 OCTAL D-TYPE LATCH

The 74L.S258 chip outputs to a couple pins on the
741.S373 octal D-type latch. The latch also connects
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Fig. 8-19. The internal wiring shows the way the inputs and outputs are connected. There is one OR gate operating with
each pair of AND gates.
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between the VIC and the dynamic RAM. The oth-
er side of the latch interfaces with the ROMs and
the Color RAM. It is a busy fellow and transfers
all sorts of signals to and from these chips, as Fig.
8-20 demonstrates.

There are eight flip-flop circuits inside the
latch. They are said to be ‘‘transparent’”. This
means the output immediately follows the input as
long as the chip is enabled. The enabling signal is
a high.

A signal goes right through the chip, from in-
put to output when pin 11, enable, is high, but when
it is low, the chip does its latching. When enable
is low, the eight highs and lows that enter the D

inputs get latched or stored in the flip-flops. Flip-
flops are discussed in Chapter 11. When the enable
subsequently goes high, the bits that are stored are
then transferred to the output pins named Q.

Pin 11, the enable, is strobed by the VIC signal
*RAS. When *RAS, alow, arrives it unlatches any
signal that might be stored in the flip-flops. Pin 1
gives the chip an additional three-state control. It
is connected to the system AEC line. While AEC
is held high, the three-state condition is in effect,
and the chip goes into a high impedance state. If
AEC goes low, the chip is free to conduct its data
transferring duties.

The 20-pin DIP latch is a staging area for the
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Fig. 8-20. The 74LS373 chip is a collection of eight flip-flops, each with an input and an output.
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address bits that enter the eight lowest address
lines of the Color RAM. It aids in the choosing of
colors for the character blocks in the TV display.
Figure 8-21 shows the pin connections and the test
points.

4066 QUAD BILATERAL SWITCH

There are two 4066s in the Commodore 64. The
first one, shown in Fig. 8-22, is located off the data
lines at the VIC. The second one, shown in Fig.
8-23, is connected between the Serial Bus female
plug and the two Control Ports. As their name im-
plies there are four sections to the 4066 and the
sections are switches. They are four off-on
switches, electronically controlled. They are handy
to control data bus lines or select data in other ways.

Each of the four switches have three connec-
tions. There are first of all two I/O lines. Signal can
flow in these lines either way. The I/O lines for the
A section are pins 1 and 2. B section are pins 3 and
4. C section are pins 8 and 9 while D section are
10 and 11. There is nothing mysterious, these are
the off-on switch connections.

The third connection is the off-on control.
When you want to close a switch, you connect its
control connection to a high. If you want it per-
manently closed, attach it to the supply voltage pin
14. This puts + 5 volts on the control, the switch
stays closed.

If you want to open a switch, you connect its
control connection to a low. Should you want a per-
manent open switch, connect the control pin to the

+5V
l__ﬁ
0.1
14 ¢ ‘ ;
1 Voo 2
p3———eeg A A D11
D2 4B a |
—— B D10 viC
po———— 4 p D42 g (( L, D8
U16
12 4 b off-on
6 C off-on
S ¢4 B off-on
13 B off-on
Vss D3 D2 D1 DO
7 Color
AEC RAM

Fig. 8-22. The 4066 chip is a set of four electronic off-on switches. One 4066 is stationed in the data bus to work with

Color RAM and VIC.
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Fig. 8-23. A second 4066 chip is installed to work with the two Control Ports and the x and y pots.

ground of the chip, pin 7. This low puts 0 volts on
the control and the switch will not close.

The control pin for the A switchis pin 13. The
control pin for B switch is 5, the C switch is 6, and
the D switch is 12.

These 4066 switches are fairly rugged. They
can take a supply voltage range up to + 15 volts,
although the 64 uses +5 volts. The danger with
switches in sensitive digital circuits is the static
electricity that can build during the switching. The
Commodore design is excellent, but during circuit
operation that is other than ideal, the switching can
develop troubles and the chip can fail.

They are easily tested with the test point charts
in Fig. 8-25.

556 DUAL TIMER
There is one 556 chip in the computer. On the chip

are two separate timers. One of the timers is in the
*RESET circuit while the other is in the *NMI ar-
rangement. They are connected as shown in Fig.
8-26. The reset circuit and the non-maskable inter-
rupt circuits are discussed in later chapters. Fig-
ure 8-27 provides the test point data.

The timers are used to clock out cycles as the
reset or interrupt is controlled. These timers are
able to time events ranging from microseconds to
hours. They are versatile devices and used in many
applications besides in the 64.

Each timer is based around a flip-flop storage
circuit. The single flip-flop can flip-flop once or a
large number of times according to the control ap-
plied. The control is given through two comparator
circuits. The comparator is discussed in Chapter 11.

When a section of the 556 is made to flip-flop
once, it is said to be acting as a one-shot timer. If
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Fig. 8-26. There are two separate timers in the 556. One conveys the keyboard *RESTORE signal to the MPU. The other handles the *RESET signal.
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Fig. 8-27. The timers can be probed with this test point chart.

asection is made to keep on flip-flopping, it is called
an astable oscillator.

The reset circuit uses one section of the 556
to time out the reset sequence. The reset circuit
connects to the MPU, the two CIAs, the serial bus,
the user port, the Cartridge Expansion plug and the
SID chip. The reset 556 chip emits either a high
or low according to the state of the flip-flop.

The reset circuit is used to start the MPU and
the other circuits as power is applied to the com-
puter. When the output after the NOT gate is low
the circuits are shut off. If a high exits the reset

stage, the circuits are turned on the MPU goes
into its power-on sequence. The details of the se-
quence are discussed in Chapter 12.

The other timer on the 556 is wired into the
*NMI circuit. This nonmaskable interrupt is a
function of the RESTORE key on the keyboard.
When you hit the RESTORE key, the impulse
travels directly to the trigger input of the timer chip.
This in turn, causes the chip to flip-flop once and
output a signal to pin 21, *IRQ, of one of the CIAs
and also to pin 4, *NMI of the 6510. The
RESTORE effect then takes place.
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OTHER CHIP-LIKE COMPONENTS
In addition to the main LSI chips, the RAM and
ROM chips, and all these support chips, there are
a number of other components I have hardly
touched on. First of all, I mentioned the MC4044
unit that is in the clock circuit. It is not really a

digital-type chip. It isused in frequency controlling
applications. It is instrumental in producing phase
changes and frequency variations of the computer’s
basic crystal controlled frequency. This chip will
be covered in the clock chapter.

Another little IC that appears in the clock cir-

17405629
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Fig. 8-28. The 74LS629 is the oscillator circuit of the computer. These test point results must be present or the machine

will shut down.
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Fig. 8-29. The actual master oscillator frequency is produced in only one section of the chip. The crystz'al oscillator is in-
stalled at pins 13 and 12 of the bottom section.

cuit and is also covered in the clock chapter is the In the power supply, there are two regulators,
74LS629N. It is called a Dual Voltage Controlled a 12 volt type called MD7812CT and a five volt type
Oscillator with Enable. It is an oscillator circuit that named 7805. These are mounted on the print board
produces the computer’s’s basic frequency along (Fig. 3-2). Inside the external power supply along
with the 14.31818 MHz crystal. It is covered in  with the power transformer, there is another
more detail in the clock circuit. The pinout and test  regulator. These are discussed in detail in Chapter
point data is given in Fig. 8-28. The schematic 20, Power Supply.

drawing is shown in Fig. 8-29.
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From a block diagram point of view, computers to-
day are not much different than the original elec-
tronic types used after World War II. The 18,000
vacuum tubes in the 1950 ENIAC have been
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tes t at are covered in Chapter 12.

There is one important input-only block. Inside
this block is the keyboard and one of the CIA chips.
The keyboard practically uses up that CIA’s capaci-
ty. When you hit a key, the impulse created by a
keyboard row being shorted to a keyboard column
is transferred to the CIA. The CIA in turn transfers
the impulse to a register in the MPU. The keystrike
is then processed and appears on the TV display.
Another large segment of the diagram consists
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Fig. 9-1. The 6510 microprocessor with its ALU is the chip

of the residents of the 64’s memory map. The main
work that the MPU does is transfer binary bits to
and from the residents of the memory map. The
MPU can be the transmitter of the data, or the re-
ceiver. When it is transmitting data, it is writing

that makes the machine a computer.

to the map. During the receiving, the MPU is
reading the data from the map.

The chips that live in map addresses are most
of the large ones that we have touched on so far.
The support chips do not have addresses, although
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they are in the data transfer pathways. They just
help out and perform specific jobs to expedite the
data transferring.

In the memory map area, the first obvious chips
are the eight 4164 dynamic RAM chips. The MPU
works with them constantly. The MPU can
transmit or receive from these read/write chips.
The MPU is able to store housekeeping instructions
for operating the computer in some RAM locations.
It is able to store the keyboard input information
in a section reserved for screen memory work. The
MPU can store addresses of sprite characters. The
MPU can store programs you write and data that
goes with the programs. The storage of informa-
tion is easily accomplished with the eight RAM
chips. The MPU can then retrieve any information
by properly addressing the locations containing
desired information.

The next group of memory map residents are
the ROM chips: the BASIC ROM, the Kernal ROM
and the Character Generator ROM. The PLA while
it is technically in the ROM category, does not have
any specific addresses. It does not contain any
stored data. It has stored multiple pathways for
directing the traffic signals that are passing through
its insides.

The three addressed ROMs can transmit data
to the MPU, but they cannot receive data from the
MPU, since its bit holders are full of factory burnt
in data. When one of the ROMs has a location ad-
dressed properly, the MPU can read the location’s
contents easily.

The two CIAs alsohave addresses, but they are
not storage depots like the RAM and ROM chips.
They are the ports of exit and entry for the 64. The
MPU can transmit to the CIA addresses and then
be able to send data out of the digital circuits to
peripheral devices. Also the MPU can receive in-
formation from the CIA addresses and enjoy get-
ting data from peripheral devices. The data that
travels to and from the CIAs has no storage
facilities inside the 64. The data must pass through
the port to wherever it is coming from or going to.
The CIAs only have a few addresses in comparison
to the thousands of the RAM and ROM.

The other residents are the VIC, SID, and the
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Color RAM chip. The VIC is addressed so that the
MPU can contact it and conduct the video display
business they are built to do. The SID is ad-
dressed to allow the MPU to use sound. The Color
RAM has addresses to allow the MPU to place data
into its bit holders.

The Color RAM has different size locations
than all the rest of the residents. The Color RAM
only has four bit holders in each location. All the
rest of the residents have eight bits to a location.
Eight bits are able to hold one of 256 combinations
of highs and lows. The four bits in the Color RAM
locations can only hold 16 different combinations
of highs and lows.

The four bits per location is really all that is
needed in the Color RAM. All it does is change col-
ors in its respective TV display locations. One loca-
tion controls the color of one of the 1000 blocks in
the TV display. The 16 variations of bits in a loca-
tion lets the addressed location change the lit block
to one of 16 different colors. There will be more
about this in the VIC chapter.

The overall block diagram shows that the 6510
MPU is Grand Central to the rest of the computer.
Although the MPU doesn’t have the intelligence
(the RAM and ROM contains that), it does do the
majority of the heavy work that goes on. The com-
puter system consists of the MPU in the center,
connected to the memory map residents around it.

MPU AND DYNAMIC RAM

The 6510 MPU has four types of lines connected
to its 40 pins. In Fig. 9-2, you can see 16 address
lines. They are A15-A0, and they travel around the
print board as a bus line. There are 8 data lines,
D7-D0. They also go all over the board as a bus.
Next are eight lines that act as a special input/out-
put port right on the MPU. They do not run as a
bus although they emerge from an 8-bit register in
the MPU. They are designated the lettering P7-P0.
The rest of the pins from the MPU are control lines.
They are all individual and do a lot of different jobs.

One of the destinations of the MPU lines is the
RAM array. The 16 address lines are connected in-
to the 74LS257 multiplexers on their way to the
RAM chips, as shown in Fig. 9-3. The two chips
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Fig. 9-2. The 6510 has four types of lines connected to it. They are the address, data, control, and one-byte 1/0 port.

receive eight lines each. Address lines are one way
bus lines. The bits in an address can go out from
the MPU, but they do not return. The address bits
thus enter the two multiplex chips heading towards
RAM. They will not be making a return trip.

The multiplexers output the row address and
column address of a location. Notice that the ad-
dress lines going into the multiplexers are stag-
gered by fours. That is, the top chip is receiving
lines, A15-A12 and A7-A4. The bottom chip is
receiving A11-A8 and A3-A0.

The eight bits needed to address the rows of
the RAM matrixes are A15-A8. The eight bits
needed to address the columns of the matrixes are
AT7-A0. The chips with their AND and OR gate in-
ternal circuits are able to automatically output to-
gether, A15-A8. Then the strobe signal *CAS
comes along and turns off those input pins. *CAS
opens up the remaining input pins and they, A7-A0,
enter the RAM chips.

Inside the RAM chips, there are two strobe
signals going on and off. The two signals are

originating in VIC. One is *RAS. It strobes the row
address A15-A8 into the row address decoders in-
ternal to the chips. This addresses the rows. Next
the other strobe signal *CASRAM strobes the col-
umn address bits A7-A0 into the column address
decoders inside the RAM. This addresses the
columns.

Once the rows and columns are addressed, one
bit in each of the chips is open for business. That
business, of course is, being written to or being
read. The addressing of a RAM bit is all the ad-
dress lines and multiplex chips do between the
MPU and the RAM array.

The next job is accomplished by the data bus
lines. There aren’t any data bus support chips be-
tween the MPU and the RAM. The lines D7-D0
are wired directly to the DO and D1 connections on
each chip. There are eight chips and eight data lines
to the chips. The two pins on each chip are wired
together but they act separately. One is an input
line and the other is an output line. They are able
transfer data in or out of the addressed bit. If the
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addressed bit is being written to, the data byte
comes over the data bus and each RAM receives
its respective bit of the byte. When the addressed
bit is being read, each RAM gives up a copy of the
high or low it is holding in storage.

The I/O register in the MPU works out of the
P7-P0 pins. They operate into other circuits. Their
connections to RAM are the assignment of ad-
dresses 0 and 1 to help these pins. The contents
of these helpmate RAM locations are brought into
the MPU in the regular way through the data bus.
These P7-P0 pins have no direct connection to
RAM. This unusual register in the 6510 will receive
further discussion in the MPU chapter.

Only one of the control lines of the MPU goes
to RAM. It is R/*W, or read/write control line. It
is normally held high in the read position. When
it is forced low, it is in write position. The line
leaves pin 38 of the MPU and goes to a lot of the
chips. Eight destinations are the RAM array.

The R/*W line is a one way control. It
originates in the MPU and heads out. It does not
return. R/*W connects to *WE, write enable, pin
3 of all the RAM chips. When it is high, the *WE
will permit the chips to be read. If the R/*W goes
low, thereading ability is cut off and the RAM can
be written to.

The arrangement between the MPU and RAM
deals with the smooth transfer of highs and lows
between the two entities. It involves some other
devices. The two multiplex chips are needed to
work with the VIC produced *RAS and *CAS
strobe signals to get the rows and columns ad-
dressed smoothly. The MPU-RAM connection is
vital in the computer scheme of things.

MPU and ROM

It is a fact that the Commodore 64 got its name from
the size of its memory map. The 65,536 locations
are loosely called 64K. The first location is
numbered zero and the last 65,535.

When the designers assign location address
numbers, they are very careful. Each address must
open up its assigned location, but the address must
not open up any other location at the same time.

If an address, which is nothing but a collection of
16 highs and lows, does openmore than one address
at a time, the program could crash.

One of the marvelous features about the 64 is
the arrangement of its memory locations. There are
a number of ways you can change the addressing
around. This provides great flexibility during dif-
ferent applications. This feature is discussed in
detail in the Memory Map Chapter. Figure 9-4 il-
lustrates the default addresses, which means the
addresses that are available when you first turn on
the machine.

The 64 comes on normally with the BASIC
language ready to use. In the mode, RAM is as-
signed the locations from 0 to 40,959. The address-
ing that we examined in the MPU-RAM discussion
used these numbers. The ROMs have larger
number addresses.

The BASIC ROM has 8K addresses from
40,960 to 49,951. The Kernal is assigned the ad-
dresses from 57,344 to the very top of memory,
65,535. The Character ROM can be addressed at
53,248 to 57,343. The Character ROM shares these
addresses with other residents, but there is no con-
flict, as you’ll learn in Chapter 13.

The three ROMs are fairly straightforward,
because they are meant to be read and not to be
written to. The MPU uses the same one way ad-
dresslines, A15-A0, to address the ROMs. The BA-
SIC and Kernal take lines A12-A0 and use the 13
bits to address one of the 8K locations inside the
ROM. A15-A13 are sent to the PLA. The PLA
decodes the bits and selects the ROM addressed
witheither the *BASIC signal or *KERNAL signal.

The Character ROM has its internal location
addressed with A11-A0. It only needs 12 address
lines because it only has 4K addresses in its ma-
trix. A15-A12 are sent to the PLA. The PLA pro-
duces *CHAROM to select the chip.

Once a ROM is selected and its matrix location
addressed, it can do only one job. It outputs a copy
of its burnt in eight bits to the eight outputs, D7-DO0.
The eight bits travel directly to the MPU.

MPU AND CIA INTERFACE

Each CIA only has 16 internal locations assigned
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Fig. 9-4. When the 64 comes on normally, the three ROMs respond to these addresses.

on the memory map. They are contacted by address
lines A3-A0. Figure 9-5 shows how the address
lines connect to the CIAs. CIA means Complex In-
terface Adapter, and the device is a complex little
machine. It is discussed in Chapter 16. The CIA
operates with the MPU. The MPU sees it as sim-
ply some more addresses in the memory map. How-
ever, the CIAs are standing between the MPU and
the peripheral devices as Fig. 9-6 shows. Through
the CIAs the MPU has instant communication with
the peripherals.

The CIAs have eight data lines that connect to
the data bus D7-D0. The MPU is at the other end
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of the data bus. the CIA can send data or receive
data at will, just as RAM can. The data pins of the
CIAs connects to the inside of the computer. The
CIAs have 16 external data lines that connect to
the peripherals. These lines are two sets of eight.
They are designated with the lettering PA7-PA0
and PB7-PBO.

There are two sets of registers, almost iden-
tical, in the CIA. The PA lines come from one reg-
ister set, and the PB lines come from the second
set. The D7-DO0 lines connect to both sets. Each set
of registers has two addresses. The data bus ser-
vices whichever registers are addressed.
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Fig. 9-6. The ClAs have the normal 8-bit connection to the internal data bus but possess 16 data bits for connection to

external devices.

One of the CIAs is used to I/O the keyboard
input and the control ports. The second CIA I/O’s
the user port, and the serial I/O port. The two chips
are identical, but as you’ll see in the test point
charts in Chapter 16, the logic probe readings of
each are not anywhere near the same. This is due
to the different sort of peripherals the devices are
acting as ports for.

Inside the CIA, the two ports, A and B, use six
registers to do their job. Each register consists of
one byte. Eachregister is contacted by its address.
In addition to these six, there are ten more registers
performing other jobs. These other duties have to
do with timing, serial I/O and interrupts. These ten
registers also have their own addresses giving the
registers a total of 16 addresses.

The 16 addresses are opened up individually
through four address pins. They are R3-R0. They
connect to the address bus lines, A3-A0. The four
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lines can produce 16 combinations of highs and
lows, to unlock each of the 16 registers.

The CIA has one pin called *CS to select the
chip. These selection highs and lows are coming
from the 7415239 decoder chip as mentioned in the
last chapter. The CIAs also are controlled by the
MPU with an R/*W connection. They receive data
from the MPU when the line is low and send data
to the MPU if the line is high.

The chip is initialized by *RESET when the
computer is first turned on. It is kept in step by
means of a ¢2 clock signal from the MPU. The
CIAs are connected at pin 19, TOD, to the electric
company’s accurate 60 Hz frequency. This makes
it run like a clock radio through its Time of Day
connection. This connection works with four inter-
nal CIA registers that constantly keep track of
AM/PM hours, minutes, seconds, and 10ths of
seconds.



MPU AND VIC Il

The 6567 VIC I1in the Commodore 64 is an amaz-
ing chip. It does have addresses in the memory map
and the MPU contacts it continually through the
addresses. In addition, the VIC can act on its own.
It can form addresses and make connections with
other residents without the help of the MPU. Re-
fer to Fig. 9-7.

The VIC 11, with this addressing capability, is
used in video game machines besides being a vid-
eo controller in computers like the 64. It is a ver-
satile chip. It gives the 64 powerful video game
capabilities.

The chip has 47 registers that can be ad-
dressed by the MPU. It has 14 of its own address
lines that gives it the power to contact a 16K group
of locations in the memory map. The details of its
activity are covered in Chapter 17.

The VICis a 40-pin DIP, and its pins are an
assortment of inputs, outputs, and input/outputs.
As you can see in Fig. 9-8, inputs include the chip
select, *CS, the color clock input drive, ¢IN, the
R/*W line and the address lines to choose one of
the 47 registers. Some of the outputs are the signals
*RAS, *CAS, sync, luminance, color, and AEC, the
address enable control. Other lines are the usual
D7-D0 data bus connections and the address lines,
again going the other way to access a chosen 16K
portion of memory.

If you’ll notice, the address lines share some
of the pins. A0-A7 are on pins 24-31. A8-A13 also
occupy pins 24-29. When the MPU is contacting
the VIC chip, access is gained to one register on
the chip, with a low on *CS to select the chip, and
address bits into pins A5-A0 to select the register.
The six address bits can form 64 different binary

64K addressing
capability

16K addressing
capability

Multiplex /

addressing +—¢ ,QZ;
— : A
6510 A5 RAM ¢ ASATL
MPU g —p -A10
— ASAO \ i ATAS 6567
S register -
——> select R11(1)
—>
— A9 R
—> A8 Cs
—— o
——> P+ vIC
AO __,' addresses
53248
to
53294
A15 A14 A13 A12 A1l A10
*1/10
PLA u1s

l

*VIC

Fig. 9-7. The VIC not only takes up normal residency in the memory map, but it is also able to do some addressing on its own.
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Fig. 9-8. The VIC is a large 40-pin chip that is able to perform on its own as a game controller.
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code addresses, more than enough to select one of
the 47 registers. During the input accessing the rest
of the pins lie dormant.

When the VIC wants to access memory, the ad-
dress pins become outputs. The address bits origi-
nate inside the VIC and the pins send bits the other
way. All 14 address bits are output through
A13-A0. The 14 bits can form 16K addresses.

The 14 bits are on eight pins. A13-A8 are on
the same pins as A5-A0. In order to output the ad-
dress without conflict, the bits are multiplexed.
During the time *RASis brought low and is active,
bits A6-A0 output. A13-A7 are held back. Then
when *RAS goes high and *CAS goes low, A13-A7
are output and A6-AQ are latched. The multiplex-
ing permits the VIC to access 16K of memory
somewhat in the same way that the MPU is able
to perform.

The VIC is able to read the video RAM 60
times a second this way, among other things. The
video RAM holds the codes of the characters that
are displayed on the screen. This addressing
capability is one of the reasons the VIC is consid-
ered such an excellent game device.

While the VIC is conducting its addressing
jobs, it could develop a conflict with the MPU. The
VIC sends out a couple of signals to avoid the con-
flict. It outputs the AEC as a low. This disables the
MPU address bus lines. VIC also outputs a low
from BA, bus available. This connects to the MPU
RDY line and holds the MPU in check.

The inputs to the VIC are all digital signals.
The outputs we just mentioned are also digital.
Besides them there are three analog outputs. These
are combined to produce a composite color TV
signal. This signal is quite like the one that you re-
ceive from a commercial TV station.

Pin 15 outputs the sync and luminance parts
of the VIC formed signal. They are fed through a
diode into an npn transistor, a PN2222. Refer to
Fig. 9-9. Pin 14 outputs the color signal. It is
passed through a small potentiometer network into
a pair of PN2222 transistors. The output of the
color transistors is injected into the emitter circuit
of the video amp. The color is mixed with the sync-
luminance, and the final signal is output to both the
rf modulator and the audio-video plug. This circuit
is discussed in detail in Chapter 18.

6510 Al

MPU

AO |—>

A1i A14 A13 A12

PLA
825100

*I/O

A1l A10

u15
74L.S239

6581
SID
Addresses
54272
to

. 55295

—-;TA1

DAO 'CS

*SID

Fig. 9-10. The SID only needs five address lines besides the chip select because it only has 29 register locations.
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Fig. 9-11. The SID needs eight data pins since all its registers are 8-bits wide.

The circuitry leading up to the VIC is tested
and probed with the vom and logic probe. There
is no need for scope checks. You are only dealing
with highs and lows. Once the signal leaves the en-
virons of the VIC, it becomes an analog TV signal.
These signals can be tested accurately with the or-
dinary TV service scope. The waveforms that
should be present are found in Chapter 17.

MPU AND SID

The Commodore 64 has an exciting music syn-

thesizer and sound effects system to go with the
arcade type video it is capable of producing. The
sound system is based around the 6581 SID chip.
The Sound Interface Device is a 28-pin DIP. You
can tell that it is part of the 6510 family by its
generic number, 6581.

The SID can be addressed by the MPU through
address bus lines A4-A0. Refer to Fig. 9-10. Five
address lines are able to contact 32 locations. There
are 29 registers in the SID. The address lines per-
mit a read or write to these locations. Should a read
or write be executed to one of the three remaining
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addresses that do not exist, a read returns garbage
and a write is simply ignored. The SID, from the
MPU'’s viewpoint, is considered to contain only 29
memory addresses.

In Fig. 9-11 there are the usual eight data pins,
D7-DO at 22-15. The MPU supplies SID with data
during a write operation. SID sends data to the
MPU during a read. The R/*W line from the MPU
decides the direction data will flow. When the line
is high, the SID sends data to the MPU. When
R/*W goes low, the SID is the recipient of the data.
The details of the SID operation are covered in
Chapter 19.

POTX and POTY at pins 24 and 23 are inputs
from the control ports. the peripherals that are
plugged into the control ports supply the input. The
inputs are sent to a 4066 quad switch where it is
routed to the SID Pins. The signals set the posi-
tions of potentiometers in the chip. The AUDIO IN
and the CAPs mix and filter the audio. This is
covered in the SID chapter.
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SID, after all the waveform generating and
modulating has one audio output at pin 27. The out-
put can have a peak-to-peak maximum of two volts.
There is a dc level of six volts and this can be cou-
pled to any audio amplifier. In the 64, there is
PN2222 transistor and a 10 uF capacitor that does
the coupling. These can be seen in Fig. 9-9. The
audio output can then be taken off at the audio-
video plug. Most of the time, though, it is sent to
the rf modulator. There it joins the video output,
and together, they go to the TV set that the com-
puter uses as its display.

SID is a complex chip that contains both MOS
and TTL components. At pin 28, VDD, the chip
gets + 12 volts to power the MOS parts. At pin 25,
VCC, the chip receives +5 volts to energize the
bipolar transistors.

SID is one of the chips with a *RESET line.
It also has a ¢2 clock input to keep it in time with
the pacing of the MPU.
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Fig. 10-1. The first possible set of bits in the PC codes decimal address 0. The last set of bits codes decimal 65535.
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leave the MPU, the program counter is in-
cremented by one automatically. The PC is built
to do this.

Thenextaddressis LLLLLLLL LLLL LLLH.
This group of bits will address location 1 in deci-
mal. The next address is LLLL LLLL LLLLLLHL.
This is address number 2. The program counter
continues its incrementing. If it is not stopped, it
will mindlessly keep counting up to HHHH HHHH
HHHH HHHH. This is location 65,535. It is the
65, 536th physical location, since the first location
has an address of 0.

Let’s add up the Hs and Ls and see how they
relate to the decimal numbers, or in other words,
how can they be coded back and forth. It really is
easy to crack the code. I'll do it with 16 bits, and
then you can handle any size register. Other
registers you might want to code either way could
be the 8-bit ROM locations or the 4-bit Color RAM.

The bits in the address bus are names A15
through A0. A15 is called the MSB for the Most
Significant Bit. A0 is called the LSB for the Least
Significant Bit. The bits in between are either
higher or lower according to what bits they are
referenced from. The LSB A0 whenrelated to dec-
imal has a value of 0 or 1 according to whether it
is storing a low or a high. This, of course, seems
obvious. Not quite as obvious is the next higher bit
Al It has a decimal value of either 0 or 2. A low
is 0 and a high is 2. The next higher bit A2 has a
value of 0 or 4. The values continue to double on
a high till bit A15 has a value of 0 or 32,768.

In order to convert a register to its decimal
code, all you have to do is add up the values of all
the bits. Any bit holder containing a low is counted
as a 0. All bit holders storing a high is counted by
its significant value. The place values are given in
Table 10-1.

With the aid of Table 10-1, you can convert
highs and lows to addresses and vice versa. For in-
stance, suppose you are probing the address bus
and you find a fixed set of bits on the bus. The bus
isstuck on that number and will not respond to any
attempt to change it. You want to know what ad-
dress the bus is pointing to. The bits are HLLH
HHHH LLLL LHLL. The MSB is the first H and

Table 10-1. Binary to Decimal Conversion.

Significance Low High
LSB A0 0 1
A1 0 2
A2 0 4
A3 0 8
A4 0 16
A5 0 32
A6 0 64
A7 0 128
A8 0 256
A9 0 512
A10 0 1024
A1 0 2048
A12 0 4096
A13 0 8192
A14 0 16384
MSB A15 0 32768

the LSB is the last L. The address can be converted
to decimal by adding the values of the bits togeth-
er. The conversion would look like this:

Binary to Decimal

MSB 32768
0
0

4096

ool oulll quilie )

2048
1024
512
256

onil onill enlll wnl jesfiesfianfiani

il eniie ol ol
|oo-z:~o cococo

LSB

Address 40708
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The address on the stuck bus is decimal 40708.
On the Commodore 64 memory map, 40708 is an
address that is used by a cartridge ROM. This bit
of information is a clue to indicate where and what
is causing the stuck bus.

Sometimes it is useful to code a decimal
number to its binary equivalent. There could be a
case where the 64 will respond to certain addresses
but not to others. One of the address lines could
be shorted to ground or to another line. Suppose
one of the addresses that will not work is 1024. If
you convert decimal 1024 into binary, you might
get some idea of what line is inoperative.

To convert the decimal, you look for a combina-
tion of bits that will add up to 1024. That one is
easy. A10 is exactly 1024. It’s address is LLLL
LLHL LLLL LLLL. It looks like address bus line
A10 is out of commission. It can be tested for shorts
or an open.

That was an easy conversion. Suppose you had
to code 53281 to binary. That would take a bit of
number juggling. The first thing to do is locate the
closest bit value that is less than the desired
number. Then keep adding values till you arrive at
the correct binary code for the decimal. 53281 is
converted in the following manner:

Decimal to Binary

MSB 32768 H
16384 H
0 L
4096 H
0 L

0 L

0 L

0 L

0 L

0 L

0 L

32 H
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Total 53281

The conversion back and forth is not difficult.
Coding binary into decimal is simply a matter of
adding the significant decimal values of each bit to-
gether. Getting the binary bit layout from a deci-
mal number requires breaking down the number
into a group of decimal numbers that consist of dec-
imal significant values. Then the corresponding bits
are arranged from MSB to LSB. Number conver-
sion is a must during some repair work with the 64.

HEXADECIMAL

Most of the time during troubleshooting and repair
work on the 64, decimal and binary coding will suf-
fice. The BASIC ROM comes on using decimal.
The logic probe and vom reveal binary highs and
lows on the various test points. If you can in-
telligently relate the two representations of
voltages, you can do practically all the jobs where
numbering comes into play.

There are some occasions though, where it
would be handy to use hexadecimal too. Hex is just
a third way to express the decimal or binary values.
It is used extensively in machine language program-
ming. Its use during repair jobs is to code binary
in another way.

Hexadecimal means six plus ten. That is, it is
a numbering system where you count ten numbers
from 0 to 9 and then count on up to 15 with A, B,
C, D, E and F. After F comes 10. Hex lends itself
to computers because a nybble of binary numbers
counts from 0 (LLLL) to 15 (HHHH). The hex
numbers line up with binary exactly. Table 10-2
shows the binary equivalents for hex numbers I
through F.

Hex is a convenient way for programmers to



Table 10-2. Binary Equivalents of Hex Numbers.

use binary. Table 10-2 showsthat one hex number

can represent four binary voltage states. That is
Hex Binary why I put a space between every four voltage
levels. Each space is between one hex number. The
0 LLLL four voltage levels are one hex number. It is much
1 LLLH easier for a programmer to code one hex number
g 'E'Enh than four voltage states, four 1s and Os, four trues
4 LHLL and falses, four sets and resets, or whatever way
5 LHLH some engineer or programmer decides to call the
‘75 t::h logic states.
8 HLLL To convert any binary number to hex, put a
9 HLLH space between every group of four bits. Then find
g ::::h the hex equivalent for each group. The total bit size
c HHLL of the binary number is not important. As Fig. 10-2
D HHLH shows, there are four bit holders in each location
E HHHL in the Color RAM. You can express the bits held
F HHHH . . .
in each location with one hex number. There are
Color RAM
location
3 |2 |1 0
Hex
number
Dynamic RAM, ROM or /10
location
7 6 5 |4 3 12 1 0
Hex Hex
number number
Program
counter
register
15 |14 |13 [12 {11 |10 |9 8 |7 6 5 |4 |3 2 1 0
H
ex Hex Hex Hex
number number number number

Fig. 10-2. A hex number is used to code four binary numbers. Two hex numbers can code a byte and four hex numbers

the 16-bit PC.
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eight bits in each ROM location. These location
contents can be written in two hex numbers. The
addresses in the 64 are 16 binary bits each. All the
addresses in the 64 can be described with four hex
numbers. Refer to Fig. 10-2.

PEEK AND POKE

There are two routines in the BASIC ROM that
you'll find are very useful during repairs. The
routines can be used normally when the 64 has trou-
ble but it is signing on with the READY and the
blinking cursor. If the trouble is preventing the sign
on message from being displayed, then the follow-
ing service measures can't be used.

Assuming the 64 does sign on and there is trou-
ble, you can signal trace the residents of the mem-
ory map with the BASIC commands PEEK and
POKE. PEEK lets you read the contents of a loca-
tion. POKE gives you the power to stick a byte in-
to any location that normally accepts bytes. These
two capabilities are excellent troubleshooting
methods.

PEEK is a function. It is not a command. It
needs a command to work. The usual command is
PRINT. That way you can see on the screen what
was in the location you peeked into.

To get a fast look at location 1024, you type
PRINT PEEK(1024) and hit the Return key. What-
ever bits are in 1024 will appear on the TV screen.
However, the bits will be coded in decimal.

Location 1024 is the first place on the TV
screen at the upper left hand corner. If the
character P is being displayed, the code 16 will re-
spond to the PEEK. This is the code the VIC picks
up every 1/60th of a second to update the screen.
Code 16 tells the VIC to display a P.

POKE is a command. If you want to POKE the
number 7 into location 53280, you type POKE
53280, 7 into the machine. The BASIC routine runs
the number 7 through the 6510 and onto the data
bus. Meanwhile the MPU outputs the binary states
for decimal 53280 and opens up that location. The
binary state for decimal 7, LHHH, is installed into
the four bit holders of the location. The POKE is
complete.
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Location 53280 just happens to be the place
where the border color around the TV screen is
stored. The LHHH forces the border to go yellow.
This is a test. If the border follows instructions and
goes yellow, then all the components that carried
the command, from the keyboard to the TV screen
are ok. If the border does not go yellow, this is a
symptom and could lead to pinpointing the source
of a trouble.

The PEEKs and POKEs are powerful servic-
ing tools. They can signal trace a great deal of the
circuitry in the 64. Of course you must understand
what should be happening in the circuits when you
try to PRINT a PEEK or force a POKE into a loca-
tion. There will be more about PEEKs and POKEs
throughout the rest of the book.

GATES

Most of the circuits in the 64 are comprised of gates
and registers. Registers are covered in detail in the
next chapter. The logic states that travel through
the digital parts of the computer are manipulated
by the gates. Most of the manipulation consists of
either maintaining the voltage in a bit or changing
the state of the voltage. The states flash around the
circuits in times that are measured in nanoseconds
(billionths of a second) and are changed from +5
volts to 0 volts and back. Refer to Fig. 10-3.

The registers are storage areas for the bits. You
can place a high or a low into a register bit and the
register will hold the bit for as long as the correct
power is applied. The registers are found in various
sizes. There are nybble registers that hold four bits,
byte size registers holding eight bits and word registers
that are 16 bits across. The registers hold the bits
through three general methods. In ROM chips, the
bits are burnt in permanently. The latches and
static RAM chips use flip-flops. Dynamic RAM
stores voltage states in the capacitance formed in
the insulated gate and ground of the MOS chip’s
insulated gates in the FETs.

With careful logic state changing in the gates
and the reliable storage of the registers, computing
takes place. When trouble strikes, it is often due
to failure in a gate or register. The electronic cir-
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cuits on a chip can and do short, open, or spring
a leak under voltage or temperature pressure. Fig-
ure 10-4 shows some of the breakdowns that can
befall a chip.

To troubleshoot these types of failures, it is
essential that you understand what is happening to
the voltage states as they make their way through
the gates and the registers. That way your vom and
logic probe testing will make sense and point you
to a trouble quickly.

There are a lot of gates in the Commodore 64.
Most prominent are the 14 pin DIPs the 7406 and
the 74LS08. The 7406 has six inverters and the
74LS08 contains four AND gates.

Not as well seen are the gates in the 74L5257
and 7415258 chips. Each of these 16-pin DIPS have
three inverters, eight AND gates and four OR
gates. While the 74LS09 has its gates separated
with a pin assigned to every input and output, the
multiplex chips have the gates internally wired to-

Open!

OR gates

1
Q _L‘r_ - 7 \/ +5V
Open'
_JL .
© I, / oV

Fig. 10-4. If an AND gate should open, two highs could produce a low (A). If the same AND should short two lows could
output as a high (B). If an OR gate should short two lows could read output high (C). The same OR gate when open could

output a low even though two highs are input (D).
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Fig. 10-5. The YES gate is so named because the output maintains the same state as the input.

gether. The AND outputs are wired to the OR in-
puts. You can’t put a probe on the AND-OR
connections.

The 74LS239 decoders also contain internal
gates. The Character ROM has an AND gate in its
chip select circuit. All of the large chips have
various gates. The peripheral devices contain gates.
Any and all of the digital circuits have dependence
on gates. Gates, like any other electronic circuit,
fail occasionally. You must know how to handle
gates if you want to be able to repair your Com-
modore 64.

The gates of concern for the 64 are the YES,
the NOT, AND, OR, and exclusive-OR, called
XOR. The other gates you’ve heard of, such as
NAND, NOR and exclusive-NOR are not being
used in the 64 in an obvious way. During the re-
pair of the 64 you will not need any troubleshooting
information on these gates. Any NAND, NOR or
XNOR function that might occur will be taken care
of with a combination of NOT, AND, OR, and
XOR.

YES Gate

As the name implies, a gate is a barrier in a
pathway that can open to let signal pass or close
and block passage. The YES gate performs that
task exactly. It has two connections, one input and
one output. If a high or low arrives at the input and
is permitted to pass, the same type of signal will
leave at the output. That is, if a high arrives, a high
will leave. Should a low arrive, then a low will leave.
See Fig. 10-5. There is no change made to the log-
ic state. You might ask, if there is no change in
state, why bother?

The YES gate is an amplifier stage. It is need-
ed to amplify current levels and to match im-
pedances from one circuit to another. It gets its
YES name because the signal does not make any
logic state changes as it passes from one stage to
another. YES gates are found in the large chips of
the 64. They are the buffers that are mentioned on
occasion.

Inside a YES gate is a transistorized amplifier.
When the chip is using bipolar components the
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amplifier could be based around an npn. The cir-
cuit is simple, as Fig. 10-6 shows. The npn is
powered normally through the + 5 volt supply. The
high or low is input at the emitter. The output is
at the collector. When a signal is input at an npn
emitter, there is no phase reversal. The signal is
amplified and the same logic state that was input
is output. The only changes are the power output
is increased and the impedance of the output is
designed to match the next circuit.

The actual internal wiring of a YES gate is
more extensive than this example circuit, but that
is the way the gates work. On a normal schematic,
since the internal wiring is not accessible, the en-
tire YES gate is drawn as a triangle. The input lead
is on a flat side and the output is at the pointed end
opposite to the input.

All gates have a truth table. Truth tables got
their name from the engineers that were using true
and false to describe the high and the low states.
If they had been using high and low, the tables

might have been called the high table. Technicians
think of high (H) and low (L) when they see a truth
table. The truth table might contain any of the
logical state descriptions shown in Fig. 10-7.

The table is a handy test medium. The columns
are labeled Input and Output. If the input is an H
in a YES truth table, the output is an H. When the
input is an L, the output is an L. Therefore, if you
are testing a normal YES gate with the vom or logic
probe, your test reading on the input should also
be found on the output. The truth table is actually
a voltage-state test table.

The three-state control opens or closes the YES
gate. The three-state controls are used extensive-
ly in the Commodore 64. They are used to control
YES gate buffers and other chip circuits. Figure
10-8 reviews the three logic states, high, low, and
no state. The state of no state is vital to the opera-
tion of the computer.

For example, the address lines connect to every
location on the memory map. The address that

+5V

"~ —r1-l—

Emiﬁer input

= Collector
output

Fig. 10-6. An npn transistor with an emitter input and a collector output could be a Yes gate. Whatever state is input

will appear in the output.
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Logical 1 Logical 0
True False
High Low

H L
+5 V oV
Set Clear
Set Reset
Yes No
Sy T

Fig. 10-7. Here are nine variations on the descriptions of the
two logic states. The logic states, regardless of the name,
are still only voltages.

leaves the Program Counter and arrives on the 16
bus lines must open up only one address. If more
than one of the addresses are read or written to,
the computing will crash.

To avoid this, all the locations in the computer
can be equipped with their own YES gate that also
has a three-state control. While the computer is not
addressing a location, all the three-state controls
are off and the memory map cannot be accessed.
As soon as an address goes out over A15-A0 the
one location that is addressed has the three-state
control in its YES gate go on. That way only the
one location is contacted and all the rest of them
stay in an inaccessible third state. There are a lot
of three-state devices in the 64. The 6510, the
RAM, the ROM, the gates in the address and data
bus lines, and others have three-state capabilities.

NOT Gate
The NOT gate in Fig. 10-9 looks a lot like the

1
Signal Output P
JL u -
¢ P
Signal
1 Bus line
e
1
Signal P
2] JL No output ]
32 ¢
a
£ -
LA
|
Signal e
o gL No output ]
e
A
L~
Three-state control ~

Fig. 10-8. The third logical state, when the chip is purposely turned off, is called three-state. It is vital to keep all circuits
off except the one in use during an operation so they do not interfere with each other.
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“NOT”

Input
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Truth table
Input Output
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o s

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

YES gate on a schematic drawing. It has the same
triangle shape and the same input and output leads.
The only difference is a tiny circle between the
pointed end and the output lead. This is called the
NOT circle. The NOT circle is what makes the de-
vice a NOT gate. Whatever state enters the gate,
the opposite state leaves the gate. If a high is in-
put, a low is output. Should a low go into the gate,
the low is changed into a high and the high comes
out. The truth table for the NOT gate is shown in
the illustration.

Figure 10-10 shows the bipolar circuit ina NOT
gate. It is something like the YES gate. An npn
transistor could act out the part of the gate. The
Vcc is still +5 volts. The obvious difference be-
tween the two circuits is in the input. The NOT gate
input is connected to the base of the npn. The YES
gate had the input tied to the emitter. There was
no reversal of logic with the emitter input. When
the logic state enters the base, the state is re-
versed. The chip is also called an inverter.

The NOT gate or NOT circle is one of the most
used abilities in a computer. The inversion of the
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logical state is the opposite or the complement.
NOT gates always output the complement of the
input. During testing, the fact that the output logic
level is always the opposite of its input provides a
quick check to test an inverter.

The 7406N chip in the 64 has six inverters.
They are all used in output lines that need the state
of the line complemented. This chip was discussed
in Chapter 8. There are many other NOT gates and
circles in a lot of the other chips in the 64. They
are vital to the operation of the computer.

The NOT function is found in all sorts of places
in the Commodore 64. As you peruse the schematic
during troubleshooting, there are many terminals
described with a straight line drawn across the top
of the name. This overscore means NOT. This is
the NOT line. It designates an inverted quantity.
The asterisk I've been using is a substitute for the
line. I use the asterisk because it is simpler to use
in writing. When you see the asterisk instead of the
line, it means the same thing as the overscore. It’s
a practical measure with no other meaning. The
asterisk is also recognized as a NOT.



When a NOT sign is used on a terminal, it
usually signals the type of logic state that will
enable the terminal. For instance, if you see a ter-
minal called *RESET, it means the pin is usually
held high while the reset function is not being used.
If and when the time arrives for the reset to be en-
abled, the terminal is injected with a low, and the
reset goes into its routine.

On the other hand, if the terminal is called
RESET without a line or asterisk, the opposite ef-
fects can be expected. The terminal will be held
low when inactive. To enable the reset function a
high is sent to the pin. The high turns on the reset
routine.

When you are reading a schematic and you see
aterminal name to describe its function, try to form
the name in your mind. For instance, the read/write
line in the 64 is described as R/*W. This would be
pronounced as ‘‘Read-NOT-Write”’. Actually the
read/write line is usually held high in a read posi-
tion. To produce a write the line must be forced
low. Another example is the *IRQ line. It is an in-
terrupt request. It is held high till the interrupt is

required. Then the line is made to go low. A third
example is RDY, a ready line. It is held low when
it is on standby. To activate the RDY, the line is
put into a high state. This form of thinking as you
read the schematic should become second nature
as you check out the test points on all the chips and
connections.

AND Gate

The AND schematic symbol is shown in Fig.
10-11. It looks like a short fat bullet lying on its side.
In contrast to the total of two leads on the YES and
NOT gates, the AND gates in the 74LS08 chip of
the 64 have three leads. It has two inputs and one
output. Actually, an AND gate can have three or
more inputs, but it will only have one output.

When the AND gate is also equipped with a
NOT circle between the blunt rounded end and the
output lead, as shown in Fig. 10-12, it becomes a
NOT AND gate. You probably have seen these
gates. The NOT AND is shortened to NAND. The
NAND gate outputs are the complements of the
AND gate. We will discuss for the most part the

Base o. — A~
input

Vce
+5 V

0
C o Collector

output

777

Fig. 10-10. The NOT gate can be constructed with the same npn transistor that the YES gate was made with. The input
enters the base instead of the emitter and reverses the logic state at the output.
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Truth table

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

Fig. 10-11. The AND gate’s output is low on all occasions except if both inputs are high.

NAND gate
| Interim l NOT circle
A
—l— A
AND ‘ O ! Output B—* NAND ‘ Output
| |
Inputs
A B Interim Output
0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

Fig. 10-12. The NAND gate is really a NOT AND gate. The interim output is that of an AND gate.
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AND gate and not the NAND. There is an AND
gate chip in the 64, the 74L.S08. This chip was dis-
cussed in Chapter 8. There are no special NAND
gates in the machine.

Inside the AND gate, as well as the other gates,
there are a lot of microscopic components. There
could be all sorts of transistors, resistors, diodes,
and so on. In fact, any gate can be formed by con-
figuring a lot of other type gates on a chip and wir-
ing them to tailor a particular gate. The little fat
bullet on its side could be designating dozens of sep-
arate components.

From the servicing point of view, all you need
to do is think of the gate in the simplest terms so
that the testing and repair proceeds as rapidly as
possible. That way you can trace a signal and pin-
point the source of a trouble. Except for your nat-
ural curiosity, it really does not matter which
minute section of a miniscule internal transistor has
given up the ghost. The important thing is to realize
the total gate is dead and needs replacement. You
can test the inputs and, from your understanding
of the logic, be able to predict what the output
should be. If the correct output state is present then

the gate is ok. If the output logic is incorrect, then
the gate becomes a suspect.

The classical description of an AND gate in
electrical terms is a circuit consisting of an output
load such as a light bulb with two switches in se-
ries. The only way that the bulb in Fig. 10-13 will
light is if both switches are closed. If one or both
switches are open, the circuit is open and the lamp
won’t glow. There are four possible positions the
two switches can assume. Assume that the energy
is supplied by a 5 volt battery. The bulb has a high
of +5 volts applied when both switches are closed
and a low of 0 volts when a switch or both
switches are open. We can call an open switch L
and a closed switch H. The possible inputs are the
following:

Inputs Results
L-L No light
L-H No light
H-L No light
H-H Light

The same type of events take place when there

—0~" 0 o o—

+5 Vy
IIE;

Bulb will
light upon HH

Light
GD bulb

Logic states
Open switch = L
Closed switch = H

Fig. 10-13. The classical description of an AND circuit is made up of a battery, a light bulb, and two switches in series.
An open switch is thought of as an L and a closed switch as an H. Only the application of HH will light the bulb.

167



are three AND inputs instead of two. The only dif-
ference is, three inputs create eight possible com-
binations that can be applied to the gate. Out of the
eight inputs only one input group will light the bulb.
That is when all three switches are closed. The in-
puts and results look like the following:

Inputs Results
L-L-L No light
L-L-H No light
L-H-L No light
L-H-H No light
H-L-L No light
H-L-H No light
H-H-L No light
H-H-H Light

When the AND gate has four inputs, there are
16 combinations. Five inputs makes 32 combina-
tions of possible logic states, and so on. No matter

how many inputs there are though, the only way
the AND gate will output a high is if all inputs are
Hs. When you are taking the state of the AND out-
put, a high means all inputs are high. If one of the
inputs are low and the output is a high, that could
be a symptom of failure. The gate could have
shorted or opened in a way that is causing the unex-
pected high reading.

The actual AND circuit could be based around
a pair of pnp transistors wired in parallel. Refer to
Fig. 10-14. The emitters of both the pnps connect
to +5 volts through a resistor. The AND output
is from the emitters. The two AND inputs are enter-
ing through the two bases.

When either or both inputs receive a low, one
of the transistors or both will conduct and the out-
put will be low. The only way a high can emerge
from the output is if both inputs are high. When
that happens neither pnp can conduct and the out-
put emitters rise to the supply of +5 volts.

You could think of an AND gate as an elec-

e
[
e
[

+VCC
Input > g' ’
P b
Input > @ ”
P b

->» Qutput

Fig. 10-14. Two pnp transistors wired in parallel with a base input and an emitter output can be an AND gate.
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Inside the 74LS257
Input Output
from _ control
address © \
bus AND /
Output
OR to
dynamic
Input RAM
from \
address * \
bus r AND
Truth Table
Inputs
A B Output
>—I >°J 0 0 0
Select
0 1 1
1 0 1
A
Output 1 1 1
B

Fig. 10-15. The OR gate on one output pin in the 74LS257 receives signal from two AND gates. Each AND gate is operated
by one address bit and a select signal. The OR gate symbol looks like an artillery shell lying on its side. The OR gate’s

output is high unless both inputs are low.

tronic combination lock of sorts. A low is output
while the lock is shut tight. The only way the lock
will open is when the correct combination is input.
The correct combination is the input of all Hs.

OR Gate

There are no logical OR chips in the Com-
modore 64. The OR gates that are in the 64, and
there are plenty of them, are found in the internal
wiring of other chips. Figure 10-15 shows that the
741.S257 chips use OR gates as part of the inter-
nal wiring. The OR gate outputs are connected to

pins but the inputs are attached to the outputs of
the AND gates that they are doing the multiplex-
ing with. The inputs from the address bus are the
inputs to the AND gates. This chip was also dis-
cussed in Chapter 8.

The OR gate is drawn schematically like an ar-
tillery shell on its side, instead of a fat bullet like
the AND gate. Refer to Fig. 10-16. The classical
electrical representation of the OR gate is also
shown as switches that operate a light bulb. The
wiring in Fig. 10-17 is different than the AND cir-
cuit. Whereas the AND circuit had switches in se-
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Bulb will
light upon
L H
H L
H H

Light
6 bulb

+5 V.
1]

Logic states
Open switch = L
Closed switch = H

Fig. 10-16. The OR gate can be thought of as two switches in parallel. The bulb will light if either one or both of the

switches is closed.

ries, the OR circuit has the same switches in
parallel. The AND circuit also needed all the
switches closed to light the bulb, but the OR cir-
cuit only needs a single switch closure to illuminate
the bulb. The possible inputs are the following:

The OR gate also can have more than two in-
puts. There can be three, four, or more. Like the
AND gate, two inputs produce four input
possibilities, three inputs can have eight combina-
tions of Hs and Ls, and four inputs make 16 possi-
ble ways that the inputs can be arranged. However,

Inputs Results no matter how many inputs, the OR gate will out-
L-L No light put a low only when all inputs are low. Otherwise
L-H Light the OR gate will output a high. If just one input out
H-L Light of many is high and all the rest are low, the OR gate
H-H Light will put out a high.

Input D= H

Input >= }: $» Output

Input >— —»} §

o
~VEMITTER

Fig. 10-17. The OR gate can be built with diode inputs in parallel.
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An OR gate can be built with a number of
diodes and aresistor as shown in Fig. 10-17. If you
want a two input gate, two diodes are used. For a
three input gate, three diodes are needed. One
diode is needed for each input.

The diodes are wired in parallel. The anodes
of the diodes are the input pins and the cathodes
are tied together. A resistor from -5 volts is con-
nected to the cathode junction. The junction is also
the OR output pin.

While the inputs are all near 0 volts, the diodes
do not conduct and the output is held at -5 volts
which is a low. If a high should appear at one of
the anode inputs, that diode conducts. This makes
the cathode junction rise up 5 volts to a relative
high. A high on any of the anodes will also produce
a high at the output. This is logical OR activity.

Exclusive-OR Gate

The 64 does not use any exclusive-OR ab-
breviated to XOR, chips. The XOR function though
is very important to the machine. One of the instruc-
tions that the 6510 will respond to is EOR, which
is also a way to describe the action. EOR is the
acronym for exclusive-OR. When you order the
6510 to EOR, it will exclusive-OR all the bits in the
accumulator register with any memory location you
provide. There will be more about this in the next

chapter on registers. Meanwhile, we will review the
XOR gate so you will understand the EOR when
you get to it.

The XOR gate symbol in Fig. 10-18 looks al-
most exactly like the OR symbol. The only dif-
ference is a space between the input leads and the
bottom of the body of the symbol. A closer look
reveals that at the input end, the leads are at-
tached to a curve and there is a space between the
curve and the rest of the symbol. If you think of
the symbol as an artillery shell, then you can think
of the input leads as the ramrod used to push the
shell into the big gun. The output lead is on the
pointed end of the shell appearing symbol.

Let’s compare the OR and XOR inputs and out-
puts to see the difference the exclusiveness makes.
If you are signal tracing a two-input OR or an XOR
gate there are four input combinations possible for
both gates. They are the same inputs whether the
gate is an OR or XOR. The difference is in the
outputs.

On the OR output, the state will always be a
high except if both inputs are lows. If you logically
think about these results, they do not really follow
the definition of OR. The OR definition is, if one
“OR” the other input is high, then the output is
high. This is true for L-H and H-L. For L-L, nei-
ther input is high so the definition indicates a
low,which will be present as long as the gate is ok.

A
’ Output
B

Truth Table

Inputs

A B Output
0 O 0

0o 1 1

1 0 1
1 1 0

!

Different than
OR gate

Fig. 10-18. THE XOR gate is similar to the OR gate, but when two highs are applied to the inputs, the XOR outputs a low.
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For the last possibility though, both outputs are
high, H-H. Yet the output is high.

The XOR gate is a variation of the OR gate that
does follow the logic. When the four input
possibilities are considered, they are identical to the
OR gate except for the last possibility, H-H. When
H-H are the inputs of the XOR gate, the output is
alow. The XOR gateonly outputs a high when one
or the other of the inputs are high. If both inputs
are the same, both low, L-L, or both high, H-H, the
output is a low.

NOR and XNOR Gates

You will not have to contend with NOR,
XNOR, and other gate variations. The 64 deals
mostly with AND, OR, NOT, and some XOR logic
abilities. If you learn these four functions and un-
derstand what the outputs of the gates do with
various inputs, troubleshooting the 64 will become
appreciably easier. I include a brief description of
these other gates simply for completeness.

NOR is NOT OR and XNOR is exclusive NOT
OR. The NOT simply changes the outputs to a com-
plement. The output of the NOR gate is the com-
plement of the OR output. The same thing goes for
the XNOR. Figure 10-19 shows the complementary

relationships. Compare these with Fig. 10-15 and
Fig. 10-18.

GATE TESTING TECHNIQUES

When a gate is to be tested the best equipment is
the vom and the logic probe. These instruments
however, can only give you the surface indications.
As we have seen, the chips are circuits within cir-
cuits within circuits. Deep down at inaccessible
levels are the bipolar transistors, the FET's and oth-
er components that actually do the computing.
They are forever sealed at manufacturing in their
microscopic space. You can think about them, but
under normal servicing circumstances you’ll not en-
counter them directly.

A gate is at the next level of size and they do
have test nodes that you can measure and obtain
readings. The gate circuit level is the level where
most of your voltage and logic state testing will take
place. There are inputs, outputs, VCC (collector)
and VDD (drain) pins readily available. The more
you know about the way the Hs and Ls progress
through the gate level circuitry, the quicker you will
spot incorrect logical states and pinpoint troubles.

The top level of circuitry is the chip itself.
When the chip is considered as a single component

Output
B
A

Output
B

A | B | Output
LJL]|H
LI{H]|L
H]L]|L
H]IH] L

A | B | Output
L] L H
L|H L

H| L L
H|H H

Fig. 10-19. The NOR and XNOR symbols and truth tables.
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and is replaced as a test, you are in the overview
mode. This is the first approach to a repair and is
the gist of the chapters up to this one. More than
50% of actual troubleshooting that takes place in
the field is in this overview mode. As a matter of
fact, manufacturers have taken this mode of ser-
vicing a couple of steps further. They often will re-
place the entire board or even the entire computer
to get you back in operation. The troubled com-
puter can then be placed back on the factory pro-
duction line and be recycled back to new.
Independent servicers, without the benefit of
a large factory, follow the same procedure they
have been using for years on TV repairs. Com-

puters are easily carried. The home computer or
small business computer owner disconnects a bro-
ken unit and carries it into a repair shop. The ser-
vicer approaches the repair by changing the
socketed chips that are indicated by the symptoms
of trouble. Once the socketed chips are deemed ok,
then the servicer will pull out service notes on the
machine and attack test nodes with the vom or logic
probe. He looks for incorrect voltages and wrong
or missing logic states: missing or wrong supply
voltages, highs where there should be lows, lows
where highs should be present, three-stating in the
wrong places, and so on. As you can see, knowing
the way gates process highs and lows is a must.
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1ot As soon
is not three-

circuit. It is forced on through. The only time re-
quired is the propagation delay of the electron
movement, which is typically about 15
nanoseconds. Besides this 15 billionths of a second
pause, the state passes through the gate.

A register on the other hand has bit holders.
It is a place of storage. Once a high or low enters

atrix. The 74L.S373
e Color RAM has one 8-bit
rogram Counter in the 6510 is a

bit register. All the various sized registers do
the same type of job. They are all able to store bits
according to their organization.

Each form of register except the dynamic RAM
uses flip-flop circuits as bit holders. The dynamic
RAM uses the voltage that is ccntained in a capac-
itor charge. Chapter 8 contains additional infor-
mation on each of the following chips.

FLIP-FLOPS

The flip-flop circuit is an old as electronics. It is
a means of storing a charge. In the digital circuit,
the presence of a charge is a high, and the lack of
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Fig. 11-1. The main difference between a gate and a register is that a register can store a logic state and a gate cannot.
In the top circuit, two NAND gates are wired together to form an AND gate. Inputs are quickly ushered from the inputs
to the output. The bottom circuit shows the same two AND gates wired as a register bit. Inputs can be stored in the inter-

nal circuitry.

a charge is a low. With a flip-flop, you can not only
store the charge, but you can manipulate it. You
can change a high to a low or a low to a high. This
is a very valuable ability. When you couple the stor-
age and the state changing with the basic gate log-
ic of NOT, AND, OR, and XOR, you are com-
puting.

A flip-flop can be built by crisscrossing two
triode vacuum tubes, or two npns, or two pnps, or
two FETs, or even two gates. They are all able to
characterize a flip-flop. Let’s examine the step-by-
step flip-flop action of the circuit in Fig. 11-2.

The circuit shows the transistors with inputs

into their bases. Since the inputs are into the bases,
the individual pnps are wired as inverters. The
bases are then cross-coupled into the other pnp’s
collector. When you power the two pnps, they both
try to conduct. However, one is always slightly
quicker than the other. There is feedback from the
collectors to the other base. The quicker pnp will
go into saturation. The slower one will thus be
forced into cutoff. They will hold this state of con-
duction.

The one in saturation outputs a high as the pull
up resistor has a large voltage drop across it. The
one cutoff outputs a low since its resistor has no
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Fig. 11-2. The basic flip-flop can be built around two pnp transistors.

voltage drop and is at the — VCC supply voltage.
The two transistors will maintain this state. The
only way it can be forced to change is if a high pulse
is applied to the base of the cutoff pnp or a low pulse
is sent to the base of the saturating pnp. If either
event takes place the two transistors will flip-flop
their logic states. The pnp that was cutoff will then
saturate. The pop that was saturating will cutoff.
The flip-flop will then hold that state till another
pulse comes along to change it again.

While you can’t get into a chip to test flip-flops,
it is useful to understand the way it stores a volt-
age state. There are a number of tests you can
make on flip-flop circuits to see if they are able to
store voltages. For instance, if you know the ad-
dress of a suspect register or bit holder, you can
use the BASIC PEEK function to see if it is actual-
ly holding the highs and lows that it is supposed
to. The POKE command can be used to install test
bits into the register and then PEEK can look to
see if the test bits ever arrived. Refer to Fig. 11-3.
There will be more about this in later chapters.
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There are a number of chips in the 64 that are
flip-flop types. The 74LS74 in the clock circuit con-
tains two D flip-flops. The 74LS373 is called a D
latch, and the 74LS193 in the clock configuration
is known as a binary counter.

The 556 chip has two separate flip-flops inside.
The flip-flops are completely independent of each
other except for the fact that they share Vcc and
ground. The timing ability comes from some com-
parator circuits that are also built into the silicon.
Let’s examine the Commodore’s chip flip-flops.

74LS74 D Flip-Flop

The 74L.S74 chip contains two flip-flop circuits.
The drawing of the pinout was shown in Fig. 8-6.
There are two pins for VCC and ground and six oth-
er connections.

The D FF has one Data input. In fact, that is
why it is called a D. Other type FFs are called D
Latches and RS. The D has one Data (D) input. The
input is a single high or low at a time. When the




logical level enters the D pin, it is stored in the flip-
flop circuit.

When a low enters D, a low will appear at the
Qoutput. Q is the important output. The other out-
put, *Q, will become a high. This is not an impor-
tant output. It can be useful sometimes, but the Q
output is the one that usually passes the logic state.

The flip-flop, though, will not relinquish the
state it is storing that easily. It must be triggered
by a clock pulse that goes high. The FF will only
give up its stored state when a high clock arrives.
The 74LS74 requires a high clock pulse to pass the
state from D to Q. Other FFs can use a low clock
pulse for the data transfer.

The 74LS74 has two other input capabilities.
They are Preset and Clear. They are used
sometimes, but not all the time. When it is
necessary to preset the Q output to a high, the in-
put pin preset receives a low. When Q is required
tobe a low, then the low is inserted at the Clear pin.

Figure 8-7 shows how the two 74LS74’s FFs
are installed in the computer clock circuit. One FF
connects to the Jumper Select at its preset pin 4.
The output Q is attached to a binary counter pin.
The Clear, D, and Clock pins, 1, 2 and 3, are all
grounded. The FF therefore has a preset input and

a Q output.The Jumper Select is low for the
American NTSC TV arrangement. In the U.S. the
preset receives a low. With preset low, Q is high.
The FF, therefore, is setting the standard for U.S.
operation by inserting the high into the binary
counter. That is all that FF is doing. *Q had no con-
nection and the rest of the pins are grounded.

The other FF is receiving a Clock signal from
the counter at pin 11. The preset, pin 10, and the
Clear at pin 13 are both held high at VccC. The
highs keep them inert since they only affect Q when
they go low. D and *Q are shorted together. This
renders them inactive. The Clock signal then turns
Q off and on. Q is output to the phase detector part
of the MC4044 chip. Qs frequency then drives the
chip.

That is the way the two FFs on the 74LS74
chip are used in the 64. You can test them with the
logic probe. The test point information in Fig. 8-6
gives the results that the test equipment should re-
veal. Any deviation from those readings could be
a symptom of a defect.

74LS373 D Latch
The 74LS373 is a D latch. The D latch is a close

Fig. 11-3. Any register in the memory map
and every bit in the register can be tested
with POKE and PEEK tests.

POKE 2024,118 -

? PEEK (2024)

118
Will be printed

on screen

(Decimal 118 = LHHHLHHL)

Byte size RAM register

2023 1 T ~— T

2024 L| HJH|H|L]JH]H]L
2025
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relative of the D flip-flop. This latch has eight FFs
in it. Latches can come with four, six, or eight to
a package. They are usually used in bus lines and
different bus lines in different applications use dif-
ferent packages. The Commodore 64 uses this eight
pack in the address bus. The eight data inputs,
D7-DO0, connect to the VIC bidirectional address
lines and the output of 74LS258 multiplex chip. The
outputs Q7-Q0 attach onto A7-A0 of the address
line. Refer to Fig. 8-19 and Fig. 8-20.

A latch is a parallel output device. With this
eight pack, you can send eight bits over eight ad-
dress lines and have them stored or latched till you
want them to continue their journey. The latch is
different than the D in that the D FF uses a
clocked input to release the stored contents. A latch
uses a latch enable pin. Pin 11 is the latch enable.

When data arrives at the eight FFs, it is stored.
The latch will hold the data while the latch enable

pin is low. As soon as a high arrives at the enable
pin the data is freed and allowed to pass onto the
Q output. In this 64 circuit, the data comes from
two places. The data entering D5-DO0 is an address
from VIC. The data at D7 and D6 arrives from the
multiplex chip. The output pins Q7-Q0 connect to
A7-A0 of the address bus. The chip is helping out
in the complex addressing chore. Both the MPU
and the VIC, at different times must address RAM.
The octal latch 74LS373 works with the multiplex
chip and the VIC to supply the correct address bits
at the right time.

Each of the eight flip-flops have a D input and
a Q output. The D and Q numbers show which is
which. For instance, DO is the input to FF 0 and
QO is the output for FF 0. All of the flip-flops are
tied together on one clock line and one three-state
line. Pin 11 is the clock line input. It updates the
latch with the strobe signal from the VIC (*RAS).

AND

Input Incomlngl

count pulsel

Set Q
1 1
FF
Reset

0 0 Q

Output
O
I arithmetic
carry

Fig. 11-4. The typical binary counter can count 0, 1. The output pulse can then be applied to the next stage as an arithmetic

carry.
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Fig. 11-5. In the RS Flip-Flop, the Q output exhibits the logic state. “Q always has the opposite state of Q.

It will open the latch and let the eight bits pass to
the Q outputs. Almost atthe same time, a new set
of eight bits moves in and takes the place of the
bits that just left.

Pin 1, *OE is the three-state control for the en-
tire chip. The signal AEC, also from the VIC, will
turn the chip on and off by exercising the three-
state capability.

The octal latch is an 8-bit register. It is a limited
type of register. All it can do is receive the eight
bits and hold them. Then, when given an enable
signal it outputs them. The latch is a handy device
for temporary storage of bits while they are being
flashed around the bus lines during the movement
of address or data bits. Flip-flop circuits are a lot
more versatile than the latch shows them to be.
Let’s see what else they do in the 64.

74LS193 Up/Down Counter

A computer must be a good counter and the 64

is just that. Counting can be done with the circuit
in Fig. 11-4. It has two AND gates and a flip-flop.
One flip-flop can’t count very high. It can only count
from O to 1, but it can count. It can count from 0
to 1 because it can attain two states, a low and a
high. The low is 0 and the high is 1. Besides
registering the 0 and 1, the FF with the aid of the
AND gates develops an arithmetical carry.

The binary counter, as it is powered up, could
start up with an output state of low or numerical-
ly, a 0. The 0 state comes about as the two cross-
coupled circuits develop the following states. There
are two inputs and two outputs to a flip-flop. Let’s
call the inputs S and R, the outputs Q and *Q.
These are the pin names for a popular FF called
the RS-flip-flop. If you think of the two cross-
coupled circuits in Fig. 11-5 as being two pnp
bipolar transistors, R and S are the base inputs. *Q
is the collector of the S pnp and Q is the collector
of the R pnp. At power up, the *Q output assumes
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a high state of 1 and the Q output a low state of
0. With Q being held low, the entire FF is thought
of as being in a 0 state. *Q is automatically held
high when Q is low. The two sides are the comple-
ment of each other.

At that time, if a high pulse is applied to the
S - *Q input, the pulse causes the two sides to flip-
flop. The outputs at *Q and Q reverse their posi-
tions. *Q goes low and Q goes high. With Q now
high, the entire FF is thought of as being in a state
of 1. Therefore the binary counter has done the
following. It receives pulses at its input. Each in-
coming pulse changed the state of the counter. If
the counter is in a 0 state it sets to a 1. Should the
counter be in a 1 state it resets to a 0. Incidentally,
the S stands for set and the R means reset.

Since a single flip-flop can only count 0, 1, as
the counter resets, or is thrown back into a O state,
a pulse leaves Q. This is an arithmetic carry and
can be applied to the next FF in a register.

The AND gates in the circuit are used to di-
rect the incoming pulses to either the S or R input
terminals. The top AND gate has two of its own
inputs. One is coming from Q and the other from
the incoming count pulse. The bottom AND gate
inputs are arriving from *Q and the same incom-
ing pulse. The top AND gate’s output goes to Set
and the bottom output to Reset. The output con-
taining the arithmetic carry leaves via Reset.

The AND gate that receives two highs during
the state changing will be enabled and output a high
to its FF connection. The other AND gate will re-
ceive a high and low. It is disabled and outputs a
low to its connection. Both AND gates receive highs
together from their common count pulse input. Only
one of them receives a high from the Q and *Q out-
puts since they are always the complement of each
other.

Suppose *Q is high and Q is low. The high from
*Q goes to the bottom AND gate, joins up with the

Can count to

Decimal Binary Binary counters
1 -
! ! aagiph
0 -
1 1 ]
8 " Satph
0 0 ¥
14 14 14
7 m ] W aapigh
0- 01 0
14 1 1 1
15 1111 [ 4—1 M
- 01 07 0
Count pulses

Fig. 11-6. Two counters can count 0, 1, 10, 11. Three counters can count 0, 1, 10, 11, 100, 101, 110, 111. Four counters
can count 0, 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 1101, 1110, 1111.
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MS Bit 3 Bit 2 Bit 1 LS Bit0
Decimal 4th 3rd < 2nd < 1st Input
pulse counter counter counter counter
count atgupup W
0 0 0 0 0 Count pulses
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 ! 0
1 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

Fig. 11-7. Four binary digits are called a nybble. It takes the four bits to code one decimal digit.

incoming high pulse and the bottom gate outputs
ahigh. A 1 is applied to Reset. The circuit, upon
receipt of the high, flip-flops.

As the next pulse arrives, *Q is now low and
Q is high. This places two highs on the top gate.
The gate is enabled and a 1 is applied to Set. The
circuit again flip-flops.

Toreach a higher count you must attach more
FFsas in Fig. 11-6. If you connect a second FF to
the first, you’ll be able to count up to binary 11,
which is equal to decimal 3. A third counter lets
you take the count up to 111 which is decimal 7.
The fourth counter raises the count to 1111, deci-
mal 15. Note that each additional FF permits an-
other 1 to be added to the total binary number. In
the Commodore 64, the counter is a 4-bit type which
counts from 0 to 15. The 74L.5193 is an up/down
counter which means you can count from 0 to 15
or back down from 15 to 0.

The way the counting proceeds from FFto FF
is through the arithmetic carry output. The carry
pulse from the first FF to the second bit holder

causes the second one to change states. If the sec-
ond counter held a low, the flip-flop will turn it in-
to a high. If a high had been there, the circuit will
go low and a carry pushed forward to the third FF.

With three counters, a carry pulse from the sec-
ond counter will cause the third one to flip-flop.
When there are four counters the third one has the
ability to send a carry pulse and make the fourth
counter change states. This could go on and on.

Figure 11-7 shows a 4-bit counter and how it
counts sixteen times, from 0000 to 1111. Four bits
are a nybble and one nybble is equal to one deci-
mal number up to 15. Decimal 0 is 0000 in binary.
Decimal 15 is 1111, decimal 9 is 1001 and so on.
The ratio of four binary digits to one decimal, is
the code. When you count in the computer, each
number is made up of 4-bit nybbles.

The 8-bit register has two nybbles. The 16-bit
register has four nybbles. The nybble to number
relationship is the basic connection between the
way the computer counts and humans count.

In the 74LS193 4-bit binary counter, the
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counting operation is straightforward. The four bits
are initialized at 0000. As the highs in the pulses
enter the input of the first counter, the circuit flip-
flops to a 1. The count becomes 0001. The next
pulse reverses the first counter to a 0. However as
the reset takes place, a carry of 1 is injected into
the second counter. Now the nybble reads 0010.
The pulses keep coming. Each pulse either sets or
resets the first counter. On each reset a 1 is car-
ried to the second counter. The first and second
counters can take the count from 0000 to 0011. In
decimal that is 0, 1, 2, and 3.

As the fifth pulse enters the nybble counter, the
second counter outputs a 1 to the third counter. The
count becomes 0100. The sixth pulse makes it
0101, the seventh pulse 0110, and the eighth pulse
0111. The count continues pulse after pulse, 1000,
1001, 1010, 1011, 1100, 1101, and finally 1111. The
following pulse resets all the bits to 0000.

Inthe 64, the 7415193 sits in the center of the
clock circuit. It receives the master clock frequen-
cy of 14.31818 MHz. It counts the pulses one by
one in the four bits. Every 16 pulses, the counter
starts over at 0000. Just before it starts over it out-
puts a pulse from pin 6, QC, to the input of the
741574 CK pin 11. Refer to Fig. 8-7. Since it is out-
putting one out of 16 pulses it is in effect dividing
the master frequency by 16. This injects a signal
near 1 MHz into the flip-flop coupling to the phase
detector. This is the frequency that the 6510 runs
at. There will be more detail about these circuits
in Chapter 14.

Pins 4 and 5 are the inputs for the down count
or the up count. Refer to Fig. 8-10. Pin 4 the down,
is tied to a supply voltage high, which disables it.
Pin 5 receives the 14.31818 MHz signal from the
crystal circuit. It becomes the input count.

Pin 16 is VccC and pin 15 is tied to it. Pin 15
is a data-in terminal that goestoan AND gate. Pin
15 is thus held high and not otherwise used. Pins
12 and 11 are connected to a capacitor to ground.
This keeps them out of the action. Pin 14, Clear
is grounded and plays no part in the chip’s
countings. Pins 10 and 1 aretied together and both
go to the Jumper Select. They are held high for the
PAL frequencies and low for the NTSC standards.
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Pin 9 is the data input from the flip-flop work-
ing with the Jumper Select. Pin 6 is the counter’s
final output after the master frequency has been
divided by 16. That output enters a coupling flip-
flop and then goes to the phase/frequency chip, the
MC4044.

This division by 16 is just one of the many jobs
a binary counter chip can do in computers. More
details of these circuits are covered in Chapter 14.

556 Dual Timer

The 556 chip in the Commodore 64 has two
identical sections. There is a flip-flop circuit in each
section that acts as a 1-bit register. The register
stores a control bit. One of the control bits turns
the reset circuit on and off. The other control bit
enables the *NMI pin of the 6510. Both flip-flops
are very stable, and once set or reset they will main-
tain that state unless forced to change. Refer to Fig.
8-25 and Fig. 8-26.

Control of the control bit is accomplished with
special circuits called comparators. A comparator
circuit acts something like a flip-flop, but it has
some differences that make it difficult to use as a
register. The main difference being a reference
voltage that is applied. A flip-flop does not need this
special voltage to store a state.

The comparator circuit in Fig. 11-8 is based
around two pnp transistors wired with a common
emitter resistor and two collector resistors in par-
allel to — Vcc. The input signal enters through the
base of one pnp. The output signal exits at the col-
lector of the other pnp. The base of the second pnp
receives the reference voltage.

The reference signal, as it is applied, forces the
second pnp to either cut off or saturate. When the
pnp is cutoff, the collector output is the same as
—Vcc. If the pnp is saturating, the collector volt-
age rises. Therefore, the circuit can attain two
stable states.

The input voltage can change the total com-
parator voltage state if it is changed. If a low is at
the input pin, the comparator will exhibit one state.
A high at the input changes the comparator state
to the other stable state. In effect, the comparator
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Fig. 11-8. The voltage comparator circuit is often found in computers. It acts somewhat like a flip-flop except that it changes

states according to the control of a reference voltage.

can output a high or a low in response to a high or
low at the input.

The output of the comparator controls the state
of the flip-flop. For example, in the 556 chip that
controls reset, the trigger is tied to + 5 volts. When
the computer is first turned on, the supply voltage
goes from zero volts to +5 volts. This rise to +5
volts triggers the comparator which in turn sets the
flip-flop. The output of the flip-flop is a high. The
high is changed to a low as it is passed through the
NOT gate, a section of the 7406. This low pulse
istransferred to the *RES pin of the 6510. This ac-
tion outputs the starting address of the reset
routine. That is how the computer powers up and
eventually gets the READY sign and the cursor on
the screen.

The other part of the 556 performs a similar
job with the *RESTORE signal. When you press
Restore on the keyboard, the resultant pulse is sent
to the trigger of the 556 section. This produces the
autput signal *NMI which goes to pin 4 of the 6510
to produce the *NMI effect. Both of these circuits
are operating in a one-shot mode.

COMPUTING REGISTERS

When you get right down to it, the digital insides
of one computer is quite like any other. The Com-
modore 64 is different in certain ways, but it com-
putes just like any other brand. Computing is
performed in registers. These are the registers in
the MPU, memory, and I/O chips. The support
chips that we have just discussed to do jobs like
latching, buffering, decoding, multiplexing, and
other duties to help move the binary highs and lows
from place to place in the proper form at the right
times. These same types of support circuits are also
found on the main LSI chips to help move the highs
and lows from place to place on the chips. The com-
puting itself, though, takes place in the registers
of the large, important chips.

What computing boils down to is the manipula-
tion of numbers. All the calculating, all the com-
munications work, the composition of graphics, and
the other tasks that the computer is able to do is
nothing more than the manipulation of numbers.
The numbers are clever codes of the letters and
characters but they are still numbers. The numbers
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are represented in the registers as highs and lows,
but the logic states are numbers nevertheless.

The registers can perform a limited group of
manipulations on the highs and lows. You have
already seen how a register of four bits can add bit
after bit, from a start of L-L-L-L to a total of H-H-
H-H. This is one of the jobs a register can do. The
other jobs are equally easy to comprehend. The
registers are not capable of doing any truly com-
plex things. To itemize, registers can add or sub-
tract, shift or rotate, increment or decrement, clear,
complement, AND, OR, or XOR.

Besides being able to perform these jobs in the
registers, they are built to be able to move the con-
tents of the registers from one register to another.
The contents of MPU registers can be stored in
RAM registers, the contents of RAM or ROM
registers can be loaded back to the MPU and data
contents of the 6510 registers can be stored, load-
ed or swapped among each other. In addition, 6510
register contents can be sent to I/O chips for
transfer to peripherals, or peripheral contents can
be sent to the 6510 registers via the I/O chips. Dur-
ing servicing it is best to keep in mind that the
numbers being manipulated or moved are voltage
highs and lows.

During the manipulating and moving of the
numbers, the question comes up, where should this
data be moved to? The register that answers this
question is the program counter. It is a special reg-

ister that does the addressing. It is examined in
detail in the next Chapter 12.

Shifting

An important ability of a register is shifting.
What is shifting? It is the talent a register has of
being able to shift bits from side to side. For ex-
ample, suppose an eight bit register you are work-
ing with contains LLHL LHLH. If you instruct the
register to ‘‘shift the contents one bit to the left,”
the register will goto a state of LHLL HLHL. The
contents of the register moved one bit to the left.
If you now told the register to move one bit to the
right, the register would then change back to its
original state, LLHL LHLH. That is shifting. An-
other form of shifting is called rotating. Shift and
Rotate are important instructions that the MPU and
other chips with shift registers can respond to.

Shift registers are not new. A shift register is
formed by adding some storage flip-flops to an or-
dinary register as shown in Fig. 11-9. If an 8-bit reg-
ister is to be able to shift, it needs seven additional
flip-flops. The seven FFs are installed between the
eight individual register bits. They will latch the
individual bits as they are transferred during the
shift. For example, the register contents from above
LLHL LHLH, could be shifted one bit to the left
in the following way.

First a copy of each H bit is placed into the latch

Storage
flip-flops

MSB LSB
7 6 4 3 2 1 0

Fig. 11-9. The shift register needs additional storage flip-flops between register bits. First, the states that are in the bit
holders are transferred to the storage flip-flops. Next the main register bits are all cleared. Lastly, the stored bits are returned
to the main register but shifted one bit to the right or left, whichever is desired.
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to the left of the register bit. Next, all the register
bits are replaced with Ls. The last step is to move
the Hs out of the latching FFs into the next bit to
the left. The one bit shift left is complete.

The shifting and rotating of bits in a register
is a valuable talent. The 6510 responds to machine-
language instructions such as Shift Left, Rotate
Right, etc. Upon receipt of such an instruction the
register performs the shift. Between the register
bits and the latches installed between bits, the highs
and lows are shifted. What does the shift do
numberwise?

Let’s think of the Ls and Hs as binary 0s and
1s. Suppose the shift register is filled with 0000
0001. In decimal, this is the number 1. The regis-
ter is then given the instruction ‘‘shift one bit to
the left.”” It does so and the register then reads 0000
0010. The 1 moved to the left and the value of the
register in decimal is now 2. You are probably
thinking, why this is exactly like the binary adder.
No its not. Even though the adder, after an addi-
tion of 1, totaled 2, this shift register has not add-
ed but doubled its decimal value.

This becomes clearer as we instruct the regis-
ter to shift another bit to the left. The register then
shows 0000 0100. This is the decimal value of 4.
The register has doubled again. The adder regis-
ter, after another add would be three. Should we
shift left once more the register goes to 0000 1000,
which is decimal 8. The shift doubles the value of
the register when it goes one bit to the left. This
fact becomes very valuable when you are
manipulating numbers as you compute.

If the shift left produces a doubling of numbers,
what happens to the numbers during a shift right?
The value of the register is divided in half as the
register is made to shift right. One move to a higher
significant bit multiplies the register value by two.
One move to a lower significant value divides the
register value by 2. This is one important function
of aregister during the task of number crunching.

The shift register has other jobs it can do. It
aids during the transferring of numbers from place
toplace. As data is transferred from register to reg-
ister it is coded, decoded, latched, buffered,
multiplexed, and changed in numerous other ways

to get the data to the right place, in the right form,
at precisely the correct time. Sometimes a byte of
data is transferred in parallel fashion, all bits mov-
ing over a byte-sized bus, eight abreast. Other times
the byte is transferred in a serial way, over one
wire, one bit at a time, in a long single file column.
There also comes a time when the parallel group
of bits must leave the eight lines in the bus and en-
ter one wire in single file.

Sometimes a serial signal must be converted
to enter a parallel bus line. The shift register can
do the honors. This use of the shift register is strict-
ly a transfer medium and has no bearing on the
numerical value of the bits. There are a number of
these types of shift registers in the 1/O circuits of
the 64. The shift register can receive a serial data
input at its lowest significant bit. The bits enter one
at a time and are immediately shifted to higher bits.
As afull byte of bits enters the byte sized register,
the bits fill the register. The serial bits are thus
latched into the register. Each bit holder has an out-
put terminal. The outputs are all connected to an-
other latch. This latch is connected to the parallel
lines of the data bus. The latch is opened and the
bits flow onto the data bus as a parallel signal. Fig-
ure 11-10 illustrates this process.

The reverse is also part of the shift registers
duties. The parallel data bus is able to latch its con-
tents. The latch is then connected to the shift reg-
ister. The latch empties into the shift register in
a parallel fashion. The shift register can then shift
the bits to the right and output them one at a time
out of the least significant bit.

Clearing

An important job that registers can do is
CLEAR. The word clear means to reset a register
or bit to a low, or numerically a 0. Figure 11-11 il-
lustrates this idea. A register usually must start
operating in a clear state of 0.

While the various names for this process all
mean the same thing, there are some fine distinc-
tions. The word reset seems awkward when refer-
ring to the start of a register. It seems to make more
sense if a register is clear when it starts off and at-
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Fig. 11-10. The shift register is handy to convert serial data to parallel, or vice versa.

tains a state of reset the second time is goes to a think of the register being clear, as long as it is in
0. A register should become set to a 1 before it can a state of 0. When a register is cleared all the bits

then be reset to a 0.

are reset to 0. There are many electronic ways a

Whatever the variations in definitions, you can register can be zeroed. You can add the correct

Before

After being cleared or reset

6 5 4 3 2 1 0
0 0 0 0 0 0 0

Fig. 11-11. When a register is instructed to clear or reset, all the bits are replaced with Os, no matter what was there

beforehand.
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states to a register and end up with all Os. The reg-
ister can be shifted into a complete 0 state. The reg-
ister can have 0Os POKEd into it. The register can
have AND or OR logic applied to it to produce Os.
The clearing of registers is an important ability and
besides programming is used extensively in the fac-
tory during quality control testing.

Complementing

When a register is complemented, all the highs
are changed to lows and the lows are changed to
highs. This process is shown in Fig. 11-12. This is
easy to do electronically. If you transfer a byte of
bits from one register to another you can change
the state of the individual bits. All you need do is
pass each bit through a NOT gate as it moves from
register to register. The 1s will change to 0 and the
0s will become 1s.

At first glance, this looks like an interesting but
not very useful data manipulation. What value can
the complement maneuver be? As it works out, in
binary arithmetic, complementing is an important
function.

The circuits needed to add binary numbers are
relatively simple. We’ve explored the binary count-
er circuit somewhat. With that circuit it is easy to
add numbers. It is also easy and straightforward
to add one register to another. Simple multiplica-

tion can also be performed since multiplication is
only the addition of a lot of the same numbers. The
lightning fast registers perform multiplication by
simply adding the group of same numbers togeth-
er. It doesn’t need a multiplication table like a
human does. To get 4 x 6, the registers just add
4 +4+4+4+ 4+ 4.

While addition and multiplication lend
themselves to FF registers, subtraction does not.
In order to design circuits that will subtract quick-
ly, expensive and difficult designs have to be
manufactured. There is an easier way to get the
computer to subtract. It is called subtraction by ad-
dition of the complements. This is tricky, but once
understood, simple.

It works out, and you’ll have to take my word
for it, that if you take the complement of a binary
number, and add it in a certain way to another
binary number, the result will be the same as if you
had subtracted the original number. That is how
the 6510 in the 64 does subtraction.

I’m not going into a proof; there are plenty of
books around on the subject if you are curious. The
knowledge of the subtraction method is not vital
to the repair of the 64. For your information though,
the 64 performs the subtraction with the two’s com-
plement.

When youchange the 1s to Os and the Os to 1s

After being complemented

Fig. 11-12. If a register is instructed to complement, all Os are changed to 1s and all 1s to Os.
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in a register, it is called one’s complement. In or-
der to obtain the two’s complement, you add a 1
to the register contents. That makes the register
contain the two’s complement. In order to subtract
the original register number, the two’s complement
number is added. The result of this addition is the
same as subtracting the original numbers.

In case you are curious about complex
multiplication and division of numbers, microcom-
puters usually have special subroutines installed on
their ROM chips. These routines are called
everytime a long multiplication or division problem
has to be solved. This has nothing to do with com-
plementing. The important use of complementing
is subtraction. There are other things a program-
mer might do. These are of little interest during
troubleshooting or repair.

Increment, Decrement, and Jump

The Commodore 64 has a number of registers
that are continually counting up, counting down,
or just jumping from one binary number to anoth-
er. For example, the 16-bit Program Counter is con-
stantly doing this. The PC always contains a binary
number. The number is the next address in the
memory map that will be contacted. When the
number advances by one, it is said to be incremented
by one. If the number is reduced by one, it is
decremented by one. Should the number just change
to a number that is far from the previous number,
it is making a jump.

These three register abilities are vital to the
operation of the PC. The PC is attached to the 16
address bus lines. The 6510 gets connected to what-
ever number the PC puts on the address bus.

The PC is built to automatically increment by
one after every address cycle while running a pro-
gram. It does the incrementing continually unless
it is instructed by the program to do otherwise. The
incrementing is simply adding a 1 to the least
significant bit of the register. If there is a low in
the LSB it is replaced by a high. Should there be
a highin the LSB, the high is transferred to the next
higher bit and the LSB ends up with a low. Refer
to Fig. 11-13. As each new high is applied to the
LSB the total binary number is incremented by 1.
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Note that this process is addition in the register and
not shifting, which continually doubles the total
with each shift. The numbers increase one at a time
as the addition carries from bit to higher bit.
Decrementing is the reverse of incrementing.
During the decrement job, the total binary number
in a register is reduced by 1. For instance, in the
6510 there are two registers called the X and Y in-
dex registers. One of the techniques of indexing has
to do with decrementing a register after each ad-
dressing cycle. As a 1 is removed the entire regis-
ter binary number is reduced by 1.
Incrementing and decrementing registers by 1
is a common practice during computing. In addi-
tion, registers can be changed drastically. For ex-
ample, the program counter can receive a JUMP
instruction followed by a large number. When the
JUMP arrives, the number could be added to the
present address on the PC. A new larger number
is then produced on the PC. The new number is
placed on the address bus. The addressing then
jumps over a group of numbers and lands on the
new number placed on the bus. This is a very im-
portant function of the program counter register.

ANDing and ORing

AND and OR gates have been discussed. With
the aid of AND or OR gates, registers can also per-
form the AND and OR jobs. As Fig. 11-14 shows,
if you connect the outputs of a byte sized memory
location and a 6510 register to eight AND gates,
the outputs of the two registers can be ANDed to-
gether. The outputs of the AND gates could then
be placed into a third register for storage. The third
register would contain the results of the ANDed
registers.

The ORing of two registers can be accom-
plished in the same way. The same position bits
from two registers are injected into OR gates and
the outputs of the gates placed into a third regis-
ter. XORing two registers can also be easily per-
formed with this technique. ANDing, ORing,and
XORing are all easily done between memory loca-
tions and the accumulator register in the 6510. The
XORing is called EOR by Commodore.
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Program counter

First address

MSB incrementing by 1 + LSB
15 14 13 12 11 10 9 8 7 2 1 0

0 0 0 0 0 0 0 0 0 0 0 0
2nd 0 0 0 0 0 0 0 0 0 0 0 1
3d 0 0 0 0 0 0 0 0 0 0 1 0
4th O 0 0 0 0 0 0 0 0 0 1 1
5th 0 0 0 0 0 0 0 0 0 1 0 0
6th 0 0 0 0 0 0 0 0 0 1 0 1
7th 0 0 0 0 0 0 0 0 0 1 1 0
8th 0 0 0 0 0 0 0 0 0 1 1 1

Next addresses 4

dh

Fig. 11-3. A register like the program counter is able to increment automatically. Other registers need increment or decrement instructions to effect the

change.




ANDing two registers

CpPU
register
Memory 3rd
register 7 register
7 b 7
/— I AND
6
6
6
AND
5
5
. 5
— AND
4
4
/ AND
° I
3
AND
2
/—- >
AND
]
]
AND
0
0
AND

Fig. 11-14. When a complete register is ANDed with a second register bit by bit, the output resulits are stored in a third register.
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There will be a lot more about registers in the
following discussions of the details on the main LSI
chips. However, you’ll find that there isn’t really
too much variety in what FF registers are doing.
They only do a few jobs. They all can store, latch,
and pass on binary data. Then some of them, but

not all are able to increment, decrement, clear, com-
plement, shift, and rotate. Lastly, a chosen few are
able to add, subtract, multiply, divide, AND, OR,
and XOR. That’s about all registers can do. That’s
all they have to do to get the computing done.

191



HE 6510 IS A DESCENDEN

that is found in the V
modore. The 6510 has one major dx
wise it is almost electrlcally 1 ‘
The 6510 has a special 8-bit
in its system. Thi p it
manage the me

€d by a pulse from the VIC II chlp
32 The address enable control line is able to
__thus turn the addressing of the 6510 off when VIC
wants to use the address bus. AEC is held high
when the buffers are working ok. If AEC goes low
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fers are fed
address bus

nside are the two sections of the
ounter: program counter high and pro-
Counter low.
Also deep in the chip are the other registers.
Figure 12-2 shows how these registers interact. The
stack pointer register connects to the L part of the
addressing system. The ALU connects to both the
L and the H pins. The input data latch also con-
nects to both L and H.

When you touch down on the addressing pins,
the address bits are coming from one of these four
registers. The most prominent register is the 16 bits
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Fig. 12-1. The 6510 has a set of three-state buffers in its output that can be turned off and on with an AEC from the VIC.
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Fig. 12-2. The stack pointer is able to form addresses from 256 to 511 only. It is attached to the lower address bits and

not to the upper.

of the program counter. It can address the entire lower address lines, A7-AO0. It can only point to 256
64K memory map because it has 16 pins to form memory locations. It addresses with the lower ad-

bit combinations.

dress lines. What does all of this mean?

The ALU and also the data latch, DL, can ad-

dress the entire memory map with their outputs.

STACK

The stack pointer though is only attached to the Computers have what is known as a stack. The
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6510 is no exception. In the 6510, there is a regis-
ter that has one job. It is charged with the respon-
sibility of always containing the first address of the
stack. In this computer, the stack is 256 bytes long.
The stack is installed at decimal locations 256
through 511. This isthe 16 bit addresses, 0000 0001
0000 0000 through 0000 0001 1111 1111. Note that
the higher eight bits are 0000 0001.They are always
the same throughout the 256 addresses of the stack.
The lower eight bits range from 0000 0000 to 1111
1111. Figure 12-3 illustrates the memory organiza-
tion of the stack.

The stack never changes its location. 0000 0001
isthe binary address of Page 1 of the memory map.
There are 256 pages in the 64K memory map. On
each page there are 256 locations, like byte sized
words on a page. There will be more about the
pages in the next chapter.

The stack pointer always holds one of the 256
addresses of the stack. If the stack is empty the reg-
ister points at address 1111 1111. If the 6510
pushes a byte into the stack, the byte enters loca-
tion 1111 1111 and the pointer decrements to the
next empty lower number, 1111 1110. The point-
er keeps decrementing as the stack fills up. The
stack can store a page of bytes.

If the stack is near full, the pointer could read
0000 0100. Should the 6510 pull a byte off the
stack, the pointer would then increment and point
to the next higher empty byte holder, 0000 0101.
What sort of data does the stack contain?

The stack is mostly used by the programmer
and the program to hold the states of registers in
the MPU. For example, a program might be run-
ning and suddenly an interrupt occurs. The inter-
rupt could be a peripheral device that needs im-
mediate attention from the 6510. It has priority over
the program being run.

The MPU is forced to stop at the next conve-
nient moment. Meanwhile, all the registers in the
6510 are in the middle of a lot of data manipula-
tion. If the MPU just stops to service the peripheral
interrupt, what happens to the data in the registers?
It could all be lost as the 6510 processes the
peripheral data.

As you guessed, all the data in the pertinent

registers are pushed onto the stack before the MPU
deals with the interrupt. The register bytes are
stored in the stack temporarily. First the contents
of the 16-bit program counter are pushed onto two
stack locations. Then the contents of the X and Y
Index registers are pushed on two more locations.
Following that, the one byte in the accumulator is
pushed on. Lastly the eight bits in the condition
code register are placed into one byte. When the
registers are stacked, the 6510 then services the
interrupt.

At the end of the interrupt routine, the MPU
goes back tothe program that was in progress when
the interrupt arrived. The MPU now must restore
the registers to the states they had been in. The
6510 now starts pulling the bytes out of the stack.
The pointer is addressing the last byte to go in, the
Condition Code register. The CC state, which was
the last byte in becomes the first byte out. Then
the rest of the bytes are pulled in the reverse or-
der that they entered. The pointer ends up at the
original location it had been addressing.

The bits in the stack pointer were never
pushed onto the stack because they aren’t affected
by the interrupt. They remain in the MPU to
remember where the bytes were stacked during the
interrupt.

ARITHMETIC LOGIC UNIT

The 6510 is the result ofat least 30 years of evolu-
tion. There is nothing dramatically new about the
MPU circuits, except for the fact they are now
microscopic. Essentially the same electronic
manipulations have been going on for years in
vacuum tubes, transistors, and then integrated cir-
cuits. The ALU, the arithmetic logic unit, is not a
new innovation. It is as old as computers. It is also
the most vital section of a computing system. It
does the data manipulation.

A typical ALU has two byte sized inputs and
one 8-bit output, as Fig. 12-4 shows. The ALU is
able to do the following things as it crunches the
two inputs into a single output: it adds the two in-
puts to result in one output; it uses its ability to add
to produce subtraction, multiplication, and division;
it can complement its internal registers and make
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Stack pointer
Implied higher Can count from
7 bits 00000000 to 11111111

\ L T~

010104010/ 1
0500 i

/ Stack pointer

Always set
at 1

1 0000 0000

258

259

260

261

506

507

508

509

510
11N M —_ 511
/

End of stack 512

Fig. 12-3. The stack pointer register is nine bits wide. The upper seven bits of an address are implied to be 0000000
and the eighth is fixed at a 1. The stack is assigned to reside in RAM at addresses 256 to 511.
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ALU

Add
Subtract
Multiply
Divide
Complement
Clear
Increment
Decrement
Shift
Rotate

Input A

Output

L

AND
OR
XOR

T

Input B

——————ed
——————
p!

NN NN

Fig. 12-4. The typical ALU has two byte-sized inputs and one 8-bit output. It is able to manipulate the inputs in the 13

listed ways.

use of math programs contained in ROM,; it is able
to clear one of the inputs; it is able to increment
or decrement one of the input bytes by 1; it can
become a shift register and shift all the bits in one
of the inputs either to the left or right; it can per-
form logic manipulations.

Shifting

When a shift left is made the value of the reg-
ister is doubled. If a shift right is made the value
in the register is divided by two. When the shift
right is made the LS bit falls out of the register in-
to a special bit holder and a 0 is forced into the MS
bit. During a shift left the MS bit falls into the bit
holder, and a 0 is placed into the LS bit. Refer to
Fig. 12-5.

The shift ability has a variation called rotate.

Rotating works in the same fashion as shifting ex-
cept for one major difference. As Fig. 12-6 shows,
when you shift a byte, one of the end bits falls out
into the bit bucket c. A shift left loses the MS bit.
A shift right caused the LS bit to fall out of the reg-
ister. With the rotate function, the lost bit does not
leave the area. It is caught in a bit holder. The con-
tents of the bit bucket is brought around to the other
end of the register and installed there. If you rotate
right, the lost LS bit is also caught and the contents
of c is brought around to become the new MS bit.

Logic Manipulations

The ALU is naturally logical. It contains,
besides registers, AND, OR, and XOR gates. It can
perform these logic manipulations along with its
mathematical jobs. The complementing men-
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Contents

Extra bit of bit 7 6 5 4 3 2 1 0
— 0
holder 7
Arithmetic shift left
Contents
7 6 5 4 3 2 1 0 of bit 0 Extra bit
0o— - holder

Logical shift right

Fig. 12-5. During an Arithmetic Shift Right, a 0 is pushed into bit 0, and the contents of bit 7 fall into the C flag holder.
During a Logical Shift Left, a 0 is pushed into bit 7, and the contents of bit O fall into the C flag holder.

tioned earlier is actually a logic type job. When a
register is complemented it has all its bits run
through NOT gates.

The two inputs of the ALU can be ANDed to-
gether. There is one AND gate for every bit posi-
tion in the two inputs. For example, the two MS
bit positions, bits 7, can be the inputs to one AND
gate. The resultant AND output becomes the out-
put bit 7. Each set of bits can be ANDed in the same
way. The AND operation proceeds simultaneous-

ly in parallel. They form a total AND byte.

When you AND a byte with another byte, all
the bit sets that had Os will output a 0. All the bit
sets that had two 1s will output a 1. ANDing a byte
allows you to mask a byte. If you want to make sure
that certain bit positions will end up with 0’s, you
AND those bits with 0’s. This procedure, shown
in Fig. 12-7, is known as masking off certain bit
positions.

On the other hand if you want bit positions to

7 6 5 4 3 2 1 0
» [~
/ AY
i ' Rotate right
\ /
~ ’
. - - - - - - = ] C e meme e d
Ninth bit in bit holder
7 6 5 4 3 2 1 0
s e
, N\
Rotate left | ‘,
\\ Y]
S e - - — |l C kb= s
Ninth bit in bit holder

Fig. 12-6. During Rotate instructions, the loose bit falls into the C flag, but the contents of the C flag are pushed out and
into the bit that was left without contents. The C flag connects the register into a closed ring and acts as the ninth bit.
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1
1 b
2
0
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Register data bits
1
AND 1
\_0
AND 1 /

Fig. 12-7. Register bits can be masked off to0s by ANDing them with Os. The bits ANDed with 1s will remain unchanged.

remain unchanged, they are to be ANDed with 1s.
These bits are thus not masked and will be the same
before and after ANDing.

The ALU ORs two input bytes in the same
way. Whenever one of two inputs into an OR gate
isa 1, the output is a 1. The only way two ORed
bits can produce a 0 is if both inputs are 0s. The

total result of one byte being ORed with another
byte is an ORed output byte.

When it is necessary to change certain bits in
one of the ALU inputs to 1s, all you have to do is
OR the chosen bits with 1s. Fig. 12-8 demonstrates
the process. Whether a bit isa 0 or a 1, when it
is ORed with a 1 it can be outputted as a 1. The
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Fig. 12-8. Register bits can be changed to 1s by ORing them with 1s. Those ORed with Os will remain unchanged.

bits that are ORed with a 0 will not have any
changes. The 1s will remain 1s and the 0s will re-
main 0s.

The ALU is also able to XOR, or as Com-
modore calls it, EOR two input bytes. When two
input bits are the same, either a pair of 1s or Os,
the output bit will be 0. If the two bits are different,
a 1 and a O, in either way, the output bit will be
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1. The total result of a byte being EORed with an-
other byte is a total EORed byte. The EOR opera-
tion is used to detect errors and correct code. This
is mostly the programmers province although it
could be used in diagnostic programs.

ACCUMULATOR

The accumulator is called a scratch pad. This name



came about because it is a holding place for the
numbers that go in and out of the computer. The
accumulator is an 8-bit register that is wired to the
ALU. The programmer doesn’t think very much

about the ALU. He is concerned with the ac-
cumulator. To the programmer, the ALU is just a
calculator the accumulator uses. The connections
are both eight bit bus connections.

—

R/~W

Three-state
controls J
7 Pin numbers
Head ¢ to toe

—
Instruction Accumulatorl | |
Decoder 7 YES\[I l
| !
— : YES [ 30, o
v
6 | [ves — 1 |
— i YES 31 D6
I I
5 YES |
— } YES 32 ,ps
J
I 4 | YES\t] i
™ | YES |1 33,5,
| | N
3 YES ’\L
ALU ) |
., | YES | 34, o
. | |
2 YES
N | ¢ YES | 35,0,
S T
1
o |
0
I

Data bus buffers

Fig. 12-9. The accumulator outputs to the data bus. Inbetween are a set of buffers that decides whether traffic should

flow and also which way the traffic should go.
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The accumulator is thought of as a versatile
register. This is because it can use the ALU as a
calculator. The accumulator with the help of the
ALU is able to do all the jobs we've listed.

The accumulator is wired, through eight lines,
to the internal data bus of the 6510. The internal
data bus leads to the data bus buffers and then out
of pins D7-D0. The connection scheme is shown in
Fig. 12-9. When you are probing the data pins of
the 6510 you are in effect examining the ac-
cumulator. The logic probe should show pulses on
all eight pins just like the address bus readings.

The accumulator can either receive data from
the data bus or output data to the bus lines. The
data bus buffers decide which way traffic should
flow. Inside the microscopic data bus buffer stage
are 16 YES gates. The gates are three-state types.
There are eight gates that are wired to send bits
out of the 6510 and eight gates wired to receive bits
from the memory map. The wiring is ‘‘head-to-toe”’.
The 16 gates are all in series with the eight data
lines. Two gates to a line, each gate pointing in the
opposite direction from the other.

The three-state YES gates are controlled by the
R/*W line. When the line is high, the eight gates
that process the read operation are on and the eight
gates that allow a write are off. If the line goes low,

MPU register
to be used

/

7 6 5 4 3 2 1 0

T

Address Modes Operation
Immediate Store
Absolute Load
Indexed Add
Etc. Etc.
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the reverse takes place. The eight read gates go
off and the write gates turn on. The accumulator
accepts data during a read and outputs data if a
write is ordered.

INSTRUCTION SET

All of these wirings, registers, and bit manipula-
tions are all well and good, but what are they do-
ing? The answer is running programs. Computers
are there to run programs. It is not the intent of
this book to cover programming, but in order to be
able to troubleshoot a 64 you have to know the way
the bits are moving as a program is run.

In the 64, programs are run in bytes. When you
write a program in BASIC, the BASIC ROM
changes the program lines you write into bytes of
highs and lows. These highs and lows are stored
in RAM in sequential addresses. There are other
programs stored in ROM. They are also in sequen-
tial addresses. The ROMs output highs and lows
to the 6510 just like the RAM locations.

Instruction Byte

The stored bytes of highs and lows form in-
structions and data. Refer to Fig. 12-10. The in-
structions dictate what type of manipulation is to

Fig. 12-10. The 6510 uses 8-bit instructions. In a typical in-
struction, different bits are coded to result in specific jobs
to take place. For example, bit 6 could choose the MPU reg-
ister to be activated. bits 5 and 4 might determine what ad-
dressing mode is required. Bits 3, 2, 1, and 0 could specify
what operation is to be performed.



be performed on the data. Typical instructions are
store, load, add, subtract, complement, clear, in-
crement, shift, AND, and OR. Then there are also
instructions that will change addresses such as
jump, branch, call, and return. The instructions are
all byte sized. Since a byte has 256 possible bit com-
binations, there are 256 possible instructions that
can be written. The 6510 is designed to respond
to 56 of the possible bytes.

Each bit in an instruction byte has a job to do.
Some bits cause the ALU to perform a job, and oth-
er bits give the addressing mode. Still other bits can
specify the registers that are to perform the in-
struction.

Fetch and Execute

When a program is run, the instruction execu-
tion cycle, in general, proceeds in the following
way. It conducts three cycles. One is the fetck. Two
is the decoding. Three is the actual execution. The
operation is loosely named fetch and execute. Fig-
ure 12-11 illustrates one cycle.

As the fetch begins, the program counter out-
puts the 16 address bits onto the address bus. The
higher bits select the chip that is addressed and the
lower bits address the byte location on the chip. At
the same time, the R/*W line is activated: a high
for aread, or a low for a write. The R/*W line sets
up the data bus buffer in the 6510 and the buffers
in the memory chips that are selected. Let’s use a
read signal in this example. We'll fetch an in-
struction.

Upon receiving the address from the 6510, the
memory chip decodes the address it received in its
internal decoder stage. The decoder then sends a
pulse to the location that the address bits identify.
The location is enabled while all the other locations
on the chip remain turned off.

The accessing takes a few hundred
nanoseconds, according to the access speed of the
chip. For example, the 4164 RAM chips are rated
as 200 nanosecond types. The eight bits in the loca-
tion are then placed on the eight lines of the data
bus. For instance,the eight 4164 chips are all
selected together and each one outputs one bit to
its line of the data bus.

The eight highs and lows flash through the data
lines to the 6510. They arrive at the instruction reg-
ister, the IR. The IR is eight bits wide and latches
the 8-bit instruction. Once the instruction is
latched in the IR, the fetch cycle is complete. A byte
of data, rather than an instruction, could have been
fetched in the same way. The only difference is that
the data would have been sent through the data bus
buffer instead of being latched in the IR. The 6510
would have know to do that since an instruction
would have preceded the data and arranged things.
Figure 12-12 illustrates a data read.

The decoding cycle begins as the IR releases
the instruction and feeds the eight bits into the in-
struction decoder. The decoder is a microscopic
PLA something like the 825110 chip discussed
earlier. It takes the bits and produces a set of out-
put bits for use in the other registers of the 6510.
The decoder can send one bit to the Y index regis-
ter, one bit to the X index register, one bit to the
stack pointer, one bit to the ALU, one bit to the
accumulator, and one bit to the low bits, A7-A0 of
the program counter. It also has a one bit connec-
tion to the input data latch. These decoding bits are
able to turn these registers on or off according to
the instruction being processed.

The execute takes place as the decodes are
driven by the clock. Each clock cycle makes the
decoder perform an instruction step. The various
instructions of the 6510 need different numbers of
cycles to complete the instruction. Some instruc-
tions like ‘‘decrement the Y register’’ can be ex-
ecuted in two cycles. Other instructions like
“arithmetic shift left” might need six or seven
cycles to complete. The 6510 is using a clock that
is running at about 1 MHz. This means a complete
cycle takes about 1000 nanoseconds or 1 micro-
second. When you think of the timing, it is usually
in terms of cycles.

Once the instruction is decoded, the various
registers that are taking part in the instruction are
turned on and the instruction is able to take place.
During a read, the data (or an address where the
data is to be found) follows the instruction bits on
the data bus. This byte after the instruction, enters
the 6510’s internal data bus through the data bus
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Fig. 12-11. The ‘‘fetch and execute’’ performance of the MPU requires addressing, data movement, decoding, and then
executing the dictates of the instruction.
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buffers. The data then enters the enabled registers,
connected to the data bus, and is processed. The
next instruction is ready to be fetched and ex-
ecuted.

There is an automatic incrementer built into the
program counter of the 6510. As soon as an address
is output by the PC, the binary value in the PC is
incremented by 1. That way as soon as the 6510
finishes the fetch and execute cycle, the next ad-
dress in numerical order is addressed. The PC will
increment unless an instruction like jump, branch,
call or returnis encountered. Then the PC will hold
off on the incrementing and follow the addressing
dictates of the instruction.

Once the special addressing instruction, such
as jump or branch is dispatched, the PC returns to
the automatic incrementing it is built to do. The PC
can start at the beginning of a long program and
will increment continually unless it is stopped by
one of the special addressing instructions. There
are only a few addressing type instructions that the

6510 will respond to. There are 10 branch instruc-
tions, two jumps, and two returns.

INDEX REGISTERS

The programmer uses the X and Y index registers
in the 6510 continually. Indexing is a programming
technique that is invaluable. The index registers are
used to look up data in tables that are installed in
the memory map. For instance, a multiplication
table can be placed into a program. The address
of the first number in the table can be installed in
the index register. Then, when a lookup is need-
ed, an offset number is added to the table start
number in the index register. The offset plus the
table start number forms an address. This address
contains the desired lookup. The table location is
addressed and the lookup is retrieved.

This facility and some other programming
tricks makes the index register valuable. During re-
pair work the index registers do not play too much
of a role. They are part of the hardware block

Instruction decoder
7 6 5 4 3 2 1
Negative Overflow BRK Decimal IRQ Zero Carry
D7 D6 D5 D4 D3 D2 D1 DO
A v v
6510’s
Internals data bus

Fig. 12-13. The flag register, also known as the status register, is connected between the data bus and the instruction

decoder. The flags monitor every decoding operation and are set or cleared accordingly.
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diagram though and a servicer should be familiar
with their operation.

FLAG REGISTER

The flag register is shown in Fig. 12-13. It is also
called the status register and is a special eight bit
type. The 6510’s status register has seven of the
bits in use. The bit position 5 is unused. All the rest
of the bits are designated particular individual jobs.
The individual bits are called flags. The flag can
be either in use or not being used. When the bit is
set to a 1, the flag is in use. A 0 bit means the flag
is lying still.

The flag action is vital during programming.
As a program is run, there is rarely an instruction
that is run that a flag is not set or reset. If the flags
were represented by lights, the lights would be
flashing continually as a program ran. The machine-
language programmer must be completely aware
of every flag that is set or cleared. Each flag move-
ment performs some sort of duty and has impor-
tant meaning.

The flag register is attached to the instruction
decoder through one 8-bit bus and to the 6510’s in-
ternal data bus through another eight parallel lines.
Refer to Fig. 12-14. The flags do most of their busi-
ness with the ALU through the internal data bus.
The main job that the flags do is get set when the
accumulator register attains a particular state. Let’s
examine some of the states the accumulator can get
itself into.

The flag register in the 6510 has its eight bits
arranged as shown in Fig.12-15. Note that the pro-
grammer’s diagram does not resemble the hard-
ware block diagrams in any way. The programmers
model concerns itself mainly with the bit sizes of
the registers. The hardware diagram is mostly wor-
ried about the way the individual lines and the bus
lines conduct the data, addresses, and instructions.
The different approaches to the same Commodore
64 exemplifies the difference in the way the pro-
grammer and the technician view the computer. To
repair the machine requires an acquaintance with
both points of view.

Bit 7 of the flag register is the N flag. N stands

for negative.The negative refers to the numeric val-
ue of the contents of the accumulator register. The
accumulator is also an 8-bit register. During calcula-
tions that use negative (-) numbers, the accumulator
must denote the fact that its contents are a negative
number. If the most significant bit is a 1, the ac-
cumulator is holding a negative number. As long
as the MS bit is a 0, the number is positive (+).
Therefore as soon as the MS bit of the accumulator
becomes a 1, bit 7 of the flag register gets set. The
flag becomes a 1 instead of its standby 0.

There is a complication with this arrangement.
The flag gets set whenever the accumulator MS bit
becomes a 1, whether the computer is doing calcula-
tions, or word processing. This is a problem for the
programmer. All the tech need know is the flag will
be set when the MS bit of the accumulator goes to
a high.

The N flag being set can cause a change of ad-
dress. The address can branch to an out of sequence
address during the time that the N flag is set.

Bit 6 is the Overflow flag. It is used in two’s
complement calculations, but the repair job is not
interested in those calculations. For repair pur-
poses, the Overflow flag gets set when there is an
arithmetical carry from bit 6 to bit 7 of the ac-
cumulator.

When there is an overflow, a special correction
routine must be used to straighten out the overflow.
The overflow can change the sign of accumulator
bit 7 and must not be permitted to remain uncor-
rected.

Bit 5 of the flag register is unused in the pres-
ent 6510. That does not mean it will always be
unused. Future editions of the 6510 could include
use of bit 5.

Bit 4 is a Break flag. There is one programming
instruction called Break. The instruction will set
the flag. It is useful during program writing and
running.

Bit 3 is an arithmetic helper. When the flag is
not set, the 6510 runs its mathematics normally in
binary mode. During some operations, the binary
mode of counting from 0 to 15 (10 = 16) in deci-
mal is clumsy. It is easier in these cases to be able
to count from 0 to 9 (10 = 10) in decimal. This is
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Fig. 12-14. The flag register does most of its business with the ALU. The flags get set or cleared as the accumulator
register goes through specific gyrations.

called BCD for binary coded decimal. When bit 3 When this bit is set, the interrupt is masked and
is set by certain instructions, the 6510 reverts to  no other interrupt can interrupt. The bit can be set
a BCD operating mode. with some instructions by the programmer, or the

Bit 2 is the IRQ flag. IRQ stands for interrupt 6510 itself will set it during a reset situation. An
request. It is referred to as the interrupt mask bit.  interrupt will also set the bit.
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Bit 1 is the Z flag. The Z flag like the N flag
can get set under many conditions. It gets set when-
ever the accumulator goes to a state of all zeroes.
The Z bit is built to get set whenever the ac-
cumulator 0 state occurs, intentional or not. That
is the programmer’s problem.

Bit 0 is the C flag. It acts like the ninth bit of
the accumulator. It will receive the bit that gets car-
ried out of bit 7 of the accumulator during
arithmetic. It also will catch the bit that falls out
of the accumulator during shift or rotate operations.
For more details on flags, refer to a book on 6502
(the 6510’s predecessor) machine language. For our

repair purposes, the above knowledge is sufficient
to run tests on the hardware.

INTERRUPTS

The instruction decoder has three inputs that are
called interrupts. They can be seen in Fig. 12-12.
These are software devices that make the computer
appear automatic. They all do similar jobs. They
are called Reset, IRQ, and NMI.

The Reset mechanism in the Commodore 64
is used to get the machine going. I discussed the
535 timer chip earlier. It is part of the Reset system.
When you first turn on the 64, the electricity

7 0
Accumulator A A
7 0
Index register X X
7 0
Index register Y Y
15 8 7 0
PC high PC low PC
87 0
1 Stack pointer S S
0
NV BiDjI|Z|C]P
£9 PEEYE
32 X5°03
¢ 2

Fig. 12-15. This is the machine language programmers block diagram of the 6510. It concerns itself mostly with what

registers are present and their various bit sizes.
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courses in. At pin 8 of the 556 is the timer’s trig-
ger. As the voltage goes from 0 to + 5 volts, the
trigger is pulled. After two clock cycles a *RESET
low signal is output from the timer. It goes to pin
40 of the 6510 (*RES). This sets off the reset
routine.

The instruction decoder receives the *RES low
and turns on the R/*W line to read. Six more clock
cycles take place, and the IRQ flag gets set so no
interruptions can stop the operation. The 6510 is
built to load the program counter with two ad-
dresses at that time. The addresses are at the top
of the memory map near the top location in the Ker-
nal ROM. That address is read by the 6510.

Those byte locations hold a 16-bit address. The
6510 receives the address and promptly opens up
that location. That location is the first address of
the operating system’s initialization program. This
operation was covered previously in the discussion
of the Kernal. As soon as the housekeeping routine
is run, the computer is then READY with its cur-
sor blinking. That is what the Reset input into the
instruction decoder does.

The second interrupt line into the decoder is
called *IRQ, interruption request. It is normally
held high and becomes active as it goes low. When
the *IRQ signal arrives, the 6510 will go into an
interrupt sequence. The interrupts typically are
originated by peripheral devices that want to send
or receive data to the 6510 through one of the I/O
chips. Note the *IRQ line goes to the CIA at pin
21. It also connects to the cartridge expansion plug
and a pin on the VIC.

When an interrupt is detected, the first thing
the 6510 does is complete the instruction it is work-
ing on before it will acknowledge the *IRQ signal.
Once it completes the current instruction, it checks
flag bit 2, the IRQ bit. As long as the IRQ bit is
not set, the 6510 will proceed to service the inter-
rupt. Should the bit be set though, the 6510 will ig-
nore the new interrupt request.

Once in action on the interrupt the 6510 stores
some of its registers in the stack. The program
counter’s current address goes into the stack. The
states of all the flags are stored in the stack. The
6510 then goes to the flag register and sets the IRQ
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flag so no other interrupt can interrupt the sequence
it is about to undertake.

Next the 6510 places the last two addresses of
the memory map on the PC one at a time. The 6510
does this automatically when an *IRQ is recog-
ized. In the Commodore 64, those addresses are
also part of the Kernal. The contents of those two
addresses are two bytes that form still another ad-
dress. This formed address is the beginning loca-
tion of a routine that services the *IRQ.

As we humans follow these interrupt pro-
cedures, they seem complicated and difficult to un-
derstand,. The computer though, performs this
game of using address after address to finally locate
the service routine as second nature and has no dif-
ficulty. Once the interrupt has been serviced and
the peripheral that caused the interrupt has been
satisfied, the 6510 goes back to the processing it
had been doing before the *IRQ signal had ar-
rived. The 6510 goes to the stack and places the
program counter and flag values back into the PC
and flag register. A special interrupt return instruc-
tion is executed and the 6510 resumes its program
running by addressing location after location.

The third interrupt is called *NMI for non-
maskable interupt. It can be activated by a low in-
to pin 4 of the 6510. It works quite like the *IRQ
interrupt, except for one hitch in the procedure.
Both interrupts pins, upon receiving a low, turn on.
Both preserve the contents of the PC and the flag
Register in the stack. Both automatically address
two locations near the top of memory. The dif-
ference is in the I flag mask bit. The *IRQ will not
recognize an interrupt if the I mask is set. It will
ignore all interrupts under that condition. *IRQ will
only acknowledge an interrupt if the I bit is clear.

*NMI acts differently. The *NMI interrupt will
always recognize a low whether the I mask bit is
set or clear. NMI stands for nonmaskable interrupt,
it cannot be masked out like the *IRQ. In lots of
computers, the *NMI is used in case there is an
emergency interrupt like a power failure. In the
Commodore 64, the *NMI is used for a different
purpose. It is used in the Restore key circuit.

When the Restore key is pressed, it triggers off
part of the 556 timer chip. This outputs a signal



through the 7406N NOT gate. This signal is con-
nected to *NMI of the 6510 and can cause the
*NMI interrupt to take place. Note that pin 4 the
*NMI pin is held high by a pullup resistor to +5
volts till a *NMI low will appear to turn on the in-
terrupt sequence. The *NMI signal is also con-
nected to one of the 6526 CIAs. This action will be
covered in Chapter 16, The CIAs.

VECTOR ADDRESSES

It was discussed earlier that the three interrupts
each have a program routine that they execute as
they are enabled. The 6510 is built to go through
a part of the routine, but it is the responsibility of
the manufacturer to provide the rest of the program
for the particular computer he is producing.

The 6510 is built to place the following ad-
dresses onto the program counter when interrupts
are enabled. If the *IRQ is turned on, the 6510 ad-
dresses two locations at the very top of memory,
65535 and 65534. When *RES is activated, the next
two lower locations are addressed, 65533 and
65532. Should *NMI receive a low, locations 65531
and 65530 are addressed.

In the Commodore 64, the Kernal ROM oc-
cupies these automatically addressed locations. In
the Kernal, these locations have been burnt in with
bytes of data. Each location has one byte so that
the two together form one 16-bit binary number.
This number is fetched by the 6510 and it is
placed into the program counter. The 16-bit address
isthe first location of the program that will service
the interrupt.

A confusing word that describes the locations
at the top of memory in the Kernal is vector. All that
means is that there are two locations whose com-
bined contents can form one address. For instance,
65535 and 65534 together contain a vectoring ad-
dress. The whole operation is not unlike a game
where you are given an address. At this address
you will find another address that will tell you
where to find a prize.

OTHER PINS
At pin 2 of the 6510, there is a terminal called RDY,

for ready. Since there is no asterisk on the name,
the experienced technician would know the RDY
pin would be enabled if a high was injected. Since
the majority of normal testing takes place while the
computer is blinking the cursor, a high is its usual
state to keep the 6510 ready.

The RDY pin was designed to allow the 6510
to get into sync with a memory device that is run-
ning at a much lower pace than the 1 MHz clock
cycles. The RDY pin will stop the action of the 6510
when a low is applied. As soon as the low is
removed by a high, the MPU will turm back on and
resume its computing. That is the RDY signal does.

RDY goes to the 6510 from the output of one
of the 74LS08 AND gates. The gate outputs a
standby high most of the time. One of the two in-
puts of the gate comes from the cartridge expan-
sion plug pin (*DMA). *DMA is held high because
of a 3.3K pullup resistor. The other gate input is
a signal BA, bus available, from the 825100. As the
name implies, BA is a high. The two gate inputs,
two highs, output the AND gate high. The gate will
continue to output a high as long as *DMA stays
high. If *DMA goes low, then the AND gate will
go low, and RDY becomes low and stops the 6510
in its tracks. The *DMA low will be coming from
a peripheral through the cartridge plug.

There are six pins named P5 through P0. Ac-
tually, *NMI is really P6 and RDY is P7 to round
out a byte. They all belong to that special I/O reg-
ister in the 6510 that I alluded to before. This reg-
ister will start off the next chapter.

P3 is a cassette write control line. It outputs
to the cassette and tells it when a write operation
is to take place. P4 is a cassette sensing output. P5
is a cassette motor off-on switch.

The final pins on the 6510 are VCC and ground.
VCC comes from +5 Vdc. It has a filter and bypass
capacitor in the line to the MPU. The filter isa 10
pF at 25 WV and the bypass isa .47 uF. The filter
smooths out any 60 Hz hum, and the bypass gets
rid of higher frequency pulses.

TESTING

As the main actor in the drama of computing, when
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Fig. 12-16. This test point chart of the physical layout of the 6510 shows the inputs, outputs, and the logic probe readings

that should be present when the 64 has been turned on and is awaiting keyboard strikes.
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the 6510 fails the computer goes down. Most of the
time failure results in no computing power at all.
In some cases, a defect could allow the computer
to do some work but will selectively stop other
operations . If you can figure out what selective
operation is gone, you could puzzle out the actual
defect.

Fortunately, the failure of MPUs in general and
the 6510 in particular is rare. Once a 6510 is in-
stalled on the print board and passes factory quality
control, it has proven to be remarkably reliable.
This doesn’t mean one will never conk out, but look
for other chip failures first.

If you suspect a bad 6510, the best test is to
try a known good replacement. This might not be
that convenient to do unless you have a replacement
or own a second 64 for swapping chips purposes.
As far as I can tell, the only source for the 6510
is the Commodore service department. It is their
chip, and they own all rights. I have not seen the
6510 available in any other parts companies. For-
tunately the chip is very reliable.

If you want to test the chip, the 6510 test point
chart, Fig. 12-16, shows what should be present at
each pin. The tests were made on my 64. The ma-
chine was energized, had the READY sign on, and
the cursor blinking. This is a good position for the
computer during the pin testing of chips. All the
test point charts of the various chips were made
under the same conditions.

All is well with the chip under test as long as
the pins read the prescribed voltages or states. If
a discrepancy is found, that constitutes a clue and

bears further investigation.

To quick check the 6510, the schematic and
test point chart should be handy. Note the service
chart works around the pinout of the chip. You can
test quickly with the service chart. If you locate a
problem pin, then you can check the schematic to
see where voltages are originating from.

As arule of thumb, the 6510, has pulses on all
the output address and the two way data pins.
Pulses are also to be found at the clock input ¢0
and the clock output ¢2.

The three interrupt inputs should all read highs.
They are held high until they must be enabled.
Then they receive a low, but on normal standby,
they are high. The asterisks indicate the state of
high. You can often expect to find a high on stand-
by when you see the asterisks and a low when there
is no asterisk.

Don't take that as a hard and fast rule though.
For example, RDY does not have an asterisk, yet
the pin reads high. This is because it is enabled
while the computer is using the 6510, as during
standby. To turn off the 6510, you must disable the
RDY pin with a low from a peripheral through the
*DMA line. Be on the alert for these deviations
from the rule of thumb on highs and lows. They
could lead you on a wild goose chase.

The R/*W line is held highin a read mode. The
line only goes low when a write operation is to take
place. VCC is obviously to be a high and ground is
always a low. If they are not, you have uncovered
the clue that is causing any trouble.
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covered in the last chapter.
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Fig. 13-1. The 64K memory locations the 6510 is able to ad-
dress contain 85K of RAM, ROM, and I/0. Some of the loca-
tions are doing double and triple duty.

different versions of the memory map. Two such
signals are coming from the cartridge expansion
plug. They are *EXROM and *GAME. There will
be more about this later.

In Fig. 13-2 there are two registers shown: the
Data Direction Register and the Output Register.
They are both connected to the 8-bit data bus of

the system.

Neither the DDR nor the OR registers exist in
the 6510. These two registers are on the RAM
chips as decimal locations 0 and 1. Address 0 is the
Data Direction Register and location 1 is the Out-
put Register. Since the internal data bus and the
system data bus on the print board are connected
together, the registers act as if they are inside the
6510. The only restriction is that these locations,
0 and 1, cannot be used for any other purpose. They
belong to the 6510 and are in constant use. You can
consider the registers as part of the 6510. There
are circuits in the 6510 that control the two loca-
tions as if they were in the processor. The locations
are not independent of the processor like the rest
of RAM.

The 6510 I/0 port acts just like other I/O ports
in the machine. Details of port action are discussed
in Chapter 16. As you’'ll read there, the Data Direc-
tion Registers control the direction the signal
travels as it passes through the Output Registers.
This port acts in the same way.

DDRs can be programmed bit by bit. The DDR
bits are coupled to the respective bit in the OR it
controls. That is, bit O of the DDR connects to bit
0 of the OR. Bit 1 of the DDR connects to bit 1 of
the OR, and so on through bits 7. Refer to Fig. 13-3.

If you program a bit in the DDR with a 1, the
corresponding bit in the OR becomes a single bit
output port. Should you program a DDR bit with
a 0, the same bit in the OR becomes a single bit
input port. The perspective is from the processor.
When a bit is an output, it is an output from the
processor to the rest of the computer. An input bit
is an input to the processor from the rest of the
computer.

A one bit port passes a single line. This I/O reg-
ister is able to pass eight lines of signal. When the
64 is first turned on, it sets up the system to run
BASIC. This is the default memory map. Defaulit
in computerese is the state the computer adopts
automatically. To switch the system to another
memory map configuration, the I/O port must be
programmed accordingly. For the default map, the
operating system programs the I/O port routinely
as it powers up.
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Fig. 13-2. The I/O port inside the 6510 works directly with RAM locations 0 and 1, just as if they were inside the 6510.
RAM location 0 is the data direction register, RAM address 1 is the peripheral output register and P7-P0 inside the 6510
is the peripheral output buffer register. The peripherals being contacted are the cassette and the PLA.

(Decimal 47 = 00101111) 0 = Input
1 = Output
7 6 5 4 3 2 1 0

RAM o] o 0 1 0 1 1 1 1 | Data direction register (DDR)
addresses
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Fig. 13-3. If you program a bit in the DDR with a 1, the corresponding bit in the OR becomes a single bit output port.
Should you program a bit in the DDR with a 0 the corresponding bit in the OR becomes a single bit input port. The
perspective is from the 6510. The rest of the computer acts as the peripheral.
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DEFAULT MAP

When you turn on the 64 the operating system
sends bits to decimal address 0, the DDR. It sends
eight bits through data lines D7-D0. It sends Os to
bits 7 and 6. This makes the *NMI and RDY lines
inputs. This has little to do with the memory map,
but these bits are in the OR register. That way if
a *NMI or RDY signal does occur the input port
will accept the signals and send them on into the
6510 for processing.

At the same time, the Kernal sends signals 1,
0, 1 to the bits 5, 4, and 3 of the DDR. This con-
figures the corresponding OR bit as output, input,
output. These three lines are the cassette motor
switch, the cassette sensing circuit, and the cassette
write line. The sensing circuit awaits signals to re-
act. It is the input line. The other twolines are out-
puts to turn the cassette off and on, and to conduct
any writing to the cassette.

Those are handy port jobs but not closely
related to the memory management operation. The
last three bits, 0, 1 and 2 are in the memory scheme
of things. All three of the DDR bits, 0, 1, and 2 are
sent 1s from the Kernal. This makes all three OR
bits into outputs. The 6510 is able to control which
memory map it wants to use by outputting either
1s or Os through these three port outputs.

I/0 SIGNALS

The line *LORAM, which loosely refers to low
RAM,, exits bit 0 of the OR. Since the POR is wired
effectively inside the 6510, the *LORAM signal
comes out of pin 29 of the processor. Refer to Mas-
ter Schematic 11 in the Appendix.

For BASIC, the line is a high. It enters the
825100 chip at pin 8, I1. After some processing,
it leaves the PLA at pin 17, F1, as a low signal
called *BASIC. The low is connected to *CS of the
8K BASIC ROM. This low enables the chip, and
itis on all of the time that the BASIC default mode
is in operation.

Should *BASIC happen to go high, it will
disable the BASIC ROM and the BASIC operation
will cease as the 8K of the chip drops out of the
memory map. When the BASIC ROM is not

available,the memory map becomes something else
besides the default map.

The line *HIRAM, is loosely referred to as high
RAM. The signal leaves bit 1 of the OR through
pin 28 of the processor. It goes directly to pin 7 of
the PLA, 12. It leaves the processor as a high and
is changed to a low in the PLA. It leaves the PLA
as *KERNAL from pin 16, F2. From there, it is
wired into *CS, the chip select of the 8K Kernal
ROM.

If the *HIRAM signal goes low, then a high will
be applied from the PLA to the Kernal’s *CS in-
put. When that happens, the 8K of the Kernal will
drop out of the memory map and be out of the cir-
cuit. The 6510 will not be able to address it. A map
change has taken place and the Kernal ROM is not
one of the residents.

The line *CHAREN originates in the 6510 and
exits through bit 2 of the OR. It loosely refers to
the Character Generator ROM. It leaves at pin 27
of the processor, P2. It goes directly to pin 6, 13,
of the PLA. Note that all three of these control lines
are attached to + 5 volts through three 3.3K pullup
resistors. All three lines are normally set to highs.
*CHAREN is high as it enters the PLA.

Thesignal *CHAROM exits the PLA out of pin
15, Fe. The character generator acts in an opposite
manner compared to the other ROMs. The
character generator, which is not used too often
once a program is underway, is not included in the
default memory map. When *CHAREN is high, the
character ROM is left out of the map. It is only
when the CHAREN bit is cleared to a low that the
ROM is given space in the memory map.

There are two other lines that play a partin ar-
ranging different memory maps. Both of these lines
emerge from the cartridge expansion plug. They
are named *GAME and *EXROM. The word
GAME is obviously a part of some cartridge that
will be plugged into the socket. The name EXROM
comes from external ROM. Most cartridges are
forms of ROM chips.

The two lines are held high when not in use.
They are connected to a pair of 3.3K pullup
resistors to +5 volts.

These five control lines make up a data bus of
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sorts. The three lines from the 6510, *LORAM,
*HIRAM and *CHAREN are output as individual
lines. They do not arrive as members of the nor-
mal D7-D0 data bus. That is why the special I/0
register is needed in the 6510.

The two lines from the cartridge plug are com-
panion signals also connected to the PLA decoder.
Between the five lines the 85K locations can be
managed by the 6510 which is able to only address
64K.

MEMORY DECKS

The memory map in the Commodore 64 is a
doubledeck affair. The bottom deck is 64K bytes
long and is made up of the eight 4164 dynamic
RAM chips. The addresses to the RAM, in deci-
mal is 0 to 65535. The 6510, with 16 address lines,
is able to address each location easily.

This decking is not one long unbroken stretch.
The deck is sectioned off in pieces. Each piece is
called a page. Each page is 256 bytes in length. This
puts 256 pages in the total of 65536 bytes. (256 x
256 = 65536) This paging setup of the memory is
important to programmers. The programmer must
not run across page lines under certain program-
ming situations. Figure 13-4 illustrates this page ar-
rangement.

The top deck is where the rest of the memory
chips are installed. The top deck contains the oth-
er 21K of the total 85K memory. The addresses of
the top deck match up with the bottom deck. In dec-
imal they range from 32768 to 65535. It is a du-
plex arrangement with top deck chips sharing
addresses with the bottom deck chips. However,the
top deck chips do not fill up all the addresses. A
lot of the possible locations are uninhabited.

As you check the occupancy of the top deck in
Fig. 13-5, there are no filled locations till address
40960. At that address is the first byte of the BA-
SIC ROM. The chip then has occupancy to loca-
tion 49151 which is a total of 8K locations. As you
go on along the top deck the next chip area is I/O
that begins at 53248. A closeup of the I/O area in
Fig. 13-6 shows that it belongs with VIC II. Its ad-
dresses are 53248 to 53294. This comprises the 47
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Fig. 13-4. The memory map arrangement consists of 256
pages each 256 locations long.

registers in the VIC.

Continuing along the top finds the next ad-
dresses are on the SID chip. They are 54272
through 55295. This totals 1023 locations. The
Color RAM chip is next in line at locations 55296
to 56319, another 1K of addresses.

The next chip area is for CIA1 and CIA2 ad-
dresses. THE address space is 56320 to 56831.
Mounted piggy back over the entire 4K and form-
ing a sort of third deck is the Character ROM. The
two levels both use the same address space. As
mentioned earlier the Character ROM is not con-
tacted often. It is put up here out of the way. The
rest of the I/O’s are in constant use and make the
most out of these locations.

The final chip on the top deck (Fig. 13-5) is the
Kernal. It occupies locations 57344 through 65535.
This is an 8K stretch.

The paging applies to the top deck too. By
manipulation, the addresses of the chips just de-
scribed, can be switched around for various pro-
gramming purposes. Each 64 pages comprise
a section of memory. When the addresses are
switched, attention must be paid. Things get
unstable if a chip gets into a wrong 64 page sec-
tion or happens to straddle two sections. This is
more of a programming worry than a repair

concern.
Besides the double decking, the memory map

can have some other residents. These are external
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devices such as cartridge ROMs. They gain en-
trance through the ROM plugs to the print board.
An 8K cartridge can be plugged into an empty top
deck area from locations 32767 to 40959. Another
ROM cartridge can be plugged into the same loca-
tions as the BASIC ROM, 40960 to 49151. When
it is plugged in, the BASIC is disabled. The BA-
SIC isn’t needed in these circumstances.

READING AND WRITING TO THE DECKS

Since the two decks share the same addresses,
there is bound to be some confusion. The top deck
could be read when the bottom deck data is need-
ed or the bottom deck could be written to when the
top deck was really desired. There are some rules
to solve the problem.

First of all, there are eight ways to layout the
memory map. Some arrangements are convenient
for certain types of computing and other ar-
rangements for other things. Be aware of just which
chips are active.

For example, the so called default memory
map, is shown in Fig. 13-7. Starting at location dec-
imal 0 the RAM locations extend to 40K. This is
composed of two 16K sections and an 8K section.
All of these locations are on the bottom RAM deck,
with no chips above them on the top deck.

The next 8K of the map includes the BASIC
ROM. The ROM is enabled by the signal *BASIC
out of the PLA. The BASIC ROM is mounted on
the top deck above 8K of RAM locations. Since the
ROM is enabled, it will respond if it is read. The
ROM has priority over the RAM while it is enabled.

An interesting phenomenon takes place if you
should write to the ROM. Naturally when you write
toa ROM you are wasting your time. A ROM can-
not receive data and store it. It is a read only de-
vice. However, the ROMs in the 64 are on the
second deck above RAM locations with the same
addresses. If you write to the ROMs, any data sent
slips under the ROM and gets stored in the RAM
locations that are simultaneously addressed. The
data that gets stored this way though, can’t be read
as long as the ROM is enabled. It can be read if
the ROM is disabled. This storage trickery can be

0 T
RAM 16K
16K %%.
RAM 16K
K L
32 ¥
RAM 8K
40K —*—
BASIC
ROM 8K
4
RAM 4K
52K —*—-
110 4K
56K ?
Kernal 8K
ROM l
64K 2

Fig. 13-7. The default memory map has RAM up to 40K. Next
comes the BASIC ROM followed by some more RAM. After
that, the I/O assortment has addresses. The final chip on
the map is the Kernal ROM.

handy during some programming.

The next 4K of the map has a RAM buffer.
This buffer is located on the bottom deck. The next
4K is set aside for the I/O chips that are sitting be-
neath the Character ROM. The last 8K of the 64K
is reserved for the Kernal ROM.

The default map is arranged by the operating
system of the 64 when you first turn it on. The top
deck ROM and I/O chips are designed into the
system to have priority over the bottom deck 64K
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location length of RAM. To set up the default map,
all that is needed is to enable the ROM or I/O chips
that are to be residents. The RAM will take care
of itself. The map will set up automatically if the
BASIC ROM, the 4K I/O, and the Kernal are
enabled.

The PLA does the enabling and disabling of the
three ROMSs with signals *BASIC, *KERNAL and
*CHAROM. *CHAROM simply banks the
Character ROM in and out of the memory map
when it needs to send some characters to be stored
in RAM for programming reasons. *BASIC and
*KERNAL either puts the two top deck ROMs in-
to the memory map or removes them so the RAM
on the bottom deck at the same number locations
can perform reading and writing.

To get the default map installed, the operating
system must enable the BASIC and Kernal ROMS.
It must also be sure that the cartridge expansion
plug enabling signals, *GAME and *EXROM are
off. Those two signals are deemed off as long as
they are held high by their pullup resistors to +5
volts. As long as they are high, they are sending
a code of 1 to the PLA.

There are four signals needed to arrange a
memory map. They are inputs to the PLA:
*LORAM, *HIRAM, *GAME, and EXROM.
When these four signals are all highs, the default
map sets up automatically. The BASIC and Ker-
nal are enabled.

These four highs are decoded in the PLA to
make *BASIC and *KERNAL high for enabling the
ROMs. Also, the four highs make the PLA output
signal, I/0, high. This enables the 74L.S139 decoder
chip. That outputs signals *CIA1 and *CIA2. They
enable the CIAs in the 4K I/O space.

To sum up, the operating system automatical-
ly prepares the default memory map by causing the
four map enabling signals to all be highs. This turns
on the BASIC and Kernal ROMs. It also keeps the
two CIAs operating in the 4K 1/0 space.

OTHER POSSIBLE MAPS

The default map is the one used most of the time.
It comes up automatically and requires no special
programming. There are some other map ar-
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rangements that also come up automatically. This
comes about when you plug in a cartridge or inter-
face other devices. Then there are maps that
machine-language programmers will arrange to
produce special programming. For repairing the 64,
all that is needed is to know what maps might be
used on the 64 for whatever purpose.

The various maps are produced by changing
the states of the four input signals to the PLA.
These four signals are the map makers. As the
highs and lows are changed, different map layouts
are produced.

How are the inputs to the PLA changed around
to create the different memory maps? There are no
data, or address bus lines to the PLA to carry the
high or low inputs. A glance at the schematic shows
that *LORAM is coming from pin 29, PO of the pro-
cessor. *HIRAM is arriving at the PLA via pin 28,
P1. These are pin output lines from bits 0 and 1
of the I/O register in the 6510. They are at loca-
tion 1 of RAM. Refer again to Fig. 3-3.

Location 0 of RAM is the data direction regis-
ter that configures location 1. There are highs in
the DDR’s bits 0 and 1. Therefore the OR bits 0
and 1 are configured as output lines. They connect
through some buffers to the PLA as *LORAM and
*HIRAM.

RAM location 1, therefore, becomes an output
port to the PLA. Any highs or lows in bits 0 and
1 of the accumulator can be written to RAM loca-
tion 1. they will transfer out of the location and
become signals *LORAM and *HIRAM. They
travel the wires to the PLA and act out a code in
the PLA. Any one out of the seven possible maps
can be formed this way.

For instance, suppose you make *LORAM a
high and *HIRAM a low. Both *GAME and
*EXROM remain high. The only change from the
default map is *HIRAM is made low. The effect
though is dramatic. A low *HIRAM disables both
the BASIC and Kernal ROMs. The 1/O chips re-
main enabled and active.

With BASIC and Kernal out of action the bot-
tom deck RAM locations take their addresses. The
map is now all RAM except for the 4K /O reserved
for the CIAs.



In the same way, other map layouts are pro-
duced. There is one that just disables the BASIC
ROM but leaves the Kernal and the I/10 section in-
tact. This is done by making *LORAM a low and
*HIRAM high. The cartridge signals stay high. Still
another layout disables all of the top deck leaving
nothing but 64K of RAM on the bottom deck. All
four signals are made low for this arrangement.

The remaining four maps occur when car-
tridges are plugged in. The BASIC Expansion car-
tridge ROM forces *EXROM low but the other
three signals remain high.

PEEKING AND POKING THE MAP

When the computer is using the default map, it will
obey BASIC commands or respond to function re-
quests. During a large percentage of trou-
bleshooting you are able to use BASIC as an aid.
Of course, if the machine is out of commission
altogether, BASIC is of no avail.

When you can use them, PEEK and POKE can
act as a probe. With PEEK, you can read the con-
tents of any location on the map. With POKE, you
can write to any RAM location or any I/O address.
PEEK is a function that will return an eight bit
binary number that is stored in RAM or ROM. The
number will be coded into decimal and printed on
the screen. POKE allows you to write an 8-bit
binary number to any RAM location. You enter the
decimal code of the binary bits and the command
will decode the decimal and install the bits.

As mentioned earlier, should you write to a
ROM the bits will be forced in the RAM location

beneath the same number ROM location. If you
then try to read that location, the ROM bits will be
returned not the RAM. All these facts are the way
the 64 is supposed to work. If it acts wrongly, that
could be a sign of trouble.

You cannot PEEK or POKE a chip that is not
aresident of the memory map. You canonly PEEK
or POKE an address. All addresses are 16 bits and
range from decimal 0 to 65535. BASIC uses deci-
mal. To get a number out of a location and have
it printed on the screen, all you have to do is type,
PRINT PEEK (the address in decimal), and then
press Return. To install a number into a RAM loca-
tion, you must type POKE (the address in decimal);
(the number in decimal) and then press Return.
These are direct moves and do not require any pro-
gramming line numbers.

The PEEK and POKE powers are very handy
for quick checking the chips in the memory map.
You can read the values of ROM locations to see
if the chip is operating or the location is holding the
correct number. You could write a number to a
RAM or 1/O location. Then you could read that
location to see if the number ever arrived safely.
If it didn’t, that could indicate a defective chip or
a bad I/O interface circuit.

There are all sorts of tests like those that PEEK
and POKE permit. In these cases, the BASIC ROM
becomes a valuable piece of test equipment. The
ROM acts as a signal injection device. If you are
a programmer you can use PEEK and POKE in
your own programs to quickly test all of RAM, the
ROMs, and the I/O circuits. Chapters 14 through
19 provide some examples of these test techniques.
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to the high voltage in no time at all. Then for the
duration of the rest of the cycle, the voltage remains
high. As the cycle ends, the voltage falls to low,
again in no time at all.

While this is theoretically a square wave, it is
not possible for the voltage to go to high in zero
time or drop to a low in zero time. There must be
some time elapsing during the transitions, no mat-
ter how fast the wave changes. The actual
waveshape slopes to the right and upward as it goes
from low to high and to the right and downward
as it continues from high to low. The low to high
is called a 7ising edge, and the high to low transi-
tion is called a falling edge. The edges are vital in
digital circuits to trigger off a lot of the activity.

The 14.31818 MHz square wave that exits pin
10 has two destinations. The signal at this frequen-
cy is given a name. It is called COLOR (Phase
COLOR). #COLOR s first of all sent to pin 21 of
the VIC. It provides frequency control there. This
is covered in Chapter 17. In addition, the signal is
coupled to pin 5 of the next chip in the clock area,
the 74L.S193, the up-down binary counter.

WORKING FREQUENCY

The crystal’s frequency is needed as an input to
the VIC, but that is the only need for the 14.31818

MHz in the machine. The other uses of the square
wave require lower frequencies. The binary counter
along with the 74L.S74 D flip-flops have to divide
the frequency so it may be sent to otherlarge chips,
like the processor. The 6510 needs a driving fre-
quency around 1 MHz.

The binary counter receives the master fre-
quency out of pin 10 of the oscillator through a fer-
rite bead. The signal enters the counter at Pin 5,
the count up input. Count down at pin 4 is disabled
by being held high with +5 volts. Pins 4 and 5 are
coupled into the four flip-flops inside the chip.

As each square wave enters the counter, it
starts the flip-flops changing states. The flip-flop
state changing is further affected by states injected
at pin 9. The original frequency is divided at the
output pin 6. For those of you who are interested,
the output waveshape can be viewed on an expen-
sive scope. The output of the binary counter, pin
6, will show six square waves if the scope is reading
at a 0.2 microsecond rate. A sample waveform is
shown in Fig. 14-2. The logic probe will read a
pulse. This is a good test point to determine if the
clock is running. No pulse, of course, indicates that
the clock is off.

Pin 6 is connected to 1/2 of the 74LS74 D FF.
The pulse enters pin 11, the clock input. It causes
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Fig. 14-1. The oscillator produces an analog sine wave at the crystal frequency. The sine wave must then be converted
to digital square waves before the computing circuits can use it.
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Fig. 14-2. If you take a scope picture at pin 6 of the 74LS193N binary counter at a 0.2 microsecond rate, there should

be six square waves.

the FF to count once and then output a clean pulse
to the next chip, an MC4044, from Q. Refer to Fig.
14-3. The MC4044 is a Phase/Frequency Detector.

The MC4044 is a tricky little chip that has the
job of changing the incoming frequency to an
8.1818MHz signal called DOT CLOCK. The DOT
CLOCK is then input to VIC as one of its fre-
quencies.

As the oscillator enters pin 1, a second signal
from VIC enters pin 3. The two signals are com-
pared in the frequency phase detector. Refer to Fig.
14-4. The signal from the VIC has a frequency near
1 MHz and is called ¢ zero (phase zero).

The phase detector output is then sent to an-
other section of the chip, called the charge pump.
The charge pump is a circuit that builds a staircase
waveform at the output. Each incoming pulse
charges a capacitor. As the pulses enter, one by
one, the capacitor develops a larger and larger

charge. The waveshape forms one step at a time
as the capacitor charges.

The staircase builds till a certain threshold is
reached. At that point, the capacitor discharges and
begins charging anew. This staircase waveshape
represents a desired frequency. It is to be fed to
the other half of the 74LS629N chip, which is wired
as a counter, rather than an oscillator.

Before the staircase is allowed to get to the
counter, it is passed through the PN2222A tran-
sistor. (Refer to Master Schematic 3.) It exits the
transistor out of the emitter and gets amplified
slightly and matched to the counter in a YES gate.
The transistor-gate circuit acts as a filter to elimi-
nate any ripple that might be in the frequency.

The signal enters the 74L.S629N at a pin called
Frequency Control. The counter produces the DOT
CLOCK frequency. In North America that frequen-
cy is 8.1818 MHz. In Europe it is 7.88 MHz. From

Scope face
— —
Pin 9 74LS74
flip-flop
5V or
Pin 1 MC4044
| I ; phase-freq detector
ov 02 ns

Fig. 14-3. The scope at pin 9 of the 74LS74 at a 0.2 microsecond rate reveals three square waves.
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Fig. 14-5. The Dot Clock frequency is 8.18 MHz for the NTSC American market. In Europe, 7.88 MHz is used to service
PAL. A scope set at 0.1 microsecond wilt display this Dot Clock pattern.

there the DOT CLOCK goes to the VIC. At pin 7
of the counter, on the far side of the ferrite bead,
the logic probe should show a pulse. If you take a
scope reading, at 0.1 microseconds you'll see a doz-
en or so pulseslike those in Fig. 14-5. This is a good
output test point to see if the clock is performing
properly.

6510 TIMING CONTROL

The ¢ zero signal from the VIC is input to the pro-
cessor at pin 1, called ¢ zero IN. The signal, shown
in Fig. 4-6, goes directly into a processor chip area
called timing control, shown in Fig. 4-7. ¢ zero is
the only input to timing control, but there are four
outputs. One output, 2 OUT, leaves the processor
at pin 39. The other three inputs are connected to
the instruction decoder.

The timing control circuit provides the pro-

cessor with two signals that are 90 degrees out of
phase with each other. The 6510 requires these two
out of phase signals in order to run. They each pulse
at about 1 MHz.

The decoder matches the two clock signals with
the action of the address and the data bus. The two
internal signals are called ¢1 and ¢2. These inter-
nal processor signals should not be confused with
the other ¢ signals running around the digital cir-
cuits. ¢1 is the square wave that drives the bits on
the address bus. ¢2 is the other square wave that
moves the data between the processor and the
memory map.

The timing control area of the 6510 takes the
¢ zero signal and splits it into two signals, the ¢1
and ¢2 that were just mentioned. The signals are
then injected into the instruction decoder. ¢1 and
¢2 are the working frequencies of the 6510. Fig-

Scope face
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5V
P~ m~
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Fig. 14-6. At pin 3 of the MC4044 chip, ¢ zero from the VIC is found when the scope is set at 0.2 microseconds.
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Fig. 14-7. The ¢ zero frequency is input to a phase detector circuit in the 6510. The circuit in turn produces three different
forms of the 1 MHz signal that the processor runs at.
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Fig. 14-8. Twoofthe 1 MHz signals produced are ¢1 and ¢2. ¢1 drives the program counter while ¢ 2 operates the data bus.
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ure 14-8 shows the timing of the signals. The two
signals are quite alike except for the phasing. Both
signals are operating at a 1 MHz frequency but the
highs and lows are staggered. The sketch shows
that ¢1 has a high at the same time that ¢2 is low.
Then when ¢2 goes high ¢1 goes low. Note the
slanted edges that represent the time elapsed be-
tween the highs and lows.

Figure 14-9 shows one complete cycle at 1
MHz. That means the cycle takes place in one
millionth of a second. Since there are 1000 billionths
of a second in one millionth of a second and
billionths are called nanoseconds, they cycle takes
1000 ns to occur. The ns is the conventional
measurement of the clock cycles. The high and low
represent the voltage involved, as usual.

The important part of the cycles, to the com-
puter, is the duration of the high in the cycle and
the voltage changes of the edges. The low really
doesn’t do much but mark time while the highs and
edges are occurring. The high in ¢1 lasts for a dura-
tion of 430 ns. The high in ¢2 lasts for a duration
of 470 ns. The slanty rise and fall edges take place
in 25 ns.

What are the highs and edges doing? Let’s go
through one cycle of ¢1 and ¢2. The cycle begins
at the bottom of the rising edge of ¢1. Remember
that the instruction decoder, where the signals are
working, is connected through circuits to all the
registers and internal bus lines of the 6510. The ris-
ing edge of ¢1 is changing from a low to a high in
25 ns. The fast changing voltage has a trigger
effect.

As mentioned, ¢1 is concerned with address-
ing. Therefore the rising edge triggers the program
counter. It forces the PC to place the address in the
counter onto the address bus. ¢2 meanwhile, is low
and not doing much. Note the falling edge of the
previous ¢2 cycle has hit bottom right before the
rising edge of ¢l took off.

Once ¢1 puts the address bits onto the address
bus, the duration of the ¢1 high takes place. It lasts
for 430 ns. This is plenty of time for the address
bits to travel the length of the address bus and open
up a location on the map.

During the 25 ns that the edge takes to fall, the
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PC is triggered again through another circuit. This
trigger makes the PC increment by one. The next
sequential address is thus up and waiting in the PC
to begin the next cycle with.

As ¢1 begins its low, the low at ¢2 comes to
an end. The rising edge of ¢2 begins. The 25 ns
trigger of ¢2 places data on the data bus. If the
operation is a read the data in the addressed loca-
tion is placed on the bus. Should the operation be
a write, the data in 6510 is placed on the data bus.
Either way the rising edge of ¢2 places data on the
bus.

Next, the duration of ¢2 high takes place for
a period of 470 ns. During that time, the data is able
to travel from the memory to the 6510 or from the
data bus buffer in the 6510 to memory. At the end
of the ¢2 high, the falling edge either latches the
data from memory into the instruction register of
the 6510, or latches the data from the 6510 into the
map chip location.

The 6510 knows to ship data to the memory
map when it receives a STORE instruction. It will
direct the data to its instruction register or data bus
buffer when it is following a LOAD instruction.
These two instructions are the most used members
of the instruction set.

OTHER TIMING SIGNALS

The 6510 has aneed for some other timing signals.
They are produced in the computer as a byproduct
of the ¢1 and ¢2 signals. There are five of them.
Four are generated in the 6510 and one in the VIC,
The first signal is an edge to trigger the data bus
direction. It is the R/« W signal.

The R/« W signal is a steady state that the in-
struction decoder outputs. The R/«W line is con-
nected to the data bus buffer and also to the output
pin 38 of the 6510. When the line is high, the buf-
fers are enabled to receive data from the data bus.
If the line is low the buffers are enabled to transmit
data to the data bus.

When you look at the R/+W condition with
reference to ¢1 and ¢2, certain coincidences
become apparent. The state remains steady as ¢1
and ¢ 2 begin a cycle. Both of their edges take place
and the R/«W state remains steady. The state stays
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Fig. 14-9. ¢1 IN is the signal that gets the addressing done. Note it is high while the Read goes high or the *Write signal
goes low. ¢1 is also high when the address bits from the MPU enter the address bus. ¢1 is also high when AEC goes
high and frees the buffers in the address line. When ¢1 goes low, $2 goes high. During the ¢2 high, note that the memo-
ry access time takes place.
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that way for a period of time called read/write setup
time. This is the time required for the R/« W state
to setup and be very stable. That way when the
state changes it won’t shake anything up.

The read/write setup time is defined as about
100 ns. At the end of that setup time, the R/*W is
able to safely change states. The setup time begins
as ¢1’s high begins. The setup time finishes 100
ns into the ¢1 high duration. If the 6510 is reading,
R/+W, at that time, goes high. Should the 6510 be
writing, R/«W will go low.

Once the line goes high for a read or low for
a write, it stays that way for awhile. It remains in
that state for the rest of the ¢1 high and during the
¢1 falling edge. It continues to hold for the rest of
the cycle as ¢1 goes low. This is called read/write
hold time. The 6510 requires the R/x W to hold after
the line stabilizes its state at least 10 ns, but it usual-
ly will hold for about 30 ns right at the end of the
cycle. After the hold time, the line can change, and
it won’t disturb the sensitive lightning fast signals.

Address Signals

The ¢1 clock triggers off the address out of the
PC. An address signal from the instruction decoder
does the job. The address signal gets its start as
the rising edge of ¢1 goes from low to high at the
beginning of the cycle. At that instant, the address
Setup Time is begun. The signal travels to the PC.
The address Setup Time is typically around 100 ns.
At the end of the setup time, the address signal
changes states. The setup time is needed with the
address line too in order not to destabilize the ac-
tivity.

After the address signal changes states, the PC
can safely put the address bits on the address bus.
The address signal then holds the state till the cy-
cle is over. The address must be stable on the ad-
dressbus at the end of the cycle for an address hold
time of at least 10 ns. Typically the address bus will
be designed to hold for about 30 ns.

Another address signal in the Commodore 64
comes from the VIC. The VIC in the 64 is almost
like a second processor. During game time, it does
take the play away from the 6510 and operates the
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computer as co-pilot. The VIC does this by using
one of its own generated signals that is called ad-
dress enable control, or AEC. The AEC line runs
all around the 64. One of its destinations is pin 5
of the 6510. Pin 5 connects to the three-state buf-
fers that can control the address bits, leaving the
6510 off and on. In this way the AEC line can shut
down the 6510 while the VIC is running the opera-
tion, or let the 6510 be.

The 6510 must contend withthe AECline even
when it is running the computer. It must make sure
the AEC is disabled while it is operating. The AEC
will disable the 6510 if it is low. It will let the 6510
run when it is high. The 6510 must make sure it
is high. It must also observe an AEC setup time if
the AEC has to be changed from low to high. The
AEC setup time is a maximum of 75 ns. The setup
time must have concluded by the time the R/«W
and address signals have finished their setup times.
There is no need for any AEC hold time. While the
6510 is operating, the AEC line just stays high and
does not interfere.

Data Timing

The R/+*W, address signal, and AEC all were
timed with the high of the ¢1 signal. Data timing
works with the high of the ¢2 signal that occurs
about 90 degrees after the ¢1 in the same cycle.
The first thing to observe in a processor is the mem-
ory read access time. The 6510 has an access time
of 300 ns. What does that mean? It refers to the
amount of time it is available during a cycle, to re-
ceive data from the memory map.

The access time of the 6510 begins during the
high of ¢1. As the read/write Setup Time finishes,
both R/+«W and the address signal have just ex-
perienced their rising edge. The memory read ac-
cess time, shown in Fig. 14-9, begins at that instant.
The 6510 from that point in time has 300 ns to ei-
ther read data from the memory or write data to
the memory.

The 4164-2 RAM chips in the 64 have 200 ns
access timing. The -2 on the name denotes that
time. The 200 ns of the RAM is the speed the RAM
is able to send data or receive data. Since the RAM



is so fast, it can easily transfer data with the 6510.
The RAM transfers data in 200 ns after it is ad-
dressed. The 6510 has 300 ns to complete the
transfer. That is plenty of time to do the job with
100 nanoseconds left over.

Once the R/*W and address signals are active,
the access time of the 6510 commences. ¢1 com-
pletes its high and goes through its falling edge. ¢2
then begins its rising edge. Refer to Fig. 14-10. The
trigger effect of the edge enables the addressed
chip, and the data concerned is placed on the data
bus. During a read, the data heads for the 6510.

It takes the data about 100 nstotravel the data
bus from RAM to the 6510. This is sort of a setup
time period. Once the data arrives at the 6510, it
can enter one of two places. If the data is an instruc-
tion code the 6510 prepares to accept it in the in-
struction register. Should the data be an operand
the 6510 will take it in the data bus buffer. The pro-
gram dictates which goes where.

Thedata pauses there at the 6510 entranceway
while the data stabilizes. The traveling could have
upset the decorum of the data. The data stability
time period is about 60 ns. During stabilizing time
the falling edge of ¢2 occurs. This opens up the IR
or the data buffer. The cleaned up data enters the
6510.

Once the data is strobed into its register, a hold
time occurs. The hold time is brief, about 10
seconds. The data is then ready for processing in
the 6510.

During a write operation the routine is very
similar to the read. The access time is the same 300
ns and begins in the same way; when R/xW and
the address signal finish their beginning edge. The
¢1 high falls and the ¢2 rising edge takes place.
The memory chip is enabled and the 6510 places
data on the data bus. The data speeds towards the
addressed location. A data setup time for the write
operation takes place. It is about a 100 ns time

period. The data from the 6510 then approaches
the memory location.

Again there is a data stability time segment of
about 60 ns. The falling edge of ¢2 occurs. The
stable data is stored into the RAM location. A 10
ns hold time takes place. The transfer is complete.

Reading and Writing to Peripherals

When the 6510 wants to read data from a
peripheral, all it has to worry about is the setup
time. The R/+W and address signals arrange the
direction of the data bus and open up the register
in the peripheral. This is all done during the rising
edge and high of ¢1.

A setup time of about 150 ns is then needed
to stabilize the databus to receive the data. Again,
refer to Fig. 14-10. Once the setup time has
elapsed, the rising edge of ¢2 occurs and the data
is placed on the bus. The data travels to the 6510
as the high of ¢2 takes place. Then the falling edge
of 2 comes along. The data is given entry to the
6510’s instruction register or data bus buffer for
processing.

The writing to peripherals is the reverse opera-
tion. The 6510 addresses the peripheral and makes
the R/«W line a low for the write. As the ¢2 rising
edge continues, the 6510 places the data for the
peripheral on the data bus. The data travels to the
peripheral. The falling edge of ¢2 occurs and the
data is strobed into the peripheral register. A setup
time was not needed, but a considerable hold is re-
quired. It is called delay time. The data needs a 300
ns delay in order to insure that the data to the
peripheral arrives with validity. This works fine,
except that it slows down the transfer of data to
the peripheral.

The way the clock drives the 6510 to address
locations and transfer data has a lot of intricate
steps. Each step is simple and not confusing. There
are just a lot of steps.

TESTING THE CLOCK

When the computer is receiving power and is not
producing any output at all, the clock could have
stopped. It is useful then to be able to quick check
the clock to see if it is running or not. The best place
to check it is at a stage where the sine wave has
been converted to a square wave. If you test near
the crystal, the test probe could load down the
oscillator circuit and Kkill the frequency even if it is
indeed running.

In the 64, a convenient place to test is the in-
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Fig. 14-10. Data from memory must be stable and valid when the falling edge of ¢2 attempts to strobe it into the 6510.
The data needs a 100 ns setup time and at the end of the cycle a 10 ns hold time.
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Fig. 14-11. A quick check of the clock can be made at pin 3 of the MC4044 chip even with an ordinary cheap scope.
The presence of a frequency envelope usually means the clock is running ok.

put ¢ zero signal to the 6510. The signal there is
nowhere near the crystal oscillator circuit. It is a
square wave, and it is at its lowest frequency, about
1 MHz. You can use any inexpensive scope with
a high impedance probe. An ordinary TV repair
scope can't view the 1 MHz signal, but it can pro-
duce an envelope containing the frequency. If the
envelope, like the one in Fig. 14-11 appears, the
clock is running. The clock frequency is also
probably ok because the crystal is cut at 14.31818
MHz and won'’t ring unless the master frequency
is near that value.

A second quick check can be made with the log-
ic probe. There are a lot of test points that verify
that the clock is on. Any of the address or data bus
connections should show a pulse on the probe. A
pulse means the clock is running. In fact, any of
the pins on the test point charts that indicate the
presence of a pulse are clock test points. If a pulse
is on any of these modes, the clock is oscillating.
All of these pulses are originated in the clock cir-
cuit. Of course, if there are no pulses anywhere in
the machine, the clock has stopped.

The vom will also provide a valid go-no go test
of the clock. The needle will read sort of a three-
state value around 2 volts on the meter face. The
needle will appear a bit unstable and might show
an appreciable wobble. This means a running clock.

It was mentioned in the clock circuit discussion
that a frequency counter and an expensive scope
could be useful. The frequency counter will provide
the actual frequency that the clock is running at.
Youcanset the 2K pot mentioned with the count-
er. If you should have occasion to use one, try to
use a pickup loop rather than a probe connection.
The loop will pick up the frequency by induction
and not make a physical connection to the clock cir-
cuit. This is advisable. A probe connection will
work fine, but it is more risky.

An expensive scope will be able to actually
display the various clock frequencies. Figures 14-2,
14-3, 14-5, and 14-6 show that the waveforms will
actually look like. However it is rare that you’ll
need these scope details for repair work. The
waveforms are a lot more valuable to the design
engineer than to the servicer.
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a possible 64K addresses. The entire bottom deck
contains the 64K dynamic RAM. The rest of the
chips on the map are on the top deck.

During troubleshooting, PEEK and POKE can
be used to good advantage. They address and re-
spond in the following way. If you POKE a byte
of data into an address and the address is a ROM
location, the data will be pushed into the RAM loca-
tion beneath the ROM. Should you then try to
PEEK that ROM address, you will read the per-
manent contents of the ROM and not the RAM con-
tents you just POKEd in. That is the way it works.
This can be confusing because there is a byte of
RAM beneath every byte of ROM. With this in
mind you can test every memory byte and every
address and data line with the proper PEEKSs and
POKEs. There will be more about this at the end
of the chapter.

Address Assignments

The design engineer has assigned all the ad-
dresses in the 64 and worked out the combinations
of highs and lows to unlock the individual locations.
The bottom deck assignments were easy for him.
All 65,536 locations were assigned to the eight 4164
RAM chips as shown in Chapter 6.

Each RAM chip is organized in a 65536 x 1
format. This means that each RAM chip has 64K
addresses, and each bit on a chip is given an ad-
dress. There are eight chips with each chip con-
tributing one bit to form 8-bit location. In order to
contact a RAM address you must contact all eight
chips. Their assigned addresses in decimal are 0
to 65536. In highs and lows that becomes
LLLLLLLLLLLLLLLL to HHHHHHHHHH
HHHHHH.

Recall from Chapter 13 that the topdeck s not
asuniform. It is assigned the same addresses as the
bottom deck or the address is left blank. When the
address is missing on the top deck, the bottom ad-
dress becomes the place addressed.

There is no top deck address until the BASIC
ROM is encountered at decimal 40960. When
HLHLLLLLLLLLLLLL is placed on the address
bus, the first location in the BASIC ROM is
opened up and can be read. The assigned addresses

are shown in Table 15-1. After the BASIC ROm,
the VIC II, SID, Color RAM, CIAs, and the Ker-
nal are found. The Character ROM is a third deck
perched upon the I/O area with the same addresses
as the I/O. The last address in the Kernal is the
same as the last address in the dynamic RAM,
HHHHHHHHHHHHHHHH.

Address Bus Connections

As address bus lines A15-A0 leave the area of
the 6510, they split off into many directions (Mas-
ter Schematic 2). One of the most direct connec-
tions for the bus is to the dynamic RAM. The lines
break into two groups and connect to the 74LS257
multiplexer chips (Master Schematic 6). One
multiplexer needs lines A15, A14, A13, A12, and
A7, A6, A5, A4. The other multiplexer requires
All, A10, A9, A8, and A3, A2, Al, A0. The 16
bits enter the multiplexers and are coded to open
the desired one bit locations on all eight chips.

The address lines are also connected to the
PLA chip (Master Schematic 10). The PLA is only
the recipient of four address lines. It receives A15,
A14, A13, and A12. These are all chip select lines.
The four lines are able to form 16 combinations of
bits. This lets the PLA choose between 16 chip se-
lect options. The PLA is able to select from among
the BASIC, Kernal, Character ROMs, the Color
RAM, the CIAs and certain cartridge selects.

The other address bits A11-A0Q are register
selects and are connected directly to theabove men-
tioned ROMs (Master Schematic 7). Note A12 is
also connected to the BASIC and Kernal ROMs.
When they are selected, in order to choose among
8K registers, 13 address bits are needed. There is
no conflict due to the fact that the PLA uses A12
in its chip selection too.

The two 74LS239 decoder chips also receive
some address lines. The top one has lines A11 and
A10 while the bottom one gets A9 and A8. These
two lines to each chip give each chip four options
that it can combine with a third input to produce
eight select combinations. These chips select the
CIAs, VIC, SID, the Color RAM, and the cartridge
expansion.
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Table 15-1. Residents of the Double-Decked Memory Map.

Address Bits

E;;‘ma' 15 14l 3121 |10]e |8 |7 |6 |5 |a |3 |2 [+ |o
Address
64K Bytes of RAM
0 8 RAMs L L L L L L L L L L L L L L L L
to (All have
65535 same address) | H H| H|] H|H]H H H
Default Ma
0
To 8 RAMs L L L L L L L L L L L L L L L L
40959 (All have Hl vl o] Hl Wl W]l W]l H]H|H]|H] H|H] H] H]| H
same address)
40960
to BASIC H L H L L L L L L L L L L L L L
49151 ROM H L H H H H H H H H H H H H H H
49152 RAM Buffer H H L L L L L L L L L L L L L L
to (BASIC can't H H L L H H H H H H H H H H H H
53247 touch it)
53248 110 SID
to VvIC 11 HlH]l L] H]l L]l vl o] loericele)lolcoepuoyfiuo]ee
57343 Color RAM H H L H H H H H H H H H H H H H
Character ROM
57344 Kernal H H H L L L L L L L L L L L L L
to ROM H H H H H H H H H H H H H H H H
65535
64K 32K 16K 8K 4K 2K 1K 512 | 256 128 64 32 16 8 4 2




While the decoders select the VIC and SID
chip, the registers in the chips are chosen direct-
ly with address lines. The VIC has 47 addressable
registers that the 6510 is able to access. Address
lines A5-A0Q are able to form 64 address combina-
tions (Master Schematic 4). Therefore address lines
A5-A0 are connected to the VIC as inputs. They
can choose among the 47 VIC registers and still
have addressing capacity left over.

Actually, there are a lot more address lines con-
nected to the VIC. They are output lines from the
VICthat are used when it takes control of the com-
puter and accesses memory on its own. This is dis-
cussed in Chapter 17.

A5-AQ lines are, therefore, bidirectional. When
the VIC A5-A0 lines are inputs, the 6510 is access-
ing the VIC registers in normal fashion. When the
A5-A0 lines are outputs along with the rest of its
address lines, the VIC is in charge and doing its own
addressing.

The SID is also selected via the 74SL239
decoder chip. The SID has 29 byte-sized registers
for sound effects. It uses address lines A4-A0 to
contact the registers (Master Schematic 8). The five
lines are able to form 32 address combinations.
They address the 29 SID registers.

The address bus has another branch to the car-
tridge expansion plug (Master Schematic 10). All
16 lines, A15-A0, are connected to 16 terminals of
the plug. This gives the 6510 the ability to address
64K addresses in any peripheral that might be used
in that socket or lets a peripheral connect to every
address location in the computer.

DATA BUS

In comparison to the address bus, the data bus is
asimple affair. It has the eight lines, D7-D0. Every
register in the memory map, except for the Color
RAM, has eight bits. The Color RAM registers are
only four bits wide. When the Color RAM is ad-
dressed, the lower four bits of the data bus handles
the four highs and lows. The higher four bits of the
data bus simply respond with lows that are ignored
in the scheme of things.

The rest of the map, all with byte-sized

registers, is connected to the D7-DO of the data bus.
The bus is bidirectional. The 6510 is able to read
and write on the bus. Every location is connected
to the same data lines. This means all the D7s are
wired together, all the D6s are connected, etc. Most
of the time all the locations are dormant. When a
location is addressed, that location and only that
one, out of all the 64K in the memory, is accessed.
It is read or written to. The rest of the locations
are turned off and do nothing.

The data bus originates in the data bus buffers
of the 6510. The buffers can receive data from the
bus or transmit data to the bus. The instruction reg-
ister is also connected inside the 6510 but it is an
input only device. It can only receive data; it can-
not transmit data to the bus.

The bus lines emerge from the 6510 at pins 30
through 37 (Master Schematic 10). D7 is on pin 30
and DO on pin 37. This gives you a quick way to
relate the D line with the pin number during testing.
If you are servicing a lot of 6510 chips, it’s a good
idea to make an effort to remember the pin
numbers and the jobs they are doing.

The data bussplits off into many branches. An
important branch goes to the eight 4164 RAM
chips. The eight chips are numbered 0-7 (Master
Schematic 6). One data line is connected to each
chip. DO goes to RAM chip 0, D1 to RAM 1, D2
to RAM 2, and so on. That way a byte is stored
with one bit in each chip. Pins 14 and 2 on each
RAM chip are tied together and connect to one data
bus line. One pin is for inputting a bit, while the
other pin outputs a bit.

Other branches of the data bus connect eight
lines to the ROMs, the CIAs, VIC, SID, and the car-
tridge expansion plug. There is one branch that on-
ly sends four of the data lines to a chip. The lines
are D3-DO0 and go to the 4066 Quad Bilateral Switch
(Master Schematic 4). The 6510 can send the four
lower bits to the Color RAM through these lines.
The switch is needed to cut out the data bus here
while the VIC is operating the computer. When the
6510 is on, the switch puts the bits right through
to the Color RAM. When the VIC is in control it
sends an AEC signal and causes the switch to cut
off.
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Fig. 15-1. The R/*W line originates in the 6510’s instruction decoder and is sent to RAM, VIC, SID, the CIAs and the
cartridge expansion plug.
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CONTROL LINES

The control lines have been loosely referred to as
a control bus. Actually the lines are all individual
with each one having to do a particular job.

The lines areall inputs, outputs, or both for the
6510. The VIC also has control lines as well as ad-
dress and data bus lines. These are covered in
Chapter 17.

R/*W Line

The best known control line is the R/*W. Itis
a 6510 output that travels to all the major chips.
It connects all the R/*W pins on the concerned
chips together. The entire line is held high through
a 1500 ohm resistor to + 5 volts. When high, it is
in a read mode.

The line, as shown in Fig. 15-1, goes to RAM
chips, the CIAs, VIC, SID, PLA and the cartridge
expansion plug. The R/*W signal originates in the
6510 in the instruction decoder. It connects inter-
nally to the data bus buffers and then leaves the
6510 at pin 38. It is held high most of the time as
the 6510 reads from the memory map. When it is
time for the 6510 to write to RAM or an I/O port,
the instruction decoder forces it low.

*IRQ Line

The *IRQ line is an input to the 6510. Itis held
high througha 3.3K pullup resistor from + 5 volts,
asshownin Fig. 15-2. The 6510 can be interrupted
if the line is forced low. A peripheral connected to
a CIA can send a signal to make *IRQ go low and

L« 1

Cartridge expansion

+5V
u7 o
MPU észx
6510 <
. u19
u1 - |RQ 1| ¢—
VIC
cﬂA 6567
6526
\ 8 {-Ira
Ra 2

Fig. 15-2. The *IRQ line originates in the VIC, CIA1 and the cartridge expansion plug. It will interrupt the 6510 when one

of these circuits sends a low over the line.
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interrupt the 6510. A signal from the VIC out of
its *IRQ output can interrupt the 6510. A low from
the cartridge expansion plug can also interrupt the
6510.

The *IRQ line is important when you are con-
ducting machine-language programming. It per-
forms automatically if BASIC is being used. For
servicing, you need to know where the lines are on
the print board and be looking for the high or low
that will be present under your test conditions.

Reset Line

The reset line in the 64 is used to get the com-
puter underway when it is first turned on. The line
originates at the 556 timer chip and starts up as +5
volts builds at the trigger input (Fig. 15-3). A low
from the 556 circuit travels to the 6510, the CIAs,
and the SID. The line also connects to the serial
bus plug and the cartridge expansion plug. Reset
is an input to the 6510 and CIAs. The signal either
comes from the timer or some external circuit.

While reset is low, the 6510 is stopped. As the
reset receives a high edge, it goes into the reset
routine. At the completion of the routine, the pro-
cessor is then able to resume its normal duties.
While there is no pushbutton control for reset in
the 64, you can get the circuit to go through its
paces by forcing the linelow by shorting it to round.

¢0 and ¢2 Signals

¢0 is an input to the processor from the clock
circuit. Refer to Fig. 15-4. ¢2 is an output that is
the same frequency as ¢0, about 1 MHz, but a dif-
ferent phase (¢). After ¢0 enters the processor at
pin 1, it arrives at the internal timing control cir-
cuit. In the circuit, ¢0 is converted into the ¢1 and
¢2 internal clock frequencies that drive the pro-
cessor. A ¢2 signal is also tapped off and sent to
the rest of the computer through pin 39.

The ¢2 clocking has its own lines through the
computer. It travels over the lines to some major
chips that require the 1 MHz clock to perform. First
of all, ¢2 is delivered to the two CIAs at pin 25.
The CIA clocking keeps the CIAs in sync with the
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6510 during the input and output processes.

¢2 is also sent to the SID chip to keep the mu-
sic in the chip in time with the processor. Lastly
¢2 makes contact with the cartridge expansion
plug. This gives any peripheral that is plugged in
there the clock signal from the processor.

The only control lines left are the *NMI, RDY
and AEC. These were covered earlier and AEC will
be discussed again in Chapter 17. To review, the
*NMI, nonmaskable interrupt, is used by the
*RESTORE signal from the keyboard. Refer to
Fig. 15-5 and Fig. 15-6. RDY, ready, is a signal
from the cartridge expansion plug that can cause
the processor to be turned off when activated

properly.

TESTING THE BUS LINES

Since the bus lines in any microcomputer cover a
lot of print board real estate, they have a lot of ex-
posure to trouble. In the factory, when computers
are made, the bus lines can be the source of a lot
of problems. Most of the problems happen during
the soldering operations. Sometimes the solder
spreads all over and forms balls, threads and other
odd shapes. The solder can drape itself over the top
and bottom of the board and create havoc. The sol-
der can get between traces, from trace to ground
and in all the tiny cracks and crevices the com-
ponents and chip sockets reside in.

In the early days of print board manufacturing,
this was an expensive problem, but fortunately,
modern techniques have eliminated a large percent-
age of the troubles. However, the situation still re-
quires attention. When trouble strikes, the bus lines
are prime suspects to be checked out. The solder
shorting still happens on occasion, open traces can
occur, and the components in the bus lines could
fail.

Asyoucansee, the bus lines are the wiring of
the computer logic. During a trouble one of the first
tests you could conduct is the continuity of the
traces. With the aid of the location guide and
schematic the bus lines can be tested with an ohm-
meter one by one. However, there is one precau-
tion you must take. The components and pn
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Fig. 15-3. The *RESET line originates in U20, the 556 Timer chip. It is triggered on when the computer is first turned
on and the power supply builds its output from zero volts to +5 volts. The *RESET circuit gets the system underway.
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Fig. 15-4. The ¢2 signal is sent from the 6510 to the SID, the ClAs, and the cartridge expansion plus. It keeps these

circuits in sync with the beating of the clock.

junctions of the transistors cannot handle the 1.5
volts the ordinary vom ohmmeter pushes through
the circuits for the continuity test. To check out
these circuits, you must use a low-voltage tester.

A typical low voltage tester circuit is shown in
the Fig. 15-7. The parts of the tester are inexpen-
sive and easily wired together. It will only push
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about 1/4 of a volt through the sensitive circuits.
The bulb will light when the probes are placed
across a trace that is intact. If the trace is broken
open, the tester will not light.

The tester will light if you find a trace that is
shorted to ground. The tester will not light if a trace
is not shorted to ground. Table 15-2 shows the go-
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Fig. 15-5. The *RESTORE signal is produced when you press the RESTORE key. You can test the action by reading
pin 3 of the keyboard plug. As you press RESTORE, the pin should go low or to zero volts. If it does not, the key is not
working. It probably is not making physical contact inside the keyboard.
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Fig. 15-6. The RESTORE key is located on the right side of the keyboard.
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For digital circuits
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N Fig. 15-7. It is risky to use an ordinary ohmmeter on the chips in the computer. It is best to use a low voltage continuity tester. With this easily assem-
ﬁ bled circuit, you can read continuity while only placing 1/4 volt through components rather than the 1.5-3 volts an ohmmeter uses.



Table 15-2. Go-No Go Continuity Chart

Service chart
SYMPTOM-CONSTANT PROGRAM ERRORS

RESISTANCE TEST GO NO-GO

POINT TO POINT ALL POINTS OPEN
CONTINUOUS TRACE

TRACE TO GROUND ALL RESISTANCES A TRACE
FAIRLY HIGH AND READS SHORT
ALIKE TO GROUND

TRACE TO TRACE

ALL POINTS ARE
HIGH RESISTANCE

SHORT BETWEEN
TRACES

no go test results. With the tester, the bus lines can
be checked out for opens or shorts very quickly.

Using the Tester

The continuity tester is one of the most impor-
tant and most used pieces of test equipment dur-
ing troubleshooting. You can begin quick checking
with the tester, use it off and on all during the re-
pair, and finally check for faults after the repair is
over. The tester will usually be the item that pin-
points the short, open or leak that caused the
trouble.

As youusethe tester, you must be sure the 64
is unplugged. Pull the power supply ac plug out of
the wall. Also disconnect the power supply unit
from the computer’s plug. You do not want any
energizing taking place during the testing. This
could light the tester’s bulb inadvertently and cause
confusion.

The best place to view the circuit traces is from
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the top of the print board. The bottom of the board,
is for the most part, the solder connections. In the
64, a number of the chips are socketed. On the 64
I used as a model, the socketed chips have a yellow
paint dot indicator while the soldered in chips do
not. It is often useful to remove the socketed chips
to get a good resistance test. With the chips out of
there you are sure that the readings are of the board
wiring and soldered in components only.

The first tests that should be made are point
to point continuities. Once the 16 address lines and
the 8 data lines are cleared for opens, you can then
run tests for shorts. The method is not as foolproof
as finding an open trace, but it is worth the effort.
Measure the resistance to ground of all the address
and data lines one by one.

The results should all be the same. All the trace
to ground readings should be a high resistance
under normal circumstances. There might be slight
variations in resistance, but they should all be high.
Should you find one of the traces quite different



than the other, that could be a valid clue that the
trouble is nearby. Locate the circuit involved with
that trace on the schematic. You might find a reason
for the difference in resistance to ground, but I
haven’t encountered any in different models.
Chances are, if one of the traces shows a
dramatically lower resistance than the others, you
have pinpointed a short that is causing the trouble.

Once the resistance to ground of each trace is
tested, check the resistance between traces. Here
again there should be a high resistance between all
traces. Should you find a low resistance or a short
indication, this is a trouble clue. There is probably
some sort of short, like a sliver of solder, between
the two traces that have developed the low re-
sistance.

PEEK and POKE Tests

The continuity tests can be run under any cir-
cumstances. The 64 can be completely dead or able
to do some limited computing. If the computer is
dead then you must use the static continuity test
if you want to check out the address and data lines.
Ifthe computer is operating, but is not addressing
properly, or delivering incorrect data, you could use
PEEK and POKE tests.

Each line can be tested individually. For exam-
ple, if you want to test the address lines all you need
do is address certain locations and read the contents
or write to data to the locations. These locations
are chosen for the following reasons.

The address lines are made of 16 copper traces.
Each trace is capable of transporting a high or low.
A trace is deemed ok if you can send a high suc-
cessfully from the 6510 to a memory location on
that trace. Therefore, if you output an address on
the bus that has all lows except for the trace you
want to test, which will carry a high, and the ad-
dress is accessed, then that trace is doing its job
and is ok. If that address cannot be accessed, then
the trace being tested is not transporting the high
and could be the seat of the trouble.

To check out the address lines, the chart of
binary addresses in Table 15-3 is used. Each ad-
dress tests out one of the address lines. The line

that is carrying the high is the one being tested. Re-
fer to Fig. 15-8. To get the addresses into the ma-
chine, all you need to do is convert the binary to
decimal, and then PEEK or POKE the decimal in-
to the 64. If you are testing an address that hap-
pens to land in RAM, you can POKE any number
between 0 and 255 into the location and then PEEK
to see if it arrived safely. If it did then the line car-
rying the high is intact.

Should you be testing an address that lands on
a ROM you can dispense with the POKE. Just
PEEK the address and read the contents. If the con-
tents make sense, then the line carrying the address
high is ok.

The chart shows the binary addresses, the dec-
imal code for the binary, and the locations in the
model of the 64 I used for the test. Newer models
could possibly have different chips at those ad-
dresses.

The data bus can be tested in a similar man-
ner. For the data lines though, you need to produce
eight data bytes that have all lows except for the
data line that is to be tested. That line will have
a high.

Table 15-4 shows the eight bytes of bits that
will test each data bus line. All that is needed is
to POKE the eight bytes into RAM locations one
at a time. Next the eight locations are PEEKed and
the results of the PEEKSs are printed on the screen.
Refer to Fig. 15-9. If all of the POKEd bytes are
correctly installed in their assigned locations, then
the data bus lines are passing the data from the
6510 to the locations ok. Should one or more of the
locations not contain the correct contents, the data
bus line or lines that were to carry the high to that
location could be shorted or open. If there are any
latches, buffers, or gates in the indicated line, they
are suspect too. For instance, if the binary byte
LHLLLLLL did not arrive at the location POKEd
then data line D6 has trouble.

Control Line tests

PEEKSs and POKEs can be used directly when
the address and data bus lines are tested. PEEK
is a BASIC routine that reads an address. POKE
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Tests A12
copper line

/

“
AO > 0
U20

Al —p 0

A2 — 0
A3 —> (0]

A4 —> (0]

A5 » 0

MPU A6 > 0
6510 A7 > 0

4096 Decimal

A8 > 0

A9 > 0

A10 = 0

All - 0

Al2 - 1

A13 — 0

A14 > 0

A15 - 0

-/

POKE 4096,25

Memory Location

4096 |o]ojo|1]11]0

7 PEEK (4096)
25

(25 = 00011001)

Fig. 15-8. This example is testing A12. If A12 is intact, the address 4096 (binary 00010000000000000) can be POKEd with a decimal 25 (00011001 in

binary). After the POKE a PEEK will reveal whether the 25 ever arrived. If it did, A12 is ok.




Tests D5
copper line

v
) POKE 4096,32
U20 DO 0

D1 0 Memory location
7 6 5 4 3 2 1 0

D2 0 ojloj1]o]Jojojojo
MPU
6510 D3 0 ? PEEK (4096)

32 Decimal
32

D4 0

DS 1

D6 0

D7 0

~ 3

8 Fig. 15-9. To test D5, the number 32 (binary 0010000000) is sent to convenient location decimal 4096. If the location then returns a decimal 32, the
hiy data line D5 is ok.




Table 15-3. Address Bus Test Chart

252

TEST
Poke TEST
(Copper
Address
Line) Binary Address Decimal Address Peek
AO 0000 0000 0000 0001 1 RAM
Al 0000 0000 0000 0010 2 RAM
A2 0000 0000 0000 0100 4 RAM
A3 0000 0000 0000 1000 8 RAM
A4 0000 0000 0001 0000 16 RAM
A5 0000 0000 0010 0000 32 RAM
A6 0000 0000 0100 0000 64 RAM
A7 0000 0000 1000 0000 128 RAM
A8 0000 0001 0000 0000 256 RAM
A9 0000 0010 0000 0000 512 RAM
A10 0000 0100 0000 0000 1024 RAM
A1 0000 1000 0000 0000 2048 RAM
A12 0001 0000 0000 0000 4096 RAM
A13 0010 0000 0000 0000 8192 RAM
A14 0100 0000 0000 0000 16384 RAM
A15 1000 0000 0000 0000 32768 RAM
Table 15-4. Data Bus Test Chart is another BASIC routine that writes to an address.
If you are able to PEEK and POKE without any
complications then the read/write control line is
Copper working ok. Should the line be in trouble, the two
E;“: Binary Data Decimal Data BASIC routines won’t run. The exercising of PEEK
i and POKE is an automatic R/*W line test. If you
suspect R/*W line trouble, you could follow up with
8? 8838 88‘1’(1) ; a logic probe or vom test.
D2 0000 0100 4 The rest of the control lines do not respond to
D3 0000 1000 8 PEEK and POKE tests since they do not have much
D4 0001 0000 16 to do with the operation of the address and data bus.
D5 0010 0000 32 The b h . ith the logi b
D6 0100 0000 64 e best way to te§t them 1s with the logic pro e
D7 1000 0000 128 and vom. The predicted test results are shown in

the test point charts. Any deviations from these
results indicate that trouble is nearby.




: ually have the same
sties M and ROM. The 6510 can-
ot*just hook into the external devices. That is
where the CIAs come in. The CIA has addresses
and an 8-bit data bus connection on the computer
side. The address lines and the data bus connect
to the processor just as the memory chips do.
On the outside of the CIA, there are two byte
size buses that interface with peripheral devices.
Inside the CIA are registers that are built to receive

dterface Adapters

) register. This is a Shlft reglster
it iesParallel data from the internal data
and converts it to a serial output. The output
leaves through a single pin. The serial register can
also handle a serial input and convert it to parallel.
In addition to all that I/O work, the CIA is a
dandy little timing device. It has registers that act
as interval timers and more registers that provide
an hours-minutes-seconds-tenths of seconds real
time clock.

ADDRESSING AND CONTROLLING

The CIA has four pins connected to the address
bus, as shown in Fig. 10-1. They are pins 35-38.
They are register selects RS3, RS2, RS1, and RS0.
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Fig. 16-1. The register selects of the CIA are connected to A3-A0. The chip select is made by the PLA and the 74LS239
decoder chip. However the chip select will not be enabled unless a ¢2 clock signal also arrives at the same time. Between
the address bits that turn on the chip select and the address bits that choose a register, one of the 16 CIA registers can
connect to the data bus. Four of the registers are shown here.
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They tie into address lines A0-A3. These address
lines choose among the registers in the CIA. There
are four lines that can select from 16 registers. The
16 registers in the CIA have decimal addresses,
56320-56335 for CIA1 and 56576-56591 for CIA2.

In addition to the internal addressing of the
CIA, there is a chip select at pin 23, *CS. A low
here will aid in selecting the chip. The signal for
the chip select comes from the decoded signals out
of the PLA and its accompanying chips (Master
Schematic 10). The chip won't actually be selected
unless a ¢2 clock signal at pin 25 is simultaneously
high. This is a timing reference so the CIA can be
in sync with the pulsing of the data bus.

When the *CS is low and the ¢2 is high at the
same time, then the CIA will go to work with the
R/*W line and the addressing bits. If R/*W is high,
the 6510 can read the CIA. If R/*W on pin 22 is
low, the 6510 is able to write to the CIA.

The *RES, at pin 34 is usually held high and
is not active once the computer is operating. If the
need be, and the *RES is forced low, all the inter-
nalregisters in the CIA will be reset. The I/O pins
are all set as inputs. The I/O registers are reset at
zero. The timer control registers are made zero and
the timer latches are filled with highs. All the oth-
er registers are cleared to zero.

INTERNAL DATA TRANSFER

The CIA is connected at pins 26-33 tothe data bus
lines D7-D0. These pins are held in a three-state
condition until *CS is low and ¢2 pulses high at the
same time. With the R/*W line also high, the data
from a peripheral will be pushed out onto the data
bus and can be read by the 6510.

The CIA has an interrupt request line atpin 21
called *IRQ. It is normally held high by a pullup
resistor to + 5 volts and is inactive while high. This
lets the line have a number of interrupts connected
together. If one of the interrupts forces the line low
the interrupt acts as described later in the chapter
in the ICR discussion.

TIMING
The CIA responds to the addressing by the 6510

asthe ¢2 clock cycle goes from low to high and then
back to low. This takes about 1000 ns. During that
time, the *CS pin is forced low, the R/*W line is
made high for a read or low for a write, the RS pins
receive a register address, and the data bus either
inputs data or receives data. A timing diagram ap-
pears in Fig. 16-2.

The output pins in turn place data into the CIA
for a read operation or send data outward if a write
is taking place. All of this is shown in the timing
diagram. The diagram is confusing at first glance,
but taken step-by-step it can be comprehended.

The ¢2 clock cycle controls the timing of the
data transfer. The cycle time is, as mentioned, 1000
ns. This coincides with the accessing by the 6510.
The ¢2 signal has a high pulse that lasts 440 ns.
Its low runs 420 ns. The rise and fall times are 25
ns each.

Write Timing

When the 6510 writes to a CIA, the timing of
each signal is measured. The write operation begins
by the 6510 addressing and activating the CIA. The
processor outputs an address over the address bus.
Bus lines A15-A12 enter the PLA and cause the
PLA to output *I/O to pin 1 of the 74LS239
decoder. At the same time, address lines A11 and
A10 enter pins 2 and 3 of the decoder.

Thethreeinputs cause an output *CIAS to ex-
it pin 7 and enter pin 15. Meanwhile, A9 and A8
enter pins 14 and15. The chip then can output the
CIA select signals, *CIA1 and C1A2. These signals
go to *CS of the two CIAs. The signals will enable
*CS when low.

As the write cycle begins, ¢2 goes high. For
the first 58 ns, the addressing goes through an ad-
dress setup time. The address bits are making their
way through the PLA and decoder. Then the signal
arrives at pin 23 of the CIA. The signal is a low.
It turns on *CS. The low stays there for the re-
mainder of the time ¢2 stays high. That is 280 ns.

¢2 then falls to a low. As it falls, the low on
*CS goes through a quick 10 ns address hold time
and then rises to a high.

While the chip selection is going on, the
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Fig. 16-2. The two top waveshapes are data entering or leaving one of the ports. $2 must be high when that happens.

*CS must be low. A read or write signal indicates which way the data must flow. The register select bits opens up one
of the 16 locations. Valid data can then be latched as ¢2 falls.
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registers that are to receive the data are ad-
dressed. Address lines A3-A0 open up one of the
16 registers in the CIA by putting address bits into
pins 35-38, RS3-RS0.

Also during the ¢2 high, the 6510 sends the
R/*W signal to pin 22 of the CIA. The R/*W signal
starts off high but then falls as the write operation
begins. The R/*W signal goes through a 15 ns R/W
setup time as soon as it goes low. It stays low all
during the remainder of the ¢2 high. Then it has
a 15 ns R/W hold time.

Once the chip is selected, the desired register
addressed, and the R/*W line made low, the data
can be written to the CIA. The data leaves the pro-
cessor, goes out on the data bus, and arrives at the
data bus pins of the CIA. It arrives about halfway
into the high of ¢2. The data must have a data setup
time of at least 200 ns during the ¢2 high. Then
as ¢2 falls the data is strobed into the CIA. The
data then must remain valid for another 25 ns, the
data hold time.

Meanwhile, all during the operation, the data
output pins are waiting for the data to be received
by the CIA and pass through it and emerge to the
peripheral. The data output is able to remain in
waiting for 960 ns of the 1000 ns total cycle time.
This is plenty of time for the data to get through
and out as the 6510 writes to a peripheral device.

Read Timing

When the processor wants to read from the
CIA, it goes through a similar procedure. The main
change is that the data will be traveling from the
CIA to the 6510 rather than the other way around.
During the read cycle, there are a lot of identical
movements of signals and timings. The *CS low
remains 280 ns during the ¢2 high in the same way.
The addresssetup and hold times are identical. The
R/*W setup and hold times are also the same. How-
ever for the read operation, the R/*W goes high in-
stead of low.

The read operation begins slightly before the
2 cycle. First, the port pins must be open and
available to receive data from the peripheral. This
is called the port setup time. The ports must be

setup for 300 ns. After the 300 ns stabilizing time
the ¢2 clock will then go high. The data enters the
CIA through the ports and is ready to be read by
the processor.

The ¢2 clock at that point in time goes high.
The CIA can then be selected, and the desired reg-
ister can be addressed. As *CS is forced low, a 240
ns time period begins. The data is let loose onto
the data bus but will not be valid till that time
elapses and the data settles in place. Once the 240
ns elapses, the data is valid and can be latched into
the 6510. This happens as ¢2 falls to a low. The
data then has a short hold time to ensure stability.
The hold time is called data release time and lasts
for 50 ns.

Asthe processor accesses the CIA, it must do
so while *CS is low and the register is addressed
by RS0-RS3 signal bits. 2 must be high, and the
data must be valid. If any of these requirements are
not met, the data will not travel from the peripheral
device to the CIA and over the data bus into the
6510.

I1/0 PORTS

The *CS pin, ¢2, R/*W, RS0-RS3, and D7-DO0 pins
all work on the computer side of the CIA and com-
municate directly with the 6510. On the peripheral
side of the CIA, there are the pins that keep in touch
with the external devices. There are two 8-bit I/O
ports and a number of other pins. Let’s examine
the ports first.

It was mentioned thatthere are 16 addressable
registers in each CIA. The registers are addressed
internally through bits entering RS3-RS0. The first
four registers in binary are LLLL, LLLH, LLHL
and LLHH. These four addresses are to the four
8-bit registers that operate the ports. There are two
ports, A and B. Each port has a Peripheral Data
Register, PR and a Data Direction Register, DDR.
Figure 16-1 shows which addresses contact what
location.

The PR registers, through buffers, are con-
nected to the port pins. PRA connects to pins 2-9,
PAO0-PA7, and PRB to pins 10-17, PB0O-PB7. The
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DDR registers do not have external pins on the
chip. They are connected internally to the PR
registers, bit by bit. For instance, DDRA bit 7 con-
nects to the PRA bit 7.

The DDR register bits go one way to their PR
register bits. Bits do not travel the other way from
the PR to the DDR. The DDR controls the PR. The
DDR bits make the decision of whether a PR bit
is going to be an input bit or an output bit. If a bit
in the DDR is set to a high then the corresponding
bit in the PR becomes an output. Should a bit in

the DDR be reset to a low then the same bit in the
PR turns into an input.

Once the DDRs are programmed and turn the
PR bits into the desired input or output mode, they
are not used again unless a PR bit must have its
status changed. There are internal circuits that set
up the input or output mode of the PRs. During a
read operation, the PRs are inputs and will latch
the incoming data from the peripheral. For a write
operation, the PRs are outputs and will conduct the
data right on out to the peripheral.

PRB
Internal data bus|0
_ 1
2
______ 3
4
_____ - 5
e — — — — 6
- Signal to external device PC 18 >*PC
————— -
Signal from Buffers
external device &
i & 24 *FLAG
Internal data bus
ZT = ZZ Z 2] Interrupt
TS mesk [

Fig. 16-3. *PC and *FLAG of the CIA are an output and an input that is used during handshaking.
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*PC AND "FLAG PINS

The CIAs are able to transfer data with handshak-
ing. Handshaking is a fairly sure way of receiving
data from a peripheral or sending data to the
peripheral. Handshaking is a programming chore,
but during servicing, there could be times when you
need to understand what is happening at the ports
as the handshaking takes place. Pin 18, *PC, and
pin 24, *FLAG, are deeply involved with the hand-
shaking.

*FLAG is an input pin that connects to the in-
ternal data bus of the CIA and, therefore, to the
inputs of both the A and B port circuits. *PC is an
output pin that exits only from the B port through
a special *PC buffer stage. *PC will output a low
for one cycle after any read or write of the B port.
Refer to Fig. 16-3. During handshaking, this
automatic low can be used to talk to another de-
vice. The signal could be code saying, ‘‘data is
ready’’ or ‘‘data has been received.”

The input to *FLAG is also useful during the
handshaking operation. If a low is sent to *FLAG,
the signal sets an internal interrupt bit in the CIA.
Setting the *FLAG bit can be used as a code signi-
fying the readiness or reception of data too. As
mentioned, handshaking is a programming job. If
you want more details, check out a programming
book.

TIMERS

There aretwo 16-bit interval timer registers in the
CIA. They need four addresses since they are 16
bits each, as Fig. 16-4 shows. Timer A has an 8-bit
low register and an 8-bit high register. They have
addresses of LHLL and LHLH. Timer B has a
similar arrangement. Addresses LHHL and LHHH
contacts the low and high bits of the register.

The timers have a number of modes. They are
very useful in lots of applications. They can
generate long time delays in a program, handle dif-
ferent width pulses, pulse trains, and waveform fre-
quency changes. They can count pulses, measure
frequencies and other characteristics of pulses that
are injected into pin 40, CNT.

Each timer is controlled by another register in

the CIA. Timer A is controlled by an 8-bit register
at address HHHL. Timer B is controlled by the reg-
ister at HHHH. The control registers run the
timers. The two timers are similar in operation but
not identical.

The timers need two addresses because they
use 16-bit registers attached to the 8-bit data bus.
In order to read or write to a timer, the 6510 first
addresses the low register and accesses it. Then
it addresses the high register and accesses it. Ac-
tually each timer consists of two 16-bit registers.
One is contacted during a write and the other when
the processor does a read.

The register that is written to is a latch. The
register that isread is the timer counter. Anything
written to a 16-bit timer location becomes latched.
When the same address is read the processor
receives the current contents of the timer counter.
Here again this action is important to the program-
mer. For servicing it is only of value to have an idea
of what these registers do.

REAL TIME CLOCK

There are four registers in the CIA that act as a
real time clock. They are shown in Fig. 16-5. Dur-
ing actual programming applications, a real time
clock is often needed. This one has four 8-bit
registers to handle the timekeeping. Address HLLL
counts 10ths of seconds. HLLH takes care of full
seconds. HLHL is the minute calculator and HLHH
is the AM/PM hours register.

With these registers, the CIA can do 24-hour
timing with a resolution of 10ths of a second. The
four registers are an electric clock. Like any elec-
tric clock it is plugged into the electric company
and uses the 60 Hz voltage to time the clock. That
is, 60 Hz in this country, other nations could use
50 Hz. The 60 Hz comes from the power supply
and enters the chip at pin 19, TOD, time of day.
The 60 Hz signal drives the count in the registers.

It is also an alarm clock. The alarm can be pro-
grammed to generate an interrupt whenever it is
needed. The alarm is conducted by some other in-
ternal registers. These registers are at the same ad-
dresses as the TOD registers. The control register
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Fig. 16-4. The Timer registers can count pulses, measure frequencies, generate long time delays, and other things. They
receive their data at Pin 40, COUNT.
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Fig. 16-5. Each CIA contains four registers that act as a real time clock. They count as fast as 10ths of seconds and
are controlled by a 60 Hz pulse into pin 19 from the power supply.
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for timer B can open up the alarm register. Bit 7
of the control register (Fig. 16-4), if set to a high,
allows you to write to the alarm registers and set
the alarm. When bit 7 is low, addressing the clock
contacts the clock and not the alarm.

Using the real time clock registers is accom-
plished by careful programming. This is the realm
of the programmer and not needed for routine ser-
vicing. The servicer should be aware of the clock
registers in the CIA and in general what they do.

INTERRUPT CONTROL REGISTER

The interrupts that leave the CIA as *IRQ and go
to the processor are vital to the operation of the
computer. They alert the processor, and the 6510
then goes into its *IRQ routine. There are five CIA
internal inputs into the interrupt register of the
CIA. Each type of interrupt is able to set one bit
of the ICR.

The internal address of the ICR is HHLH. At
the address are two 8-bit registers. There is one
register that is contacted when the 6510 writes to
ICR. This is the MASK register. The other one,
the DAT A register, can be reached only if it is be-
ing read. Refer to Fig. 16-6.

Inside the CIA, five circuits go to the
Data/Mask register combination that is the ICR.
Each of the five circuits is assigned its own bit in
the Data part of the ICR. An interrupt pulse from
any one or more of the circuits will set its individual
bit in the Data register.

Each bit in the Data register has a corre-
sponding bit in the Mask register. The mask bit can
either let the interrupt through or block it off. When
the mask bit lets the interrupt pass, the *IRQ pin
will go low and continue on to the processor. The
6510 will be interrupted and go into its IRQ routine
as described in Chapter 12. Should the mask bit not
let the interrupt pass, that is the end of the inter-
rupt pulse.

The five circuits and their respective bit posi-
tions in the Data/Mask registers are as follows: bit
0 handles underflow from timer A; bit 1 handles
the underflow from timer B; bit 2 is used to con-
trol the alarm on the time-of-day clock; bit 3
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signifies whether or not the serial data register is
full or empty; bit 4 indicates the condition of the
*FLAG buffer.

Bits 5 and 6 do not have much use but bit 7 is
important and tricky. Bit 7 of the Mask register is
called SET/*CLEAR. It performs the following
mask type job on the individual mask bits. Suppose
you write to the Mask register and place a low in
bit 7. The register will then place lows into any
mask bits that have highs. Bits that already are low
will remain that way.

On the other hand, if you write a high into bit
7 of the Mask register, the register will place highs
into any mask bits with highs and leave the lows
alone.

In order for one of the internal circuits to cause
an actual interrupt, first a pulse from the interrupter
must enter the Data register and set its bit. The
Data register then checks the corresponding Mask
bit. If the bit is a low, then nothing happens. Should
the bit be a high the interrupt takes another step.

The interrupt will set bit 7 of the Data regis-
ter. When bit 7 of the Data register gets set, pin
21, *IRQ, goes low. The interrupt is then on its
way.

SERIAL DATA REGISTER

At CIA internal address HHLL, there is a complete
I/0 port. This is the Serial Port, SP. It connects
to pin 39. Inside the chip the pin is attached to the
SP buffer stage and then onto the serial port regis-
ter. Refer to Fig. 16-7.

As discussed earlier, the serial port works as
a shift register. It connects to the internal data bus
and is one of the interrupt circuits that can make
*IRQ go low. The shift register has its parallel side
connected to the eight bit data bus and the serial
side to the SP buffer. It also attaches to the CNT
buffer and the two timers.

The serial port can be placed into an input or
output mode. Bit 6 of the control register A sets
the mode (Fig. 16-4). If a high is put in bit 6, the
serial port is an output stage. When a low is
placed in bit 6, the port acts as an input.

In the input mode, the CNT pin 40 controls the
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operation. When there is data coming from a
peripheral and is waiting on the SP pin, a rising
edge on CNT opens the SP pin, and the data can
enter the shift register one bit at a time. Then after
eight CNT pulses the data in the shift register is
transferred to the Serial Data Register in a paral-
lel fashion; all of the bits move at the same time.
Once the data is in the register, an interrupt is
generated. The 6510 takes over from there.

When the port is acting as an output, it needs
a timer. Timer A sets arate of data flow. This will
be the rate of flow of the serial bits that leave the
SP pin for a peripheral. This computer shifts the
data out of the SP pin at 1/2 the underflow rate of
timer A.

The 6510 can output data through the serial
port by writing to the serial data register. The on-
ly requirement is that timer A is running in the con-
tinuous mode. During the write operation the clock
signal from timer A is outputted from pin 40, CNT.
The data that arrives in the serial register, in time
with the clock, is then placed in the shift register
and shifted out on pin 39, SP. The data is shifted
out starting with bit 7, then bit 6 and so on, ending
the byte output with bit 0.

The data is shifted out bit by bit. After eight
CNT pulses a byte is outputted to a peripheral. At
that time the SP circuit generates an interrupt and
sends it to the interrupt Data register. The inter-
rupt is designed to tell the processor that the
previous byte has been transmitted and the serial
register is ready for the next byte, if there is one.

The processor though runs one step ahead of
the SP circuit. If it has more data, it will get the
byte into the Serial Register immediately before the
interrupt. The data is then shifted out of the SP pin.
As long as the processor keeps one byte ahead of
the SP circuit, the data output will be continuous.
When there is no longer any data, after the eighth
CNT pulse, CNT will go high and the transmission
will cease.

OPERATION

There are two 6526 CIA chips inthe 64. The CIAs
do jobs that require a digital-to-digital interface.

This is in contrast to the VIC and SID chips that
convert digital signals to analog signals. These
chips are covered in Chapters 17 and 18.

CIA1

One of the CIAs is used to receive the keyboard
input strikes. The same connections that receive
the keyboard pulses are also attached to the two
control ports. Refer to Master Schematic 1.
Joysticks and other peripheral inputs can also en-
ter here. There is no conflict, under normal cir-
cumstances. The keyboard and the joysticks are
usually not made to perform at the same time. The
peripherals, when off, present a high impedance to
the CIA port pins and do not interfere. Even if both
were activated at once,there probably will be no
real harm done.

The keyboard operates into the CIA port pins
in this way. Port B PB0-PB7, pins 10-17, are con-
nected directly to eight columns of keys. Port A
PAO-PA?7, pins 2-9, are connected directly to eight
rows of keys. When the computer starts up, one
of the housekeeping jobs that the Kernal does is
configure these CIA port pins. It writes to the Data
Direction Register of the ports and makes the row
connections outputs and the column connections in-
puts.

There are eight rows wired internally in the
keyboard. The wiring bears no resemblance to the
QWERTY layout of the keyboard. On each wired
row, there are eight columns. At the intersections
of the rows and columns, the keys are attached.
When you strike a key, you cause a short between
arow and a column. There are 64 possible shorts
you can cause. The Kernal keeps a close watch on
the keyboard to detect any key strikes.

The way the Kernal does this is by scanning
the rows and columns continually using the port
registers. The decimal address of port A in the
memory map is 56320. The address of Port B is
56321. The rows are input at port A and the col-
umns are input at port B. Bits 0-7 of port A will
contain the state of row bits 0-7. Bits 0-7 of port
B will contain the status of column bits 0-7.

The Kernal scans the columns and rows in this
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way. It writes a high to each column in turn. After
each column write it reads the status of the rows.
If arow and column have a key closure the Kernal
willknow which column it had written to and which
row was shorted. The row and column information
denotes one struck key out of the 64 possibles. The
Kernal decodes the information and processes the
value of the closed key.

While most of the port pins in this CIA are used
for the keyboardand joystick type inputs, the serial
port, SP and the timing devices in the 6526 are left
to do other duties. Pin 40, CNT and pin 39, SP are
wired to the User Port. *FLAG is connected to the
Serial Bus and the cassette interface.

ClA2

The other CIA uses its parallel output port pins
in entirely different types of operations. The port
B PB0-PB?7 pins are connected directly to the user
port pins, C, D, E, F, H, ], K, and L. In addition,
pin M is connected to Port A pin PA2 and pin B
is connected to *FLAG on the CIA. Refer to Mas-
ter Schematic 5.

This arrangement gives a programmer com-
plete input or output control over Port B of the CIA.
The additional pins of PA2 and *FLAG permits the
programmer to use the port B register in a hand-
shaking operation with a peripheral.

Pin 39 the Serial Port and its companion count-
er CNT at pin 40 join the other CIAs SP and CNT
at the user port plug. The other handshaking line
PC also goes to the user port.

PA7 is adata output to the serial bus plug. PA6
is a clock output to the same plug. PA5, PA4, and
PA3 also are connected to the serial bus. The serial
bus is the place where a disk drive or graphics print-
er can be plugged in. In this connector, up to five
different devices can be connected at one time. The
64 is the controller of the bus. Each device is giv-
en a bus address. The addresses are numbered
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from 4 to 31.

A programmer with the aid of the port A pins,
PA7-PA3, is able to control, talk, and listen to any
and all devices connected to the serial bus. Only
one device can talk at a time, although all of the
devices can listen all the time.

TESTING

The two CIAs perform a lot of the complex I/O jobs.
You can test to see if the CIAs are set up to do their
duties by probing the CIA pins one by one with the
logic probe. The test point charts in Figs. 16-8 and
16-9 show what state should be present on each pin
when the computer is first turned on and displays
the READY message and the blinking cursor. It is
not necessary to know if you are reading a port pin
or a control state. It is only required that you com-
pare the voltage or logic state you find with what
should be there during normal operation.

If youshould find a test point that has a reading
that does not match up with what should be there,
that could be a valid service clue. Then it is useful
to know more about the test point with the
discrepancy. At that time, you find out what pin it
was that has the wrong reading. Then if you have
an idea of what the pin is doing and how the cir-
cuit involved is operating, you can intelligently
come to some conclusions as to what could possibly
be causing the trouble.

Most of the circuits in the CIA area of the com-
puter have been buried in the CIA chip. There are
no simple and easy ways, besides direct replace-
ment of a chip, that will pinpoint a circuit trouble.
Yourtechnique must be an analysis of the input and
output signals and states. The results of the tests
can give you an idea of whether a state is entering
properly, was processed and if it is exiting correct-
ly. Your understanding of the workings will allow
you to come to such a conclusion.
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they are all located.on the map. The VIC can be
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tional composite color TV signal that€an be applied
to video output stages and th 'rawn onaTV
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ture, and the components that color the picture.

, that turn

dynan
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The ViG#ieeds to access memory for two im-
portam/ asons. First of all, it must refresh the
fic RAM. If it does not address the RAM at
gdSt once every 3.66 ms, the charges on the tiny

#capacitances that represent highs, will leak off. The
second reason that the VIC will access memory is

a normal fetch and execute operation. Memory is
able to hold data for the characters that VIC out-
puts for display. The VIC must access memory for
the data just as the 6510 accesses memory for its
data.

In order for VIC to get control of the data bus
during the ¢2 low period and then give the bus back
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to the 6510 when the ¢2 goes high, VIC provides
control signals. First of all, the AEC signal emerges
out of pin 16. AEC is a high when the 6510 is in
control. As the VIC takes over, AEC goes low.

When AEC goes low, it turns off most of the
chips it is connected to. They are shown in Fig. 17-2
and are all concerned with the normal accessing of
memory by the 6510. In addition, the AEC signal
goes to the 74LS08 AND gate. When AEC is high,
it outputs a high to pin 5 of the 6510. The high to
the 6510 keeps the address bus buffers in opera-
tion. When a low arrives at the AND gate, the gate
sends a low to the buffers. This shuts the buffers
down. That closes off the program counter, and for
all intents and purposes, the 6510 stops operation.

The AEC low pulse is designed to appear when
VIC wants to use the data bus during the low of
¢2. The low of ¢2 is only half a 1000 ns cycle. VIC
then must act fast. It must access memory within
the 500 ns restriction. That means it must arrange
enough time to have an addressing take place, do
the complete data accessing, and set up the data
for a stable read operation.

The AEC signal then goes high and low
repeatedly. It is high and not active while ¢2 goes
through its high. The 6510 is in control while AEC
is high. Then AEC goes low as ¢2 goes low. The
6510 relinquishes control at that time to the VIC.
This procedure can accomplish a lot. However, the
500 ns time stretches are very restrictive to the
VIC. It has two operations that cannot be completed
in a half cycle. VIC cannot move the character
pointers in the video part of memory in 500 ns. It
also cannot do a read of the sprite data in this time.
The access time for these items of data must be
made longer. This means using the high time of ¢2
as well as the low period.

Coming out of pin 12 of the VIC is a signal
called BA, bus available. BA is normally held high.
When the VIC is accessing video memory or sprite
data and while the ¢2 low period is on, the VIC
brings BA low. This change in signal notifies the
6510 that VIC needs the ¢2 high time as well as
the ¢2 low. The 6510 is then able to continue to
use the ¢2 high three more times. This is usually
enough access time for the processor to finish the

immediate job it was doing.

As the fourth ¢2 high occurs, AEC does not go
high, it stays low. The 6510 remains in a three-state
condition and VIC starts reading the data it wants.
The BA line goes to the cartridge expansion port.
It then comes out of the PLA and into another one
of the 74LS08 gate sections. From there, it connects
to the RDY input of the 6510. RDY will signal the
processor that VIC is going to be using its ¢2 high
for awhile.

SPECIAL ADDRESS LINES

Figure 17-3 shows that there are address lines con-
nected to VIC pins 24-31. A closer look shows pins
24-29 each have two address bits connected. For
instance, pin 24 contains both A0 and A8. This
shows that bits A0-A5 and A8-Al3 are being
multiplexed. Bits A6 and A7 are static type address
bits that are needed when the VIC must address
a location on a 2K ROM.

The A0-A5, A8-A13 multiplexing takes place
during the control signals *RAS and *CAS. As
*RAS from pin 18 of the VIC goes low, the address
bits A0-A5 are placed on pins 24-29. They go to
the multiplex address lines of the memory. Then
when *CAS goes low the signals on the pins are
replaced by bits A8-A13. With the two static bits
A6 and A7, fourteen address bits are output by a
type of program counter in the VIC. The fourteen
bits are able to access 16K bytes of memory, as Fig.
17-3 shows.

DATA BUS CONNECTIONS

The data bus, by its very nature, is bidirectional.
The VIC is able to send or receive byte-sized data
over the bus. The situation gets complicated though
because the VIC can be accessed while the pro-
cessor is in charge or the VIC can do its own ac-
cessing when it is exercising control over the
system. There is one set of control signals when
the processor is in charge and a second set of
signals while the VIC does the controlling. The
signals are *CS, R/*W, ¢0, and AEC. They operate
in the following way.

The AEC signal is an output from the VIC to
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the address buffers in the 6510 and the other chips
that must be controlled. Refer to Fig. 17-2. AEC
leaves the VIC at pin 16. While AEC is high, it does
not affect the processors address buffers. When
AEC goes low, it shuts down the buffers. The VIC
must shut the buffers down when it takes control
of the system.

¢0 is the 1 MHz signal that the clock circuits
manufacture. The ¢0 clock is the main reference
frequency that all the rest of the 64’s frequencies
are derived from. At pin 22, the dot clock frequen-
cy (about 8 MHz) is input. Inside VIC, the dot clock
is divided by eight. The resultant frequency is out-
put at pin 17. This 1 MHz output is ¢0.

When ¢0 is low, VIC is able to do jobs like read
data in memory and refresh the dynamic RAM. As
¢0 is high the 6510 can read or write to and from
the memory.

*CS at pin 10 is the VIC chip select. The VIC
is chosen when *CS goes low. R/*W at pin 11 is

the system read/write line that comes from the 6510
to the VIC. These four lines control whether the
processor or the VIC is going to be in control.

With four control signals, each able to produce
a high or low, 16 possible situations could take
place. However, only four of the possibles produce
computing activity. The rest of the combinations
do not have any meaning to the system. The four
signals are shown in Fig. 17-4. First of all there is
the situation where AEC and ¢0 are both low. It
doesn’t matter what state *CS and R/*W are in.

When AEC is low, the 6510’s address buffers
are turned off. This of course means the processor
is out of action during the low. If ¢0 is also low at
the same time, the VIC is able to act during the low
of ¢2. It takes control of the system and is able to
refresh the 256 rows in each of the RAM chips. At
this time, the VIC is also able to read data from
memory, if it so desires.

The next possible state combination is the

" High  High = 6510 on
AEC » Low = 6510 turned off
Tl (VIC takes over)
17 1 MHz References all
¢0oyur v system bus activity
u19
vIC
6567 Low selects VIC
10 Low
CS fe " l—=_ when AEC and 0
are high
High = read, low = write
R/*W F when AEC and ¢0
are high
M

Fig. 17-4. The four control signals from AEC, ¢0, *CS and R/*W. AEC and ¢0 are generated in the VIC. *CS are the

result of address bits while the 6510 originates R/*W.
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following. Again AEC is made low. ¢0, though, is
high for this activity. When AEC is low, the 6510
is again shut off, and the VIC is given charge of
the system. Since the processor is now off, 2 can
be utilized while it is high. The VIC is able to read
data from memory during the ¢2 time period. It can
leisurely read character pointers from the video
RAM and obtain sprite data. Again, the states of
*CS and R/*W are meaningless in the situation.

The last two activities were with the processor
cutoff and the VIC in control of the computer. The
next two situations have the 6510 back in action
and the VIC as a memory map resident again. One
of these situations occurs when AEC goes high.
This frees the address buffers to pass the address
bits from the processor’s program counter.

¢0 goes high for this operation. This allows the
processor to work the data bus during the ¢2 high.
*CS goes low. This chooses the VIC for accessing.
Lastly R/*W also goes low. This is the well known
signal to a chosen chip that it is going to be writ-
ten to. With the four signals attaining these four
states, the VIC is in a position to be written to by
the 6510.

The last way that the computer communicates
between the 6510 and the VIC occurs with the
following signals. AEC goes high which leaves the
6510 in control. 0 goes high which permits the
6510 to access the data bus during the ¢2 high. *CS
becomes low as the 6510 addresses the VIC. R/*W
develops a high state which lets the VIC know that
it is to be read.

While the 6510 is accessing VIC, besides se-
lecting the chip at *CS, it must choose one of the
47 registers to read or write to. The six address
pins, 23-29, A5-A0 are used for the register select.
Six pins can address a possible 64 locations. The
47 registers can be accessed easily with plenty of
address possibilities left over.

The six pins are two directional address lines.
They are outputs when the VIC is in charge. They
are six of VIC’s 14 address pins. They are conven-
tional chip input address pins while the processor
is operating its normal reading and writing. The
register select address bits enter the VIC at these

pins while the 6510 is accessing the VIC as an I/0
chip.

MODES

When the VIC is in charge, it can act in a number
of graphic ways. The programmer can make it
display whole characters or instruct it to control
each dot on the TV screen. The character display
graphics can be formed in one of a number of
modes. The dot control also is able to operate in
different modes. The modes are able to appear in
many colors.

The VIC, in order to display the graphics, must
work with the dynamic RAM, the Color RAM and
the Character ROM, besides the usual operating
system chips. A section of RAM is set aside for the
VIC to be able to access. It is called video RAM.
The Color RAM, the 2114 chip, is connected from
it’s pins, 11-14, D3-DO0 to VIC pins, 35-38, D11-D8.
These are four additional data bus type pins that
the VIC possesses. The VIC can handle 12 data
bits. The Character ROM is the place in memory
where the characters are stored in silicon.

The VIC is put into the various modes by
means of it’s 47 addressable registers and uses
these sources to form the desired graphics. Pro-
grammers must know the operations of the modes
in order to do their job. Troubleshooters should
know the way the modes access and use the data
sources to puzzle out strange hardware problems.

Displaying Characters

In a character display mode, the VIC places
characters from the ROM onto the screen. The TV
display is arranged in 25 rows of 40 columns each.
One character space consists of 64 dots in an 8 x
8 bit character into the 8 x 8 dot matrix. Each
ROM character is burnt into eight consecutive
bytes. The VIC is designed to have it’s choice of
256 characters in the ROM.

Each character in the ROM has eight addresses
on the map. The VIC is able to access the ROM,
obtain a character, and display the 8 x 8 dot space
on the TV screen.
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The TV screen has 1000 character spaces that
can be used. Video RAM is assigned 1000 bytes
of memory reserved to coincide with the TV screen
spaces. This arrangement is all well and good but
each of the 1000 spaces need eight bytes of data
to operate the 64 dots. Video RAM only holds one
byte for each space.

This is because video RAM only needs to hold
the first address of a character in the ROM. These
addresses arethe character pointers. When the VIC
must display a character on the TV screen, it ac-
cesses video RAM for that character’s address.
Then it goes to ROM and obtains the eight byte
character. Next it processes the 8 x 8 character
dots and arranges for them to light up or turn off
the correct dots to form the TV display character.

Character Fetch

VIC has a starting address on the map of deci-
mal 53248. That is register 0 of the 47 registers.
For a character fetch, register 24 must be contacted
by means of a program line. The data to form the
video RAM and Character ROM addresses is in
register 24.

Video RAM must be addressed by the VIC to
obtain the character pointer. The VIC has fourteen
address bits to access video RAM. This will address
a 16K portion of the total 64K RAM. Video RAM
will be in the 16K section that the VIC is able to
access. Sometimes special circuits must be in-
stalled to give the VIC two more bits to access 64K.
Whatever the case, the VIC will be made to access
the 16K with video RAM.

The VIC begins to form the address of the
character pointer with the aid of register 24. Refer
to Fig. 17-5A. In the highest four bits of 24 are the
address bits A13-A10 of video RAM. The VIC out-
puts them as part of the address of the character
in ROM.

Meanwhile, internal to the VIC is a counter cir-
cuit. It is constantly counting from 0 to 999, which
is the 1000 video RAM locations and the 1000 TV
screen spaces. The ten bits from this counter and
the four bits from register 24 form the address in
the character pointer. Refer to Fig. 17-5B. The
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counter is constantly scanning the 1000 consecutive
places. When a desired character is needed by the
VIC, it outputs the ten additional bits through
A9-A0 of it's address pins. The video RAM is thus
accessed and gives up the eight bits in the pointer
address.

The next stepis to form another 14-bit address
so that the VIC can access the Character ROM for
the eight bytes of dot information. The makeup of
this address is shown in Fig. 17-5C. The three most
significant bits of the address are found in register
24 in bits 3, 2 and 1. The VIC uses them as address
bits A13-A11 to point to the Character ROM. The
next eight bits of the pointer, A10-A3, are the bits
VIC has just fetched from video RAM. That leaves
A2-A0 to be filled in order to form the character
address that will let VIC access the Character
ROM.

To review, bits A13-A11 are the Character
ROM chip select bits. These three bits are found
by VIC in its own register 24, bits 3, 2, and 1. Bits
A10-A4 are the register select to choose among the
256 different characters that are available to VIC
from the Character ROM. That leaves A2-AO.

A2-A0Q are a three bit counter. The three bits
can count from 0 to 7. There are eight bytes to one
of the characters. At each ROM byte location, the
counter points to each byte in turn till all eight bytes
have been addressed and accessed by the VIC.

In the character display modes, the activity can
be summed up quickly. The VIC starts the memo-
ry accessing by first reading a character pointer out
of the video RAM. The pointer is one byte and is
an address. The address is a location in the
Character ROM where the desired character is
stored in eight bytes. The 64 bits in the eight bytes
are processed by the VIC to light up the 64 dots
in one of the 1000 screen spaces to form the
character. The highs in the bytes light dots and the
lows extinguish the dot light.

Character Color

In the Color RAM chip that attaches to the VIC
through four data pins, there are 1024 4-bit
registers. These nybbles control the color of the
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Fig. 17-5. In the highest four bits of register 24 are address bits A13-A10 of video RAM (A). They are combined with a 10-bit counter that provides

the A9-A0 bits. VIC outputs the 14-bit address, accesses RAM, and has a character pointer returned (B). In bits 3, 2, and 1 of register 24 are address

bits A13-A11 of the Character ROM. A10-A3 are taken from the character pointer just received from video RAM. A2-A0 come from a 3-bit counter in
~ the VIC (C).



character that gets displayed. Since there are four
bits in each nybble register and the four bits have
16 combinations, each nybble can code one of 16
colors.

The Color RAM has 1000 of it’s registers
assigned to the 1000 bytes in video RAM. The wir-
ing is such that when a video RAM location is ad-
dressed, the associated register in the Color RAM
is also addressed. It is as if the video RAM is 12
bits wide, rather than eight bits. Asthe 12 bits are
addressed, the eight bits from the video RAM en-
ter the data bus bits D7-D0 and enter the VIC at
pins D7-D0. The additional four bits from Color
RAM leave the chip and enter the VIC at pins
D11-D8. VIC then processes all 12 bits. At D7-D0,
the character is received and at D11-D8, the color
of the character is determined.

Character Modes

Characters are displayed by VIC in three dif-
ferent modes. One mode, the Standard Character
mode is the one that comes up automatically when
you turn on your Commodore 64. The operating
system sets up this mode during it’s housekeeping
duties.

The VIC will adopt a specific character mode
as three bits in its registers are set or cleared. The
VIC is designed to respond with a mode as the
following three bits are affected either by the
operating system or by planned programming. The
first bit is named MCM and is in register 22, bit
position 4. The second bit is called BMM and is
found in register 17, bit position 4. The third bit
is called ECM and is also in register 17 but at bit
position 5. Refer to Fig. 17-6.

ECM BMM
l 4l 3 2 1 0
Register 17 6 5
MCM
+
Register 22|7 |6 |5 f4v I3 2 |1 |0
Multi- . Multi-
fl:?::tr:r color Extended Bit color
mode character color madp bit map
mode mode Mode | mode
ECM L L H - .
BMM L L L H H
MCM L H L H

Fig. 17-6. The three bits that set up the various VIC modes are found in registers 17 and 22.
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When your 64 is first turned on, all three bits
are cleared and hold lows. This forces VIC to adopt
the Standard Character mode. In this mode, when
eight bytes of a character is fetched by VIC, all
eight bytes are displayed directly onto the eight
lines of each character space on the screen.

If you place Os into these bit positions the
background will be displayed as a result of regis-
ter 33. When 1s are installed, the foreground color
is selected by the color nybble. This is performed
as desired by the programmer.

The Muliti-Color Character mode is obtained by
installing a 1 in MCM. BMM and ECM are left low.
This mode allows the programmer to have up to
four colors in each character space. However the
resolution of the character suffers with the addi-
tional coloring. Two bits are needed to specify one
dot color in this mode. This reduces the 8 x 8 dot
matrix to a 4 x 8 matrix with each dot twice it’s
original horizontal size. The character is not quite
as distinctive as in the 8 x 8 matrix.

The Extended Color mode is produced by set-
ting ECM to a 1 and leaving BMM and MCM as
0Os. This mode lets the programmer have individual
selection of background colors for each character
space in the 8 x 8 matrix.

The extended color feature is paid for in the
number of characters that the VIC can use in this
mode. Only 64 characters are available because two
of the character address bits are being used for the
color information. For further details on program-
ming these three character modes, refer to a pro-
gramming book that covers the VIC from this point
of view.

Bit Map Modes

Bit 5 in the VIC register 17 is BMM, Bit Map
Mode. If the bit is set to a 1 the BMM is on (Fig.
17-6). When the bit is cleared to a 0 the mode goes
off. In the character modes, VIC accessed video
RAM to get a character pointer. This was an ad-
dress to eight bytes in ROM that was storing a
character. The character was installed in 64 light
dots in a screen character space.

In the bit map mode, the VIC displays in the

same 64 light dot spaces but has more detailed con-
trol. The VIC, in bit map mode, is able to control
each of the 64 light dots by itself. A bit in video
RAM is assigned to each and every light dot on the
screen. If the bit is a 1, the dot goes on. When it’s
assigned dot is a 0, the bit goes off.

There are 1000 character spaces on the screen.
There are 64 light dots in each space. This means
there are 64000 dots on the screen to be controlled.
If one video RAM memory bit controls one dot,
there has to be 64000 bits in video RAM to handle
the screen. Eight bits to a byte means the bit map
mode requires 8000 bytes of memory for the
control.

The resolution of the mode is 320 horizontal
dots by 200 vertical dots. The VIC accesses the
8000 bytes of video RAM in bit map mode in the
same way it accessed the 1000 bytes of video RAM
in the character mode. However, the VIC is not
looking for character pointers. It needs direct col-
or data.

The address that the VIC forms to access vid-
eo RAM is also produced by a counter. The count-
er constantly scans the video RAM to keep the
display up to date. A13 of the address VIC outputs
is taken from register 24, bit 3 called CB13. Refer
to Fig. 17-7. Bits A12-A3 are the outputs of the vid-
eo RAM counter. The last three bits A2-A0 are the
counter that covers the eight lines in each character
space.

The addressing of the 1000 spaces on the
screen is quite like the way the character pointers
are addressed. A13 is the chip select for the video
R AM start location. A12-A3 scans the 1000 spaces.
It scans the 40 horizontal spaces eight lines at a
time, A2-A0 then counts the individual eight lines
in each space. That way each dot is individually ad-
dressed.

When BMM is a 1 the Standard Bit Map mode
appears courtesy of the VIC. The color information
is obtained only from the state of the individual dots
in video RAM. The Color RAM chip has no effect
in this mode.

The color of dots in one of the 1000 spaces is
controlled by the screen memory byte of the space.
For instance, decimal 1024 is the screen memory
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Fig. 17-7. In bit map mode, the VIC fetches data from memory on a one to one basis unlike the character type fetching.
Bit 3 of register 24 is used as A13 in this mode. The rest of the address is formed with the 10-bit counter providing A12-A3

and the 3-bit counter contributing A2-A0.

address of the upper left hand space on the screen.
In bit map mode, this pointer becomes the color
controller of that single block. There are eight bits
in the memory pointer.

The bits are arranged in four more significant
bits and four lower bits. The four bits each become
a color controller. In bit map mode, the higher four
bits are the color code for all the bits in the block
that are set as 1s. The lower four bits are the color
code for all the bits in this block that are reset to 0.

The Multi-Color Bit map mode is produced by
not only setting BMM to 1, but also MCM, bit posi-
tion 4, in register 22 to a 1. The additional feature
of more colors has a price to be paid too. Two bits
are used to select the colors and the size of the
horizontal dot has to be doubled reducing resolu-
tion to 160 horizontal dots by 200 verticals. How-
ever, three separate colors plus the background
color can all be displayed in any of the 1000 8 x
8 dot spaces.

SPRITES

One of the exceptional abilities of the VIC is the
manufacturing of sprites. The engineering spec
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sheets on the VIC call them MOBs for movable ob-
ject blocks. The MOB is a character. The MOB s
not found stored in a ROM like the keyboard
characters. MOBs are conceived and designed by
you. Once designed they are stored in RAM
locations.

A MOB character is seen on the screen in a 24
x 21 dot arrangement. This is much larger than
the 8 x 8 dot characters one of the 1000 spaces
can display. A MOB needs 63 bytes in memory in
comparison to the eight bytes that a keyboard
character requires.

The VIC can display up to eight MOBs at one
time. The large characters can be placed at any spot
on the TV screen. They can be made in color. They
can be magnified and moved around. The ability
to use the MOB with its graphic capabilities makes
the VIC an exceptionally good chip to display ar-
cade type games. For further MOB programming
details, there are a lot of books on the subject.

Once a MOB is programmed, the dot informa-
tion is stored in 63 bytes of memory. Each three
bytes of consecutive memory defines one line of the
character. Three bytes contain the dot light infor-
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Fig. 17-8. In order to locate a MOB, the VIC must output an address consisting of one of the sprite pointers in A13-A6 and a 6-bit counter in A5-AO.



mation for 24 spaces. Since there are 21 lines in
a MOB, the complete character requires 63 bytes
to turn all the dots on and off.

To find a MOB in RAM, the VIC must output
the correct 14-bit address. It forms the address with
an 8-bit pointer that locates the start address of the
63 byte character and a six bit counter that steps
through the 63 bytes. Refer to Fig. 17-8.

VIC gets the pointer from video RAM. It pro-
duces the counter from an internal register. If you
look at the VIC’s register map, there are 16 MOB

x and y position registers (Fig. 17-9): One x and one
y register for each of the eight sprites. The VIC
uses these positions with reference to the upper left
hand corner of the TV screen to locate the MOB
on the screen.

For the actual locating, VIC considers the TV
face as having a resolution of 512 horizontal posi-
tions and 256 vertical positions. This includes the
entire screen: border as well as display area. The
visible screen area is from positions 23 to 347
horizontally and 50 to 249 vertically. With the x and

vIC Sprite Position

registers ol 5 15 12 13 12 11 lo 0 X
1 0 Y
2 1 X
3 1 Y
4 2 X
5 2 Y
6 3 X
7 3 Y
8 4 X
9 4 Y
10 5 N
1 5 Y
12 6 X
13 6 Y
14 7 X
15 7 v
16 MSB of X

Fig. 17-9. 16 of VIC's registers are used to locate a sprite on the TV screen.

282



Sprite enable

H - sprite on
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Sprite priority
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Fig. 17-10. Register 21 contains eight off-on switches, one for every possible sprite. Register 23 expands the sprites ver-
tically while 29 expands them horizontally. Register 27 can place a sprite on top of any other display that might be on

the screen.

y positions from the MOB registers for each of the
eight sprites, the VIC can easily install the dot in-
formation on the TV face.

Register 21 in the VIC is the off-on switch for
the sprites. There is one bit for each MOB. If the
bit is set to a 1 the sprite will light up. A 0 will turn
it off. Register 23 and 29 perform the magnifica-
tion of a sprite. Register 29 expands it horizontal-
ly and 23 expands it vertically. A 1 does the
expanding while a 0 makes it a normal size. If you
want to display one sprite on top of another, display
register 27 will do the job. Just install a O in the
MOB’s bit. A 1 in the bit will shift the display priori-
ty to the original display.

There are all sorts of tricks you can do with
sprites, but here again we are getting into the realm
of the programmer. It is important to comprehend
all these workings of the VIC for servicing in case

a feature fails. If it does, you will be able to pin-
point where the trouble is by knowing how the
system is supposed to be operating normally.

OTHER VIC FEATURES

The VIC registers have some other jobs that they
are assigned to perform. One such job is the abili-
ty to blank out the screen. In register 17, bit 4 is
named DEN. It is usually set to a 1 which is the
normal display mode. If you install 0 in the bit, the
screen will be blanked out. When it does blank out
it will assume the color prescribed by the bits in
register 32, which sets the exterior color.

The usual display pattern on the screen is 1000
character spaces with a 40 x 25 layout. Bit 3, CSEL
in register 22 and bit 3, RSEL in register 17 is nor-
mally set with 1s to produce this arrangement. If
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you want to change this to 38 x 24 install Os into
the bits.

The VIC provides either vertical or horizontal
scrolling so game characters can be easily moved
around the screen as programmed. Register 22, bits
0, 1, and 2 moves the display data an entire
character space at a time in the horizontal position.
Register 17, bits 0, 1, and 2 moves the display ver-
tically.

Raster Register

Register 18 is the raster register. The raster,
of course, is the lines of light on the TV screen. The

VIC places the display precisely onto the lines of
light. In order to do this, the VIC must know which
dot of light is being lit or turned off at every instant
of time. VIC is aware of the dot timing.

The raster register keeps track of the current
raster position. If you read the register, the lower
eight bits of the position are found in the register.
The most significant bit of the position is then found
in register 17, bit 7, RC8. This data is used by pro-
grammers to make timing changes in the display
to get rid of flicker. The changes are made while
the border is being scanned by the CRT cathode
ray and not during the display window. The

O =
E5|lo = =
c - — 0O o
g2|les[vs|ec
‘IRQ =38|lea|e g8
in8 oolaslas|T 8
p4 ST€lwolw 8] &
: Interrupt
Register {7 6 5 3 2 1 0
25
A LK a 4
1 | ] | 1
1 | | | '
I | | ! !
Interrupt enable
Register
26

Sprite-sprite collision

Register |7 6 5
30

3 2 1 0

Sprite-data collision

Register |7 6 5
31

3 2 1 0

Fig. 17-11. Register 25 is the interrupt. When a collision occurs between a sprite and some display data, bit 1 becomes
set. If the collision is between two sprites bit 2 is set. The interrupts are noted by registers 31 for the sprite-data collision
and 30 for the sprite-sprite collision. The interrupt can be cleared by writing a 1 to the corresponding bit of register 26

the interrupt enable.
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changes are made before the cathode ray reaches
position 51 or after position 251.

While the raster register read is useful to elim-
inate flickering in the picture, a write to the raster
register, including a write to bit 7 of register 17,
performs another job. The data written gets
latched in the registers. Then as the position of the
raster on the screen changes, the position of the
raster is compared with the register contents. When
the position of the raster becomes the same as the
eight bits in register 18 and the MS bit in register
17, an interrupt flag is thrown in register 25, the
interrupt register.

Interrupt Register

There are five active bitsin the VIC Interrupt
register 25. They are shown in Fig. 17-11. When
the state of a bit changes from 0 to 1, it signifies
that a flag is thrown and an interrupt takes place.
The interrupts tell VIC that an event has taken
place and that the VIC must take appropriate
action.

The flag in bit 0 is the one that becomes a 1
when the actual raster position becomes the same
as the raster position that has been latched in the
raster register. Bit 1 becomes set when the first col-
lision occurs between a sprite and display data. A
sprite and display data collision is noted by regis-
ter 31. Bit 2 is set when the first collision happens
between two sprites. A sprite to sprite collision is
noted by register 30. Once any of the flags are set,
they stay that way till the programmer purposely
resets them.

The resetting is accomplished by writing a 1
to the Interrupt Enable register 26. If you write the
1 to the corresponding bit, the same bit in register
25 will clear.

Bit 3 of the Interrupt register is set by the light
pen during a negative transition of the input. Bit
7 is set automatically whenever one of the four
sources of interrupts happens. This allows the in-
terrupt register to be able to output a low through
pin 8, *IRQ of the VIC. Just because bit 7 gets set,
that does not mean the low will leave pin 8 and head
out into the system interrupt. In order for the low

signal to actually leave the VIC, bit 7 of the Inter-
rupt Enable register 26 must also be set to a 1.
The two interrupt registers are very valuable
to the programmer. They let him use the screen in
a large number of useful ways. He is able to design
split screen formats, install eight or more sprites,
mix text and graphics and other important graphic
techniques. It is important during troubleshooting
and repair to have a good idea of the interrupts so
that you can make PEEK and POKE tests to deter-
mine if the registers are operating properly.

LIGHT PEN

Part of the light pen mechanism is inside VIC. The
light pen is a device that gives the 64 a touch-pad
ability. When the light pen is touched down on the
TV screen, the exact position and dot it touches
down on is recorded in two registers of VIC. The
registers are 19 and 20.

The cathode ray scans the TV screen once
every frame. Electrons impinge on every dot once
every raster frame. When the electrons arrive at
the spot that the light pen is touching, the pen is

Ordinary service scope

Fig. 17-12. The ordinary service scope can display the TV
signals that exit the VIC easily. At pin 15 there should be
this TV sync and luminance signal.
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activated. Since the dot is only hit once every raster
frame, the light pen latch is triggered only once
every frame.

Register 19 latches the x position of the
touchdown. The x position is defined by a 512 bit
counter. This means there are 9 bits the counter
keeps stepping through from 0 to 511. Register 19
latches the eight MS bits out of the nine. Bit 0 is
not recorded.

Register 20 latches the y position of the light
pen on the raster. The y position is defined by a
256 bit counter. This is the usual eight bits and the
register is able to store them all.

VIDEO OUTPUT

All of the VICinputs and outputs shown so far have
been digital highs and lows. The 47 registers can
be read, written to, receive controls, and output
controls. All of the processing has been in the digital
circuits of the computer.

Internal to VIC are circuits that convert many
of the input signals from a digital nature to analog
video signals. The VIC is a digital-to-video device.
If you test all the signals shown so far, the logic
probe reveals their digital states. The same logic
probe is useless at the analog output pins.

At the output pins, the ordinary TV service
scope makes excellent tests. The output signals are
each a portion of a composite color TV signal. At
pin 15, the SYNC/LUMINANCE output is a com-
posite signal containing the actual video, the ver-
tical and horizontal sync signals, and the brightness
or luminance signal that controls the intensity of
the cathode ray. Refer to Fig. 17-12.

Pin 14, the COLOR output, contains all the col-
or information.This includes the chrominance
signal, the color burst and all the colors that the
display is supposed to show. Refer to Fig. 17-13.
When the two output pins have their signals
mixed properly, the result can be input to a CRT
for display.

The scope shows the signals well. You can see
if the signal is getting out of VIC quickly with the
scope. This is often one of the first test points
covered during video type troubles.
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Pin 15 is an open drain output and requires
some sort of external pull up through 500 ohms. In
the 64, pin 15 is connected to diode-npn circuit that
provides the correct interface. Pin 14 is an open
source and must be grounded through 1000 ohms.
It is therefore attached to a 1000 ohm potentiometer
that performs the ground return along with coup-
ling the signal into a transistorized video output
circuit.

The circuit shown in Fig. 17-14 consists of two
PN2222 npn transistors, a video driver, and a vid-
eo follower. The output of the npn’s leave the emit-
ter of the top transistor and connects to the emitter
circuit of a third PN2222 that is transferring the
SYNC/LUMINANCE signal from pin 15. The out-
puts of pin 14 and 15 are mixed in the emitter. The
resultant composite color TV signal is then at-
tached directly into the rf modulator circuit. It is
then installed onto a TV channel three rf signal and
output to the home TV.

Separate signals of either SYNC/LUMI-
NANCE or COLOR are also tapped off before the
emitter mixing and connected to the audio-video
plug. These signals can be applied to a special TV

Ordinary service scope

WAl et

M

Fig. 7-13. At pin 14, the TV color signal can be viewed on
the scope.
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Fig. 17-15. The logic probe is useful on all the digital circuit pins. On the video analog output pins 14 and 15, the best

test is with the TV service scope to display the video.
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display monitor that does not require the rf
modulation.

Once the signals exit the VIC they are in analog
form and must be traced with the ordinary TV ser-
vice scope. The signals that should be present are
all ordinary TV video signals. Any loss of video
could be a clue to the trouble you are searching out.

TESTING

The test point chart in Fig. 17-15 can be used to
compare your readings from the VIC. Any devia-
tions from the chart indicates trouble. A logic
probe or a vom and a service scope are needed to
make all of the test.
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e pulse is ¢2 and enters the SID at pin 6.
During the high.of $2:SID'can be"accéssed just as
RAM or ROM is. Both the reads and the writes are
performed during the high of ¢2.
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The 6510 sees the SID as 29 addresses on the mem-
ory map. When the processor wants to access the
SID it outputs a register address. The higher ad-
dress bits are then sent over the address bus and
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50) i St S0
The registers themselves are addressed with

. the five lowest address lines, A4-A0. With five

lines, a total of 32 registers could be addressed.
Since the SID only has 29 registers, that leaves
three extraneous addresses. Should one of the ex-
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Fig. 18-1. The SID is a complex chip that
needs two different supplies. There is
+ 12 volts at pin 28 and +5 volts at pin
25.



tra registers be written to, SID simply ignores the
data that arrives from the processor. If one of these
registers are mistakenly read, data will arrive at the
processor but it will be meaningless.

The data lines to the SID are the normal D7-D0
attachments in the system. They connect to pins
15-22 on the SID. There are data buffers in the SID
to handle the data transfer. The three-state buffers
are on when the 6510 writes data to the SID, or ac-
cepts data when the SID is read.

Pin 5 on SID is the *RES input. If the reset pin
is brought low for at least ten ¢2 cycles, the SID
will reset all of its registers to zero. This stops any
audio output that might be going on. The reset
pulse is the same one that originates in the 556 and
starts the processor off. The SID is started at the
same time.

Pin 14 is ground. It is a good idea to always
reconnect SID’s ground to the power supply and
not anywhere near the other digital circuits. The

VIC should be connected separately in the same
way. Both the audio and the video outputs can be
damaged by noise from the fast moving digital bits
that are traversing the digital bus lines and chips.

Pin 28, VDD, is the +12 volt supply that
energizes the drains of the FETs in the SID. VDD
receives a separate power line and is filtered and
bypassed thoroughly with three capacitors. They
remove high frequency noise, medium frequency
noise, and low hum type noise that might appear.

Pin 25, VCC, is the +5 volt supply that
energizes the collectors of the transistors in the
SID. This line too is separate in the effort to keep
noise levels as close to non-existent as possible.
There are three filter and bypass capacitors in this
line too.

Pin 27 is the audio output pin. It exits from an
open source buffer and contains all the outputs from
all the audio generators in SID.

The total audio output energy is set by an in-

_ Audio

1000 pF

 input

+12V

PN2222
Audio

output

Audio
output

N
10
26 1l
1
25WvV
0.1
u18
6581
SID
27 Ferrite
bead
1K
’__/\-4

Fig. 18-2. The SID connects externally through pins 26 and 27. 26 can accept audio for processing in the SID and 27

is the computer’s audio output.
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ternal volume control. The volume is controlled by
the programmer and the data he sends to the con-
trol. It has a peak-to-peak value of 2 volts at a dc
level of six volts. A 1K resistor returns the source
to ground.

The output signal in this machine is coupled to
the base of an npn emitter follower in Fig. 18-2. The
audio is removed from the npn through a 25 work-
ing volt, 10 uF series filter. The 6 volt dc level is
ac coupled in this manner. The signal is output to
the rf modulator and also can be tapped off at the
audio/video plug.

SPECIAL INPUTS

The SID has some other very useful inputs. First
of all there is pin 26. It will accept audio signals
from an external source such as your voice or a
musical instrument. Any signal that is input here
should enter at a dc level of 6 volts and be larger
than 3 volts peak-to-peak. This is accomplished in
the same way the SID outputs audio. A series 10
wF filter will perform the input chore. The input
impedance at this pin is about 100K ohms.

The signal that is input at pin 26 is mixed with
the audio that the SID is putting out. It is also
passed through the filter. This input is valuable in
case you want to use a number of additional SID
chips. The only restriction to the number of addi-
tional chips you can input is the noise that each ad-
ditional chip adds to the output. A large number
of chips can be input. The volume control in the
SID is positioned to act on the total input as well
as SID’s own output.

Two more special inputs are at pins 23 and 24.
Refer to Fig. 18-3. They are called POT xand POT
y. These inputs are connected over a pair of 1000
pF bypass capacitors. The two capacitors are
designed to operate with a pair of external 470 ohm
potentiometers. The pots connect to + 5 volts and
varies the input voltage.

The pins are inputs to the analog to digital con-
verters inside the SID. The A/D converters take
the analog dc voltage and convert it to a digital set
of highs and lows. The capacitor is designed at 1000
pF for the SID to keep pot jitter at a minimum.

The last special inputs are at pins 1, 2, 3, and
4. These hold the intergrating capacitors for the fil-
ter. All of these inputs are discussed in more detail
later in this chapter. The SID has two of these
capacitors installed. Each has a value of 2200 pF.
One s installed between pin 1 and 2, while the other
connects 3 and 4. They are fairly well matched. The
capacitors are the polystyrene type.

The filter operates over the audio range be-
tween 30 Hz and 12 kHz. This is about the range
the normal home TV audio outputs. In special audio
applications, you could change the capacitors to dif-
ferent values to extend or reduce the frequency re-
sponse.

OPERATION

The SID has three sets of circuits that are all quite
alike. Each circuit set is designed to output an in-
dividual voice. The choir operates as a total voice
or each circuit can sing a solo.

Each circuit set contains a tone oscillator, a
waveform generator, an envelope generator and an
amplitude modulator. Refer to Fig. 18-4. The tone
oscillator is variable and can be tuned to produce
different frequencies. This is called the pitch of the
voice. The pitch can be varied over the range the
TV audio will reproduce.

The waveform generator is able to take the
oscillator frequency and produce four different
waveshapes at that frequency. The different
waveshapes of the same frequency cause variations
in the audio. The differences in sound are called
tone color.

The loudness of the audio is controlled by the
amplitude modulator. The envelope generator is
able to create an envelope around the audio to con-
trol the volume. The volume is programmable due
to the ability of the envelope generator.

The 25 write-only registers produce the sound
effects, on order, as they receive data from the
6510. The processor is also able to read the four
read-only registers. Two of the four registers con-
tain the values of POT x and POT y. Another of
the registers has data from the envelope register
in the third set of circuits. The last register con-
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Fig. 18-3. Besides the audio input pin at 26, the SID is able to receive paddle inputs at pins 23 and 24.
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Fig. 18-4. Each voice is produced by means of four circuits working together. There is a tone oscillator, a waveform generator,

an envelope generator, and an amplitude modulator.

tains the constantly changing output of the third
tone oscillator.

These read outputs from the SID can be used
in a number of ways. They can be mixed in with
other audio to produce sound effects. The chang-
ing frequency of the third oscillator has a random
movement. It is used to generate random numbers
that can be used as the basis for some games. Let
us examine the activity in the 29 registers as they
operate.

REGISTERS
The SID has five sets of registers. They are shown

in Fig. 18-5. There are three sets of voice registers,
one set of registers for the filter and a set of four
registers to handle the odd jobs. The voice and the
filter registers are all write-only. The four odd job
registers are the read-only types.

Each register is addressed internally by means
of five bits that enter through address lines A4-A0.
The registers are all byte size. The bits in the
registers control the circuits that generate the audio
output. Each bit is like a push button on a control
board to produce sound effects and other related
functions. There are seven registers assigned to
each voice.
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First Voice Registers

Of the seven registers in Fig. 18-6, two are
called Frequency High and Frequency Low. They
are wired together and form a 16-bit register. The
register controls the frequency of the tone oscillator
in the first voice. If you POKE a decimal number
into the 16 bits, the SID will generate a musical
note. In your users guide, there is a table of the
numbers and what musical notes they will generate
when POKEd.

Two more registers are called Pulse Width
High and Pulse Width Low. These registers are
also wired together to form a two byte register.
However, only 12 of the 16 bits are used. Four of
the higher Pulse Width High bits are unused. This
12-bit register controls the pulse width of the
waveform that comes out of the tone oscillator. This
allows the audio output changes to be smooth as
the tone changes from frequency to frequency.

The pulse can vary from a constant dc outpt
at one extreme to a square wave with equal highs
and lows at the other extreme. To produce a con-
stant low, 0000 0000 0000 is installed. To produce
aconstant dc high, 0000 1111 1111 is placed in the
register. If you want a square wave, 0100 0000 0000
is installed. For pulses inbetween, other binary bits
are placed in the registers.

Voice Control Register

The eight bits in this register make the tone
oscillator perform in different ways. Bit 0 is called
the Gate bit. The actual details are discussed later
in the chapter but the bit controls two functions.
When the bit is set to a 1, that triggers the envelope
generator and the ATTACK/DECAY/SUSTAIN
cycle is begun. If the bit is cleared the RELEASE
cycle takes over.

Bit 1 is the SYNC. When it is set to 1, tone
oscillator 1 is synchronized with tone oscillator 3.
This aids in producing desirable harmonic sounds.

Bit 3 is the TEST bit. When it is set to a 1 it
resets and locks the tone oscillator at zero. It also
resets the noise waveform of the oscillator and the
pulse waveform output is placed at a steady dc
level. This positioning is needed for program tests.

It also is useful for the programmer to be able to
synchronize the oscillator with sound that is occur-
ring outside SID.

Bit 4 when set to 1 is the control that turns the
triangle waveform on in the tone oscillator. The
triangle waveform is one of the ways the oscillator
can run. As an audio output, it sounds something
like a flute.

Bit 5 when set to 1 turns the sawtooth
waveform on in the oscillator. It has sort of a brass
instrument effect.

Bit 6 when set to a 1 turns on the pulse
waveform in the oscillator. The Pulse Width can
be adjusted by writing to the PW registers as dis-
cussed before. All types of interesting sounds can
be produced from a hollow booming square wave
to a squeaky reedy peep.

Bit 7 is the Noise output. Noise by its very
nature is a true random device. The random noise
can be adjusted from rumbling to hissing or what-
ever by the tone oscillator when bit 7 is set to a 1.
This is the bit that can produce the explosions,
rocket motors, windstorms, waves, drums, cym-
bals, and so on.

Envelope Generator Registers

The ATTACK/DECAY register and the SUS-
TAIN/RELEASE register control the envelope
generator circuits. When a sound begins and rises
in volume, that is called the attack rate of volume.
When the sound then peaks out and falls in volume,
that is called the decay. There is an 8-bit register
in the voice that controls the envelope generator
that produces the ATTACK/DECAY. The four
highest bits are attack bits. The four lowest bits are
the decay bits.

The mid range of a sound that goes through at-
tack and delay is called the sustain. Sustain is a vol-
ume level. When the sound quits, it falls to no
volume at all, dead quiet. Therate at which the vol-
ume falls to nothing, is called Release. Figure 18-7
ilustrates these four concepts.

A companion register to ATTACK/DECAY is
the SUSTAIN/RELEASE register. For more
details on how to use the registers during program-
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Fig. 18-7. When a sound begins and increases in volume,
it is called the attack. As it peaks out and falls in volume,
it is called the delay. The mid range of sound after attack
and delay is known as sustain. When the sound quits, it goes
into the release.

ming see the user manual that came with your 64.
The bits in the SUSTAIN/RELEASE register are
laid out like the ATTACK/DECAY register. The
higher bits are used for the sustain control and the
lower bits for the delay. When the programmer
uses these registers, he must follow carefully all the
rules of operation. Some truly amazing sound ef-
fects can be produced with attention to the details.

The Other Voices

The two other voices and their seven registers
are essentially identical to the first voice. The on-
ly difference between them are the synchronization
of the oscillators and the ring modulated replace-
ment of the triangle waveform.

Whenthe voices are operated, you would have
to select first of all the frequency you want to pro-
duce. Next there is the choice of the waveshape.
Third you must pick out the effect that is needed.
This is done with the SYNC and RING MOD bits.
The envelope rates are decided on after that. When
to turn the sound on and off and the length of time
you want the sound to stay on is figured next. The
voices can be used as solos, or as a choir.

Filter Registers
The first two registers, FC LOW/FC HIGH in

the filter set, are combined to form a double-byte
register. However, only 11 bits are needed for the
job so bits 3-7 of FC LOW are not used. The job
the registers perform is to set the cutoff frequency
of the filter. The frequency used is 30 Hz to 12 kHz.
The registers can be written to, which makes the
filter a programmable circuit. Refer to Fig. 18-8.

The filter can be tuned to resonate at particular
frequencies. When it is tuned to a frequency,
sounds at that range have a much sharper sound.
All the frequency components in that range are em-
phasized.

The higher bits of the RES/FILT register are
wired so they can tune to a particular frequency
range. Since there are four bits to the control, 16
resonant settings can be made. 0000 produces no
resonant effect, and 1111 produces the finest
tuning.

Bits 0-3 of the register serve a different pur-
pose. Each bit acts as a switch to route four dif-
ferent signals through the filter. Bit 0 works on the
route the first voice takes to the audio output pin
27. When bit 0 is cleared to 0, the voice bypasses
the filter and goes directly to the audio output.
When bit 0 is set to a 1, the voice is forced through
the filter and is processed accordingly.

Bits 1 and 2 perform the exact same routing
job for the second and third voice outputs. Bit 3 also
routes a signal the same way. It handles the audio
input that enters pin 26. A 0 in the bit bypassesthe
audio input around the filter. A 1 in the bit forces
the audio input through the filter.

Mode/Volume Register

Here again the eight bits in the register are
separated into two nybbles, with the nybbles per-
forming similar jobs with its four bits. The higher
nybble, bits 4-7, decides on the mode of operation
the filter will perform in. Bit 4 is called the LP bit,
since it works with the low-pass qualities of the fil-
ter. When bit 4 is set to a 1, the low-pass output
of the filter is used. All frequencies below 30 Hz
are passed as is. The frequencies above 30 Hz are
attenuated. This produces hearty sounds.

Bit 5 is called BP for bandpass outputs. The
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Fig. 18-8. The filter sets the cutoff range of the audio between 30 Hz to 12 kHz.

passband for the audio output is between 30 Hz and
12 kHz. When bit 5 is set to a 1, the frequencies
in the passband are allowed through and the fre-
quencies above and below the band are attenuated.
This mode produces normal sound with no har-
monic content.

Bit 6 is the high-pass output (HP). All the fre-
quencies that are above 12 kHz are passed as is,
and all the frequencies below 12 kHz are attenuated
when the bit is set to a 1. The sound produced with
this filtering is tinny.

Bit 7 is the off-on switch for the third voice.
When set to a 1, the third voice is disconnected
from the audio output circuits.

The lower nybble of the MODE/VOL register
is the VOL part. The higher nybble is the MODE
section. Bits 0-3 are able to choose between 16
levels of volume that will emanate from the audio
output. 0000 will kill volume altogether, while 1111
produces maximum volume. The bit layouts inbe-
tween produce varying volume levels.

Writing and Reading

The preceding registers were all write-only
types. The processor is able to write to all those
registers and the individual bits to produce the
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many and varied sound effects. BASIC, with its
POKE statement, can work easily with all the
registers. During troubleshooting each register
could be POKEd at will to check its operation.

The next four registers are read-only. BASIC
with its PEEK function can read all the registers
and the bits.

Pot Registers

The next two registers are the ones where the
positions of the two POTs, x and y, are stored. The
input to the register for POT x is pin 24 of the SID.
As the potentiometer is varied a dc voltage is var-
ied. The voltage enters an analog-to-digital circuit
which changes the voltage from a single dc value
to a relative binary number between 00000000 and
11111111. The zeros represent minimum resistance
and the ones maximum resistance of the pot set-
tings. Refer to Fig. 18-9.

The binary values are stored in the POT reg-
ister x. The value is always the present pot setting
and is updated every 512 ¢2 clocks. POT y works
in exactly the same way except for the input that
enters at pin 23. The 6510 can read the two POT
registers and always know the positions the pots
are set at.



OSC 3/Random Register

This register is able to generate random
numbers as one of its abilities. Noise is a true ran-
dom sound. When the noise waveform is produced
in the third voice by setting the noise bit 7 in the
control register to a 1, this register stored the binary
numbers that represent the random changing noise.
The register stores the upper eight bits of the third
voice’s tone oscillator. These bits are the result of
the changing noise waveform being generated. The
random numbers can then be read by the processor
and used in games. Refer to Fig. 18-9.

Besides producing random numbers, this reg-
ister can be used for many timing or sequencing
purposes. Since this register is constantly chang-
ing and recording the upper eight bits of the third
voice, different waveforms will produce different
types of changing number sets. You've seen how
the register bits record the random wave shape. If
you set bit 5 of its control register to a 1, the
sawtooth waveform is generated by the third voice.

The OSC 3/RANDOM register will then have
its bit change in time with the changing sawtooth
waveform. Each sawtooth will increment the reg-
ister by 1. The binary bits will count from 00000000
to 11111111, over and over again. When bit 4 of
the control register is set to 1, the triangle
waveform will drive the OSC 3/RANDOM regis-
ter. The register will then count in a slightly dif-

ferent way. It will start the same and count from
00000000 to 11111111. Then instead of starting
over and continuing its incrementing, it will sim-
ply start decrementing the count backwards till it
reaches zero again. At that time, it will go back to
the incrementing.

The register can record the action of the pulse
waveform too. The square-wave type pulse goes
from high to low and back and so on. The register
counts 11111111 as it is high and 00000000 when
it is at a low. Just as the square wave does not have
any gradations between the high and low the reg-
ister does not record any binary numbers that rep-
resent inbetween states.

The main function of this register though is as
a modulation generator. The numbers that can be
generated by changing the different waveshapes
available can be used in a program to produce sound
effects. Combinations of this registers numbers plus
the bits generated by other registers can make the
audio output sound like sirens, moaning, groaning,
and all sorts of interesting effects. Other registers
that will work smoothly with the OSC 3/RANDOM
register are the pulse width registers, the filter and
the oscillator.

ENV 3 Register

The last read-only register is named ENV for
Envelope. This register lets the 6510 read the out-

Read only
sa207 |7 | |5 |* I 12 ' |° Pot x
54298 |7 6 5 4 3 2 1 0 Pot y
sase 17 18 |5 [¢ I8 [2 |+ o 0SC3
RANDOM
sazo |7 (8 |18 |4 1B |2 [V |° ENVELOPE
3

Fig. 18-9. All of the registers in the SID are write only except for these four which are read only.
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Fig. 18-10. SID is accessed only during the high of 2. At that time *CS goes low, the address bits go through a setup
time, a valid time, and a hold time. For a write, *W goes low and for a read R goes high. The data is valid near the end
of $2 and is strobed into the SID’s registers as ¢2 falls.
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put of the third voice envelope generator. This reg-
ister only records the output of the envelope
generator when the EG is running. The numbers
produced in this register can be added to other
registers for more sound effects. Refer to Fig. 18-9.

TIMING

The SID is accessed by the 6510 in a very
straightforward way. The 29 registers look to the
6510 like ordinary locations. Most of the bits that
travel back and forth are used to produce sound
effects.

Your Commodore 64 is designed to run at near
1 MHz. This means a full cycle is 1000 ns. The SID
is accessed only during the high of 2 which con-
sumes 450 ns. When *CS pin 8 is made low it must
provide at least 375 ns of *CS setup time during
the ¢2 high. Once the data is accessed the *CS
stablizing Hold time needs 15 more ns. Refer to tim-
ing diagram in Fig. 18-10.

As the addresses enter A0-A4, pins 9-13, the

bits need a setup time of 45 ns during the high of
¢2. After the data is accessed, the address bits need
10 more ns as hold time.

The next signal that is also entering SID is the
R/*W at pin 7. It runs neck and neck with the ad-
dress bits and needs the same setup time (45 ns)
and the same hold time (15 ns).

The write-only registers receive their contents
from the data pins when R/*W is low. The registers
need a setup time of 125 ns to settle the bits into
place. Once the bits are stable, a hold time of 25
ns is needed to be sure.

The read-only registers place their contents on-
to the data pins when R/*W is high. The total ac-
cess time from when the chip is selected till the data
is placed on the system data bus is 350 ns. Then
it takes a data hold time of 50 ns to stabilize the
bits in the data system.

TESTING
You can check out SID quickly by POKEing the

)

[

POKE 54296,15

~I

READY
POKE 54278,248

—

READY
POKE 54273,17

READY
POKE 54276,17

READY
POKE 54296,105

READY
7

57
/
/
?
/

NN

/ / ////////////////////

Fig. 18-11. You can check out SID quickly with these POKEs.
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numbers in Fig. 18-11 into the SID. It will produce
a continuous tone from voice 1. The first POKE
sets the volume control register. The second POKE
arranges the A/D S/R properly. The third POKE
sets the note in the high frequency range. The
fourth POKE sets the waveform to a sawtooth.
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In a good SID, the note should come on loud
and clear. If it does not the SID has trouble. To turn
off the note, POKE 54296, 0. This shuts down the
volume register. To check out the other voices or
the high freq register, simply substitute the other
register addresses.



19. Inputs and C

SIT AT YOUR COMPUTER YOU and outputs There are two 9 D
em. Your fingers input ¢

are s Any ea yway to check outall the inputand out-
Be51des mterfacmg w1th you the 64 is able to put ports and devices is to let the computer test
receive inputs from joysticks, paddles, and a light itself. A diagnostic program can be used. You can
pen._It.is.also able to output ¢ data directly to the write one for yourself if you are capable or purchase
cassette, disk drive, printer, and modem. The 64, the software. One such program that I've seen is
i AAdTHoT hasarexpansion phug that can conneet- - called 64-Doctor and is found-in software-stores:ft-==
external ROM cartridges and other devices into the is the work of Computer Software Associates, Ran-
memory map. dolph, MA 02368. It comes on a disk or on tape.
Thereare seven port plugs to handle the inputs The 64 Doctor will check out the keyboard, the TV
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monitor, the three voices of SID, the disk system,
the printer, the cassette, and the joysticks. It tells
you whether the device and the ports are operating
correctly or not. The 64 Doctor or a program like
it can be useful in isolating a defective peripheral
system.

CONTROL PORTS

When a joystick, paddle, or light pen refuses to
work either the device is broken or the computer
has a defect. If available, a new input device should
be tried. When the new joystick restores the activi-
ty, then the old one was defective. Should the new
one still not operate, then the computer becomes
the suspect. The place to begin troubleshooting is
at the input control port. There are nine pin ports.
Each port can connect to a joystick or pair of pad-
dles. Port A is also able to have a light pen
plugged into it. These portsare shown in Fig. 19-1.

On each port, pins 7 receive + 5 volts and pins
8 are ground. Pins 1-4 are the joystick inputs. Port
A connects its joystick to the port pins PA0-PA3
of the keyboard CIA. Port B connects to the port
pins PB0-PB3 of the same CIA. Even though the
keyboard columns and rows are also connected to
the same pins, there is no conflict since the
keyboard and joysticks are rarely if ever on at the
same time.

The buttons on the joysticks are connected to
PA4 and PB4 of the CIA. The four joystick posi-
tions and the button are all switches. The position
switches are used to direct the image on the screen,
and the button is a fire switch. The switches con-
nect to the lower five bits of the locations in the
CIAs. The switches are held high till a direction is
chosen or the button is pressed. Then the switch
forces the bit to a low.

The quick way to check out these ten inputs
on the two ports is with the logic probe. A high
should be present when the computer is first
turned on and the keyboard is not touched.

The other two inputs on the control ports are
for the pot x and pot y inputs that go to the SID
chip. These two inputs are checked easily with the
logic probe. They are both lows and remain low all
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the way through to SID.

The light pen shares a pin with the A fire but-
ton input. If the button is working, a good light pen
will too. Test for the high that the button uses to
operate with.

EXPANSION PORTS

The expansion plug is the large 44-pin connector
with 22 connections on the top side and 22 more
on the bottom. This port is the most convenient in-
terface in the 64. It permits the user to attach to
almost every important signal in the machine. The
most important access is to the address and data
bus lines. Also available are the ¢2, R/*W, *IRQ,
*NMI, *RESET, and many others. As a result of
this convenient access, this port is also a good place
to test for most of the signals that are supposed to
be coursing through the computer.

To aid you during point by point checking, the
female edge connector has the upper 22 pins
numbered 1 through 22. The lower edges are la-
beled A through Z with G, I, O and Q missing.
There are four ground connections 1, 22, A and Z.
Pins 2 and 3 are the +5 volt supply. They are
filtered with a 10 uF, 25 WV capacitor.

The eight data bus lines are connected to pins
14-21. The 16 address lines are at pins F-Y. R/*W
is on pin 5, and *IRQ on 4. The bus lines should
all show logic-probe pulses, and the two control
lines are normally held high. To turn on the inter-
rupt, it must be forced low. Pins 8 and 9, *GAME
and *EXROM, are external device inputs to the
PLA and are held high when not being used. Pins
11 and B are *ROML and *ROMH outputs from
the PLA and are also held high when not being
used. They go low when active. Pin C is *RESET
an input or an output. It is also held high when off.
It goes on as it is forced low. *NMI is an unused
input and output at pin D. Pins 7 and 10 are both
outputs from the decoder chip 74L.S239.

¢2 is on pin E. Pin 6 is the video dot clock that
runs at about 8 MHz. All of the system timing is
the result of that frequency. Pin 12 is the bus
available signal BA that originates in the VIC. It
is held high until the VIC takes control of the bus
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Fig. 19-1. The two control ports are able to input data from the joysticks, paddles and the light pen.
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Audio input

Sync &
luminance
from emitter
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PN2222 Q4
video amp
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PN2222's
video amp and
color amps

Fig. 19-3. The audio-video port is an alternative interface for the rf modulator circuit. It can output audio and video or

input external audio.

lines. It goes low three cycles before the VIC goes
into action and stays low till the VIC is finished ac-
cessing and displaying the TV signals.

Pin 13 is the direct memory access, DMA. It
is held high through a 3.3K pullup resistor. An out-
side microprocessor can be connected to this inter-
face and force this line low during a ¢2 low. When
that happens, the R/*W line, the address bus, and
the data bus all three-state. The outside processor
can then time up with VIC and run the 64. When
not in use, it should be high.

AUDIO-VIDEO PORTS

In most of the 64’s in use, there is a five pin audio-
video port. Refer to Fig. 19-3. Pin 1 of the port
receives the sync and luminance signal that has
come out of pin 15 of the VIC and was passed
through the video amplifier (a PN2222 transistor).
Pin 4 of the port receives the composite video that
was formed from the VIC’s color signal. These
signals are easily viewed here on the ordinary TV
scope.

Besides these signals being available individual-
ly at pins 4 and 5 of the port, they are mixed and

sent to pin 3 of the rf modulator. Here again the
signal can be traced right to pin 3 of the modulator.

In some newer models of the 64, the video
amplifiers are placed into the rf modulator and
disappear as discrete components. The VIC outputs
are then injected directly to the rf modulator. There
is still an audio-video port but it is an extension of
the rf modulator box and not a separate entity.

Getting back to the audio-video plug, pin 3 is
the audio output and pin 5 is a convenient audio in-
put. At pin 5, some external device can insert audio
for mixing in the SID chip. Pin 2 is ground for the
port.

SERIAL 1/0 PORT

The serial bus has six pins. Pin 2 is ground, and
pin 6 is connected to *RESET. The other four pins
perform the serial transmission of data. The data
is capable of going in both directions. This port is
illustrated in Fig. 19-4.

Pin 1 is the serial service request in, *SRQ IN.
The *SRQ IN line can be connected to a number
of external devices. *SRQ IN is held high by a 3.3K
pullup resistor. If a device wants service, it pulls

309



Serial
data in/out

Serial
*SRQ IN

*RESET

Serial
C2K infout

Serial
ATN in/out

Fig. 19-4. The serial I/O port performs both the input and output serial transmission of data.

From
To pin 24, *FLAG \ 6510
CIA 1 P3
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3.3K
VVV—%

1 LzJ Ls’_] 4 5 [_SJ

1 FEl [ [©1 [

Cassette Cassette
motor sense
from from
P5 P4
6510 6510

Fig. 19-5. The cassette 1/0 slot is used exclusively to receive and transmit data to the cassette recorder. It also carries
the off-on signal to the cassette.
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*SRQ IN low and the line will know it needs
service.

Once pin 1 goes low, the 64 acts. It brings pin
3, serial attention in/out, SERIAL ATN IN/OUT,
low. If there are any devices on the line, they are
alerted. The devices on the line can do three things.
They can listen, talk, or control. The devices, items
like a disk drive, graphic printer, or others, are all
connected on the same line. They can all listen at
the same time, but only one can talk at a time. The
64 controls the one it wants to talk.

When the 64 brings pin 3 low, all devices lis-
ten, and the one told to talk will respond. The data
that the device sends to the 64 comes in serial fash-

ion, a bit at a time, over pin 5, serial data in/out.
Pin 4 carries a clock signal to sync the timing of
the external devices with the processor. Pin 4 is
called serial clock in/out, SERIAL CLK IN/OUT.

CASSETTE I/0 SLOT

The apparent 12 pins on the cassette slot boil down
to only six since the corresponding top and bottom
pins are tied together. Refer to Fig. 19-5. That is,
A and 1, B and 2, and so forth. When you test A,
you are testing 1 simultaneously. A-1 is the ground
connection and B-2 is the +5 volt supply.

C-3 is the motor switch, E-5 is the write out-
put line, and F-6 is the cassette sense. These lines

P

J&——"RESET

——-0 +5V

—— CNT 1

Serial port 1

CNT2

Serial port 2
*PC (Handshaking)

Service ATN in/out

© 9 Vac \f\
9 Vac f\l

-
o

]

N

FAERFFRAEFFFGRG

,717—__3
(Handshaking) * FLAG 2 —F]
PBO <]

PB1 D]

PB2 €]

PB3 F]

PB4 [H]

PB5 V]

PB6 ]

ver 0
(Handshaking) PA2 V]
r—E

—

Fig. 19-6. The user I/O port interfaces CIA2 to external devices.
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were all discussed in the 6510 chapter. They are
coming from the 6510 pins 26, 25, and 24, which
are P3, P4, and P5 respectively. They are con-
nected to the special I/O register of the 6510. The
setting of the register bits 3, 4, and 5 decide what
action these lines are to take. The 6510 test point
chart shows their normal standby states. P3 is low,
P4 is high, and P5 is held high.

The only remaining pin is the cassette read,
D-4. It is held high by a 3.3K pullup resistor. When
the processor wants to read from the cassette, it
forces D-4 low and the read will take place. D-4 con-
nects to pin 24 of the keyboard CIA. Pin 24 is
*FLAG. When it is pulled low, it signals the chip
that a data transaction is about to take place.

USER CONNECTOR

The 24-pin user connector is the I/0 connector for
the second CIA. The one set of connections is
numbered 1-12 and the other set is labeled A-N,
leaving out G and I. Refer to Fig. 19-6. The
numbered pins connect to all sorts of circuits. The
lettered pins are used with the B port of the CIA.
The connectors can interface the 64 withmany dif-
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ferent types of external devices. The connectors not
only input and output signals, but they also supply
power to some devices.

Pins 1, 12, A, and N are ground. Pin 2 is the
+ 5 volt supply. Pin 3 is attached to the *RESET
circuit. *RESET is held high. If you force it low
by shorting it to ground, the processor will restart
and reinitialize the entire machine. This is a good
service test.

Pins 10 and 11 come from the 64’s power sup-
ply and contain 9 Vac. Pin 9 is another connection
from service attention in, at the serial bus. Pin 8
is a CIA *PC output pin needed for the handshak-
ing type of data transfer.

Pins 5 and 7 are the two serial port I/Os that
the 64 possesses. Pin 5 is SP1 from the keyboard
CIA, and Pins 7 is SP2 from the second CIA. The
two serial ports on the one user connector can be
very convenient for many applications.

The lettered pins are a complete 1/0 port for
the B side of the second CIA. The eight bits of port
B connect to pins C through L. *FLAG on pin B
and bit 2 from the A port are used for handshak-
ing. With proper programming, the port can han-
dle many different devices.



20. Power

PPLY IN THE 64& HAS TWO SEC- open 'up, the transformer or
the circuits are mounted right could start smokmg, and oth

.......

The supply is able i ; , 8 no off-on switch in the adapter so it
volts which is more than enough The + 12 volt re- comes on when plugged in. If the adapter is ok,
quirements are small and are easily handled. There there will be two voltages at the pins of the plug
are six inputs to the computer | from the supply: four  that goes into the computer. At the two pins.on-€i-———

dc and two ac. There are two + 5 Vtypes one +9. . ther srde of the keyway, there should be about 9

Power supply troubles are among the most  should be about +or -5 volts dc Refer to Flg
common in the computer. Typically, the machine 20-1. It will be + 5 volts if you get across the two
simply goes dead as the source voltages go bad. pins one way or -5 volts if you measure the other
The fuse could blow, rectifiers short, regulators way.
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9Vac

Alternate
wiring

9Vac

+5V

Fig. 20-1. The ac-dc plug exiting the ac adapter has test points for vom voltage tests. Pin 5 should have +5 volts when
the unit is plugged in. Pins 6 and 7 each should read 9 Vac.

If either the ac or dc voltage is missing or way
off, there is a defect in the ac adapter. Commodore
recommends replacing the entire adapter unit.
They can be purchased from Commodore for about
$40. It is the easiest and probably the most prac-
tical solution.

Inside the typical adapter casing are a power
transformer, rectifiers, a 5 volt regulator, and some
assorted components. They are shown in Fig. 20-2.
The transformer receives the 120 Vac from the
house receptacle into its primary windings. The
core of the transformer is grounded to the third wire
of the ac plug that goes into the wall socket.

The secondary of the transformer has two
widings. The windings are centertapped to ground.
One winding putsout 9 volts ac across its two sides.
The other winding has its two sides attached to the
anodes of a pair of diodes. The cathodes of the
diodes are tied together, and their output is fed to
the input of a 3052P regulator.

The input and output sides of the regulator are
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bypassed to ground. The common of the regulator
is connected to ground through a 37 ohm resistor.
The wiring of the 3052P regulator is conventional
and the output is rated at +5 volts and is able to
supply one ampere.

When you test the ac adapter and find the +5
volts is missing and the 9 Vac is present, chances
are good that the regulator has failed. If you are
able to gain access to the regulator, however, you'll
find that it is not easily available. It is easier to sim-
ply spend the $40 and get a new reliable adapter.

The adapters are semisealed by Commodore.
If you want to take one apart it is possible, although
it is also possible to ruin it in the process. The first
step in taking it apart is to make sure that it is not
plugged in! It does contain dangerous voltages
when it is plugged in.

With a thin screwdriver you could gingerly pry
off the nameplate side of the case. Once you get
the nameplate off you will be confronted with a
thick layer of epoxy. You will have to break off the
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@ Fig. 20-2. The typical ac adapter that produces voltages for a computer like this one is based around a power transformer with two secondaries. The loss
wn of +5 volts is often due to failure of the 3052P regulator in one of the secondary circuits.



epoxy layer, being careful since the epoxy contains
imbedded wiring. The components will be buried
beneath the epoxy.

Should you be able to safely repair the wiring
faults, retrace your steps till you have the unit back
together. Again let me mention that the adapter
unit was designed as a throwaway and it might not
be practical or reliable to repair it unless you are
an experienced electronic wireman.

When the 9 Vac and the +5 volt dc are pres-
ent, the ac adapter is considered good and the rest
of the supply inside the computer is to be checked
next.

FUSE CONSIDERATIONS

Once the adapter is deemed ok but the computer
appears dead, the next move is to look at the fuse,
a 1 amp, 250 V, 3AG type. When the fuse is open
and it is replaced, the computer will probably start
operating. If it does not and the fuse blows again,
there is a short circuit in the input circuit. This cir-
cuit is shown in Master Schematic 9.

The fuse isin the input line that connects 9 Vac
to the bridge rectifier network. A short in any of
the components in that line could possibly blow the
fuse. Test the bridge rectifier, the 7805 voltage
regulator, and the four bypass capacitors in the in-
put and output of the regulator.

When the fuse is blowing continually and a
checkout of the 7805 regulator line bears no fruit,
there is an outside possibility that the tap from the
fuse connection to the user port might have a short
to ground. Follow the copper trace from one end
to the other.

Another reason for the 64 to be dead is a
faulty off-on switch. The switch has two sections.
One section connects the 9 Vac to the board and
the other section attaches the + 5 volts to the print
board. If either section of the switch opens per-
manently, replace the switch.

SOURCE CHECKING

When the computer is dead and the fuse and off-
on switch are intact, the voltmeter is needed.
Touchdown at the bridge rectifier inputs. There
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should be 9 Vac there. If the ac voltage is missing,
work back across the components to the input
where the 9 Vac is entering the board. The com-
ponents are some bypass capacitors and the input
coil. An open coil, defective capacitor, or board
short could kill the correct voltage.

There are a number of different supply con-
figurations in various 64 models. As time goes by,
there could be more circuit changes. Basically
though, they all use similar principles. Typically,
the bridge diodes receive 9 Vac at junctions 4 and
6 of the four diode junctions. The junctions are op-
posite to each other. Refer to Master Schematic 9.

Junction 3 is grounded. The fourth junction, 1,
outputs about + 12 volts dc. Test for this voltage.
If it is missing the bridge circuit could be bad, or
one of the two capacitors in the regulator input line
could be defective. The + 12 volt output is not able
to deliver much current, but it is handy for circuits
that need the voltage potential but do not draw
much current. The circuit ends up as three supply
lines that originate out of the bridge diode unit. Re-
fer to Master Schematic 10.

One line receives the diode output over top of
two capacitors into a 7805 regulator device. As the
number implies, it is a 5 volt regulator. A quick test
of the line is made at the output of the regulator.
There should be + 5 volts there. If it is not and the
voltages up to that point were ok, chances are good
that the regulator has quit. If the regulator turns
out to be good, the next suspects are the two
capacitors in the output line: a 10 xF at 25 WV and
a 0.1 uF. Should they all check out fine, then there
might be a board short or a defect in one of the cir-
cuits that the line is energizing.

When this supply line checks out ok, look for
the + 12 volt line. It originates out of the bridge too.
It has a series filter of 470 xF at 50 WV, a series
diode, and a pair of input bypass capacitors. The
resulting voltage, about + 21 volts is put into the
input of a 7812, 12 volt regulator.

The voltage can be tested at the input and out-
put of the regulator. The input should be about + 21
volts dc and the output about +12 volts dc. It is
needed in circuits like the audio output to power
the PN2222 transistor. If either voltage is incorrect



or missing, any of the components in the line could
be bad with the regulator being the prime suspect.

A third line is tapped off in this same area after
the series filter. A series diode is the only compo-
nent in this line. The output is an unregulated +9
volt dc. This voltage is used in the cassette motor
control circuit to power the collectors of three
discrete transistors.

THE MAIN LINE

Most of the other circuits are energized by a well
regulated +5 volts. The regulator and its circuit
components are confined in the sealed ac adapter.
The regulated + 5 volts enters the 64 through the

power input plug. The dc input line is composed
of a series coil, L5, with two 0.22 uF bypass
capacitors on either side of the coil, one side of the
off-on switch, and two capacitors performing some
filtering. The line connects to practically every cir-
cuit and there are numerous bypass capacitors all
over the board connected to the line. Refer to Mas-
ter Schematic 9.

The voltage can be tested from the input pin
to any destination. If you start at the input pin and
the voltage is there, check out the line by crossing
over component by component. If the voltage sud-
denly disappears, you probably have just passed
over the defect.
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- \F N W W
2V aVs IIEH!H. +5 V
2 a3
E (‘ > 5| PA° DOy [
¢ 7| A6 D2l
(CCCQ ( 6| PAS 30 2
(L (¢ ¢ O oalzs a
N (™ o2
(¢ (O 0% a7 S
CCC(¢ oA 4 £
> 4 > PA7 D7 |
[ \ Data
L LN 10 6526 38 A0
- > PBO RSO
( ¢ E E E ikl ey CA  Rey 2; A1
‘ ( ¢ :3 P2 ” N D A3
{ e RS2
1
C( 15 PB4 -csp3 PLi,n?2
PB5 22
[ ( 16 PB6 RI*W =2 RI'W
Ji ‘12 PB3 “Raf-2— 'RQ
_20 ‘PC 22 42
o |V “RES|2——— *RES
,; 01 29 *FLAG [ 24 Cassette read
sp
[l
CNT
GND  TOD
b

60 Hz

*NMI

NC 45V
0.1
5
6
7
us 1/6
7406N

}

To CN6 D
cartridge
expansion
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)
YO 2
4
Y1 20 POT x
8 3 (SID)
_—_Ti_‘Yz 4066 Z1 »POT y
——1" Uz 22 o |
E3
{E!
:Eo
+5V
]
= --A
1 41 A5
T T
! 5! A1
I 7! A3
1 33K 9! arp
r I
L__H:P.t....l
g
a
D7D0__ Data bus @
A0 o
Al @ /
A2 >
a3 g g
o I
o
[ =
©w
Z g
Q o
§ o
+5V o
+5V 9 cag & o +5V
> g
'l @ o
o 0] 14| 01 3 H R36
12[ RST  Vee 176 Q K
caa = THR 8 13 7406N | » g
10 12 OVUT >z 13 {
13 2
25,\-7;' DIS 556 % o
U20 1 8
RSO M g CV}—NC o
+5V o—'vw—l—- Trigger G
C105 *RES
01 [ v
&
©
&
Bus D7-DO Data bus
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"IRQ

L

30

31

32

33

34

35

36

37

40

A15
A14
A13
A12
Al1
A10
A9
A8
A7
A6
A5
A4
A3
A2
Al
A0

D7

D5
D4
D3

D2
D1
DO

*RES
*NM
$2

6510
MPU
u7

PO

P1
P2

90

GND AEC

r—VVW—°
w
w
X
Sense
FB1

Cassette CN3

N

[]

Write

29 'LORAM

Cassette read

+9

100

[y}

-]

FB2
M
@
2]

i Motor

\"

28 "HIRAM

27 *CHARE

» (PLA)
N

From VIC

139 38 |21

2

RI'W

w

AND

1/4 74LS08
u27

1/4

‘DMA 110 19 |BA

From
viC

74LS08
uz27

5
———<*DMA

4
6 / ———< AEC
3 AND
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e Clock
PAL
i E2
+5V
? Jumper
select
PN2222
Q7
ripple
filter 682 ,-nl—
4
12 PRE
74LS74
C85 flip-flop 5
15K +5V «@U® a
R19 ?
'jon f2]7]8] +sv
Cs6 Q
ps 7 J___J
9| 14 13| 4 10§13
Vce 9 11
Q CK e
5 Frequency-phase 2
10 MC4044 74.574
U32 .
¢ zero flip-flop
- 7 2 [ u29
8 12
*Q D—-]
)
‘I
0
L,
From
VvIC
Pin 17

326



+5V

068
15 16
R27 1 veo Vee
2K 14.31818
0281 ||—|ﬂ|- — JMHz
V2 1 0pF VIC inputs
74LS629N
oscillator Pin 21
8 1
U31 “EN ¢ color
9 ;7
GND 10 —
ang T —LFB16 | —
177 G -

14 Pin 22
dot
clock

055 Dot

FB1 clock
+5V ;; 923 7 I8.1818 MHZ
15K C36
4 |5 Rreal o.1 s 7 ;20 PF
1|DOWN UP Y 50V
C cs7
10 4
5 B (01:15}
D 1/2 I 39 pF
8lqc 74LS193 | 74LSeN g :r 50 V
binary oscillator
counter U31
+5V u30
-]
16 12
" Vce CRY|> Freq
Akl
A Loapl | control
0.1—1‘- i 2
C74 CL GND ==33pF
[14 8 I (of:k]
/7
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/ VIC address VIC address bus
<
(@]
a
2 | e
a 3
(7]
o lenYT
4 (A7) +5VC30
7 o
< 0.1
o 15 16
*OE Vcc 11
Q
S Y3 7s1s088 a0
& ( [12 14
) Y1 U14 A2
B2 A
&Yz L5 VA
6
B1
4 YO 2 *VA
AQ I—\|—<
3 14
BO
*SELA GND
J1 |8
*CAS
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VIiC

+5V

®
address ) »—j
S W W C45
01
20
V
CcC
DO Qo 1 AO
Al] >»
—~\—D1 Q1 ol &
+—~—~—D2 Q2 e 3
—J-~l—-——D3 7415373 Q3 v §
4~ —-D4 u26 Q4 o 7]
L~} ——D5 Qs z
A6 g
\ L~ D6 Q6
A A7
U D7 Q7
*OE GND STB
1 10 "
AEC *RAS
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R28
5 *RES
DATA
i 5 CLK
Q 4 g
g ATN
52
50| 3 4 1
&3 . +5V
33K
2 RP3 e _
; Cassette r +5V ‘: FB8
read | '
CNT |
4 33 €33l L ==
sp | s [ K Skl —1FB9 |
r—-1-=-l-- | !
| 33 33| o [AN ; " > {Fer |-
'K K:GCNT . (7 [s [L_‘
. ] i
! | 7 1SR ! I
: i L _ V2RP3 |
' yv2 me3z |
2 _RP3 [
g |PC
w222
¢ e
o PB2
£
5 £ |PB3
Q
5o u |PB4
L8 , |PBS
« [
gy -2
s [[FLAG
3 | ‘RES \f\ 9Vac
+5V f\/ 9Vac
c 10
11
2
N
A
12
1
777
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1= - - T 7 2 +5V
| ’ 7
| c3
V2 | I =01
| 7406 N ,;
| us [
( 1 21 20
| /I | RQ Vce 33 ]
— 3, M eas Do H
I N I D1 s
./I 3 S
18 9 1 6 PA4 D2 2 o
1 \, I D3
\ ./] bl 22
N 2 11 5 PA3 28 o
i \l | D5 >7 =]
[, J 9 D6 26 B
={PA7 D7
PA6 20
;‘; CNT Rso|28
I os2s  PSI :;
PC rs2f28
4 CIA2 35 A3
PA2 u2 RS3
10
7180 23 uts
PB1 S i 1
12
131782 RIrwfE2 ——RI'W
PB:
1l o 02|22
PB4 34
5| pgs *RES|~—————<"RES
lpB6
1717 , ToPLA&UM4
24 PAO — 3"VA14
‘FLAG VAts
N PAl | —————
F'Rpa 2 7 To U14
L | GND TQD
| 3.3K | : T
! | ,7l7
L--p—- 60 Hz
+5V
6.8K
+5V I
q R 37
ca6 I

+5V 0]

RS
1.5 K

13

14-——_|_,;gm
o\

é
i

5

u27 14
741508

1N4371
2V
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OV-SLY SNq ssappy

Ov-Glv snq ssaippy

/ A15-A0 Address Data bus
Q+5V
0.47
—
Ca4 +5V
16
A0 13 Yol12
BO ) D1
A8 14 Y19 2
A0 3] & 8 |14 |2
A1 ©]o, 7as2s7 V2T gl <
A9 1] oy u2s Y3|4 < RP2
A2 6la, )
AT0 3 Multi- E
re) 3 A2 plexer &
YT >183 < 4164-2
A3 u9
‘OE *SELA - RAM
8 2 "
Q
*CAS 2
o
£
=
[
| VIC address <
2
bed o |
+5V <« g
047 b 3
°
c29 RP1 4164-2
16 r==—==1 u21
A4 13 RAM
80 vol2 L I 3 | n p
A12 14 T3 4
A5 P i yiZ {33 10
e aB! 7ases7 ARG
A1 U3 y2l4 , .33 1 13
A g2 muiti- [ AT
A4 2 A2 Plexer y3 9 J_A‘V&._I___g
A7 10 83 l7 8,
A15 1} ——— == 16 |14 |2
A3 Ele
‘OE “SELA S 56
l Ie
*CAS
(A6) —<Pin 4
AEC (A7) ]74L8258 u14
—< Pin 7
Address bus A15-A0 Address bus A15-A0
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Data bus D7-DO

Data bus D7-DO

Databus D7-DO

Data

]

VIC address bus

15

D3 | D5 D7 |

14 |2 |14 2 14 |2

4164-2 4164-2 4164-2

u10 un u12

RAM RAM RAM -

#3 #5 #7 £
(&}
s
<
19
E
°
®
b
[}
£
[=%
[
E
]
1]
e

4164-2 4164-2 4164-2

u22 u23 u24

RAM RAM RAM

#2 #4 #6

[14 2 Im 2 14 |2

D2 D4 D6

*CASRAM R42
——\\—
33

BAS ¢ pin 18 VIC

NE ___cRrweso Fya) ]!

Address A15-A0
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VIC address bus

VIC address bus

<
o D7-DO Data bus D7-DO Data bus
']
[«%
[«%
3
& ™
o A12
c
oW
+5V
g 2
3 C4 Iﬁfcs L Y cé
) 0.47 047 /?; 047
g 24 21 21 ;7@
® 10 8 A12 A12
2 A1 7
[4,]
3 21
6
8 |A2 o 17
A3 5] £ —_—
2 6
A4 4 @ o L ——
JRSS— | 3 2364A 2364A 5 l1s
L
A5 3 7 u3 U4 @ 144
@ 2332A 2
A6 2l 3 BASIC Kernal Us ® g
CASRAM A7 ! GE> ROM ROM Character g 1
© a
AB 23 7] ROM [} 10
A9 22| @ E rE
172 L
A10 19 °
A1 18
‘CS ‘CS CS1
|1z 20 20 20
Z
a
] *CHAROM
v
o
& z
> KERNAL z
o o
> o
° *BASIC
A0 Add/ Address bus A15-A0
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VIC address bus

VIC address bus

D7-DO Data bus
D7|
D6
D5
D4
D3
D2
D1
DO
+5V
ca T
047
18
A0 5 Vce 1
A1 6 b3 "
A2 7 D2
A3 4 D1 13
A4 3 214 14
D
A5 2 ue 0
A6 1 color
A7 17 RAM
A8 16
A9 15
10},
A A A — WE
GND *CS
l9 8

Address bus A15-A0

i
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D7-D0 data \
) -
[a] 8 [a] 8
30
A6
1 4] 8l D0 7
Y0 YT Y2 ¥3 o 5
Vool—14 D2 5
c32 D3 4
4066 0. D4 3
u16 D5 2
12 9 |D6 1
E3 8
7 & | D7
Sle2 Vss g ::_9,
Slen /J7 e $0- FB23 140 OuT
13e0 S *RAS *RAS
20 Z1 Z2 Z3 8 “CAS+ 19].cas
) . 81IR
2 9 IRQe— Q
AEC _\HHR—— g 35| p11
b o 2 1p10
L4 c 37
G D9
P—\|7 '3 ag o8
g 23
34
33
32
8A
12[
=N
-| ©
o | %[22
= ———

Address bus A15-A0 Address bus A15-A0
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&

+5V

FB6

—m—_C16

I
1

Q+5V
N
o
m
w
C60
™I 1 cio1
to‘4g 01
31 a0
A7 Vcc
AS-A13 22
AG-AT2 (=
A3-A1 L
A2-AI0FE C15
25 10 +
A1-A9 o5
24
osor AO-AB WV
u1e Voo13 FB12 et o+12V
370  0.25 Co4
C53 10
5 25WV
SYNC and LUM {FB15}
coLorp4 {FB1a}~ 3
AECHS > AEC
Light 9 CN9
pen [} "~ Pin6
RI*W < RI*W
ant
z A0 22
3 A9 ;3;:
A8
% N *CS
2 22 [0
x
Q
9
O
'q" A 4
I O
s al wvic
@ /
@
2| 81emHz
<
- o| ~
SR R R
~N
<

Address bus A15-A0

rf modulator

Case

Audio output

5 6

-

Composite
video

Channels
3or4
audio-
video
output

Luminance

Video
CNS
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Power supply

1l
°

9Vac

0.22

( Pin7 o— '
1

i
| |
| 1
| |

022 | | 100==cC21

TOOWWM | wv-]_

_ l '
| [
]

L C99

b o e J;m

Power input plug CN7

0.22 0.22-]"0100
25 WV T

| Pin2 o O—
Shield
ground
— — — =/
v
LED !
circuit | |
Q1 42 3 +5V
(=]
N
o R39
390
-
i FB21 I
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To
u27
74L.S08

9vac J\
9Vac f\/

9 Vac
9 Vac
VCI:MRO48 Bridge
rectifier
F1 \ 6 4
< ' — 1~ — 7/
\ ) )
1amp
3! Iy
|
~ o
! =4 - - —-
| 6
|
1 SW1
|
|
‘v‘\kt J_ l » +5V
+
Co1 C92
100 0.22
16 WV
+5V
Vce Pin 8 all RAM chips
#0 #1

#7

o]
10 ==

=1 C40= C25T

25
WV 0.22 0.22

#2
— Ca1 J—

0.22 0.22

43 #4 #5

c26 == 042% 027% ca3

0.22 0.22 0.22

__.||_~;

ml
Ml

»
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Power supply

+12V

16WV
/777
21
C90 RS +21v
9 Vac E+ _ 1
457(? J_+ 1089
css8 0.1
wv CR6 470
50
WV
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VR2

2
» +5V

10

7805 ' ' -
+

C103 _[. |.:-’]-._‘ Cc102

0.1 25WV

177

VR1

» +12V

7812 ' '
L5
L)

3 C59 C57
/J7 022 —— o
25 WV

/77

—» +9V

Unregulated
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*CASRAM
Q
1 ] c33
*VA14 047
\ | .
r 28
*CAS 9 Vce 18
-LORAM 8] :? Fo -
. ) .
CHAREN Z 3 F2 16 *KERNAL
14 .
A15 2 s F3 15 *CHAROM
Al4 3 13 GR/ ‘W
A13 2]'® Fa
17 82S100 12 *1/0
A12 27| 4 PLA F5
To P BA ;: 19 u17 F6 1
Va7 AEC >——110 10
rva F7
112 FE 1 NC
22 113
21
R/*W e |4 20 14
15 14
R51 GND
+5Vi—AA—|r— . 19
1.5K OE
+5V 777
] 6 PN A4-12 VvIC
3.3K AS-A13‘ address
8 *GAME bus
—VVVv—/
3.3K a8 *EXROM
RP4
R/*W
BA
{ Address bus A15-A0 address
‘2 SEMO|Nj+~]O ~ o~
| | <) 3| <] 2 2<|L|2|2|2|2|=|2
FHJKLMNPRSTUVWXY 12 5
Cartridge expansion CN6
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ano | e
+5V
o —
) 10 9
- 1 o1
<| < ;;031
AEC
3 |2 4  *VIC
5 *SID ' T T
“EN74LS139 6 ‘COLORY T T
12 V15 7  *CIAS
13 |a (CIA*CS)
' 12
> Pin 23 CIA1
15 L » pinl23/CIA 2
*EN74LS139 10
12 U15 9
*ROM H
*‘ROM L ) .
7 Disk addressing
Z-80 addressing
RP4
+5V
To 112
74L.S08
t Bus data bus D7-DO }
—
o
o ~Nlolwl sl o] ~|O
o] - (a1 l=1 =] [=] F=] E=] k=] (=]
13 9 8 B 11 10 7 14 15 16 17 18 19 20 21
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SIRARP P
o]
[ =
(7]
X
5 12
1
10
o 5 9
? [+
o LO7 22
c [D6 21
D5 20
D4 19
[m]
® D3 18
D2 17
D1 16
DO 15
A 24
POT x ' ' POT x
23
POT y c93 POT y
1000 p I _L
cas 7
R/*W >——
1000 p / *CS
8
*SID
*RES >
Dot
* 2 >
NMI clock ¢
/J7 8.1818
MHz
Z A221 D 6
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°“,¥

470

C51 Ccs2 062
25 wvVv

Audio output

Q2 wn
v 2
<0
Audio‘in
0 15V
Cs50 Cc49 C34
0.22/; 470 l
25 wv C13
28 25 L‘HO
Voo Voo +| 25WV
6581
U18
SiD AUD
ouT
External |26 +711 C1
in 110
0035”1 J25 wv
GND*RES ¢2 /I
14[ 5 6
+5V
+] C17
o tL 10
& 25 WV
C E

345






Index






IndeXx

A
access time, 232
accessing peripherals, 233
accumulator, 200
address assignments, 237

address bus connections, 237

address bus, 58, 236
address signals, 232
addressing the decks, 221
addressing, 60, 192, 253
ALU, 195

AND, 111, 165

ANDing, 188

arithmetic logic unit, 195
audio/video ports, 309

B
BASIC ROM, 37, 90, 97, 99
binary, 1563
bit map modes, 279
block diagram, 138
board defects, 27
buses, 236

(o4
cassette /0 slot, 311
cassette, 4, 61
character color, 276

character fetch, 276
character modes, 278

character ROM, 37, 68, 90. 96

chip inserter, 54

chip location guide, 31, 40
chip removal, 53

chip replacement, 39, 42, 52
chip sockets, 39, 52
chips, soldered-in, 55
CIA addressing, 253
CIA controlling, 253
CIA data transfer, 255
CIA operation, 265
CIA read timing, 257
CIA timers, 259

CIA timing, 255

CIA write timing, 255
CIA, 8, 34, 61, 253
circuit board, 8
cleaning, 28

clearing, register, 185
clock signals, 242
clock, 224

clock, real time, 259
CMOS, 50

color missing, 4

color RAM, 37, 68, 75
color signal, 66, 286

color, character, 276

complementing, register, 187

complex interface adapter, 8, 34, 61,
253

condition code register, 195

continuity tester, 248

control bus, 58, 236, 241

control line tests, 249

control lines, 58, 236, 241

control ports, 306

counter, up/down, 116, 179

CRT, 1

D
D-type latch, 126
data bus, 9, 58, 236, 239, 271
data timing, 232
dead computer, 1
decimal, 153
decoder, 2-of-4, 118
decoding, 203
decrementing, register, 188
default map, 217, 222
delay time, 233
desoldering, 3
diagnostic prr gramming, 5
diagnostic p. ugrams, 7
DIP package, 50
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disassembly as a cure, 24

disassembly, 16

disassembly, removing the circuit
board, 19

disassembly, removing the top, 16

disassembly, tools, 16

disk system, 4

displaying characters, 275

DTL, 42

dynamic RAM operation, 84

dynamic RAM timing, 86

E
825100, 38, 52, 102, 237
electrostatic damage, 28
empty display block, 4
envelope generator registers, 297
expansion ports, 306
extended color mode, 279
external device troubles, 4
extraction tool, 53

F
failures, common, 1

falling edge, 225

fan-in, 43

fanout, 43

FET, 43, 48

fetch and execute cycle, 61, 203
filter registers, 299

first voice registers, 297

556 timer, 131, 182, 210

flag register, 207

flip-flop, 114, 174, 176

4044, 130, 136, 226, 239

4164, 36, 53, 73, 83

freeze aerosol liquid, 41

fuse considerations, 316

G
garbage display, 3, 40
graphics, 275
ground plane short, 26
ground plane, 24

H
handshake, 62, 64
handshaking, 259
heatsink, 56
hex inverter, 109
hex, 156
hexadecimal, 156
hold time, 232, 233, 255

|
/O port, 214, 217, 257
/O signals, 217
incrementing, register, 188
index register, 206
inputs, 305

350

instruction byte, 202
instruction set, 202

interrupt control register, 262
interrupt register, 285
interrupt request line, 241
interrupt, 195, 209

*IRQ line, 241

J
joysticks, 4, 61, 265
jump table, 100, 101
jumping, 188

K
kernal ROM, 37, 90, 97, 100
keyboard, 4, 8, 61, 265

L
light pen, 285
logic gate testing, 172
logic gates, 153, 158
logic manipulations, 197
logic probe, 47
LSI chips, 57
luminance signal, 66, 286

M
main line, 317
masking, 198, 263
master schematic, 321
memory decks, 218
memory layout, 82
memory map, 12, 214, 236, 237
memory page, 218
memory refresh, 82
microprocessor, 9, 34, 52, 57, 101,
140, 143, 147, 151, 192, 214,
228
mode/volume register, 299
MOS, 28, 48, 55
MOSFET, 79
MPU and CIA interface, 143
MPU and dynamic RAM, 140
MPU and ROM, 143
MPU and SID, 151
MPU and VIC, 147
MPU timing, 228
multi-color character mode, 279
multiplexer, 121, 122

N
NAND, 45
NMOS, 50
NOR, 172
NOT, 163

o
offset, 206
operating system, 97, 101
OR, 169
ORing, 188

oscillator chip, 224
outputs, 305

P

paddles, 4

page, memory, 218

PEEK and POKE tests, 249
PEEK, 6, 158, 223

¢0, 226, 228, 235, 242

¢1, 89, 228, 230, 232, 233
¢2, 89, 228, 230, 232, 233
PLA, 38, 52, 102, 237
PMOS, 50

POKE, 6, 158, 223
portability, 101

power supply troubles, 313
printer, 61

problems, common, 1
program counter, 153, 203, 206, 214
programmable logic array, 38
programs, 202

R
R/*W line, 241
RAM dynamic, 77
RAM, 7, 9, 36, 73
RAM, color, 37, 38, 53, 73, 75, 82
RAM, dynamic, 36, 53, 73, 83
RAM, static, 38, 53, 73, 74, 75, 82
raster register, 284
read/write line, 241
reading the decks, 211
refresh timing, 88
register clearing, 185
register complementing, 187
register shifting, 184
registers, 158, 174
registers, computing, 183
reset line, 242
resister decrementing, 188
resister incrementing, 188
resoldering, 56
rf modulator, 38
rising edge, 225
ROM, 7, 9, 90
ROM, BASIC, 37, 90, 97, 99
ROM, character, 37, 68, 90, 93, 96
ROM, kernal, 37, 90, 97, 100
RTL, 42

S
schematic for the C64, 321-345
screen editor, 100
serial data register, 262
serial I/O ports, 309service charts,
107
setup time, 232, 235
7406, 109
74LS08, 111
74LS74, 114, 176
74L.S139, 118, 290



74LS193, 116, 176, 179

7418257, 121, 140, 169

7415258, 122, 178

7418373, 126, 176, 178

74L.S629, 137, 224, 226

7805, 316

7812, 137, 316

shifting, 197

shifting, register, 184

SID inputs, 293

SID operation, 293

SID registers, 295

SID timing, 303

SID, 15, 35, 69, 290

sine wave, 224

64 Doctor, 7, 305

6502, 52, 58

6581, 15, 35, 69, 290

6567, 34, 65, 147

6510, 9, 34, 52, 57, 101, 140, 143,
147, 151, 192, 214, 228

6526, 34, 52, 61

6581, 69, 151

sockets, 52

solder suckers, 56

sound interface device, 15, 35, 69,
290

sound missing, 4

source checking, 316

special address lines, 271

sprites, 280

square wave, 224

Edited by Brint Rutherford

stack pointer, 194

stack, 100, 194

standard character mode, 279
static electricity precautions, 28, 30
static electricity, 28, 48, 55
switch, bilateral, 130

symptoms, common, 1

sync signal, 66, 286

T
testing the bus lines, 242
testing the clock, 233
testing the SID, 303
testing the VIC, 289
testing, 211
testing, CIA, 268
testing, logic gate, 172
testing, MPU,211
tests, control line, 249
tests, PEEK and POKE, 249
three-state, 46
timer, 131, 182, 259
timing, CIA, 255
timing, data, 232
timing, MPU, 228
timing, refresh, 228
trouble location, power supply, 313
troubleshooting charts, 15
TTL, 28, 42, 48
TV display, 1
2114, 37, 38, 53, 73, 75, 82
2364, 37, 90, 97, 99, 100

2332, 37, 68, 90, 93, 96

U
user connector, 312

v
vector addresses, 211
VIC operation, 269
VIC, 9, 12, 34, 38, 52, 65, 269
video display modes, 275
video interface chip, 9, 12, 34, 38,
52, 65, 269
video missing, 4
video output, 286
video/audio ports, 309
visual inspection, 26
voice control register, 297
vom, 47, 107

w
working frequency, 225
wrist strap, 29
writing to the decks, 211

X
XNOR, 172
XOR, 171

\
YES, 161
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Other Bestsellers From TAB

(0 BUILD YOUR OWN IBM® COMPATIBLE AND SAVE
A BUNDLE—Aubrey Pilgrim

Now you can have your own PC, XT, AT, or compati-
ble for hundreds, even thousands, of dollars less than com-
parable, factory-built systems. This book shows how to buy
the needed components and peripherals—disk drives,
mother board, keyboards, hard drives, printers, video
adapter boards, etc. Then, following the author’s instruc-
tions, you’ll be able to connect all these parts to produce
your own customized microcomputer! 224 pp., 108 illus.
Paper $14.95 Hard $22.95
Book No. 2831

0 COMPACT DISC PLAYER MAINTENANCE AND
REPAIR—Gordon McComb and John Cook

Packed with quick and reliable answers to the problems
of maintaining and repairing CD players, this illustrated, do-
it-yourself guide takes the apprehension out of first-time
repairs. Master repairman Gordon McComb takes away the
mystery that surrounds these seemingly complicated devices
and gives you the confidence you need to repair minor mal-
functions (the cause of more than 50% of CD player prob-
lems). 256 pp., 193 illus.
Paper $12.95
Book No. 2790

Hard $18.95

0 COMPUTER PERIPHERALS THAT YOU CAN
BUILD—2nd Edition—Dr. Gordon W. Wolfe

Includes state-of-the-art interfacing techniques and
peripheral devices for all of today’s most popular computers!
You'll learn how to create an interface for the IBM® PC and
all of its *‘plug-compatibles,’ all Apple® products including
the Macintosh™, all Tandy/Radio Shack products, and the
Commodore 64™/128™. And you’ll build peripherals rang-
ing from sense switches, clocks, and interrupt timers to four
different types of analog-to-digital converters, an x-y plotter
for data output, a mouse, and bar code readers. 304 pp.,
262 illus.
Paper $16.95
Book No. 2749

Hard $22.95

O  THE ILLUSTRATED DICTIONARY OF
MICROCOMPUTERS—2nd Edition—Michael Hordeski
Little more than a decade after the introduction of the
first microprocessors, microcomputers have made a major
impact on every area of today’s business, industry, and per-
sonal lifestyles. The result: a whole new language of terms
and concepts reflecting this rapidly developing technology
... and a vital need for current, accurate explanations of
whatthese terms and concepts mean. Michael Hordeskihas
provided just that in this completely revised and greatly ex-
panded new second edition of The lllustrated Dictionary of
Microcomputers! 368 pp., 357 illus. Large, Desk-Top For-
mat (7" x 10").
Paper $14.95
Book No. 2688

Hard $24.95

(0 COMMODORE 128™ DATA FILE
PROGRAMMING—David Miller

Of all programming topics, file handling is the one that
most intimidates beginning and intermediate programmers
alike. Now, David Miller has developed a guide for C-128
users that takes the misery and mystery out of learning to
use the C-128 file structure. After completing this book, you
will fully understand what files are and how to use them—
plus you’ll be able to create your own sequential and rela-
tive access files! 290 pp., 4 illus.
Paper $16.95
Book No. 2805

Hard $21.95

0 TROUBLESHOOTING TECHNIQUES FOR
MICROPROCESSOR-CONTROLLED VIDEO
EQUIPMENT—Bob Goodman

With this excellent introduction to servicing these ‘‘elec-
tronic brains’’ used in everything from color TVs and remote
control systems to video cassette recorders and disc players,
electronics service technicians, engineers, computer ser-
vice technicians, even advanced electronic hobbyists can
learn how to get to the heart of most any problem and solve
it skillfully and confidently. Includes dozens of handy hints
and tips on the types of problems that most often occur in
microprocessors and the easiest way todeal with them. 352
pp., 232 illus.
Paper $16.95
Book No. 2758

Hard $24.95

0 30 CUSTOMIZED MICROPROCESSOR
PROJECTS—Delton T. Horn

Here it is! The electronics project guide that you've been
asking for—a complete sourcebook on designing and build-
ing special purpose computer devices around the Z80
microprocessor! This is where you'll find all the information
you need not only to construct the specific custom-dedicated
CPU projects supplied by the author, but also how to cus-
tomize these devices for your own individual applications!
322 pp., 211 illus.
Paper $14.95
Book No. 2705

Hard $22.95

(0 COMMODORE 64™/128™ GRAPHICS AND
SOUND PROGRAMMING—2nd Edition—Krute

Here's all the hands-on, learn-by-doing information
you'll need to start taking full advantage of your Commo-
dore’s exceptional graphics powers—sprite, character, and
bit-mapped graphics. Plus, you'll find out how to utilize your
machine’s advanced three-voice music synthesizer chip.
Best of all, you’ll find a whole collection of ready-to-run pro-
grams to demonstrate how each concept works! 272 pp.,
157 illus. Large Format (7" x 10").
Paper $14.95
Book No. 2640

Hard $22.95
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O THE COMPUTER SECURITY HANDBOOK—Richard
H. Baker

Electronic breaking and entering into computer systems
used by business, industry and personal computerists has
reached epidemic proportions. That’s why this up-to-date
sourcebook is so important. It provides a realistic examina-
tion of today’s computer security problems, shows you how
to analyze your home and business security needs, and
gives you guidance in planning your own computer secu-
rity system. 288 pp., 61 illus. 7" x 10".
Hard $25.00 Book No. 2608

0O PRACTICAL INTERFACING PROJECTS WITH THE
COMMODORE™ COMPUTERS—Robert H. Luetzow
Hands-on techniques for transforming your C-64, C-16,
Plus/4, VIC-20 or the new C-128into an accurate controller
for science, engineering, or home and hobby electronics ap-
plications. Includes over 80 different software programs, plus
an introduction to using machine language for controlling
I/O projects. This sourcebook will have you using your Com-
modore in exciting new ways. 256 pp., 256 illus.
Paper $16.95 Book No. 1983

O COMMODORE 64™ EXPANSION GUIDE—Gary
Phillips

Far more than just a product listing or a rehash of
manufacturers’ sales brochures, these are the best of the
hundreds of hardware accessories currently on the market
.. . each one chosen for value and performance after ex-
haustive testing and examination. You'll find in-depth back-
ground on each type of device—printers, disk drives,
modems, monitors, and photographic details. 288 pp., 31
illus.
Paper $16.95
Book No. 1961

O ONLINE RESEARCH AND RETRIEVAL WITH
MICROCOMPUTERS—Nahum Goldmann

This time-saving guide shows you how to turn a micro
into an invaluable research “‘tool’”” for digging up informa-
tion from databases across the country. Using Nahum Gold-
mann’s ‘‘Subject Expert Searching Technique,”’
businessmen, engineers, physicians, lawyers, professors,
and students can quickly and easily retrieve information in
the comfort of their work station. 208 pp., 119 illus.
Hard $25.00 Book No. 1947

[ COMMODORE 64™ ADVANCED GAME DESIGN—
Schwenk

Professional game designers George and Nancy
Schwenk reveal their winning formula for creating stimulat-
ing, professional-quality microcomputer games for family fun
and even profit! Using three fully-developed C-64 games to
illustrate game design, this innovative tutorial provides an
informative and practical look at the conceptual and im-
plementation techniques involved. 144 pp., 14 illus. 7" x
10”.
Paper

Hard $22.95

$10.95 Book No. 1923

O DATACOMMUNICATIONS ANDLOCAL AREA NET-
WORKING HANDBOOK—Britt Rorabaugh

With data communications and LANs being the area of
greatest growth in computers, this sourcebook will help you
understand what this emerging field is all about. Singled out
for its depth and comprehensiveness, this clearly-written
handbook will provide you with everything from data com-
munications standards and protocols to the various ways
to link together LANs. 240 pp., 209 illus., 7" x 10".
Hard $25.00 Book No. 2603

(J  TROUBLESHOOTING AND REPAIRING SATELLITE
TV SYSTEMS—Richard Maddox

This first-of-its-kind troubleshooting and repair manual
can mean big bucks for the professional service technician
(or electronics hobbyist looking for a way to start his own
profitable servicing business) . . . plus big savings for the
TVRO owner who wants to learn the ins and outs of main-
taining and servicing his own receiver! Includes service data
and schematics! 256 pp., 479 illus.
Paper $18.95
Book No. 1977

Hard $26.95

(1 101 PROGRAMMING SURPRISES AND TRICKS FOR
YOUR COMMODORE 64™ COMPUTER—Heiserman

This exciting new collection of games, novelties, and
programming marvels is fresh, literate, and packed with all
kinds of downright amazing ways to have fun with your C-64.
And unlike other programming books, it makes no attempt
to instruct you—instead, the object is to entertain and be
entertained. 224 pp., 12 illus., 7" x 10".

Paper $11.95 Book No. 1951

[0 COMPUTER TECHNICIAN'S HANDBOOK—2nd
Edition—Art Margolis

Cash in on the multi-million dollar computer repair busi-
ness! Written by a successful microcomputer repairman, the
Computer Technician’s Handbook starts with the basics and
takes you one step at a time through the process of break-
ing down and repairing a personal computer! Here’s all the
electronics background you'll need, particulars on equipment
required, and clear, detailed schematics. 490 pp., 284 illus.
Paper $17.95 Book No. 1939

(J  MICRO MANSION: USING YOUR COMPUTER TO
HAVE A SAFER, MORE CONVENIENT HOME—David B.
Bonynge

Here's where you'll find everything you need to know
to get the benefits of a computer home control system in
the most economical, trouble-free way whether you only want
to install a simple light, or you want a computer home con-
trol system that has it all—complete control of heating and
cooling and improved security—this book is for you! 192 pp.,
115illus. 7" x 10".

Hard $18.95 Book No. 1906
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O COMPUTER USER’S GUIDE TO ELECTRONICS—Art
Margolis

Assembly language will be easy to learn . . . you'll be
able to interface with peripherals . . . and most importantly,
you can perform simple repair procedures yourself. In fact,
the savings realized by changing one bad chip yourself will
more than pay for this invaluable handbook! 320 pp., 250
illus. 7" x 10".

Paper $15.95 Book No. 1899

CC TROUBLESHOOTING AND REPAIRING YOUR COM-
MODORE 64™—Art Margolis

Cure virtually any problem that plagues your Commo-
dore 64 with this hands-on repair guide for do-it-yourself
owners and professional servicemen alike! It's chock full of
maintenance tips, troubleshooting procedures and do-it-
yourself repair techniques that will save you time, money,
and frustration. Even includes names and addresses of
where you can obtain parts. 368 pp., 291 illus.
Paper $16.95 Hard $22.95
Book No. 1889

O MASTERING THE 68000™ MICROPROCESSOR—
Phillip R. Robinson

Delve into the heart of today's new 68000-based
microcomputers—Apple® Macintosh, ATARI®, and others.
Here’s a software-oriented approach to understanding and
programming the Motorola family of microprocessors and
support chips including the 68008, 68010, and the 68020.
It takes you inside the architecture of the 68000 including
registers, flags, and more! 272 pp., 121 illus., 7" x 10".
Paper $16.95 Hard $22.95
Book No. 1886

O FROM FLOWCHART TO PROGRAM—Richard G.
Todd

Master the skills of effective, ‘‘bug-free’’ programming
with this practical approach to program design and develop-
ment. Using the flowcharting system of structuring a pro-
gram, you'll learn step-by-step how to break down the
problem logically, enabling you to tackle even large-scale
programs that are easier to debug, easier to change and
expand, easier to understand, and faster in execution. 192
pp., 190 illus., 7" x 10".

Paper $12.95 Book No. 1862

0O 1001 THINGS TO DO WITH YOUR COMMODORE
64™_Mark R. Sawusch and Tan A. Summers

Here's an outstanding sourcebook of microcomputer
applications and programs that span every use and interest
from game playing and hobby use to scientific, educational,
financial, mathematical, and technical applications. It pro-
vides a wealth of practical answers to the question—what
can my Commodore 64 computer do for me? Contains a gold
mine of actual programs! 256 pp., 47 illus.
Paper $10.95 Book No. 1836

(T INTERFACING YOURMICROCOMPUTER TO VIRTU-
ALLY ANYTHING—Joseph J. Carr

Here, at last, is a sourcebook that’s literally packed with
practical interfacing techniques, plus a wealth of useful
projects. You'll find projects such as a single-ended ampli-
fier, a differential amplifier, a universal rear-end, and a pre-
cision 10-volt reference power source. All of these building
block circuits can be used in a variety of applications. 336
pp., 212 illus.
Paper $13.95
Book No. 1890

O MASTERING THE 8088 MICROPROCESSOR—
Lanny V. Dao

This is a must-have handbook for every creative
programmer who works with an IBM PC®, PCjr®, a PC-
compatible micro, or any other machine based on an 8088
or compatible chip such as the 8085, 80286, or 80186 (the
chip used in the new Tandy 2000)! Here is your source for
instant access to all the advanced programming capabili-
ties offered by the Intel 8088, complete with actual program
examples. 336 pp., 142 illus.
Paper $15.95
Book No. 1888

[0  ARTIFICIAL INTELLIGENCE PROJECTS FOR THE
COMMODORE 64™—Timothy J. O’Malley

This uniquely-exciting guide includes 16 ready-to-run,
fully-explained projects illustrating a wide variety of artifi-
cial intelligence techniques; a plain-English introduction to
artificial intelligence, robotics, and LISP; a complete glos-
sary of artificial intelligence terminology; easy-to-follow ex-
amples and show-how illustrations; plus a quick-look-up
index for fast reference. 160 pp., 15 illus., 7" x 10".
Paper $12.95 Book No. 1883

Hard $21.95

Hard $22.95

0 THE BASIC COOKBOOK—2nd Edition—Ken Trac-
ton & Thomas A. Wells

Covers every BASIC statement, function, command,
and keyword in easy-to-use dictionary form—highlighted by
plenty of program examples—so you can cook up a BASIC
program in just about any dialect, to do any job you want.
Whether your interests are business, technical, hobby, or
game playing, this revised 2nd edition of our all-time best-
selling BASIC guide contains exactly what you want, when
you want it! 168 pp., 57 illus.

Paper $7.95 Book No. 1855
0 SERIOUS PROGRAMMING FOR THE COMMODORE
64—Simpson

Serious programming means writing programs that are
user friendly, well documented, and designed to take full
advantage of all of the resources offered by the BASIC lan-
guage, your DOS (disk operating system), and assembly lan-
guage routines. And that’s what you’ll find here—everything
you need to get more programming power from your C-64!
208 pp., 124 illus. 7" x 10".

Paper $9.95 Book No. 1821
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00 BASIC COMPUTER SIMULATION—Lawrence L.
McNitt

Use your computer to find answers to questions that
simply don’t have neat, easily found solutions. Now, this ex-
ceptional sourcebook introduces you to the how-to’'s of
modeling and creating simulations, and programs written
in a universal subset of BASIC that can be used on any BA-
SIC microcomputer. Loaded with easy-to-follow explanations,
detailed illustrations, and specific programming examples!
352 pp., 63 illus., 7" x 10".
Paper $15.50 Book No. 1585
0 25 GRAPHICS PROGRAMS IN MICROSOFT®
BASIC—Timothy J. O’Malley

Plot two-dimensional graphs, draw maps and diagrams,
plot in three dimensions, using either high- or low-resolution
graphics, construct a model or a function, create an inter-
active space shuttle simulation, generate computer art in-
cluding animated graphics! This collection of graphic
programs written in MICROSOFT BASIC can easily be
adapted to any BASIC micro system! 160 pp., 92 illus., 7"
x 10”.

0  TROUBLESHOOTING AND REPAIRING PERSONAL
COMPUTERS—Art Margolis

Save time and money when your personal computer
breaks down, even get in on one of today’s fastest growing
business opportunities—home computer maintenance and
repair! Everything you need is included in this hands-on
guide to troubleshooting and repairing all types of personal
computers—from the ZX81 to the IBM PC, the Apples,
TRS-80, ATARI, TI-99, and more! 320 pp., 293 illus. 7" x
10”.
Paper $16.95 Book No. 1539
0  MAINTAINING & REPAIRING VIDEOCASSETTE
RECORDERS—Robert L. Goodman

This is the most practical handbook yet on troubleshoot-
ing and servicing all the popular brand home videocassette
recorders! From a look at the history of video tape record-
ing to specific information on test equipment set-ups, ser-
vicing techniques, and maintenance . . . here’s all the
hands-on advice, practical tips, and specific how-to’s any-
one needsto keep VCRs in A-1 operating condition! 416 pp.,
348 illus.

Paper $11.95 Book No. 1533 Paper $15.95 Book No. 1503

*Prices subject to change without notice.
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Look for these and other TAB books at your local bookstore.
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Troubleshooting & Repairing Your Commodore 64"
Art Margolis

An invaluable time- and money-saving tool for every C-64 owner . . .
as well as an unbeatable technical reference for service professionals!

If you own a C-64, this sourcebook is probably the most important ““add-
on’’ you’ll ever purchase! Packed with maintenance tips, easy troubleshooting
procedures, and do-it-yourself repair techniques, it can save you untold time,
money, and frustration over the lifetime of your micro. The simple chip-
changing instructions, alone, will enable you to cure at least 50% of the prob-
lems that cause micro breakdowns. Plus, Margolis gives you as much
technical detail and advanced computer repair guidance as you'’re interested
in acquiring! Advanced hardware enthusiasts and professional service techni-
cians will both appreciate the in-depth examination of every C-64 circuit—
including timing diagrams, the use of PEEK and POKE commands to signal-
trace circuits, and more.

And, if you’re a programmer interested in getting maximum performance
from your machine, there’s a wealth of information to help you gain mastery
of your micro—including complete memory maps and thorough descriptions
of the C-64’s operating characteristics. Just some of the highlights include:

e Tried and true service procedures for pinpointing trouble spots.

¢ A Chip Location Guide—a printboard layout of all 32 chips.

¢ Electronic and mechanical techniques for chip replacement.

e 21 Test Point Charts showing exact pinouts, the name of each pin,
arrows indicating direction of signal flow, and readings you should
receive using a logic probe or VOM.

e A master schematic of the Commodore 64 complete with all parts
numbers—an essential tool for more difficult repairs.

With the high cost of professional computer repairs, just one chip replace-
ment can cost you more than the price of this excellent sourcebook. Plus,
your better understanding of how the C-64 works will make you a better pro-
grammer. And, who knows, you may decide to put your new found
troubleshooting and repair skills to work in your own full- or part-time C-64
repair business!

Art Margolis is a computer professional who has written several bestsell-
ing books for TAB on electronics and computer troubleshooting and repair.

TAB BOOKS Inc.

Blue Ridge Summit, Pa. 17214

Send for FREE TAB Catalog describing over 1200 current titles in print.
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