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The Book—
a guide to electronic game
operation and servicing

The Book contains seven chapters including
approximately 180 pages of heavily illustrated
information—geared for the operator and distri-
butor technician who repairs Atari’s electronic
video and pinball games.

Chapter 1 begins with an introduction to tools
and test equipment, and shows soldering tech-
niques in many photographs. Chapter 2 covers
game repair—how to isolate problems down to
the major component level and how to maintain
all the major player controls Atari has ever de-
signed.

Chapter 3 contains information on how the
two major types of monitors function (raster-
scan and Quadrascan™ X-Y). It also includes
detailed problem/solution tables to aid you in
troubleshooting both types of monitors.

Chapter 4 explains the functions of various
discrete PCB components, such as resistors,
capacitors, transistors and diodes.

Chapter 5 introduces the reader to integrated
circuits. It covers such topics as how to find iCs
on a board, and how to count in the binary and
hexadecimal number systems. It also includes
a table for identifying IC manufacturers’ logos.

The last section of The Book—Chapters 6
and 7—deals with circuitry and analog devices.

The Book also contains an eight-page glos-
sary. It concisely defines terms used in elec-
tronics, and electrical and mechanical design.

The Book is loose-leaf bound in a durable at-
tractive three-ring binder. You may obtain extra
copies by sending $39.00 to:

Atari, Inc.

Attn.: Field Service/Coin-Op Division
1105 N. Fair Oaks Avenue

P. O. Box 427

Sunnyvale, CA 94086 U.S.A.



This Book and You...

You should, and we expect you to, use The Book as it is intended
namely:

* As a mind-jogger when you can’t quite remember one widget from
another.
To help you increase your level of proficiency.
To assist you in decreasing your downtime.

This Book will not, nor is it intended, to:

Make you a technician

Turn you into an engineer

Fix all your game problems
Repair printed-circuit boards, or
Make coffee.

Overall, we hope this book helps you feel more confident with the tech-
niques, tools and terminology associated with coin-operated electronic
games. We wish you good luck and good troubleshooting!

Atari, Inc.
Coin-Op Field Service
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Essentially, electronic game troubleshooting
consists of checking for the presence and con-
dition of various signals produced by the game.
You will need a variety of equipment to allow
you to check the condition of these signals and
perform the necessary repairs.

Each of these tools and instruments has ad-
vantages and disadvantages. When used to ex-
amine a certain type of signal, for example, the
video probe is extremely limited in the range of
signals it can examine, whereas an oscillo-
scope has greater flexibility. Some instruments

are absolutely essential, no matter what the
size of your operation, while others are
desirable only because they make trouble-
shooting easier and quicker.

Wherever possible, we'll recommend spe-
cific instruments or tools that we've found to be
most satisfactory. Our criterion for making
recommendations is simple: adeguate capabili-
ty for the least cost. In this chapter we describe
recommended tools and instruments that we've
found useful in game and printed-circuit board
(PCB) repair.

A. Video Probe

A video probe is a simple assembly. It is a
piece of wire and a 5000-ohm variable resistor
in series with the line (see Figure 1). We use a

Pomona or hook-type clip on one end and a
probe on the other. The video probe is used in
conjunction with the video output circuit on a
raster-scan type of game.

Figure 1 Video Probe

Chapter 1
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B. Logic Probe

For most troubleshooting, any logic probe is
adequate. Several models are shown in Figure
2. A logic probe is used to check logic levels on
a PCB. For a power source, it uses the 5V
power of the board being tested. Indicators on
the logic probe show the presence of logic
highs, logic lows, and changing logic levels.

A logic probe will not tell you whether a
signal is right or wrong: it only indicates logic
states. More specific information will require us-
ing an oscilloscope.

DIGITAL MULTIMETER

LOGIC PROBE |

LOGIC PROBE

LOGIC PULSER — o il LOGIC PROBE

Figure 2 Various Types of Hand-Held Test Equipment
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C. Logic Pulser

A logic pulser (shown in Figure 2) isn't really
a necessary test item, but is a convenience that
will speed up the troubleshooting process. The
puiser, similar to a logic probe, is connected to
the 5V power of the board under test.

A logic pulser is used to change a logic state
to the opposite level, i.e., a logic low is forced
momentarily to a logic high, or vice versa.

Most logic pulsers also have a chain pulse
feature on them that lets you activate score cir-
cuits or operate counter chains. This feature
provides a series of fast continuous pulses that
don’t require using your finger to continually
operate a pulse button.

Figure 3 Integrated Circuit Test Clip

Chapter 1

D. Test Clip

The test clip for integrated circuits (ICs)
resembles a wide clothespin and comes in
various sizes such as 14-pin and 16-pin (to
match the number of pins on the IC being
tested). This clip has gold-plated contacts
throughout. A spring holds the clip tightly over
an IC—see Figure 3. The test clip provides
easy access to the IC pins when attaching
hook-type clips during testing, and prevents
accidentally shorting another IC pin.
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E. Using Meters

To put electricity to work we must control
electrons. Electrons are invisible to humans: we
can only detect their presence by observing the
effects they produce. For example, we detect
the presence of electron flow in a light bulb by
observing the light generated by the bulb.

)
+ —_
~ AMPERES

Figure 4 Measuring Direct Current
with an Ammeter

Meters are the eyes that permit us to observe
the invisible action in a circuit. They’'re indispen-
sable when we're examining the operation of a
circuit or troubleshooting a piece of equipment.
Meters can indicate voltage, current, resistance
and many other characteristics.

To use these meters, we must connect them
properly to the circuit under test. We also have
to read the scales properly. Improper meter
connections can give false measurements, and
in some instances damage the meters.

Most analog meters (ones with scales) con-
tain a ‘0" adjustment. This is done with a small
screw that connects to the meter movement. To
zero-adjust the meter, insert a small screw-
driver into the slot and turn the screw one way
or the other until the pointer is exactly over the
“0" mark on the scale. The meter should not
be connected to any circuit during the zero
adjustment. Once set, this adjustment rarely
needs to be changed. It's there to correct for
wear and loss of spring tension in the meter
movement.

1. Ammeters or How to
Measure Current

To measure the direct current (DC) in a cir-
cuit, you connect a DC current meter or am-
meter in series with that circuit. Figure 4 shows
a diagram of how to connect it for measuring
current from a dry cell through two series-con-
nected resistors. An ammeter is an instrument
calibrated to measure current in amperes
(amps).

The meter’s pointer deflects to a point on the
scale which corresponds to the amount of cir-
cuit current. If you reverse the meter leads, the
pointer would deflect to the left off the scale,
and the delicate meter mechanism might be
damaged.

N
I N
= | R2
|
A/ R1

Figure 5 Measuring Current in a Series
Circuit with an Ammeter

Chapter 1
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Figure 5 shows the schematic diagram of the
Same circuit as in Figure 4. A circle with the let-
ter “A” inside represents the ammeter. Note
that the meter is connected so that the circuit
current flows through it from negative to
positive,

Tomeasure the current in Figure 5, the meter
can be connected anywhere in the circuit, since
the current is the same at all points in a series
circuit. For example, the ammeter could be
connected in the place shown by the broken cir-
cle. In this position, the ammeter would
measure the same current that was measured
by the ammeter represented by the solid circle.

Figure 6 Reading Total Current
in a Parallel Circuit

Figure 6 shows how to measure the total cur-
rent (I7) of a parallel circuit. Figure 7 shows you
how to measure the current of one leg of a
parallel circuit. The meter might also be con-
nected where shown by the broken circles. To
measure the current through resistor R2, con-
nect the meter in series with R2. Therefore,
when measuring current, the meter must be
connected in series so only the current to be
measured flows through the meter.

Loading Effects: An ideal current meter
would have zero internal resistance. If such a
meter were inserted into a circuit, it would not

Chapter 1

Figure 7 Reading Current of One Leg
in a Parallel Circuit

alter the resistance of the circuit. However, all
existing current meters do have some internal
resistance. This internal meter resistance in-
creases the resistance of the circuit. The
measured current is therefore lower than the
actual current in the circuit. Fortunately, in most
cases the resistance of a current meter is very
small compared to the circuit resistance, and
therefore the error can be ignored.

Special types of ammeters are also available.
One of these uses a clip-on technique for mea-
suring current. In this meter, arms encircle a
current-carrying conductor. The meter senses
the strength of the magnetic field surrounding
the conductor: the more current in the conduc-
tor, the stronger the magnetic field around it.
The meter scale is calibrated in terms of cur-
rent.

For information on reading ammeters and
how to select the proper one for your needs,
see Subsection 2, Voltmeters, that follows.
Because of their similarity, the descriptions
of reading and selecting ammeters and volt-
meters have been combined.
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2. Voltmeters

A direct-current voltmeter is designed to
measure the DC voltage or difference of poten-
tial between two points. Voltage exists be-
tween two points and does not flow through
a circuit as current does. As a result, you do
not connect a voltmeter in series like an am-
meter. Instead, you connect the voltmeter
across or in parallel with the points between
which the voltage appears.

Figure 8 shows how a voltmeter is connected
to measure the voltage across a resistor. You
must also observe the polarity of the DC
voltmeter: the negative voltmeter terminal is
connected to the more negative point. If you
reverse the connections, the meter's pointer
deflects to the left off the scale, and you may
damage the voltmeter.

Figure 9 Schematic Diagram of
Voltage Measurement
Made in Figure 8

Figure 8 Measuring Voltage
with a Voltmeter

~Ct

+ VOLTS -

Figure 9 shows a schematic diagram version
of Figure 8. The voltmeter is represented by the
circled “'V''. Note the polarity of the meter and
how it is connected in parallel or across the cir-
cuit, not in series with the circuit. To measure
the voltage across R1, connect the voltmeter in
parallel with R1 as shown in Figure 10.

Figure 10 Schematic Diagram
of Another Voltage
Measurement

Chapter 1
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Loading Effects: To some extent, a volt-
meter will also affect the circuit being tested. An
ideal voltmeter would have an infinite internal
resistance, and when connected to a circuit,
would not affect it. The higher the internal
resistance of the voltmeter, the more accurate
the reading.

Figure 11 Schematic Diagram of
Internal Voltmeter Resistance

Figure 11 shows the internal voltmeter resis-
tance applied to the circuit being tested. R,, re-
presents the internal resistance of the volt-
meter. Remember that the meter resistance is
parallel with the resistor being measured. The
total resistance of a parallel circuit is always
less than the resistance of the smallest indivi-
dual resistor. Therefore, with the meter con-
nected across R2, the effective resistance of R2
is decreased.

Ohm’s Law says that E=IxR [Voltage
(E) = Current (1) multiplied by Resistance (R)]
and shows that when resistance decreases, vol-
tage also decreases. As a result, the voltmeter
indicates less than the actual voltage across
R2. In most cases, the internal voltmeter resis-
tance is much higher than the circuit resis-
tance. The error is therefore small and can be
ignored.

However, when making voltage measure-
ments in high-resistance circuits, the meter re-
sistance will noticeably affect the voltage read-
ing. Electronic voltmeters have a very high in-
ternal resistance to minimize this loading effect.

Chapter 1

Reading Ammeters and Voltmeters: In
general, you read both ammeter and voltmeter
scales the same way. When using an ammeter,
the readings are in amperes; when using a volt-
meter, the readings are in volts.

Figure 12 shows the scale of a typical am-
meter—it reads from 0 to 10 amps. The maxi-
mum value indicated on the scale (in this case
10 amps) is called the full-scale value.

To determine the current or voltage, you read
the value on the scale under the pointer. For ex-
ample, assume the pointer shown in Figure 12
deflects to position 1. Here the pointer is over
the “1”" mark, and a current of one amp in indi-
cated. At position 3, the pointer is over the *‘g"
mark and a current of nine amps is indicated.

The large numbered marks on a scale are
often called the major scale divisions. If the
pointer deflects to a point between major scale
divisions, you must use the smaller scale divi-
sions on the meter face (see Figure 12).

The meter contains four small scale divisions
or lines between each major scale division. This
divides the area between major divisions into
five equal spaces. Thus, each small division on
the center of the meter face shown in Figure 12
has a value of one amp divided by five spaces,
or .2 ampere.

Figure 12 Scale of a Typical Ammeter
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The first small scale division to the right of
“0" has a value of .2 amp; the second such divi-
sion has a value of .4 amp. The first small scale
division to the right of the ‘1"’ mark has a value
of 1+ .2, or 1.2 amps. Thus, if the pointer is at
position 2 in this figure, it would indicate a cur-
rent of 2.6.

In some cases, the pointer may stop between
small scale divisions, such as at position 1 in
Figure 13. When this happens, you must esti-
mate the value of the current. Since here the
pointer is about halfway between the “1.2"" and
1.3 marks, the current is therefore about 1.25
amps.

As another example, assume the pointer is at
position 2 in Figure 13. In this position, the
pointer is about one-quarter of the way between
“1.4 and '*1.6". Each small mark represents .2
amp, and one-quarter of .2 is .05 amp. Thus, the
position-2 pointer represents a current of about
1.4 + .05 or 1.45 amps.

1.3 14

1 1.65

O\ /O

Figure 13 Detail of Ammeter Scale

The number of divisions on a meter scale
depends on the range of voltage or current the
meter is designed to measure. In all cases,
you'll find the value of the small scale divisions
as follows: simply divide the value of major
scale divisions by the number of spaces be-
tween those divisions. If the pointer falls be-
tween the smaller scale divisions, you must
estimate the value.

Figure 14 shows a DC voltmeter scale; it has
a full scale value of 150 volts. Note that it has
only one small division between the major divi-

sions. Therefore, this divides the space be-
tween major divisions in two. As a result, each
small division has a value of 5 volts.

60 80
100
40

120
7 NO ®
140
0 150

Figure 14 Scale of a Typical
DC Voltmeter

If the pointer is at position 1 in this figure, it in-
dicates 35 volts. At position 2, the pointer indi-
cates 75 volts. In the case of position 3, the
pointer is halfway between the small scale divi-
sions, showing a voltage of 125 + halif of 5, or
127.5 volts.

The scale of a DC milliammeter is shown in
Figure 15: it has a full scale value of .3 milliamp.
On this scale are nine small divisions between
the major divisions, dividing the area between
major divisions into 10 small spaces. Therefore,
each small division has a value of 1/10 of the
major division. Since each major division has a
value of .1 milliamp, each small division has a
value of 1/10 of .1, or .01 milliamp.

If the pointer in Figure 15 is at position 1, it in-
dicates a current of .05 milliamp. At position 2,
the pointer is halfway between .25 and **.26"
milliamp—indicating a current of .255 milliamp.

1 .2

® ®

Figure 15 Scale of a DC Milliammeter
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Choosing the Correct Ammeter or Volt-
meter: The maximum voltage or current that a
meter can measure is its full scale value. Thus,
if a voltmeter can measure from 0 to 150 volts,
you should never try to measure more than 150
volts. An excessive voltage or current could
damage the delicate mechanism in the meter.
When in doubt, use a meter with a very high full
scale value—you can always change to a lower
range of the meter.

Another important point to remember con-
cerns the low end of the meter scale. A current
meter with a scale of 0 to 10, for example, can-
not accurately measure currents near 0 amp.
The first small division to the right of the “0"
mark has a value of .2 amp. Thus, if .2 ampere
is applied to the meter, the pointer only deflects
to the first small scale division to the right. If a
current less than .2 ampere is applied, the
pointer might not even move off ‘0"

As a general rule, a meter cannot display a
current or voltage lower than the value of
one small scale division. To measure a cur-
rent or voltage lower than the voltage of one
small division, you must use a more sensitive
meter range. Try to choose one that has a
center scale value close to the value of voltage
or current you wish to measure. Then if the
voltage or current is a little higher or lower, you
will still be able to measure it using the same
meter range.

3. Ohmmeters

You measure the resistance of a circuit or
component by using an ohmmeter. An ohm-
meter measures resistance by applying a
known voltage to the circuit or component be-
ing tested, and measuring the resulting current.

The voltage for the ohmmeter is usually sup-
plied by batteries or a built-in power supply.
With a constant voltage applied to the meter cir-
cuit, the current (and thus the deflection of the
meter pointer) varies with the resistance being
measured. The meter scale is calibrated in
ohms.

To measure the resistance of a component
or circuit, just connect the ohmmeter across
the circuit or component, as shown in Figure
16. Note that the ohmmeter is connected
across or in parallel with the resistor.

There are two precautions you must observe
when connecting an ohmmeter into a circuit.
First, make sure the power source of the cir-
cuit is turned off. Disconnect the equipment
from the source of power, if possible.

Figure 16 Measuring Resistance with an Ohmmeter

Chapter 1
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Second, when measuring the resistance of a
single component, disconnect one end of the
component from the circuit. This will eliminate
parallel paths which would give an incorrect
resistance reading. (You might use a voltmeter
first to measure the circuit, making sure that no
voltage is present before taking a resistance
measurement.)

o

Figure 17 Wrong Way to

Measure Resistance

Figure 17 shows the wrong way to connect
an ohmmeter to measure the resistance of R3.
With the supply still connected at switch S1, a
voltage is present across R3 which could
damage the ohmmeter. Also, since R2 is in par-
allel with R3, you would be measuring the com-
bined resistance of R2 and R3, instead of the
resistance of R3 alone.

R2

qe

Figure 18 Correct Way to

Measure Resistance

Figure 18 shows the right way to measure
the resistance of R3. Notice that the supply has
been disconnected at switch S1. Also note that
one end of R3 is disconnected from the circuit
so that the meter measures only the resistance
of R3.

Chapter 1
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Figure 19 Simpson 260° Meter

4. Multimeters or VOMs

Engineers and technicians must make many
measurements when they repair or build a
piece of equipment. If a separate voltmeter, am-
meter, and ohmmeter were used to measure
each of these various quantities, testing would
become very cumbersome.

To eliminate the need for several separate
meters, the functions of all three are combined
into a single instrument called a multimeter or
volt-ohm-milliammeter (VOM).

To Measure Direct- or Alternating-Current
Voltage: On this type of meter set the function
switch to + DC or -DC (see Figure 19). These
two DC settings permit you to reverse the me-
ter's polarity without reversing the test leads.
This is a timesaver when voltages are positive
and negative, with respect to some reference
point.

You can set the range switch to one of five
positions (2.5, 10, 50, 250, or 500-volt ranges)
for DC or AC voltage measurements. These po-
sitions change the range of voltages the meter
can measure. Read either the *DC"" or ““AC”

Chapter 1

scales for all five voltage ranges (Figure 20
shows a close-up of the scale).

The range switch setting you choose indi-
cates the maximum voltage you can measure
on that particular meter setting. With the 25V
and 250 VDC ranges read the scale labeled 0 to
250 DC. For the 50 V and 500 V ranges read the
0 to 50 DC scale. And with the 10 V range read
only the 0 to 10 DC scale. These scales are
read exactly the same as those discussed in the
previous subsections of this book.

To measure an AC current, change the func-
tion switch to AC. Then set the range switch to
one of the five voltage settings. Read the three
AC scales just like the DC scales mentioned in
the previous paragraph.

You should know that most multimeters mea-
sure the average AC voltage, which is approxi-
mately 70% of the peak voltage. These mea-
surements are only accurate on sine waves.
Digital signals will probably give AC readings
that appear to be abnormal.
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How to Measure Direct Current or Amper-
age: Set the function switch at + DC. Then se-
lect the proper current range with the range
switch (100 MA, 10 MA or 1 MA).

NOTE:
The symbol ;, amp is the abbreviation
for microampere or one-millionth of an
ampere. MA is short for milliampere or
one-thousandth of an ampere.

Be careful to observe polarity when making
current measurements. Also, always choose
the range carefully. When in doubt always use
the highest range (500 MA) first to avoid meter
damage.

Use the 50 u amps and 500 MA ranges
when reading the 0 to 50 DC scale. Use the
100 MA, 10 MA and 1 MA range when reading
the 0 to 10 DC scale.

How to Measure Resistance: First, be cer-
tain you remove power from the circuit before
making a resistance measurement!

The Simpson 260® and most other multi-
meters do not use range multipliers for voltage

and current measurements. You saw that they
provide several scales on the meter face.
Resistance measurements, however, do use
range multipliers.

The basic technique is to set the function
switch to +DC and set the range switch to
RXx1, X100 or X 10,000. However, before
making any measurements, you must zero-
ohms-adjust the meter for proper pointer posi-
tion. This is needed because the batteries in the
meter may have varying voltage and resistance.

Short the test leads together. Turn the ochms-
adjust control until you bring the pointer over
the zero mark at the right end of the scale. If you
can’t make the pointer align with the zero, then
you'll have to replace one or both of the internal
batteries. Once you have done this adjustment,
you can begin your resistance measurements.

When the range switch is in the x1 position,
read the ohms scale directly. If the range switch
is in the X 100 position, you multiply the scale
readings by 100, and so on. Remember to look
at the values of the major scale divisions on
either side of the smaller divisions before deter-
mining the exact reading. This is necessary be-
cause the ohms scale is non-linear.

300 30
500 20
3
1K 10

. . 0
o 10 o,
5 %,
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Q \)?' 0 3 010.
> o\ O A
O X %
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Figure 20 Scale of a Typical VOM
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Summary: Let’s take a brief look at all the
measurements we’ve discussed. To measure
current in a circuit, connect an ammeter or cur-
rent meter in series with the circuit. This way
the current you are measuring flows through
the meter. Make sure you observe the polarity
(the electrons must flow from negative to posi-
tive through the meter). However, polarity is not
observed when measuring amperage of direct
current.

To measure voltage, connect a voltmeter in

parallel with the points between which the volt-
age exists. Again, be sure to observe the meter
polarity: the negative terminal of the voltmeter
must be connected to the negative point in the
circuit, and the positive voltmeter terminal to
the positive point in the circuit. Polarity is not
observed when measuring AC voltage.

To measure the resistance of a circuit or
component, use an ohmmeter. To do so, con-
nect the ohmmeter across the entire circuit be-
ing measured, or across the component. It's a
good idea to disconnect one side, to be sure

that other components won't affect the accu-
racy of your measurement. To protect the
meter, you must completely remove power
from the circuit before making a resistance
measurement.

F. Oscilloscope

The oscilloscope is a test instrument for
measuring voltage or timing of signals in any
electronic system (see Figure 21). The basic re-
quirements for this instrument are 5 millivolts
per division or better; vertical sensitivity (rise-
time capability) of 5 nanoseconds or less; and
internal synchronization (sync) features.

The scope should have an internal and exter-
nal sync feature, along with delayed sweep, and
have a Z-axis input. Frequency response of the
scope should be at least 50 MHz, and it must
display dual traces. The price of such a scope
(new) is probably $2000-3000.

Figure 21 Oscilloscope Hooked up to a Game PCB
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G. AUTOMATIC
ROM/RAM
Tester

This Atari-designed tester is a manual bus
controller: it allows the technician to actually
perform any of the functions that the micro-
processor would normally take care of. You can
control individual circuits and signals going to
individual inputs.

You can also use it to monitor any infor-
mation that would normally come into the
microprocessor on any of the data lines. These
same data lines, since they're bidirectional, can
output from the tester and turn on /O devices.

What the ROM/RAM Tester essentially
does is take all the magic out of data buses
and address buses. Normally, if you looked at
a microprocessor, you would only see a jum-
bled mess of information, not really knowing
what is supposed to be there. Using this tester,
you can control the information on the address
and data buses. You can single-step through all
of the complex circuits and simplify your
troubleshooting processes.

H. Signature
Analyzer

Signature analyzers were developed to let
technicians troubleshoot digital circuits
without having to understand the game’s
electronic operation. With an analyzer, you
can read unigue digital data signatures (in the
form of four alphanumeric digits) while testing a
PCB. The signatures can be used to isolate
failures down to the component level in the fac-
tory, at service centers and in the field.

Basically, a signature is formed as the tester
measures the time a signal takes to travel from
the microprocessor to where the probe is
placed (the test point). The analyzer lets you
even detect a single bit error. Since a signature
analyzer can find the difference of one bit out of
65,000, this type of test equipment increases
your chance of detecting an error.

To use this system, someone first collects all
the signatures from a PCB that’s known to be
good. Then, when a bad game board comes
along, you would compare its signatures with
the list prepared previously. Often, this list will
be printed on schematics.

For example, you might check all input pins
on a decoder and find that they are all good,
that is, they match up with the list of correct
signatures. Then you test all the output pins;
some of these might be bad (the signatures do
not match up). Thus you have a bad decoder,
and you've just isolated a board failure down to
this individual component.

Other things a signature analyzer can do are
test address decoding logic, check for proper
timing, read strobes, test the function of chip
selects, and detect timing problems and errors
on the data bus. An analyzer can also check the
contents of memory in a certain ROM: it does
so by checking the data outputs from the ROM.
In addition, you can check switch circuits by ac-
tivating each switch and seeing if you get the
proper signature for that closure on the data
bus.

Chapter 1
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l. Continuity Tester

This tester is a simple device with either a
buzzer or light, a battery, and some wires (see
Figure 22). When the ends of its test leads are
touching, either the buzzer sounds or the light
turns on. It is wused for troubleshooting
harnesses, switches, or to check for broken
connections in Molex or edge connectors.

J. Soldering
Equipment

The six pieces of soldering equipment
described in this section are all pictured in
Figure 23. Actual soldering techniques are
described in Section M that follows.

'SOLDER —

' ACID BRUSH

45.DEGREE
DIAGONAL CUTTERS =

SOLDER /(;

WICK

TOOLING CLAMP

Figure 23 Soldering Equipment and Hand Tools
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Figure 22 Continuity Tester
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1. Soldering Iron

Many people have definite preferences in
their choice of soldering irons. We recommend
the Weller soldering station, using the
temperature-controlled tip rated at 700° F. The
tip shape should be a fine cone or a very fine
chisel/*‘screwdriver” point. The long conical tip
is Weller part no. PTO7; the screwdriver tip is
part no. PTB7.

Using a temperature-controlled soldering sta-
tion isn't absolutely necessary: a pencil iron
rated between 16 and 27 watts should be ade-
quate for most PCB work However, for someone
just starting out in electronic repairs, the tip
temperatures on these uncontrolled irons will
be too hot and cause trace damage.

2. Solder Sucker

This is a de-soldering tool; we recommend
the top-of-the-line Soldapullt® brand. The sol-
der sucker works as a hand-operated vacuum
aid. When used in conjunction with the solder-
ing iron, it removes liquified solder from the
PCB.

3. Solder Wick

This material is a resin-soaked copper braid;
it is sold on a small roll, and is about % inch
wide. You use it for cleaning excess solder from
a board after a component has been removed.

Do not use it to remove the solder from in-
side the through-plated holes on the board:
the amount of heat required to do that would
cause too much trace damage. instead, use the
solder sucker to remove the solder from these
holes. Then use the wick to clean up the area
around the IC before installing a new part. Fail-
ure to heed this caution will probably result in
your PCB having a lot of traces floating in mid-
air.

4. Flux Remover

This is not a necessary item, but gives a pro-
fessional finish to any PCB repair. Flux remover
eliminates the sticky resin coating where ICs
have been replaced; if not removed, the residue
could collect dirt or metal particles—causing
possible intermittent problems tater on.

5. Acid Brush

You will need some type of stiff-bristled
brush, such as a tooth brush, in conjunction
with flux remover. Cut the bristles of an acid
brush to half their length to make the bristles
stiffer. You can also use the brush and flux
remover to clean foreign materials from the
PCB.

6. Solder

You should buy resin-core solder with a 60/40
alloy of tin/lead; its diameter should be about
015 inch. If you also work on game parts larger
or heavier than PCBs, we recommend solder no
larger than 1/8-inch in diameter.

Chapter 1
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K. Tools

1. Heat Gun

The heat gun (see Figure 24) is used for dry-
ing a PCB after you've cleaned it with flux
remover. The gun is also used for shrinking
down shrink-tubing to fit (see Section L on next
page), and for troubleshooting intermittent prob-
lems caused by thermal changes inside a

game.

Figure 24 Heat Gun and Freon Coolant

Nozzles with different temperature ranges
are available for heat guns: you should choose
the 750 to 800-degree Fahrenheit nozzle. You
should take great care when using a commer-
cial-type heat gun—its high temperatures could
cause damage to the PCB components (ICs are
very sensitive to high heat). Therefore, when
you use the heat gun always keep the nozzle in
motion so that the heat isn’t concentrated. on
just one component.

It is possible to use any type of squirrel-cage
blower that directs its air flow down to a small
area. Even a typical home hair dryer with a flow
concentrator attachment would be adequate for
many uses. However, it does not reach the high
temperatures of a commercial heat gun, so it
would take much longer to dry an area on the
PCB. In addition, you may have trouble getting
the shrink-tubing to shrink down.
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2. Freon Coolant

You will use the heat gun in conjunction with
freon coolant spray or freeze spray. This spray
(see Figure 24) is usually sold in TV repair stores
as circuit cooler or component cooler. The can
contains commercial freon, just like the coolant
in air conditioners or refrigerators, but it does
not have an oil base that would gum up a PCB.

When troubleshooting a thermal problem,
alternate between using the heat gun and the
freon coolant until you isolate the defective
component. Be very careful to never spray
the coolant on your skin: you may cause
frostbite!

3. Modification Wire

Sometimes technicians accidentally cut
traces on a PCB, or sometimes do so inten-
tionally to troubleshoot problems. If the gap in
the trace is small, simply run a bit of solder over
it.

However, if the gap is too large to do this, or
if you are doing any modifications to the board,
you must use 30-guage solid-conductor cop-
per wire. Usually this type of wire has vinyl in-
sulation on it.

Try to keep these wires as short as possible
to avoid noise problems, and run them under
the ICs, in order to hold them in place. Large
loops of wire on top of the board are not only
sloppy, they would eventually snag on some-
thing and get torn loose.

i

(N

Figure 25 Various Types of Jumper Wires
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4. Jumper Wire

This consists of about one foot of insulated
wire, with a small hook clip at each end. Jumper
wires are used for troubleshooting PCBs.
Alligator clips that you may already be familiar
with are not recommended for use on
PCBs—they are too big for the ICs' pins and
almost always cause shorts. Figure 25 shows
several types of jumper wires.

L. Hand Tools

1. 90-Degree-Tip Cutters

This tool is used for cutting IC pins in hard-to-
get-at places on the PCB. It resembles a pair of
pliers, and is intended for wire no heavier than
IC pins. The 90-degree cutter is often called a
90-degree-tip dyke, with the word dyke being
short for diagonal side cutter. See Figure 23 for
an illustration of this cutter.

2. 45-Degree Diagonal Cutters

This flush-cutting tool is approximately 42
inches in length. Use it to cut .010 to .030-inch
nickel ribbon (such as IC pins) and 24-guage or
smaller copper wire. Do not use it to cut ma-
terial heavier than these dimensions, as you
will damage the jaws of the pliers.

You will probably also need a smaller version
of these flush-cutting diagonal pliers, approx-
imately 4 inches in length, with a 7/16-inch
nose. These are used for cutting larger-guage
wires and components on PC boards. Again,
note that you shouldn’t cut material larger than
24-guage with these pliers or you'll damage
them. (See Figure 23 for a photograph of this
cutter.)

3. Needle-Nose Pliers

These are also called long-nose or chain-
nose pliers; they have smooth jaws and bev-
eled edges to prevent nicking or marring of
component leads (see Figure 23). Leaf- or coil-
spring handles are nice to have but not man-
datory. Their overall length should be 4Vz inch-
es, with the nose itself being 1 1/16 inches.

4. Scribe

This simple too! is a sharp, very pointed in-
strument with any type of handle, as long as it’s
comfortable for you to hold (see Figure 23). It is
used on PCBs to scratch away solder bridges or
tiny shorts between traces. A scribe is also a
great tool to use in a confined area for holding
down an object while soldering.

5. X-Acto® Knife and Blades

You may already be familiar with these tools.
In PC repairs you use them to cut metal
traces—not to cut IC pins or component leads.
You will probably feei most comfortable with the
#2 handle; use the #24 blades with it (see Figure
23).

6. Shrink-Tubing

This material is a plastic insulation used for
harness repairs and modifications—not on
PCBs. It's sold in 36-inch lengths or on rolls. The
unshrunk size or inside diameter is the dimen-
sion to use when you buy the tubing. For exam-
ple, 1/8inch shrink-tubing has an inside
diameter of 1/8 inch before you heat it.

First choose a size of shrink-tubing that will
slide over the wire you are splicing; then splice
and solder the harness wires. Slide the tubing
over the splice. Use a heat gun to shrink down
the tubing tight over the conductor. Shrink-
tubing gives a very professional finish, com-
pared to plastic tape, and it's a much more per-
manent insulation.

7. Blade Adjustment Tools

These simple tools make it easy for you to
reach open-blade leaf switches. Such switches
are used on video-game control panels and ex-
tensively on pinball-game playfields. The dif-
ferent shapes and lengths (see Figure 26) are
made to accomodate switches hidden by
harnesses or mechanical assemblies.

These tools have narrow ends to allow you to
bend the blades in an arc, instead of a sharp
angle. To describe this technique briefly, you
run the tool down the length of the blade, while
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Figure 26 Tools to Adjust Leaf-Switch Blades

exerting slight pressure on the blade (either out-
wards or inwards) every quarter-inch or so. A
sharp bend will damage the blade.

Switch-adjustment tools should be available
from any Atari distributor. For more detailed in-
formation on adjusting leaf-switch blades with
these tools, see Chapter 2—Game Repair in
this handbook.
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M. Soldering
Techniques
1. Applying Solder

Soldering is a bonding process. It plates the
electrical circuit after two conductors have
been physically joined together. This joining is
an important part of soldering a component to a
PCB.

First, both the component and the PCB must
be cleaned of any grease or dirt with flux
remover. Second, the pieces to be joined must
have a good mechanical connection.

Also, the soldering process will be simpiified
if the pieces are located closely together—so
solder can flow between them more easily. The
closer those pieces are and the tighter they are
mechanically joined with one another, the bet-
ter the heat transfer will be, and the better the
solder will flow onto the connection.

Third, you must heat up the solder joint with
the soldering iron. You do this with a pencil-type
iron on most PCBs. The easiest way to ac-
complish this is to first establish a heat bridge.

SOLDERING IRON

Figure 27 Good Solder Connection
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60/40 RESIN CORE SOLDER

The bridge is nothing more than a drop of solder
on the tip of a pencil iron.

The solder bridge will make up for any ir-
regularities in the shape of the components be-
ing joined or on the iron tip itself. The bridge
also gives you a larger surface over which to
distribute heat.

Once the components have been heated to
the right temperature, it's time to apply resin-
type solder. Note that one characteristic of
solder is that it always flows towards the heat
source (the iron). Therefore, apply solder to the
opposite side of the componénts from where
the iron is placed, if at all possible.

Look at the illustration in Figure 27 showing a
component lead going through a PCB. The sol-
der is being applied to one side of the compo-
nent lead, and 180 degrees on the other side is
the soldering iron tip with its heat bridge.

FILLET INDICATES GOOD SOLDER
FLOW ON CONNECTION
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Use enough solder so that it flows evenly all
around the component pin. This will insure that
you make a complete connection. The shape of
the solder, when cool, should be smooth and
concave (a fillet) between the component and
the PCB. Refer to Figure 27.

2. Using Flux Remover

Once the parts are soldered together and
cooled down, you should clean the connection
with some type of flux remover.

Flux remover is a chemical that's used to
clean the board of any impurities so the solder
can flow onto the connections. You also need to
use it to prevent boards from collecting any
metal particles, dust, or dirt. In addition, using
flux remover will give you a better view of the
solder connection just completed. This will in-
sure that there aren’t any hairline solder bridges
at adjoining connections hidden by the gooey
resin flux.

Figure 28 Proper Use of 45-Degree Tip
Dykes

Figure 29 Raised IC Pin

You can use different types of chemicals to
remove flux. One of the most readily available is
isopropyl alcohol. Atari recommends isopro-
py! because it doesn’t leave behind any film.

Use a stiff-bristled brush (like an acid brush)
to clean the resin from the PCB, and use the
cleaner generously to wash this resin away
from the solder connections. Once the resin is
removed, use a scribe and scratch between the
solder connections to ensure that you have no
hairline solder bridges between adjoining con-
nections.

3. Lifting IC Pins

Figure 28 shows the proper way to use a pair
of 45-degree tip dykes for lifting an IC pin. (You
would lift an IC pin to isolate it during the
troubleshooting process.) Lift the pin just far
enough so that it does not touch the trace to
which it was originally soldered. Figure 29
shows in detail the height to which the pin
should be lifted.

After finishing the troubleshooting, use a
scribe or some similar pointed tool to push the
pin back down to its original position. Complete
the electrical connection by resoldering the pin
onto the trace.

Chapter 1
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4. Removing and Replacing
ICs on Boards

To remove an IC from a PCB, you should first
cut each of the pins and remove the body (i.e.,
on a 16-pin IC package, all 16 pins should be
cut). Only then should you do any de-soldering.
Figure 30 shows the proper way to hold the
45-degree tip dykes, in order to cut each of the
IC pins.

Figure 30 Cutting IC Pin with Tip Dykes

Once the body is removed, you must remaove
the pins individually. First bring the pin up to
solder-melting temperature. Immediately after
you see the solder starting to flow, grab the top
of the pin with the dykes and pull the pin out of
the PCB (see Figure 31). Be sure that you see
the solder flow before you try to pull the pin out.

Figure 32 Removing Solder with a Solder
Sucker

Chapter 1 ‘

Figure 31

Removing IC Pin
with Tip Dykes

After you've removed all the IC pins, you
have to remove the solder from the through-
plated holes in the PCB. Figure 32 shows the
proper technique for using a solder sucker or
solder-removing tool (a vacuum device). The
one illustrated is the Soldapullt® brand. Notice
the relationship between the tip of the solder
sucker and the tip of the soldering iron.

To use the solder sucker, first depress the
plunger until it locks into position. Then heat the
connection on the PCB to the melting point.
When you see the solder starting to flow, put the
Soldapullt right next to the tip of the iron. Make
sure the tool is not pointing towards your
face! Press the release button, and the plunger
will pop out, causing the solder to be sucked out
of the hole in the PCB.
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Figure 33 Using Brush and Flux Remover

Once you've removed the solder from all the
holes, you should use flux remover. Figure 33
shows a technician using an acid brush and flux
remover to clean the sticky resin from the
board.

Next, use a scribe to remove any solder
bridges or slag from the PCB that might be be-
tween the pads (see Figure 34). Make sure that
the PCB has no solder bridges before insert-
ing a new IC, as this could cause problems.

Figure 34 Using a Scribe for Cleanup

You are now ready to insert the new IC into
the PCB. When you buy ICs, you'll see that their
pins are always spread apart slightly. To fit the
IC into the PCB, you have to bend the pins in-
wards, so they are parallel instead of splayed
outwards.

Figure 35 Pre-Forming IC Pins

Chapter 1
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Figure 35 shows the proper technique for
holding the IC. The two functions being per-
formed here are aligning all the pins on one side
of the chip, and bending that row inwards, so it
will be parallel with the other row (instead of
spread apart).

As previously described in Subsection 1 (Ap-
plying Solder), solder the IC into the board by
holding the iron on one side of the pad and ap-
plying solder to the opposite side (see Figure
36). Remember that solder flows towards the
heat source. Once the solder has flowed across
the pad to the tip of the iron, remove both iron
and solder.

Use the flux remover all around the new IC,
and clean any tiny solder bridges with a scribe.

If you have any problems getting solder to
flow onto the connections, the probable
reasons are: 1) the soldering iron isn't hot
enough, or 2) the connections weren't cleaned
properly (see Figure 37). Therefore, check the
temperature of the iron if the solder balls up or
lies on top of the connection and refuses to
flow.

Figt;r;ég Soldering New IC into Board

If the solder does melt on the tip of the iron
very easily, then look at the area around the
connections, to be sure they aren’t covered
with any oxide, grease or dirt.

SOLDERING IRON

Figure 37 Common Soldering Problems

TOO MUCH SOLDER AND COLD
SOLDER JOINT—DID NOT FLOW
THROUGH TO THE COMPONENT
(TOP) SIDE

NOT ENOUGH SOLDER-—DID NOT
FLOW THROUGH TO THE COMPO-
NENT (TOP) SIDE
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Figure 38 Good and Bad Solder Connections

1. SHORTING TWO WIRES TOGETHER (GOOD)

2. SOLDERING TWO WIRES TOGETHER (GOOD)

EDGE-CONNECTOR PINS

IMPROPERLY TRIMMED

INSUFFICIENT
SOLDER

(COLD SOLDER JOINT) INSUFFICIENT SOLDER

3. BAD SOLDER CONNECTIONS
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5. Repairing Edge-Connector
Pads

The pads on edge connectors may need
repair either because they were damaged from
abuse, or because they were burned. Regard-
less of cause, the technigue of repairing them is
the same.

First, you will have to remove the damaged
part of the pad (see Figure 39). This is
necessary so that later you won't have any dirt
or debris causing short circuits between adjoin-
ing edge-connector pads. Cut through the pad
with an X-Acto® knife and lift the pad with a
scribe. Then scrape off any carbon, loose dirt or
debris on the fiberglass part of the edge con-
nector, to leave a smooth clean surface.

Now you will recreate the pad using copper
tooling: this is a copper foil, and can be pur-
chased in almost any hobby shop in the coun-
try. You should ask for copper foil, because
most hobby shops will not know what “‘tooling”
is. The material is sold in a 12-inch-wide sheet.

Do not buy thin adhesive-backed copper
foil available at electronic hobby shops. This is
generally too thin for edge-connector repairs.

Cut the copper tooling to the exact width of
the edge-connector pad (see Figure 40). Thor-

Figure 39 PCB Edge-Connector Damage

Chapter 1

Flgure 40 Applying Tooling to
Edge-Connector Pad

oughly clean the small strip with a pencil eraser
to remove any oxide. The through-plated hole
has been tinned—meaning a small amount of
solder was applied to the PCB.
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Edge Connectors with Common Pins 1
and A: Solder one side of this copper strip onto
the bottom or circuit side of the board. Turn the
board over, wrap the copper tooling around the
end, and make sure the tooling closely con-
forms to the surfaces of the board.

Figure 41 shows the top or component side
of the board and the properly tinned hole. Cut
the tooling to the right length, so it just covers
up the through-piated hole—not longer. Then
use a clamp such as a locking surgeon’s clamp,
and lock it onto the copper tooling. This will en-
sure that the tooling is flush with the board's
surface.

Apply the soldering iron to the connection to
just barely heat the previously tinned area—do
not apply more solder. This will complete the
bond. After the solder is cool, remove the
clamp. Clean the whole area with flux remover,
and scrape away any hairline solder bridges
between edge-connector pads.

Figufe 41 IV=>i;1¥aﬁlmsbld'eui'ing on

Edge-Connector Pad

As the final step, clean the whole edge con-
nector with a regular soft pencil (not ink) eraser,
as shown in Figure 42,

Edge Connectors with Pins 1 and A Not
Common: If you are working on a PCB that
does not have through-plated holes along the
edge connector (pins 1 and A are not common),
then you cannot wrap the copper tooling around
the board—you would cause a short.

Chapter 1
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Figure 42 Cleaning Edge Connector on Board

Instead, bond the copper to only one side of
the board with a small amount of solder. Then
fold the foil down over the edge and cut off the
overhang with an X-Acto knife.

Slightly lift the end of the copper tooling, and
apply Krazy Glue or another instant adhesive
under the end of the copper. This will hold the
copper tooling down on the fiberglass part of

Chapter 1

the board. So now you have a solder bond at
one end of the copper strip, and Krazy Glue
underneath the other end.

Note that cutting off the overhanging copper
tooling at the edge of the board should give you
a convex surface on the copper. That will keep
it from catching on the edge connector when
you plug the connector back on.
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6. Using Modification Wire

Mod wire, as it's commonly called, is a
material you would need to repair broken or
missing traces, or to change the layout of
traces on a PCB.

The photograph in Figure 43 shows the pro-
per way to run mod wires. The picture shows an
IC that has one pin lifted, a mod wire has been
soldered to the pad where the pin used to be
connected, and a second mod wire is soldered

Figure 44 shows the incorrect way to run
mod wire. If you look closely, you'll see that the
IC on the right has excessive solder—almost to
the point of causing a solder bridge.

Also in this figure, IC on the left has a dirty
solder connection. In addition, the mod wire is
sticking up in the air. The danger here is that the
loop can be caught on something when remov-
ing the PCB from the game. Besides, the wire’s

Figure 44 Wrong Use of Modification Wire

Figure 43 Correct Use of Modyiﬁi:atiokn ”Wires

to the IC.

It's important to note that the wire is lying
flat on the PCB, and that it's run underneath
components to help secure it. If you don't follow
this procedure, the wire will vibrate during nor-
mal game play or during game transit. This
vibration will fatigue the wires next to solder
connections, and eventually will cause them to
break.

large unsecured loop can vibrate heavily, caus-
ing it to break off after a while.

Observe the lead dress, the amount of in-
sulation that is stripped off the wire. The insula-
tion should stop right next to the IC pin that
terminates the wire, so the wire won't cause
any shorts. Mod wire should be kept as short as
is physically possible.

Chapter 1
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7. Cutting Traces

Correct: During troubleshooting you may
have to cut a trace. Use an X-Acto knife and
follow the technique shown in Figure 45. Notice
the angle of the knife, and how the knife has
undercut the trace, leaving an overlapping sec-
tion of foil. This makes it easier to resolder when
you rejoin the connection.

The technician made only one cut, so con-
siderable pressure has to be applied to the
knife. If you make one smooth cut, you'll have to
lift up only one side of the foil as shown. And
when you rejoin the connection, you simply
push that side of the foil back down and solder
over it.

The photograph in Figure 46 illustrates the
proper way to repair the damage of a wide gap
cut in a trace. The technician placed a mod wire
or jumper wire across the gap. This lets the sol-
der flow smoothly across the connection in-
stead of balling up.

The last and important step the technician
would take, which is not shown in this figure, is
cutting the two ends of the jumper wire. The
ends should be trimmed right next to the solder.

Incorrect: The improper way to cut a trace
is shown in Figure 47. This picture shows sever-
al cuts in the trace. Instead of slicing cleanly
through the foil, a wide gap was cut. To repair
this damage, you would have to apply a jumper
wire (solder will not flow across such a large
gap). In addition, a pocket knife is a tool you
should not use—an X-Acto knife is the proper
tool.

Figure 48 shows the results of using a pocket
knife and trying to improperly repair the damage
to the trace (no jumper wire was used). This pic-
ture shows a cold solder joint. The joint is dull
grey, has excessive solder, and is not smooth at
all. Eventually the big lump of solder will cause
problems on the board due to vibration, and the
connection will open up.

Chapter 1

Figure 48 Cbld Solder Joint
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8. Using Solder Wick

You should use this braided material to
remove excess solder from any area on the
PCB. The wick soaks up the solder like a sponge
(refer to Figure 49 for the proper technique of
using a solder wick).

Figure 49 Using Solder Wick and Soldering Iron

The picture shows the tip of the soldering iron
heating the wick and drawing up the excess
solder. Important: when using this material,
keep the wick moving on the PCB. If you ap-
ply heat constantly to one area, you’ll cause the
traces to come loose and damage the board.
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Chapter 2

Game Repair

This chapter of The Book is designed to steer
you in the right direction if you encounter a
problem with your game. It covers general prob-
lems and how to isolate them down to the in-
dividual part that needs to be repaired.
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Game Repair

One too! is perhaps even more important for
repairing your Atari games than any tool you
could buy in a hardware or electronics store—
it's the manual. Atari spends a lot of effort in
writing and illustrating the game manuals to
provide you, the operator and distributor, with
easily-found repair information.

If you haven’'t looked at a recent Atari
manual, do so now. Chapter 1 tells you every-
thing about setting up the game on location and
checking it out, in addition to a description of
game play.

Chapter 2 describes any maintenance neces-
sary for that particular game, such as
lubricating Trak Ball™ controls. It also covers
detailed disassembly and repair or replacement
of all the major game components.

2-4 Chapter 2
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Chapter 3 contains the parts lists and illustra-
tions needed to identify and order any field-
replaceable part in your game. Most of the il-
lustrations have been specially drawn by the
Publications Department illustrators to help you
quickly identify parts.

The parts in each list are arranged in
alphanumeric order for quick identification. The
figure called Cabinet-Mounted Assemblies
and its parts list are always first in this chapter,
to give you an overview of the whole game.
These are followed by all major assemblies.

A. Observing
Problems

The key to troubleshooting and repair of any
electronic game is the accurate analysis and
definition of the problem. Rather than im-
mediately trying to determine what is wrong, it
is sometimes more sensible to identify and eli-
minate everything that is not wrong. If you
follow this approach, you will narrow down your
problem to one or two well-defined areas.

The troubleshooting process has four basic
steps:

1. Define the Problem: What part of the
game is operating correctly? What part is mal-
functioning?

2. Localize the Problem: Is the power sup-
ply working? Do the switches and controls
work? If the game has a monitor, is that work-
ing? Does the self-test check out OK?

3. Isolate the Problem: If you know which
part of the game has failed (such as the power
supply, harness or monitor), find out which spe-
cific component has failed.

4. Replace the Defective Component.

B. Looking for Ob-
vious Problems

Check the self-test feature in the game. Self-
test will immaediately supply you with clues to
speed up the troubleshooting process. Note
which parts function, and those that don't. Con-
sult the game manual for the self-test pro-
cedure.

Normally -the first step in the self-test will
check the RAM and ROM in the board’s micro-
processor circuitry. Usually an audio or video
signal will indicate a bad ROM or RAM.

After the ROM and RAM tests, the game will
test the input and output circuits. If the self-test
fails for some reason, check for obvious prob-
lems. For example, chips may be loose in their
sockets. If switch tests fail, check for proper
switch operation and adjustment.

Also look for damage to the harness and con-
nectors before trying to touch the PCB. If output
circuitry fails the self-test, first test the obvious
items. Are any coils shorted? Test them with an
ohmmeter for proper resistance, don’t just eye-
ball them.

Chapter 2
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Avre light bulbs or light-emitting diodes burned
out? Again, test them with an ohnmmeter. Learn
to trust and use test equipment.

Always check all power supply outputs
before assuming that you have a PCB failure.
Be sure to take notes on voltages, where they
were taken, and what you found. The reason for
this is that you may be called away from the
game for some reason: then you won’t have to
start from the beginning again.

C. Harness
Problems

Harness problems seem to cause head-
aches for the novice technician. Probably the
major cause of harness failure is abusive hand-
ing or excessive flexing of harness or connector
components (called fat fingering—see the
Glossary at the end of this book).

Learn to use test equipment to troubleshoot
cabinet problems. The efficient use of a volt-

SWITCHES

ohmmeter (VOM) can reduce downtime consi-
derably. Use the PCB edge connector as a test
point for troubleshooting, instead of pulling and
flexing the harness assembly.

You should move the harness as little as
possible during this process.

$1 1pq
0————_
NO

S2  1p2
| NC

+5VDC 83 TP3
o—
NO
N S4  Tpa
7 U
NC

Figure 1 Troubleshooting Switches
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1. Switches

Figure 1 shows every possible combination
of switch inputs in a game. Using a VOM on test
point 1 (TP1) will normally show 5V or a logic
high present. When switch 1 is closed, TP1
should have 0 V present, or a logic low.

TP2 will normally have OV or a logic low.
When the switch is opened, TP2 will go high.

Notice that these two switches have one side
tied to ground. Also note that on the PCB they
are connected to pull-up resistors R7 and R8.

+5VDC
POT. (5K OHMS)

TP3 A1 v :i

POT. (25K OHMS)
TN ("

TP2

chanical limit to another, you should see a
change in voltage. This voltage will vary, de-
pending on the resistance of the PCB input cir-
cuits being tested.

TP2 is very similar to TP1. The difference is
the larger resistance of R2. The voltage swing
on TP2 should be greater if the potentiometer is
turned from one limit to another. It is not uncom-
mon for a potentiometer to either open (infinite
resistance) or have a dead spot due to dirt or
other foreign material. This appears as jumpy or

Figure 2 Troubleshooting Potentiometers

These pull-up resistors supply the 5-volt source
for the switch circuit. The switches force the 5 V
to 0 V when they are closed.

TP3 will normally have 0V or a logic low
present. When S3 is closed, TP3 will go to 5 V.
TP4 will normally have 5V present. When S4
opens, TP4 will go low or to 0 V. Notice that this
arrangement is different from TP1 and TP2: the
switches are tied directly to 5V and the other
side is using a pull-down arrangement on the
PCB switch input circuit.

2. Potentiometers

Figure 2 illustrates two potentiometer inputs
used in video games. TP1 should be tested with
a voltmeter. When R1 is moved from one me-

erratic needle movement on your meter as you
slowly rotate the potentiometer from one ex-
treme to the other.

Voltage measurements should be made be-
tween the test points and ground. If no voltage
appears at TP1 or TP2, you should check the
voltage at TP3.

3. Steering PCB

Figure 3 illustrates a typical Steering PCB in-
put to a game PCB. You should use an oscil-
loscope to watch the activity on TP1 and TP2.
As you rotate the steering wheel, you'll see
waveforms as shown.

Chapter 2
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The most common failure in this circuit is in
the square or rectangular connectors on the
Steering PCB. When no waveforms appear on
TP1 and TP2, check the voltage on the Steering
PCB. If there is 5 VDC present, check the out-
puts of the PCB to verify that it is working.
Remember, you may have a harness problem.

You can also check the steering in a two-
player driving game or a game with a Trak Ball™

STEERING
PCB

TP2

cuits when you find a no-audio condition. You
can easily isolate a fault by measuring across
the speaker terminals and checking for voltage
changes or an audio output.

If voltage changes occur on the speaker ter-
minals, but you have no sound, the speaker is at
fault.

Use TP2 when no audio is present on the
speaker terminals to determine whether or not

s S % [
U T
el S I e B e T .
o (ml T LT LT

tErT /.

= +5VDC

Figure 3 Troubleshooting Steering PCBs

assembly by switching the connectors from one
Steering PCB to another. You are actually
substituting a known-to-be-good component or
circuit with a suspected bad one, thus isolating
the problem to the connector or Steering PCB. If
this works, reconnect the harness assembly as
per the original configuration. if the game stili
works, tighten the connectors in the harness.

4. Audio

Figure 4 shows a recent audio circuit. Use a
voltmeter or an oscilloscope to test these cir-

Chapter 2

the amplifier is working. If there aren't any
voltage changes on TP2, check all voltages
necessary to operate the audio amplifier.

Also check TP3 for the presence of an input
to the amplifier. TP3 should have approximately
5 V peak-to-peak input. (This voltage will vary
from game to game.) What you are looking for is
voltage changes that represent audio. The most
common failure in this circuit is the audio
amplifier IC itself and related power supplies.
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Figure 4 Audio Troubleshooting

N
AUDIO
TP3 | AMPLIFIER | TP2 SPEAKER
VOLUME CONTROL

(o % * MT/: TP1 |<

SCOPE OR SCOPE OR
PCB VOLTMETER VOLTMETER

5. Lamps and Light-Emitting
Diodes
Figure 5 illustrates typical lamp and LED out- If TP1 is always O V, check the power supply

puts. TP1 should normally have the lamp voit- and lamp socket for presence of 6.3 V. Either
age present when the lamp is off. When the the lamp or the harness could be bad. If 6.3 V is
lamp is on, TP1 should be almost 0 V. present at TP1, visually inspect the bulb and

] @ * ];.:w

TYPICAL
TRANSISTOR
TP2

C

,9 +5V
P3 330 OHMS
L/4
TP4
ww—P

|||———

Figure 5 Troubleshooting Lamps and Light-Emitting Diodes
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socket for shorts. Try grounding TP1. If the bulb
lights up, you probably have a bad lamp driver
on the main game PCB.

TP2 should normally have 0 V present when
the lamp is off, and 6.3 V when turned on. If you
measure 0V, then the lamp driver on the game
PCB is probably at fault.

TP3 should normally be 5V with the light-
emitting diode turned off, and read almost 0 V
when on. TP4 should normally be 0 V when the
LED is off, and go high when the LED is turned
on.

You can troubleshoot LEDs with an ohm-
meter exactly the same as lamp circuits, except
in this regard: the LED should measure around
500 ohms one way, and with reversed meter
leads should read infinity. Note that you
should do all ohmmeter tests with the game
unplugged.

6. Solenoids

Figure 6 illustrates two possible solenoid ar-
rangements found in games. TP1 should nor-
mally be 40 VDC when the coil is off. When it is
turned on, TP1 should go to almost 0 VDC.

If the cail fails to turn on, check the coil for
shorts. Resistance should be low, but not O:
7-10 ohms DC resistance is typical of pinball
playfield coils.

Check for 40 V at TP1. If it’s OK, the problem
is on the game PCB. You can ground TP1 to
verify this.

TP2 should normally be 0 V when the coil is
off, and approximately 24 VDC (or rated voltage)
when turned on. You should test the coil as in
the lamps and LED circuits.

Typical failures in the coil circuits relate to
driver transistors, coils, or solenoids. Some-
times these components fail as a pair. General-
ly failure in pairs occurs because the fuse pro-
tecting that circuit reacts too slowly to protect
the driver transistor from damage.

+40 VDC
TP1
PINBALL
colL
C_ P2
(o) —
24 VDC -—
RELAY COIL -

Figure 6 Troubleshooting Solenoids
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n
D. Monitor
1. Raster-Scan Monitors circuitry, or an open harness.
You can easily troubleshoot raster-scan If the screen does change, then the game
monitors if you approach them correctly. First PCB has no video output.
determine if the monitor even has a problem. If there is no raster when the brightness is
If the screen is black, the first step is to turn turned up, check for 115 VAC present on the
off the power; then disconnect the game-PCB harness connector at the rear of the monitor.
connector from the game board. Also check if the monitor fuses are blown.
Then turn on the power. Does the screen Caution: If the monitor fuses are blown,
light up? If it does, touch the video-output pin on do NOT replace any of them with larger fus-
the game PCB connector. You should see some es. This will cause the main power trans-
change on the screen such as dark wide ver- former to overheat and fail! Refer to Chapter
tical lines. If not, you probably have a faulty 3 of this book for further troubleshooting infor-
video ampilifier in the monitor or its associated mation on monitors.
VIDEO OuT P
C RASTER-SCAN
MONITOR
CH
VIDEO GROUND
115 VAC
SUPPLY VOLTAGE
 ZouT
YOUT  TP3 XY
MONITOR
X ouTt TP4
7 P100
= AC FROM
POWER SUPPLY
Figure 7 Troubleshooting Monitors
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2. Q»ué-.ldrascanTM X-Y Monitors

To determine if an X-Y monitor is bad, you
must use some test equipment, but you can still
accomplish the troubleshooting fairly easily.
First check for the presence of all voltages
necessary to support the monitor.

At P100 of the Electrohome monitor,
measure across the following pins and check
for the presence of these voltages:

Pins 1 & 2—37 VAC
Pins 2 & 4—37 VAC
Pins 3 & 6—6.3 VAC

Next, with a voltmeter or scope, check the X,
Y and Z outputs on the game-PCB test points.
(These should be made using ground as a refer-
ence.) If all these prove to be OK, then the
monitor is bad. Refer to Chapter 3 for further in-
formation on how to deal with a bad monitor.

E. Connector
Problems

Typical connector problems you might find in
a game are due to such factors as dirt, loss of
spring tension and heat. The life of a connector
will vary from game to game, depending on its
application.

Use test equipment to examine signals com-
ing from the game PCB, instead of fat-fingering
the harness assembly. Most harness problems
tend to be intermittent, meaning sometimes the
object works and sometimes it doesn’t.

When looking at a suspected harness prob-
lem, ask yourself a few questions. Is this an in-
put problem? Do some or all of the switches
work? Is this an output problem? Do all the
lamps operate? Is there any video? Does the
audio work?

If you start at the edge connector and look for
logic changes on all the switch inputs, this will
tell you whether or not you have a harness or a
PCB problem. Hf you see that there is no change
on a switch input, look for connectors in the
middle of the harness assembly, instead of im-
mediately wiggling all the connectors.

Chapter 2

Try testing at the harness in this manner:
poke a straight pin or safety pin into the wires
on both sides of the connector. Don't disturb
the connector. Then use these pins as test
points.

If a problem seems to fix itself, don’t
assume it’s gone—it's not! The problem is
just waiting for you to walk away from the loca-
tion. If you don’t make a physical change to cor-
rect the problem, that problem still exists and
will continue to haunt you!

All connectors depend on spring tension to
maintain pressure enough to support current
flow. If the spring weakens, the connector will
no longer perform its job as a conductor. In-
stead the connector will act as a high-resis-
tance connection.

In a switch circuit, this resistance will cause
intermittent switch operation and eventually
complete failure. Output circuits usually use
higher current levels, and a high-resistance
connection will heat up. The heat will make
the connector oxidize and eventually burn if
left alone long enough.

If you trace an intermittent problem to an
edge connector, you can cure the problem in
most cases by cleaning the pads on the game
PCB with a pencil eraser. In the more persistent
cases, you may have to re-tension the connec-
tor itself. This is not a permanent solution:
eventually you will have to replace the connec-
tor anyway.

Connectors such as those made by Molex
can also present the same problems. You can
prolong eventual replacement by re-tensioning
the female pin in this connector.

F. Power-Supply
Problems

The heart of any electronic game and also
another potential source of problems is the
power supply. Figure 8 shows one example of a
game power supply.
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Normally the AC voltage reading across TP1
and TP2 should be approximately 115 VAC. It
shouid read the same across TP1 and TP3.

Check the transformer output by measuring
across TP4 and TP5, for example. If you get no
reading, then measure across TP5 and TP6, to
test fuse F6 (15 amps, 250 V). Finally, test the
transformer inputs to verify if the transformer is
bad.

If TP5 and TP6 have no AC reading across
them, and the inputs TP9 and TP10 read approx-
imately 115 VAC, then the transformer is bad.

If the reading across TP4 and TP5 checks out
OK, then your next step would be to measure
DC voltage across TP7 and TP8. These are
most easily reached on the diode assembly’s
positive and negative terminals.

In the case of the diode bridge assembly
CR2, you can more easily test the TP9 and TP10
on the filter capacitor terminals. You should
loosen and retighten the screws on the filter
capacitors, to insure that corrosion doesn't
build up on the wire lugs.

Diodes CR4 and CR5 made up a typical 5-volt
power supply arrangement. TP11 and TP12 are
used to test the AC input to the supply. These
test points should measure approximately 16.5
VAC. You should test the DC output of this rec-
tifier assembly at TP13, measured with a
ground reference. This reading should be from
8.5 VDC to 11 VDC.

Should you find this voltage too low, you pro-
bably have a bad filter capacitor. Test this com-
ponent by substitution. Dirty connectors, wire
lugs, and crimp connections of any kind should
also always be checked out.

You should always make all voltage tests
with the power supply in the cabinet, and the
game should operate under full load. Otherwise,
your measurements may not reflect full load
problems.

If possible, make all voltage tests on the ac-
tual assembly. For instance, test for the 8.5 to
11 VDC on the game PCB input or on the Regu-
lator/Audio PCB assembly, if the game has this
board. If the latter is the case, test the voltages
needed to run the game PCB on the game
PCB. This board has special test points provid-
ed for this purpose.

Chapter 2

G. Cleaning the
Printed-Circuit
Board

Occasionally, a PCB will be asked to perform '
under conditions above and beyond the call of
duty. They usually cannot operate while cov-
ered with beer, Coke, pizza, juice or metal par-
ticles from control assemblies.

If you find this condition, your first step
should be to remove the PCB from the game
and give it a thorough soaking with any general
non-abrasive household cleaner, such as For-
mula 409® Brush and scrub the PCB if neces-
sary. Remove any ICs from their sockets; clean
and rinse the board and ICs thoroughly. Be
careful of any mod wires which might exist.

After washing the PCB, thoroughly dry it with
compressed air, a heat gun or blow dryer. In-
sure that it is COMPLETELY DRY before ap-
plying power! We do NOT recommend that
you do this cleaning procedure if the board has
light-emitting diodes or fluorescent 7-segment
displays.

You should also be careful of getting com-
ponents, such as large filter capacitors wet, as
they may leak and cause problems later on. If in
doubt, remove them before cleaning the PCB.
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H. Mechanical Hafdware and Its
Adjustments

1. Gear Shifter Assembly

What we will discuss in this section is typical
problems found in gear shifter assemblies that
were first used in the Trak 10® and Formula K
games.

The most frequent failure is a broken shift
housing. You can help this problem by strapping
two radiator hose clamps around the housing.
Place them approximately one-third from each
end of the housing. This will add stiffness so
they last longer in abusive locations.

As Night Driver® and Sprint 282 became
popular, a new problem came up. The alumi-
num shifter rivets (used as switch actuators)
began to mushroom and stick. This requires
trimming them occasionally to keep the game
working. These rivets have been replaced with
steel ones to reduce maintenance time.

Recent changes in shifter design have im-“
proved reliability and lowered maintenance
time. See Figures 9 and 10 for details on the old -

and new style of gear shifter. !

Figure 9 Original Gear Shifter Design
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Figure 10 New Gear Shifter Design
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2. Trak Ball™ Assembly

The Trak Bal™ assembly used in recent
games needs periodic cleaning, lubrication and
inspection to insure that all hardware is tight.

Use only two drops of 3-in-One® oil to
lubricate each of the five bearing races. The
shafts should spin freely. Then clean the shafts
as well as the ball of all excess oil and dirt.

Some other cautions: 1.) do not use dry
graphite lubricant; 2.) do not roughen up the
bearing surface that the Trak Ball rides on; 3.)
do not allow Loctite® to contact any plastic
parts; and 4.) do not allow the Trak Ball height to
drop down, as this may cause the players to
pinch their fingers!

This bearing support adjusts the bali
height to prevent pinched hands and

fingers.

Figure 11

Chapter 2

Trak Ball™ Assembly
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3. Two-Speed Shifter

Because of the nature of this control, it
undergoes severe stress and vibration.

Therefore, you should secure ail screws with Figure 12 Two-Speed Shifter

Loctite® glue. To maintain the control, you
should lubricate the switch activator and shift
handle pivot pin with light silicone grease.

This type of shifter was used in Sprint 8®,
Destroyer™, Starship 1™ and Sky Raider™.
et

LUBRICATE

/ -

7
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4. Gas Pedal Control

Figure 13 shows the first gas pedal design
from Atari. A beryllium spring was used to ac-
tivate the switch.

This design was improved first by using the
washer (1) to activate the switch. Later we
found that the rubber bumper (2) would allow
the washer to overtravel and damage the
microswitch.

Figure 14 shows the next step in improving
this assembly. The spring activator was added
to protect the switch. The activator prevented
the washer from damaging the plastic switch
body, and it absorbed any excess pedal travel.
This kept the switch from being damaged inter-
nally.

e ====s===&s=a

£y

L @

h

\\9

Figure 14 Improved Gas Pedal Assembly

Figure 13 Original Gas Pedal Assembly

Figure 15 shows the newest gas pedal as-
sembly (introduced in early 1980). Notice that
the microswitch activator has been changed to
a spring, to prevent flexing sideways. This
keeps the activator from slipping off the washer
(3).

Also notice the hinge location: it has been
moved from the player's heel to the toe area.
This relieves stress on the hinge pin, resulting in
longer assembly life.

Figure 15 New Foot Pedal Control
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5. Steering Wheel Assembly

The steering assembly is basically trouble-
free. However, it does require periodic cleaning
and lubrication with a light silicone grease. Ap-
ply this lubricant to the steering shaft and bear-
ings.

| \
LUBRICATE

HERE o =

LUBRICATE
HERE

Figure 16 Steering Wheel Assembly
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RUBBER BUMPER

HEX NUT

LUBRICATE HERE
(PLASTIC BEARINGS)

RUBBER
BUMPER

Figure 17 Thrust Control Assembly

6. Thrust Control Assembly

This assembly was first used in the Lunar
Lander™ game, and has proved to be very
reliable. It requires only periodic lubrication with
a light silicone grease.

Apply this grease to the plastic bearings. Also
check that the rubber bumpers have not been
damaged. When assembling this unit, apply a
drop of Loctite® to the hex nut. This will keep
the nut from vibrating loose. As an alternative,
you can replace it with a self-locking type of nut.
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HOLE MUST BE DRILLED
HERE ON EARLY MOUNT
TO REMOVE PIN.
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Figure 18 Gun Assembly
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z

POTENTIOMETER
LINKAGE BRACKETS

7. Gun Assembly,
Flight Control Assembly

This assembly was used as a flight control in
Starship 1™ and Sky Raider™, and as a gun in
Triple Hunt™. The control requires periodic in-
spection and lubrication to extend its useful life.

Its weak point is the retaining pin (see
Figures 18 and 19). When this pin wears, it
allows the potentiometer linkage brackets to
overtravel, causing them to deform. This bend-
ing will eventually cause control failure.

To replace this pin on early models, the gun
mount must be drilled on one side. This will pro-
vide access for using a punch to remove the re-
taining pin.

Chapter 2
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SCREW —

POTENTIOMETER
LINKAGE BRACKETS

Figure 19 Flight Control Assembly

Inspect the weldment assembly near the oval
retaining-pin hole. Should this hole become
enlarged, it, t0o, can cause the potentiometer
linkage brackets to distort and break.

When you reassemble this control, you
should lubricate the retaining pin, the weldment
assembly, and the ball and bushing assembly
with a light silicone grease. Also be sure to use
hardened screws to mount all potentiometer
linkage brackets. Use Loctite to eliminate
loosening due to vibration.

To replace the pushbutton fire control, first
remove the hand grip. (This will destroy the grip,
since a permanent glue was used to mount the
hand grip.) Then remove the set screw. While
you are doing this, you can also prevent future
probiems by inspecting the fire button harness
for insulation wear. The most likely point of wear
is near the retaining-pin hole.

When replacing potentiometers or linkage
arms, tighten the screw only after you are sure
that the linkages will move freely from one ex-
treme to the other.

Chapter 2
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|. Electrical
Hardware

1. Switches

Two types of switches are used in electronic
games— microswitches and open-leaf or open-
blade switches. These are quite different in their
design and function, and we will discuss them
separately below.

NORMALLY CLOSED '
——)

NORMALLY OPEN

— COMMON

Figure 20 Microswitch

Microswitches: These usually don't need
any adjustment. In applications such as end-of-
stroke switches and motor stops where adjust-
ment is necessary, you should note that they
have a snap action. This means the switch ac-
tuator must travel some predetermined dis-
tance before it clicks on. Also, before it clicks
off, it must travel a proportional distance.

Mechanically, this type is superior to an
open-leaf switch because it is enclosed and will
usually need much less service. However, it
also has some limitations. The range of adjust-
ment is limited by its snap action. This can
reduce the feel of a pinball or similar garrie, that
would need some switches set to very close
tolerances.

The top illustration shows a typical micro-
switch; just below it is its schematic symbol.
This symbol is aiways drawn iri its normal posi-
tion in the game—before it is activated by the
player. A pushbutton-type microswitch uses the
same symbol as the lever-actuated switch.

Chapter 2

Open-Blade Switches: The second type of
switch is widely used in the game industry. The
major advantage of this type is its wide range of
possible adjustments and its lack of snap ac-
tion. In addition, the contacts are easily
cleaned, making it more serviceable in most ap-
plications.

Adjustment of these switches requires only
that the contacts wipe or rub against each other
to keep them clean. When you adjust these
switches, take care to never put a sharp bend
in the blades. The switch blades should be
radiused or gently curved to maintain adjust-
ment. A sharp bend or kink in the spring blades
will cause the switch to fall out of adjustment
much more frequently.
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To be self-cleaning, when this type of switch
is used, the actuating blade must rock the con-
tact back and forth. In other words, the contacts
must move out of alignment or rub against each
other (refer to Figure 21 below).

On switches with gold-plated contacts, you
should never use a rough cleaning tool such as
a file or burnisher: this will remove the gold
plating, and ruin the conductive surface. In-
stead, use a clean business card or something
similar to clean the gold contacts.

ACTUATING BLADE

SOLDER LUGS

STATIONARY

CONTACT

\@R_

ROCKING ACTION ON
FLEXIBLE ACTUATOR BLADES

\ BACK-UP BLADE OR

TENSIONING BLADE

—p-~

RUBBING ACTION ON
STIFF ACTUATOR BLADES

Figure 21 Proper Functioning of Open-Blade Switches

2. Transformers

Transformers are used in games to lower the
AC line voltage from 115 or 220 VAC to some
lower voltage such as 16.5 or 25 VAC, The
schematic symbol for this part is shown to the
right.

Transformers in electronic games are nor-
mally very reliable. When properly fused, they
should last indefinitely. If you make voltage
tests on transformers, measure across the
winding, not in reference to ground.

TP
TP
16.5VAC
TP
PRIMARY SECONDARIES
SOLDERLUGS TP OR OUTPUTS
25VAC

IRON CORE /

Figure 22 Schematic Diagram of a Transformer

Chapter 2

225



Game Repair

© 1980 Atari Inc

2-26

3. Potentiometers

A potentiometer or “pot” is nothing more
than an adjustable resistor. You should note
that this type of part will not always look the
same. Normally they have three legs or solder
lugs. In most cases, the two outside legs are
connected as shown below, and the wiper is in
the center.

In some cases, the wiper may be moved over
to one side instead of in the center, as shown
below. When this occurs, the pot will always be
marked to indicate this change from the norm.
For more information on potentiometers refer to
Chapter 4, Section B-2 Variable Resistors.

RESISTOR ELEMENT

1o—AWY O 3

|

2 WIPER

2 WIPER

Figure 23 Potentiometers

Chapter 2
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4. Solenoids

Solenoids are coils of wire used as elec-
tromagnets. You will find them in relays and
parts where very simple motions occur. Flipper
mechanisms or coin counters, for example,
need only momentary motion—which can be
provided by a coil or solenoid.

CORE

CoiL

The example above shows a solenoid with an
iron core such as those in relay assemblies. A
flipper solenoid, however, will not have the iron
core, and is represented by the symbol below.

AAAS

When a coil is turned on and off by a driver
transistor, you wilt usually find a damping diode
across the coil to suppress any large voltage
spikes. (These are generated when the coil
turns off.) The cathode end of the diode—the
end with the band—always goes towards the
positive supply voltage, as shown in Figure 24.

FROM CONTROL SOURCE

In some cases, solenoids will have more than
one winding. Such an arrangement usually has
a heavy wire used in the power or start winding,
and a fine wire in the hold or high-resistance
winding. This type of coil is almost always used
in flipper circuits because players tend to cap-
ture the ball and hold the flipper assembly on.
The fine wire provides current limiting, in order
to prevent the coil from overheating and burning
up.

HEAVY FINE
WIRE WIRE
TO FLIPPER
SWITCH TO +40VDC
- SUPPLY
NC
END-OF-STROKE
SWITCH

Figure 25 Double-Wound Solenoid

Flipper coils will aimost always have end-of-
stroke switches: these take over the function of
the fine windings until the coil is turned on. At
the end of the flipper stroke this switch is
opened, increasing the resistance of the coil.
This resistance, in turn, limits the current flow-
ing in the circuit.

CATHODE

Figure 24 Diode Arrangement Across a Solenoid
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Monitors

Virtually all timing relationships between the
many computer-generated events that occur in
a game are engineered to be compatible with
the monitor’'s operation. Because of this, you
should have some understanding of the rela-
tionship between the game PCB'’s various sync
signals and the movements of the monitor's
electron beam.

A. Types of
Monitors

1. Raster-Scan Monitors

Some video-game monitors and all TV
receivers use the raster-scan display method.
The electron beam in this type of monitor scans
the inside of the cathode-ray tube (CRT) in an
endlessly repeated pattern or raster. The
monitor creates images by modulating or in-
tensifying the beam when it has reached the
correct point.

Depending on the degree of modulation, the
beam illuminates points with differing intensity.
In other words, the greater the amplitude of the
incoming video signal, the more powerful the
electron beam becomes. As a result, certain
areas of the phosphor glow more intensely.

The beam could be turned off so the screen
would be totally dark, or the beam could be
various medium shades, up to a bright shade.
The various shades (usually white, grey and
black) of information superimposed on the
raster are called the video.

The type of phosphor used in the monitor is
chosen for its color (green or white) and its
degree of persistence. Persistence is the
phenomenon that causes the screen image to
linger for a moment, even after the electron

beam has moved on to a new point.

if a very bright image is displayed on the
same place on the CRT for a long time (say
several months), the phosphor in that area may
become permanently burned. On a monitor with
no power applied, you can identify a phosphor
burn as a beige-brown area. This burned area
will probably not be visible when the monitor is
turned on and displaying an image. Replace the
CRT only if the phosphor burn becomes objec-
tionable.

How a Screen Image is Generated: Figure
1 shows a simplified illustration of the non-inter-
laced raster. In this case, the electron beam
begins creating the picture in the upper left cor-
ner of the CRT and sweeps out one horizontal
line, ending at the right side. The beam is then
repositioned back to the left side by a process
called horizontal retrace.

During retrace, the electron beam is blanked
out so no undesired illumination can occur.
Retrace btanking is an internal function of the
monitor and is not related to blanking signals
produced by the game computer, except that

Chapter 3
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/ FIRST LINE

\
. HORIZONTAL

RETRACE

VERTICAL

| RETRACE

Figure 1 Non-Interlaced Raster Scan

both occur simultaneously. The computer sig-
nals H BLANKING and V BLANKING are used
in developing sync signals; they aiso load new
information into the motion-circuit counters.

After the electron beam has been reset to the
left side again, it sweeps the second horizontal
line, as shown in Figure 1. Since the beam is
deflected vertically as well as horizontally, the
second line appears beneath the first. The
beam continues to scan in this fashion until the
end of the last line, located in the lower right
corner of the CRT.

At this point, both a horizontal and vertical
sync pulse occur, and the electron beam is
reset back to the left top corner of the
CRT¥—where the beam began. This reset pro-
cess is called vertical retrace, and the electron
beam is blanked out during this time.

Chapter 3

Each time the electron beam has scanned
the entire CRT, it has compieted one full field
which contains 256 horizontal lines. In the non-
interlaced raster, successive fields are laid out
almost on top of each other. Two complete
fields constitute one frame, and 30 frames are
created per second.

When a monitor is not receiving incoming
sync signals from the game PCB, it operates in
the free-running mode. In this case, it simply
generates a raster not timed with the operation
of any other device. When connected to a

" video-game computer, it locks onto the sync

signals and is therefore synchronized with the
operation of that computer.

The PCB sync signals are precisely timed, so
that the electron beam in the monitor begins
each line when an H SYNC pulse occurs. The
frame begins with a V SYNC pulse.
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Defining CRT Locations: A monitor gener-
ates a raster that contains 256 horizontal lines,
and the game-PCB signals can illuminate up to
320 separate points to form an image. In order
to illuminate a desired point, that point must be
described so the electron beam is intensified
exactly as it reaches the desired horizontal and
vertical position. This is done by assigning a set
of coordinates to each separate point.

POINT POINT
160 319
o 1 2 3
1 1 1 ! {4
)

" 'Y
0-|—o—e —T_.
1- _l_l —e Any point may be described by

| 1 its vertical and horizontal coor-
2-|—o—eo dinates

I
3-]—e VERTICAL

LINE _-r- COORDINATES
128 | \ (LINES)
POINT 160
LINE 128
LINE +
256 HORIZONTAL
t— COORDINATES ———————— ]
(POINTS)

Figure 2 CRT Locations

The terminology used in this coordinate
system is shown in Figure 2. Notice that each
raster line has a vertical position on the screen.
The first line (where the beam starts) is called
line 0. Moving to the bottom, each line in-
creases by one digit, with the last line num-
bered as 255.

Each horizontal coordinate also is assigned a
number. The first point occurs in the upper left
corner of the CRT and is called point 0. The
point to its right is point 1, the third is point 2,
etc., until the end of the line at point 319.

Thus, any location on the CRT can be de-
scribed as the intersection of some line and

point (refer again to Figure 2). The combination
of the vertical and horizontal address produces
a set of coordinates to identify every point on
the raster. For example, to illuminate a point ap-
proximately in the middle of the CRT, you would
need to intensify the electron beam as it
reaches the intersection of line 128 and point
160.

You can visualize the CRT as a rectangle
bounded on the top and bottom by lines 0 and
255; the sides are bounded by points 0 and 319.
Since points and lines are spaced approximate-
ly equidistant, a shape 4 by 4 will be about
square.

Chapter 3
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2. Quadrascan™ X-Y Monitors

The new generation of games uses a video
display monitor commonly know as the X-Y
monitor. instead of scanning across many
raster lines, this type of monitor uses vector
generation to create images on the screen.
Atari uses 15- and 19-inch black-and-white X-Y
monitors, depending on the size of the game
cabinet.

The advantages of X-Y monitors over raster-
scan are several: they allow game designers to
produce a more detailed picture, draw lines at
any angle, and display more moving objects on
the screen. Also, the monitor has greater con-
trast.

The only disadvantage (and a minor one, at
that) is the inability to ““fill in’" areas with a solid
color, as raster-scan monitors can do. Only
outlines can be drawn.

Vector generation works on a simple
geometric principle. The X and Y coordinate
system (two-dimensional grid pattern) is ‘“‘laid
out” on the screen, and the dot at the center of
the grid becomes the center of the screen.
From this center point the dot moves outwards,
drawing lines at any angle, including horizontal-
ly and vertically. These lines are called vectors.

With the X-Y monitor comes some new ter-
minology. You may be familiar with raster-scan
terms such as vertical, horizontal and video.
You can set up loose relationships between
both types of monitors as follows:

Horizontal—X axis
Vertical—Y axis
Video—Z

Chapter 3

These relationships are shown in Figure 3.
Note that all movements of the dot start at the
center of the screen. This is the ‘‘zero’” condi-
tion, when both input voltages to the X and Y
amplifiers are zero.

Figure 3 X-Y System of Display

If the Y input voltage to the Y amplifier is
gradually increased from zero volts to + 7, the
dot will move straight towards the top of the
screen as indicated by the +Y arrow.

Conversely, if the Y input voltage is gradually
increased from O volts to -7 volts, the dot will
gradually move straight towards the bottom of
the screen, as indicated by the -Y arrow.

The movement of the dot in the X axis is to
the right for positive voltage, and to the left for a
negative voltage input. If both X and Y input
voltages are increased from O to -7 volts, the
dot will move in the direction indicated by the
dashed line.
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B. Adjustments

The raster monitor is adjusted like any nor-
mal TV set. The adjustable controls are listed
below.

1. Brightness

Brightness is adjusted before contrast. Ad-
just so that the CRT background is the desired
intensity.

2. Contrast

Adjust so that the images are as bright and
clear as possible against the pre-adjusted back-
ground.

3. Vertical Hold

Adjust only if the picture appears to be rolling
up or down on the CRT. Adjust for a stable, cen-
tered picture.

4. Vertical Height

The vertical height and vertical linearity ad-
justments (below) are interactive. The vertical
height adjustment changes the vertical dimen-
sion of the picture. Adjust for optimum picture
size.

5. Vertical Linearity

Change this adjustment only if the top of the
picture seems compressed. If the game is a
paddle game, adjust the linearity so the paddie
remains the same size throughout its vertical
travel.

If the game does not use paddies, use some
other image to establish if the top of picture is
being compresssed. If adjusting the linearity
adversely affects vertical size, repeat Steps 4
and 5.

6. Yoke

Generally speaking, do not touch the yoke
adjustment unless you are a qualified TV
repair technician! The yoke should never re-
quire adjustment unless the monitor has been
installed in a different type of game or the ad-
justment magnets have been tampered with.

In either case, the entire picture appears to
be offset, and normal adjusting does not restore
it to its proper position. The two yoke adjusters
are located on neck of the monitor, and they af-
fect the vertical and horizontal deflection of the
electron beam.

If yoke adjustment is necessary, follow the in-
structions given in the appropriate monitor
manual.

7. Brightness and Contrast
on X-Y Monitors

Turn brightness and contrast all the way
down. Then increase brightness until the im-
ages are barely visible. Adjust contrast for pro-
per illumination.

Chapter 3
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C. Monitor Repair

Troubleshooting a monitor is not a matter of
thorough knowledge of the monitor circuitry.
The big step in the troubleshooting process is to
be able to identify the problem and then to pro-
ceed to the proper malfunctioning circuit.

In some cases, such as a black screen, the
malfunctioning circuit is unknown. Then the pro-
cedure is to start with the most common circuit.
By process of elimination, you can locate the
defective circuit.

The purpose of this section is to help you
identify the symptom, guide you to the malfunc-
tioning circuit, and then list the probable faulty
components. This should eliminate most of the
guessing and reduce troubleshooting time.

1. Raster-Scan

Each picture will have its own failure symp-
toms. We define the most common symptoms
as follows:

Vertical collapse looks like a narrow (hori-
zontal) raster line running from left to right. This
is caused by no vertical motion.

Vertical roll is an unstable picture that
moves up or down the screen, somewhat like a
filmstrip.

Horizontal tear looks like a picture that is
diagonally torn in several places.

Horizontal collapse appears as a narrow
(vertical) raster line running from top to bottom
of the screen.

Retrace lines are four to eight thin white
video lines running diagonally across the
screen.

The long table that follows in Figure 4 covers
symptoms seen on the picture tube, lists proba-
ble faulty circuits, and shows suspected faulty
components.

When two symptoms appear at the same
time on the screen, you can use the tables to
pinpoint the circuit. For example, a monitor may
show both a horizontal tear and a vertical roll.
Looking at the tables, the only circuit listed
under both problems is the sync separator.

Figure 4 Black-and-White Raster-Scan Monitor Troubleshooting

Symptom/Problem:

Horizontal Tear
A. Sync Separator Circuit
1. Separator transistor
2. Amplifier transistor
3. Shorted diode
4. Phase diodes open or shorted
5. Shorted capacitors

B. Feedback Separator Circuit
1. Capacitors open or shorted
2. Resistor open

Black Screen—Fuse Blown
A. Horizontal Output Stage
1. Output transistor shorted
2. Damper diode shorted
3. Limiter diode shorted
4. High-voltage diode defective

Check this Component

Motorola Motorola TEC Wells-
XM501/701 XM5000/7000 Videoelec- Gardner
tronics
Q5 Q10 Q301 Q206
Q1 Qi1 Q400 Q201
D23 D201
D7 D5, 6 D401, 402 D205
c2 C201
C15, 32 C12, 14 C402, 415 C207, 210
R45 R24 R408 R216
Q9 Q9 Q403 Q103
D1 D7 D403 D106
D2 D8 D801 D206
D4 D11 D404 D105
T2 T2 T403 T102

5. High-voltage transformer defective

Chapter 3
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Check this Component
Motorola Motorola TEC Wells-
Symptom/Problem: XM501/701 XM5000/7000 Videoelec- Gardner
tronics
B. Low-Voltage Power Supply
1. Bridge diode(s) shorted D912 D16-19 D901-904 D101-104
2. Power transformer internal short T4 T3 T901 T101
Black Screen—Fuse OK
A. Horizontal Output Circuit
1. Output transistor open Q9 Q9 Q403 Q103
2. High-voltage transformer open T2 T2 T403 T102
3. High-voltage diode open D4 D11 D404 D105
4. Open B+ resistor R43 R420
B. Horizontal Driver Circuit
1. Transformer open T1 T T402 T201
2. Driver transistor open or shorted Q8 Q8 Q402 Q209
C. Pulse Shaper Circuit
1. Shaper transistor open or shorted Q7 Q7 Q208
D. Horizontal Oscillator Circuit
1. Oscillator transistor open or shorted Q6 Q6 Q401 Q207
2. Transformer defective L1 L1 T401 L201
3. Capacitors open C18, 19 C18, 19 C408, 409 C213, 214
E. CRT and Socket
1. Spark gap shorted Pin 2 Pin 2 Pin 6 Pin 2
2. Socket wire open Pin 2 Pin 2 Pin 6 Pin 2
Low-Voltage Power Supply Too Low
A. Reference Amplifier
1. Reference zener low D6 D20 D906 ZD201
2. Reference transistor shorted Q15 IC1, Q19 Q903 Q204
B. Series Pass Amplifier
1. Driver transistor open Q14 Q18 Q902 Q102
2. Series pass transistor open Q16 Q17 Q901 Q101
Low-Voltage Power Supply Too High
A. Reference Amplifier
1. Reference zener open D6 D20 D906 ZD201
2. Reference transistor open or leaky Q15 IC1, Q19 Q903 Q204
B. Series Pass Amplifier
1. Driver transistor shorted Qt4 Q18 Q902 Q102
2. Series pass transistor shorted Q186 Q17 Q901 Q101
Raster Cannot be Turned Off, Retrace Lines
A. Low Video Output Stage Power-Supply Voltage
1. Diode breakdown too low D5 D10 D207 D107
2. Capacitor open C43D C23D G220 C101D
B. Video Output Circuit
1. Video output transistor leaky Q3 Q5 Q202 Q203
2. Video driver transistor leaky Q4 Q4 - Q205
3. Blanking diode leaky —_ — D204 —
C. CRT Socket
1. Spark gap shorted Pin 7 Pin 7 Pin 7 Pin 7
in socket in socket 2801 in socket
2. Open brightness control R21 R121
3. No voltage to brightness control R21 R121
D. Spot Killer
1. Transistor short Q21
Chapter 3 39
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3-10

Symptom/Problem:

No Video or Distorted Video, Raster OK
A. Video Output Circuit
1. Video output transistor has low gain
2. Video driver transistor has low gain
3. Coupling capacitor shorted or open
4. Bypass capacitor open or shorted
5. Zener diode open or shorted

B. Ampilifier Circuit
1. Video transistor defective
2. Compensation diodes shorted or open
3. Coupling capacitors open or shorted
4. Contrast pot open

C. Video Input Circuit
1. Video input transistor defective
2. Input coupling capacitor open or shorted

No Raster—Video Visible
CRT Circuit
1. Brightness control open
2. Spark gap shorted or open lead
3. No voltage to the brightness control

Vertical Roll
A. Sync Integrator Circuit
1. Sync integrator transistor(s)
2. Integrator capacitors short or open

B. Sync Separator Circuit
1. Sync separator transistor(s)

C. Input Video Circuit
1. Voltage transient diode shorted
2. Bypass capacitor shorted or open

D. Vertical Oscillator Circuit
1. Vertical oscillator transistor(s)
2. Ramp capacitors

Horizontal Collapse
Horizontal Yoke Circuit
1. Coupling capacitor open
2. Linearity coil open
3. Width coil open
4. Yoke open

Vertical Collapse

A. Vertical Output Circuit
1. Vertical output transistor(s)
2. Coupling capacitor open
3. Output transformer open
4. Choke open
5. Yoke open

B. Vertical Driver Circuit
1. Driver transistor(s) open or leaky

Chapter 3

Motorola
XM501/701

Q3
Q4

Cé

Q2
D8, 13

R5

o
C1

C34, 35

Q5

D23
c2

Q10, 11
C37, 38

C29

L4
L5

Q13
T3
L5

Q12

Check this Component

Motorola TEC Wells-
XM5000/7000 Videoelec- Gardner
tronics
Q5 Q202 Q203
Q4 — Q205
— Cca08 —
C5 ca07 C204
C1,D3 — —
Q2,3 Q201 Q202
— — D202, 203
C3, 4 C203, 205 Cc221
R6 R211 R116
Q1 Q200 Q201
C1 C201 Cc202
R73 R803
Pin 2 Z802
R73 R803
Q12,13
C34, 35 C306, 307 C226, 227
Q10, 11 Q301 Q206
D201
C201
D12 Q302 Q210, 217
C37, 38 C313, 314 C231
C25 C418 C105
L3 L406 L202
12 L405 L101
L4A L401 Not designated
on schematic
Q15 Q304, 305 Q215, 216
C40 C317 C234
L5 _ —
L4B L401 Not designated
on schematic
Q14 Q303 Q211, 212,
213, 214
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Symptom/Problem:

C. Vertical Oscillator Circuit
1. Oscillator transistor(s) open or ieaky
2. Ramp capacitor(s) open or shorted
3. Height control open
4. Vertical hold control open

D. Vertical Power Supply is Low or High
1. Shorted capacitor(s)
2. Zener open or shorted
3. Diode open or shorted
4. Resistor(s) open

2. Quadrascan™ X.Y

Figure 3 (shown earlier in this chapter) shows
the X-Y display system with its two axes. To sim-
plify troubleshooting, you can divide the monitor
screen into four quadrants, divided exactly
along the axes (see Figure 5).

Figure 6 shows examples of four separate
symptoms. To determine where the problem
lies, first determine what is present, then what
is missing. Use Figure 5 as a guide.

Check this Component

Motorola Motorola TEC Wells-
XM501/701 XM5000/7000 Videoelec- Gardner
tronics
Q10, 11 D12 Q302 Q210, 217
C37, 38 C37, 38 C313 C231
R65 R60 R321 R256
R82 None R319 R108
C33, 36 — C419 —
— D21 — —
— D23 D203 —
R50, 55, 56 R95 R421 —
T
[}
]
:
-X ' +X
+Y 5 +Y
]
]
]
]
:
:
-X i +X
-Y H -Y
]
1
]
1

Figure 5 Quadrants in X-Y Display System

¢« [ S0
¢ ¢
a X
0 s 1%
o In @
A B C D
Symptom Present Missing Probable Cause
A Thin line +Y, =Y +X =X X amplifier
B One-half picture +X, =X, =Y +Y Y amplifier
C One-quarter picture +Y, +X -X =Y X or Y amplifier or
— 25V power supply
D One-quarter picture (You figure out this one)

Figure 6 Examples of Four Problems in X-Y Monitors
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312

Power
Supply PCB

+25V

-25V

High-Voltage |_____J 14KV 1o Picture

PCB Tube
lso v
Z —p To Picture
Tube
Y —) Y Yoke

—P X Yoke

)‘ X

Amplifier PCB

Figure 7 X-Y Monitor Circuit Boards

The Quadrascan monitor consists of three
circuit boards (see Figure 7). The power supply
board, located on the bottom of the frame, sup-
plies the =25V for the other two boards. The
high-voltage board, located inside the cage on
the left panel, supplies all the high voltages
needed for picture-tube operation. In addition,
this board generates 90 V for the Z amplifier.

The amplifier board consists of three
separate amplifiers. The X amplifier drives the X
yoke windings, the Y amplifier drives the Y
yoke, and the Z amplifier supplies blanking and
brightness for the picture tube.

At the top of the ampilifier board are four
power transistors mounted on a large heat sink.
The upper transistor closest to the picture tube

- is the —Y driver (2N3792). The transistor below

it (2N3716) is the + Y driver.

The transistors closest to you are the X
drivers. The top one is — X and the bottom tran-
sistor is the + X. You now have all the basic in-
formation necessary to begin repairing a
Quadrascan monitor.
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Voitages on X-Y Monitor: Ninety percent of
the problems in an X-Y monitor can be diag-
nosed with three key voltage measurements.
They are as follows:

1. + 25 volts—Measure this voltage on the
case of the + X driver transistor (type 2N3716).

2. — 25 volts—Measure this voltage on the
case of the — X driver transistor (type 2N3792).
If one or both of these voltages are too low or
high, proceed to the power-supply section.

3. + 90 volts—Measure this voltage on the
amplifier board, as follows. Locate the Z
amplifier transistor (Q504) right above the
brightness control. Place the meter lead on the
tab (or nut holding down the tab) of the tran-
sistor. If the voltage is lower or higher than 90V,
proceed to the high-voltage board section. If all
voltage measurements are correct, proceed to
the XYZ amplifier board.

Remember, always make these three
measurements first! Troubleshooting the three
boards down to the faulty component is ex-
plained in detail in Figure 8.
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Figure 8 Black-and-White X-Y Monitor Troubleshooting

Power Supply Board
The following procedure is for the + 25 volt power
supply. Components in parentheses are for the — 25
volt power supply. All voltage measurements are to
the chassis.

Problem Solution
Fuse 100 (101) open  ® Check bridge rectifier DB100 for shorted diodes.
* Check capacitor C100 (101) for short.

25V measures 40V ¢ Zener diode ZD100 (101) open.

25V is too low * Measure the voltage on the emitter of the transistor Q100 (101). Should read 40V. If
this voltage is 30V or less, capacitor C100 (101) is open or one diode in DB100
bridge rectifier is open.
* Remove the two screws holding the transistor Q100 (101) to the heat sink. Measure
the base voltage. If 27V, replace Q100 (101). If less than 27V, Zener diode ZD100
(101) is defective or capacitor C102 (103) is leaky.

High-Voltage Board
Remove the cover by removing the two screws on top

of the cage.

Problem Solution

Fuse open (F900) ¢ This may be a matter of adjustment. Locate the high-voltage adjustment pot R912
(next to Q901). Rotate it completely clockwise. Replace fuse and apply power. Place
positive lead of meter on pin 5 (grey wire) of the harness input connector P900. Slowly
turn the high-voltage adjustment until the meter reads 90V. If the fuse opens again,
check the following components.
Opens: ZD900, ZD901, and Q901. Shorts: Q900, Q902, Q903, and ZD903.

90V measures * Measure the voltage on the anode of the Zener diode ZD900 or the emitter of

less than 80V Q901. Should read 9V. If less, replace diode.

* Locate resistor R901 near the top edge of the board between Q900 and Q901. This
1.2K ohm resistor stands up about a half inch off the board. Place positive voltmeter
lead on the resistor lead closest to the edge of the board.

Voltage Reading Probable Cause

oV Q901 shorted

Less than 15V ZD901 shorted, or Q900 or Q902
has low gain

25V Open Q900, Q902, Q903, RY06 or
T900

¢ If all components are OK, the oscillator circuit (Q903) may be loaded down by a
defective component in the secondary of T900. With an ohmmeter, check the follow-
ing components for leakage: D903, C909, C906 and C907.

The other components D901, D902 and the doubler cannot be checked with an ohm-
meter. Use the following procedure instead. Note: When working with the doubler,
always make certain that the CRT anode is discharged to ground!

Unsolder the wire going from the high-voltage transformer to the terminal of the
doubler. Apply power and measure the 90V (pin 5 of R900). If the 90V comes up,
replace the doubler. To determine if D901 or D902 are loading down the oscillator,
unsolder one end of the diode and note if the 90V actually measures 90V.
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“XYZ” Amplifier Board
Missing information can either be caused by the fogic
(game) PCB or the X-Y amplifier. The easiest ap-
proach is with an oscilloscope. However, a scope is
generally not available on location. Follow the steps
listed below to determine which is the faulty board.
The Y measuring points are in parentheses.

Missing X (Y) Information
1. Set your voltmeter on “AC’ and on the 10-volt
scale.

2. Measure the voitage at pin 1 (2) of P703. The
meter should read 4.5V + 1V. If less than 3.5V or
even zero, the game PCB is defective and the monitor
is probably OK.

3. Measure the voltage at pin 2 (3) of P702. The
meter should read 4.5V + 1V. If zero, check for open
fuse F700 (F600). This is a small pico fuse located
near the side of P702. Replace with a 2-amp. fast-
blow fuse.

If the fuse is OK and the voltage is low, check Q705,
706, 707 and 708 (Q605, 606, 607 and 608). You
could swap the + X driver transistor Q708 with the
+Y driver transistor Q608 to see if the problem
follows the transistor. Similarly, the —X (Q707) and
—Y (Q607) can be swapped.

Z Amplitier
Proper adjustment of the brightness and contrast
controls is the same as for the raster-scan monitor.

1. Turn both brightness and contrast controls to
minimum.

2. Turn up brightness until picture is barely visible.
3. Turn up contrast for desired picture.

Problems related to the Z amplifier are few.
Remember! Make sure all power supplies are
operating and that the filaments in the picture tube
are glowing.

Problem Solution

Black screen

No picture
A dot
Interconnecting lines

3-14

¢ Turn up the brightness control. One of three symptoms will appear: no picture, a
dot in the middle of picture, or interconnecting lines between objects. Proceed to
troubleshoot, based on what appears:

* R515 or brightness control (R516) is open.
* If the red LED (D507) is on, proceed to X-Y amplifier procedure.

e If the red LED (D507) is on, check the following components for shorts or open cir-
cuits: D504, D505, D506 and C510.

e If the red LED is off: Q504 is open, Q503 is shorted, contrast control R526 is open
or there is no Z input from the game PCB.

Chapter 3
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Chroma PCB for
Indy 800™ and Indy 4™ Game
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Figure 9 Schematic of G.E. Model 25MB
25-Inch Color Monitor,
(as used in Indy 800™, Indy 4™ and Tank® 8)
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Figure 9, continued
Schematic of G.E. Model 25MB
25-Inch Color Monitor
(as used in Indy 800™, Indy 4™ and Tank® 8)
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e —— - e/_®°' Figure 9, continued
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Figure 10, continued
Schematic of Electrohome Model G02
25-Inch Color Raster-Scan Monitor
(as used in Tank® 8 and Sprint™ 4)
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Figure 19 Schematic of Sanyo
14-Inch Color Raster-Scan Monitor
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WARNING

Safety-Critical Components
Components marked with an asterisk (*) on the parts
list and with gray shading in the schematic have spe-
cial characteristics important for safety.

You may create shock, fire, or other h

azards by using

a replacement that does not have the same charac-

teristics as the recommended part.

WH

Unless otherwise specified, all resistance values
are in ohms.

Unless otherwise specified, in the schematic dia-
gram all capacitor values less than 1 are expressed
in mfd, and values more than 1 are in pfd.

. Voltage readings are taken with VTVM from point

indicated on chassis to ground.

NOTES
4.

5.

All waveforms are measured with strong signai
input and contrast set to give normal picture.
This schematic diagram covers basic or repre-
sentative chassis only. There may be some differ-
ences between actual components on chassis and
the schematic diagram.
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Monitors

Schematic of TEC Videoelectronics Inc.
Models TM-600/623
19- and 23-Inch Monochrome Monitors
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A. Introduction to
Solid-State
Electronics

Electricity is the flow of electrons or current
through a material, usually metal. This current
flow is caused by a difference in potential be-
tween the two ends of the material. This poten-
tial difference is called voltage.

Any material that allows current to flow
through it is a conductor. Some materials allow
current to flow through them more easily than
others. For example, current flows through a
wire more readily than wood. Therefore, wood
is said to have more resistance than wire. The
amount of resistance in electronic circuits is
measured in ohms, which is abbreviated as Q .

B. Resistors

Certain amounts of resistance are often
desirable in circuits. To permit circuits to have
pre-determined resistances in various places,
manufacturers make components called resis-
tors. These are available in many sizes and
shapes. In addition, they have a fixed or variable
amount of resistance.

Power is measured in watts and abbreviated
W. The larger the power rating of a resistor, the
more voltage and current it can handle.

1. Fixed-Value Resistors

One type of fixed-value resistor is made of
wire, since even wire has some resistance.
These are known as wire-wound resistors.
This type is usually found in power-supply cir-
cuits of many video games.

The wire-wound resistors are large enough to
have their value and power rating written on
them, without any cryptic codes. Typical values
you might see are 4 OHM 10W, or 2 OHM
20W. (The Greek Q symbol might be used, in-
stead of OHM.)

The other type of smaller resistor, due to lack
of space, has its resistance value coded in the
form of four or five color bands. You should be
concerned with only the first four bands. To
determine how to read these bands, hoid the
4-banded resistor with the empty non-banded
area at your right. (If the resistor has five color
bands that fill up its entire length, then hold it
with what is most likely the yellow band at the
right.)

Counting from the left, Bands 1 and 2 are the
significant digits of resistance value. Band 3 is
the multiplier; and Band 4 is the tolerance, or
how much percentage the resistance in ohms
may vary.

Atari's game boards use resistors mostly
with a tolerance of +5%. For example, the
value of a typical resistor might be 10,000
ohms, plus or minus 5%. The means it would
provide 9,500 to 10,500 ohms of resistance.

The yellow fifth band mentioned previously
does not always appear on resistors; it repre-
sents a reliability rating. Yellow (or three other
possible colors) means a certain percent of
change in value will occur after every 1000
hours of operation.

Chapter 4
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‘The chart in Figure 1 will let you quickly iden-
tify values of resistors.

Bands 1 & 2 Band 3 Band 4
Color Significant Digits Decimal Multiplier Tolerance
Black 0 1
Brown 1 10
Red 2 100
Orange 3 1,000
Yellow 4 10,000
Green 5 100,000
Blue 6 1,000,000
Violet 7 10,000,000
Grey 8 100,000,000
White 9 1,000,000,000
Gold — 0.1 +5%
Silver — 0.01 +10%
No color — —_ *20%
Figure 1 Color Codes for Fixed-Value Resistors
To illustrate the color coding system, assume value of 1,000—meaning 10,000 ohms resis-
a resistor has the color bands shown in Figure tance. Band 4 is gold, meaning a tolerance of

2. The first two bands (significant digits) show +5%.
“10”, which is multiplied by the third band’s

—I -

, £5%
OHMS

Figure 2 Example of a Resistor's Color Codes

Chapter 4
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The schematic symbol for fixed resistors is:

W

On some schematics, a resistor is shown by
using the letter P. This means that the digital cir-
cuit is using a pull-up resistor. A pull-up usually
has a value of around 2200 ohms and is used to
force an IC pin to a logic 1 (high).

As you can see in Figure 1, most of the
multipliers have a lot of zeroes. If you are
writing the resistance values this way, you
could easily make a mistake. Therefore, values
are often abbreviated to eliminate most of the
zeroes.

The most common abbreviations used are K
for 1000, and M for 1,000,000. The 2200-ochm
pull-up resistor is then shown as 2.2K, while the
resistor in Figure 2 is shown as 10K ohms. The
values of all resistors are usually shown on
Atari’'s schematics, right under the reference
designation Rxxx.

Figure 3 A Typical Potentiometer

2. Variable Resistors

Another type of resistor is the variable one,
sometimes called a potentiometer, or a “pot”
for short. See the accompanying Figure 3. The

pot has an overall resistance with an adjustable
tap which allows the resistor value to be
changed.

Ohm'’s Law:
Resistance is related to voltage and current by
Ohm’s Law, which is a simple formula:
E=IxR

R is the resistance value, E is the voltage, and /
is the current value. If you vary the amount of
resistance between two terminals of a pot, you
are also varying the voltage across those ter-
minals. Thus, a pot allows you to set different
voltage levels.

Suppose the overall resistance of the pot is
5K ohms. This will be read between terminals 1
and 3:

o T} -

A tap called a wiper arm is mounted inside the
potentiometer’s housing, and it makes contact
with the resistance material. The wiper arm is
connected both to terminal 2 as well as a shaft
that you can rotate:

_

The rotation causes the wiper arm to travel from
one end of the resistance material to the other.

As you turn the shaft, the amount of resis-
tance between terminals 1 and 2, and terminals
2 and 3 will change. Going in one direction, the
resistance between the first two terminals will
increase, while the resistance between the
second two will decrease. Turning the shaft in
the opposite direction will cause the opposite to
happen.

The resistance in most pots used in video
games is linear. That means the resistance
material is spread evenly along the path that the
wiper arm covers.,
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The schematic symbol for a pot is slightty dif-
ferent from a resistor. In the example below the
wiper arm is represented by the arrow.

— MV on —prh—

Pots usually have their resistance values
plainly marked on them. However, sometimes
the values may be in the form of a code. The
code is very simple to learn: the first two
numbers are the significant digits, and the third
number is the multiplier or number of zeroes
that follow.

For example, a marking of 502 (50+2
zeroes) means 5000 or 5K ohms. Another mark-
ing of 704 equals 100K ohms, or 10 + 4 zeroes.

A pot that's used as a player control is usual-
ly wirewound and is sealed to keep out dirt and
moisture (which would affect the pot's life).

Any dirt or particles that get into the pot may
cause a momentary loss of contact, or a very
large resistance at one spot in the range. If the
pot is used as a paddle control, this damage will
show up as jerky paddle motion (the paddle sud-
denly hops very far, even though the pot was
turned just a small amount), or the paddle will
not move at all when the pot is turned.

Pots cannot usually be repaired—because
they're sealed at the factory. You should
replace them since the time and effort required
to clean them usually costs more than a re-
placement.

3. Uses of Potentiometers

Pots are used as controls in various places in
video games. As a player control, a poten-
tiometer will change voltage levels that corres-
pond to certain spots where a paddle appears
on the screen. This type of control is found on
games like Breakout® and Avalanche™.

Potentiometers are also used in joysticks
where they control two voltages. Examples of
games that use the joystick principle are Sky
Raider™ and Flyball® .

Using a pot, you can fine-tunc some input to
operational amplifier circuits, such as those in
Flyball and Starship 1™, You can also control a
voltage ampilifier output, such as the X and Y
amplifiers found on games like Asteroids™.

Chapter 4

In addition, pots are used to set audio levels
on all Atari video and pinball games. They are
also needed to fine-tune many different circuits
in monitors. You are probably familiar with the
pots used as brightness and contrast controls
on televisions.

C. Capacitors

A commonly used component in electronic
circuits is the capacitor. The schematic symbol
for a capacitor is as follows:

—i

This component usually has two metal plates
inside that are separated by an insulator. Be-
cause the plates are made of metal, electrons
readily flow to them.

Although capacitors also contain wire inside,
the electrons accumulate on the plates, be-
cause these have a larger surface area than the
wire. When electrons accumuilate in one area,
the capacitor stores a charge.

The plates are not directly connected:; there-
fore, DC current flow is blocked. Alternating
current (AC) can pass through a capacitor due
to the stored charges. Therefore, one of the ca-
pacitor's functions is to block DC voltages,
while allowing AC to pass.

1. DC-Voltage Blocking

An AC voltage may be a signal of a specific
frequency, or it could be quick transients. Since
the voltage change on the capacitor’s plates
will be gradual (it takes time to charge and dis-
charge a capacitor), the capacitor tends to
smooth out transients or voltage changes.

In the case of a varying voltage, engineers
use a capacitor to filter or smooth out a
waveform in the power supply. In digital cir-
cuits, most of the signals you will find are
switching between 0 and 5 volts. This fast
switching of signals causes some voltage
spikes to get onto the power supply buses on
PC boards (due to the composition of the ICs).
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Capacitors can be placed across 5-volt and
ground buses to filter out the switching signals.
These signals or transients will pass easily
through the capacitor to ground, whereas the
capacitor will block DC voltage. When used in
this way, these components are called de-
spiking capacitors. Usually their value is .1 uF
(see Subsection 3 that follows for an explana-
tion of capacitor values).

2. AC-Voltage Resistance

Capacitors also have varying amounts of
resistance to AC currents, and this resistance is
called reactance. The resistance of a capacitor
depends on its value and the AC frequency of
the voltage.

Capacitors of different values block different
AC signals, and allow others to pass. When
capacitors are used this way, they are called
filters. Examples of this type of filter are the
tone controls on an audio amplifier.

A capacitive filter can also be made to allow
a certain frequency to pass through it. When a
capacitor charges and discharges at a certain
rate into a resistor, the charge will appear as an
oscillation at a certain frequency. This is a
tuned circuit or a tank circuit. (The word tank
has no relation to Atari’s Tank® video game.)

3. Characteristics of
Capacitors

Capacitors are made in a wide range of sizes,
plus several shapes (most are cylindrical). Dif-
ferent types of insulating materials are used in-
side to withstand various voltages before the
capacitor fails. This voltage is known as the
breakdown voltage, and is usually printed on
the capacitor. If you are replacing a capacitor,
use one with the same voltage rating or higher.

Capacitance is measured in Farads—
named for Michael Faraday, an important 19th-
century English chemist and physicist. A Farad
is a very large value, and most capacitors are
measured in microFarads or picoFarads. This
value is usually stamped on the capacitor.

As with resistors, we use abbreviations in a
capacitor value to avoid writing and reading
many zeroes. The micro prefix is abbreviated
as u, u,orm. It means multiply times .000001
or one-millionth, shortened to 1 x 10%. The pico
prefix is abbreviated as p and means multiply
times 10-'2 or one-trillionth.

Some of the larger capacitors have an elec-
trolytic material in them for an insulator. An ex-
ample of an electrolytic capacitor is an 8000
uF cap used in the power-supply circuit of
many video games. For your safety, and so they
operate properly, you must install these
capacitors in a circuit a certain way because
they have polarity.

Just as you observe polarity when replacing
batteries, if you replace a polarized capacitor,
make sure the + side of the capacitor goes
towards the correct end of the board.

—A— WARNING —A——

It you insert a polarized capacitor
the wrong way, it will break down
and explode!

The polarity of capacitors is always marked
on Atari's PCB assembly drawings. On the
boards themselves, you'll find that the etched-
metal pad at the positive end of the capacitor is
square, instead of the usual round shape. In ad-
dition, Atari marks the polarity on recent boards
with yellow silk-screening.
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4. Value Codes of Capacitors

Capacitors with color-coded values, rather
than written-out values, are made of tantalum
and are sometimes found in monitors. The color
code is similar to that for resistors, mentioned
previously in this chapter. See the table in Fig-
ure 4 for capacitor color codes and their mean-
ings.

Significant Digits

Voltage at 85° C.

Color 1st 2nd Muitiplier or 184° F.
Black 0 0 — —
Brown 1 1 — 6
Red 2 2 100 10
Orange 3 3 1,000 i5
Yellow 4 4 10,000 20
Green 5 5 100,000 25
Blue 6 6 1,000,000 35
Violet 7 7 10,000,000 50
Grey 8 8 100,000,000 —
White 9 — — 4

1st & 2nd SIGNI-
FICANT DIGITS
1st SIGNIFICANT
:"(— DIGIT CAPACITANGE VOLTAGE
2nd SIGNIFICANT | IN PICOFARADS
:}’(_ DIGIT
[ — MULTIPLIER 11l

Figure 4

The other coding system for capacitors is
similar to the number code mentioned for
variable resistors. An exampie is the code 104P.,
Such a code is used on some mylar caps, or on
radial caps applied as de-spiking capacitors on
boards such as Asteroids™.

In this number code, the first two places (1
and 0) are the significant digits, and the third

Chapter 4

(SILVER MARK = +10%
WHITE MARK = +20%)

+ SIDE

Color Codes for Capacitors

place is the multiplier or number of zeroes that
follow. The letter P stands for picoFarads.

Therefore, this example of 704P equals 10 x
10,000 or 100,000 pF. This value is then further
reduced to eliminate the five zeroes: you move
the decimal point six places to the left to con-
vertto uF, andthe resultis .1 uF.
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D. Crystals

Certain materials are sensitive to voltage.
When a voltage is applied to such a material, it
will be under stress and vibrate. By choosing
the correct material, size, and shape, you can
control the frequency of the vibration.

An electronic component made with such a
material is called a crystal. Made most often of
quartz, crystals are available in different sizes
and frequencies. The frequencies are always
stamped on the crystals, and typical frequen-
cies you might encounter are 10 to 14 mega-
Hertz.

A frequency of 1 Hertz is one cycle or vibra-
tion per second. Since mega means times one
million, crystals typically vibrate at the incredi-
ble speed of 10-14 million times per second. In
addition, they do so with great accuracy—
namely at the rated speed + .005%.

The schematic symbol of a crystal is:

—-

Crystals are used in clock circuits on all video
game boards, and in oscillator circuits of moni-
tors. A crystal cannot be repaired; when it is bad
you must replace it.

E. Coils

When a current flows through a wire, a
magnetic field is created around the wire. The
field from one strand of wire is very weak, but if
many strands or coils of wire are placed close
together, the separate magnetic fields will in-
teract with each other and become strong. An
example is a simple electromagnet.

If the current is constant, it will create a
strong magnetic field, as well as a voltage. If the
voltage suddenly changes polarity, the strong
field will try to oppose the sudden change. In
other words, the “induced” voltage from the
first field will oppose the new voltage.

1. Inductors

A component with a coil of wire inside is
known as an inductor or a choke. lis
schematic symbol is:

—_yYnm____

With alternating current (AC), the polarity
changes constantly, and an inductor will op-
pose the changing current, or try to block AC.
Direct current, because it is constant in polarity,
will flow through these components easily. The
ability of a coil to oppose AC is known as induc-
tance.

Inductance is measured in Henrys. Just like
capacitors, inductors have a certain amount of
resistance (called reactance) to AC voltages of
different frequencies.

Since inductors block sudden changes in
voltages or AC, they can be used to filter out AC
or transient spikes that are on a DC signal line.
Small transients are created whenever a switch
closure happens (due to the mechanical com-
position of switches).

Engineers can eliminate this switch
“bounce” by using inductors to prevent tran-
sients from reaching the digital circuitry. Induc-
tors are used for this purpose on games such as
Lunar Lander™, Asteroids™, and Missile Com-
mand™.

Inductors also offer resistance to frequency-
sensitive circuits, so they are used in monitor
filter and oscillator circuits. Similar to resistors
and capacitors, inductors are often marked with
their values in Henrys.

2. Transformers

If you place two coils close together, their
magnetic fields will interact. Their induced
voltages will also interact and be transferred
from one coil to the other. The amount of
voltage transferred depends on the size of the
coils or number of windings.
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If you apply 117 VAC to one coil, then you'll
also find a voltage on the other winding. The
117 VAC side is called the primary, and the sec-
ond winding is the secondary. In addition, the
secondary may have a wire connected to its
center, which is called a center tap. All of these
parts collected together are called a trans-
former. The schematic symbol for a trans-
former is shown below:

r

o

o

CENTER
TAP
SECONDARY

PRIMARY
N

SECONDARY

S J

o

A transformer may have several secondary
windings. Some of the most common secon-
dary winding voltages found in video games are
6.3, 16.5, 25, 30, 65, and 80 VAC.

Sometimes the secondary voltages are
printed directly on the transformer. Others have
numbered terminals or color-coded wires. To
find out what voltage is on each lead, look at the
schematic.

You should check transformers for the
presence of all secondary voltages. If they are
not present, then check the primary to make
sure it has the correct voltage going to it. Trans-
formers that are bad cannot be repaired; you
must replace them.

Uses of Transformers: Transformers are
used in the power-supply section of video
games. They may also be used to convert one
voltage to a higher one. An example of this is
the flyback transformer in a television or
monitor that *‘steps up’’ the primary voltage to a
much higher one (for example, 24,000 volts).

Transformers can also be used to transfer
voltage signals from one circuit to another. This
type is called a coupling transformer and is
found in television monitor circuits.
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F. Diodes

1. The “Charge” Principle

All material in the universe is made up of
atoms. The main subatomic parts that carry an
electrical charge are protons (+ ) and electrons
(—). Opposite charges are attracted together,
and identical charges repel each other. You
have probably seen this principle work with two
magnets.

Because of these characteristics, an elec-
tron will be attracted to a positively charged par-
ticle, the proton. In addition, two electrons will
repel each other, as will two protons. Keep this
in mind as you remember the statement men-
tioned at the beginning of this chapter: elec-
tricity is the flow of electrons.

2. How Diodes Are Made

Chemists can put an excess of protons or
electrons in a certain material. Let's assume
that the material with the excess protons is
called P, while that with an excess of electrons
is called N.

To simplify this abstract idea, imagine doing
the following. You glue some P material to
some N material; then you glue a wire to each
end of this “‘assembly.”” Refer to the illustration
below:

Remember that a power supply has two ter-
minals. The ground end is the side with an ex-
cess of electrons, while the positive side has an
excess of protons.

Suppose you connected the N material to the
+ of the power supply, and the P material to
the ground side. Refer to the picture below:

S —— ® R + (e
+ - _
+ _ =
+; P N -
++ F — =
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The N electrons will flow to the + supply,
shown at the top of the picture, and the P pro-
tons will flow to ground (shown with — sign).
The resuit is that no current flows through the
PIN junction.

If you reverse the leads to the power supply,
the electrons from the N material will flow
through the P material to the + end of the
power supply. Now you have current flowing
through the P/N junction, as shown below:

—O + S, W

t_+
—-P
+ _

x+l+|

-+
+ N
+7+

3. Properties of Diodes

The P/N material and its wires are known as
a diode. The wire connected to the P side is
called the anode; the wire at the N side is the
cathode. Supplying voltage to a diode is called
biasing it. The schematic symbol for a diode is:

ANODE —N— CATHODE

When you first connected the diode so no
current flowed through it, it was reverse-
biased. When you later turned around the
leads, it was forward-biased, and current went
through. Therefore, diodes have the property of
conducting voltage in one direction, but not the
other.

If you supply AC to it, the diode will only con-
duct when it's forward-biased, and will be off
when it's reverse-biased.

Suppose the diode conducts when the AC
signal has a positive voltage, and then it's non-
conducting during the negative part of the
waveform. The diode is now being used to ob-
tain only a positive voltage from the AC. This is
called rectifying the AC voltage to a positive
DC-type voltage.

More specifically, when a diode conducts
only half the time, it is called a half-wave rec-
tifier, since you have only half the waveform.

This application of diodes is commonly used in
power-supply circuits.

If you add another diode so it conducts dur-
ing the negative half of the waveform, plus you
add the two signals together, your waveform
will be much closer to DC. This is called a full-
wave rectifier, and is commonly found in the
power supply of most video games. The sche-
matic symbol for it is:

SECONDARY OF
TRANSFORMER

+8 VDC
0ovDC

i—

16 VAC

By connecting four diodes together, you
create a bridge rectifier. This type of rectifier is
usually found on video-game PCBs; its sche-
matic symbol is:

The most common types of diodes are made
of germanium and silicon, two chemical
elements. A diode must have a certain voltage
applied to it before it will conduct current.
Silicon diodes require about .7 volt before con-
ducting current, whereas germanium ones
need about .3 volt.

Diodes can be used in circuits as switches.
They do this by turning on or conducting current
when they are given the proper conducting or
threshold voltage. In this case, they are known
as switching diodes and are used on video-
game PCBs.

As mentioned earlier, chemists can put an
excess of protons in a material: this is called
doping the material. It is possible to dope the
P/N material of a diode so it has certain char-
acteristics when it is reverse-biased.

Chapter 4

4-11



Printed-Circuit Board Components

© 1980 Atari Inc

412

One trait it will have is maintaining a certain
voltage. This type of device is known as a Zener
diode, and it regulates voltages in power sup-
plies. Its schematic symbol is:

»f-

4. Light-Emitting Diodes

Certain materials give off light when elec-
trons strike them. An example of this is the
phosphor on the face of a television picture
tube. The tube lights up when the electron beam
inside hits it.

By mixing some phosphoresent material with .

the normal P and N materials in a diode, the
diode will light up when electrons pass through
it. This type of diode is known as a light-
emitting diode, abbreviated as LED. Its
threshold voltage is higher than for normal

diodes—usually between 1.8 and 2.5 volts. Its
schematic symbol is:

g7

The light it emits depends on the phosphor
used. The radiation may be visible to humans: in
this case, the LED is used as an indicator light.
Engineers use LED indicators on video-game
PCBs to show that power is on the board, or to
show that the steering circuitry is working on
some of the video driving games. LEDs are also
part of the playfields of some video games,
such as Video Pinball™.

LEDs can also emit light that is invisible to
humans (it radiates only in the infrared frequen-
cies). Such a light-emitting diode is commonly
used on steering boards in both driving and Trak
Ball™ type of games.

G. Transistors

A device known as a transistor results from
connecting two diodes back to back. The two
types of transistors, then, have PNP or NPN
material.

A POSITIVE OR LOGIC HIGH ON THE BASE WILL
TURN ON AN NPN TRANSISTOR.

COLLECTOR N L
BASE P H
EMITTER N L

COLLECTOR P H

BASE N L

EMITTER P H

NEGATIVE OR A LOGIC LOW
ON THE BASE OF A PNP TRANSISTOR
WILL TURN IT ON.

Chapter 4

A transistor has three leads: the emitter, the
base and the collector. You can turn on an NPN
transistor by applying forward-biased current to
the emitter/base junctions (see Figure 5). Turn
on a PNP transistor by applying reverse-biased
current to the emitter base.

COLLECTOR

BASE NPN
TRANSISTOR

EMITTER
Forward-Biased

COLLECTOR

PNP
BASE TRANSISTOR

EMITTER
Reverse-Biased

Figure 5 Current Flow in a Transistor
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1. How Transistors Work

The base of the transistor is like a valve on a
water pipe. When the valve of the pipe is closed,
no water flows through, and the pipe is turned
off. And when the valve is fully open, all the
water available flows through the pipe—the
pipe is turned on. The pipe can be compared to
the transistor, where the water droplets are
electrons.

The fully-open water valve compares to
electrons flowing through the semiconductor
material. In this instance, we say the material is
saturated, since all the available electrons are
flowing through the device. In the transistor this
occurs when both the emitter/base and
baselcollector junctions are forward-biased.

The fully-closed valve compares to electron
flow through the semiconductor material being
shut off. In this second instance, we say the
material is turned off. In the transistor this oc-
curs when both the emitter/base and
base/collector junctions are reverse-biased.

These two conditions are similar to a switch-
ing diode. Such a transistor is called, logically, a
switching transistor. The voltage on the tran-
sistor’'s base is one of the factors controlling
whether the transistor is switched on or off (sup-
plying current flow to a circuit or not).

If you set the water valve to various positions
in the middle region (not fully on or off), you can
control the amount of water passing through the
pipe.

The corollary in electronics is a transistor in
its active state. This occurs when the emit-
ter/base junction is forward-biased and the
base/coliector is reverse-biased. The amount of
electrons (current) that will flow depends on
how far the junctions are forward- and reverse-
biased. An active-state transistor is used in cir-
cuits as an amplifier.

2. Uses of Transistors

Transistors can be connected in various in
circuits. They can match the resistance or reac-
tance of other circuits, can allow for voltage or
current gain (which is why they are used as
amplifiers), or they can invert the input signal.

By connecting one transistor amplifier to
another, you can greatly increase the voltage or
current. This is called cascading different
stages of transistor amplifiers. Such a circuit is
often found in monitors.

When you increase the voltage or current by
cascading, you increase the power output. You
can also buy a readily available device with
several transistors put into a single housing or
“package.” This device is called a Darlington
transistor. It's used to handle lamps and other
things in video games that require greater
power than can be handled by a single tran-
sistor.

Chemists can also dope a transistor with
material sensitive to light. The amount of light
reaching the transistor’s lens determines the
threshold voltage on the base of the transistor.
This device is called a phototransistor.

Similar to an LED, the phototransistor can be
made sensitive to certain frequencies of the
light spectrum. Games commonly use infrared-
sensitive transistors. An example of this is a
phototransistor that picks up light signals
radiated by infrared-emitting LEDs.

Engineers frequently use such a combination
of components on steering PCBs to determine
direction and speed of a steering wheel or Trak
Ball™ being turned. When the photo LED and
phototransistor are molded together into one
plastic package, they are known as an opto-
coupler.

You will find the opto-coupler used on newer
steering boards. The phototransistors used
without LEDs (for detecting light intensity) were
designed into the older games such as
Outlaw® and Qwak®.

Chapter 4
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A. IC Pin Con-
figurations

Integrated circuit “‘packages’” come in many
sizes, from the simpler smail ones with 8 pins
(or legs), to the large microprocessor chips with
40 pins. ICs are always marked with index INDEX
notches or indentations to show proper orienta- NOTCH
tion when inserting them into the PCB. Look at
any Atari video game board, and you'll see that
the notches (except for the microprocessor)
face towards the edge connector. Never insert
an IC backwards, as you will probably
destroy it, the moment you apply power!

Pins are identified by number; counting starts
with the first pin to the left or counterclockwise
from the index notch (as viewed from the top).
The illustrations in Figure 1 show three typical
ICs and how their pins are numbered.

PIN8

PIN 4

B. How to Find
ICs on a
Printed-Circuit
Board

Integrated circuits are arranged on boards in
a grid pattern. Hold an Atari video-game PCB
with the component side facing you and the
edge connector at the right. The horizontal
rows are numbered from 1 to about 12 (depend- INDEX
ing on the board’s length), starting at the left. NOTCH
The vertical columns are lettered from A to
about R, starting at the bottom. /mportant:
Note that the grid system never uses G, |, O, PIN 14
or Q: these letters are too easily confused
with the numbers 6, 1, or 0.

Figure 1 IC Pin Configurations
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Figure 2 Typical PCB Grid Pattern
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On all coin-op game boards made by Atari up
through spring 1980, you will find the grid sys-
tem identified in metal, wherever space per-
mits. Sometimes several numbers or letters
have to be eliminated or shown elsewhere,
because the components don't provide enough
space.

Since spring 1980, all new Atari PCBs are
silk-screened in yellow ink to show the grid
system and all resistor, capacitor, diode, etc.
reference designations. The grid system is
easier to use, since every IC will have its grid
location silk-screened right next to it.

For example, at the intersection of row H and
column 7 you will find chip H7 (see Figure). And
if you want to talk about this chip’s pin 1 specifi-
cally, then you would call it H7-1.

Sometimes the PCB design requires a chip to
straddle two rows: this often happens with
ROMs and PROMSs. In such a case, the chip
would be identified as H/IJ7, for example.

Generally speaking, chips used in the same
circuit are located near each other. This is
necessary because the designer must keep
traces as short as possible to avoid picking up
noise and other undesired signals.

C. How to Identify
Device Types

Each chip is identified in the PCB assembly
drawing and on its body by a 7400- or
9300-series part number. This is the number
you use when looking up that chip in the
manufacturer’s data book.

Actual chips may sometimes have two or
more manufacturer's type numbers. In addition,
they may also have a batch number printed on
them.

D. Date Codes

Chip manufacturers also imprint date codes
on their integrated circuits. These codes
sometimes cause confusion: chips made in
1974 have date codes that resemble
7400-series part numbers. If in doubt, cross-
check the IC against the PCB assembly drawing
and parts list printed in each game manual or
parts catalog.

E. IC Manufac-
turers’ Logos

All chips are marked in some manner to in-
dicate manufacturer. Many symbols are fairly
easy to recognize, but some show only an ab-
stract symbol or logo of the company. The ac-
companying Figure 3 identifies all major chip
manufacturers from whom Atari has bought or
currently buys integrated circuits.

Chapter 5
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/l’ EXAR INTEGRATED SYSTEMS

ADVANCED MICRO DEVICES

SYNERTEK

MOTOROLA

’l‘ ROCKWELL INTERNATIONAL

“c" RADIO CORP. OF AMERICA

FAIRCHILD

or F

NEC

NS

INTEL

ANALOG DEVICES

TEXAS INSTRUMENTS

MONOLITHIC MEMORIES, INC.

SIGNETICS

NIPPON ELECTRIC CO.

OLD 1
DESIGN

NATIONAL
SEMICONDUCTOR

NEW
DESIGN
P

Figure 3 Identification of Major Chip Manufacturers’ Logos
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L

PIN NUMBER —\
INPUTS | ¢ ock _2&
ON LEFT

TIED LOW
TO GROUND

4-

F. Schematic
Symbol
Conventions

Figure 4 shows most of the integrated-circuit
symbol conventions used on Atari schematics.
Note that not all pins are shown in this figure,
nor are they in the “‘correct” order. If any pins
aren’t shown, then they are unused.

Pins are depicted in “mixed-up’’ order,
because schematic drafters try to keep inputs
on the left or top side of the ICs and outputs on
the right or bottom for clarity. If the pins were
arranged in their physically realistic order, the
lines would run everywhere, and the schematic
would be incredibly hard to read. Schematics
are symbolic representations—they are not in-
tended to be physically realistic.

Schematics include many signals. No stan-
dards exist for naming signals, so game design-
ers generally make up their own names. The
result is a diversity of names from game to
game, even if their function is the same.

DEVICE TYPE
(74107)
DOT MEANS
CONNECTION
5 3
J a
107
CLK L outpuTs
ON RIGHT
_ls
a3, @
y
— NO
10 CONNECTION

CIRCLE INDICATES
ACTIVE LOW INPUT

PCB LOCATION
(IN GRID PATTERN)

Figure 4 Schematic Symbol Conventions

Some signals such as CLOCK, H RESET, and
V SYNC remain the same among different
games. On the other hand, the signal that en-
ables or disables the game’s play-mode func-
tions is variously known as ATTRACT, ATTACT,
ATTRC, etc.

To save space on schematics, signal names
are often abbreviated. Examples are H SYNC
(horizontal synchronization), VLd (vertical load),
UNMDACX (X-axis unmultiplexed digital-to-
analog converter), and SHCON (sample and
hold control).

Signals not easily given meaningful or
characteristic names are simply identified by
letters or numbers. For example, sync chain
outputs are known as 1V, 2V, 4V, etc. You
should also know that the letter Q always in-
dicates an output, no matter how used.

Chapter 5
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G. Binary Count-
ing System

Everyone is familiar with the decimal count-
ing system, because we normally use it every
day. Moreover, this system (called “‘base 10”)
was developed because we humans have ten
fingers or digits.

Logic circuits, however, have only two ‘‘fin-
gers’: on and off. Therefore, all logic devices
count by twos or in base 2, instead of tens. This
counting method takes a bit of practice getting
used to, but it’s certainly not difficult.

A quick review: In the decimal system, each
place contains successively higher multiples of
ten. The first place is the “ones” place or 10°
(any number raised to the zero power is 1). The
second place over towards the left is the *‘tens”
place or 10" (1 x 10). The third is called the hun-
dreds place or 102 (10 x 10).

As an example, the number 256 consists of 2
in the hundreds place (or 200), 5 in the tens
place (or 50), and 6 in the ones place (or 6). Add-
ing these numbers results in 256. See Figure 5
to illustrate this example.

w w
2 g 3
8 S 3
clw g
0z0 o9 oOf
Z
253 o8 2
Ia v~ +0O
2 5 6

200 + 50 + 6 = 256

Figure 5 Decimal System Example

The binary system is similar, except that
each place contains multiples of two instead of
ten. The first position is the ones place or 2°,

Chapter 5

The second is the twos place or 2' (1 x 2). The
third is the fours place or 22 (2 x 2), and the
fourth is the eights place or 23 (2 x 2 x 2).

BINARY PLACES

8 &§ 8§ ¢
DY "I Y
o|lo o o oo
1 0o o o0 1 1,
210 o0 1 o | 2 &
w3 0 0 1 1 3 5
z 4|0 1 0 o |4 2
W s 0 1 ] 1 5 >
< 6|0 1 1 0|6 2
2 7|0 1 1 1|7 8
g 811 o o o0 |8 3
i T R 0o o 1 9 =
< 10| 1 0o 1 o | A ©
§ |1 o 1 1|8 4
w 12| 1 1 o o |c %
a 13| 1 1 ] 1 D
14 | 1 1 1 0 E T
15 | 1 1 1 1 F

Figure 6 Decimal, Binary and
Hexadecimal Equivalents

Figure 6 illustrates the binary counting
system up to the decimal number 15. The first
decimal (zero) has no value, so ‘0" appears in
the top row. The figure shows that the decimal
number 1 is expressed in binary as 0001, and
the decimal 2 is 0010 in binary. Three is the ad-
dition of 1 plus 2, or binary 0011.

When dealing with digital devices, each in-
dividual numeral is called a bit The entire
number is known as a word. Looking at Figure
6, you can see that it takes only one bit to ex-
press the decimal number 1, two bits for 2 and
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3, three bits for numbers 4 through 7, and four
bits for 8 through 15. A fifth bit is required to ex-
press the number 16. (Each bit is a higher
power of 2.)

Atari rarely uses numbers greater than nine
bits in electronic video and pinball games b-
cause, generally speaking, 454 is the highest
number needed. If nine bits are used, we can
express numbers as large as 111111111 (or
decimal 511).

Although we can count and express numbers
by using numerals, computers use low voltage
for 0" and high voltage for *“1”. In Section I,
Basic Digital Laws you will see how a binary
counter chip can count from 0000 to 1111 at its
four output pins—by sequentially producing
highs and lows.

H. Hexadecimal
Counting
System

As we saw earlier, to express the number 16
in binary, for example, requires 5 bits. Further-
more, binary numbers are cumbersome and
can easily be mis-written with their long strings
of zeros and ones.

In the early 1960s a system for computers
was devised to reduce the number of bits re-
quired for expressing numbers—it was base 16,
or the hexadecimal system—often called
“hex”. The term comes from combining hex
(six) and decimal (ten).

Hexadecimal digits consist of the usual ten
digits we’re accustomed to, plus the first six let-
ters of the alphabet. Therefore, the base 10 and
base 16 counting systems are equated as
follows:

Decimal Numbers
01234567891011121311
0123456789 ABCDE

Hexadecimal Digits

The only conversion between counting sys-
tems that you might have to do in electronic
game repair is from hex to binary. To do such a
conversion, simply find the equivalent binary
number for each hex digit and write it under-
neath that hex digit. Then read the binary num-
ber directly as you wrote it out.

For example, hexadecimal 3DF4 is con-
verted into binary as follows:

3 D F 4
001t 1101 1111 0100

l. Basic Digital
Laws

1. High, Low and Pulsing

The function and operation of logic circuits is
described using standard symbols and nota-
tions. All logic functions are described using the
positive logic convention.

This is a system of notation where the more
positive of two levels is called the high or 1
state, and the more negative is called the low or
O state. Remember the introduction to binary
counting mentioned earlier? We said a logic cir-
cuit can be only on or off. That’s the same as
these two states. Specifically, the high state
means the existence of +2.4to +5VDC. If a
signal is low, then the voltage will be 0 to +0.8
VDC.

In addition to being either high or low, a
signal could also be pulsing. This means it's
changing states. The logic probe illustrates this
very graphically when the pulse indicator turns
on, after the probe is applied to a circuit.

2. Active Low Signals

Signal names are often written on sche-
matics with overscoring, such as HALT-
STROBE—pronounced “haltstrobe not”’. These
signals go low to initiate events (an active low).
Those not overscored go high when active.
Overscored signals are always at the logic level
opposite their non-overscored counterparts.

Chapter 5

59



Introduction to Integrated Circuits

© 1980 Atari Inc

3. Three Laws of Logic
All logic devices and circuits are constructed

from three basic building blocks or laws: and,
or and negation.

The AND law states that when two signals
are input together, the output is high only when
both inputs are high.

The second law, the OR principle, states that
the output will be high when either or both in-
puts are high. A variation of the OR theme is the
Exclusive OR: in this case, the output is high
when either, but not both, input signals are
high (i.e., both inputs must be in opposite
states).

Negation, the third law, simply means that
the output is always inverted from the logic
level of the input.

J. Truth Tables

As you saw earlier, an IC can have either
high or low inputs; the various combinations of
inputs result in different outputs.

A truth table is simply a list of all the possible
input/output combinations. Usually the table
contains zeroes and ones to represent the lows
and highs on all the IC pins (refer to Figure 7).

AND GATE TRUTH TABLE

INPUT OUTPUT
3 ——— pPIN NUMBERS

LOGIC-LEVEL
COMBINATIONS

| AND
—— GATE

Figure 7 Explanation of Binary-System

Truth Table

Chapter 5

K. HL Sand LS
Device Types

Technicians who are new to electronics
sometimes have difficulty properly identifying
ICs. This is due to the fact that not all identifi-
cation letters are marked on most ICs.

One series of parts uses transistor-to-
transistor logic (shortened to TTL). Standard
TTL logic typically can toggle or switch on and
off as fast as 35 MHz, meaning 35 million times
per second. However, this may be too slow for
some applications.

Part numbers on ICs that start with 74 indi-
cate a commercial-temperature-range TTL in-
tegrated circuit. 54- series parts work in tem-
perature ranges given in military specifica-
tions. The 54- series withstands the much
wider temperature range that occurs in satel-
lites and missiles.

1. “H” Devices

When you add an H after the series number,
you are indicating the part is a high-speed TTL
device. It typically can toggle at 50 MHz, but it
also draws more power than other types of
devices.

2. “L” Devices

An L added after the series number means
the part is a low-power device—using less cur-
rent than a standard TTL device. Specifically,
we mean the power to provide necessary cur-
rent to activate the input pin. A low-power IC is
usually slower than a standard TTL device.

3. “S” Devices

Adding an S to a part number indicates that
it's a Schottky type. This term evolves from the
German scientist W. Schottky, who discovered
an effect that produces a much “‘cleaner’ out-
put than standard TTL devices.
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Specifically, the characteristics of this effect
are an output that is more sharply defined than
with standard TTL. This improvement to stan-
dard TTL greatly increases the usable speed of
a device because of its cleaner waveform.
Schottky-type devices can switch off in less
than 1 nanosecond, or 1 billionth of a second.
(This is about 3,000 times faster than standard
TTL)

You can see the difference of the cleaner
output from Schottky-type devices by compar-
ing these two iliustrations:

— L

TTL OUTPUT SCHOTTKY OUTPUT

RINGING

4. “LS” Devices

As technology progressed, scientists took
another step to improve IC performance. They
combined low power consumption and the
Schottky effect to build a part with a series suf-
fix of LS (for low-power Schottky).

This process allows flip-flops to toggle at up
to 45 MHz, without an increase in the current
needed to operate the device.

Chapter 5
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A. Transistors as Switches

6-2

The most common application of transistors
in games is as a switch. They are used to turn
on coils, lamps, motors and even audio circuits.
In this type of application a few simple checks
will verify the proper operation of a transistor.

2N3055

NPN =
DRIVER TRANSISTOR

The figure above represents an NPN driver
transistor, as used in a typical game. When the
base of this transistor goes positive or to a logic
1, the transistor is saturated. The collector volt-
age should be just above 0 VDC. It reacts like a
switch supplying ground to the coin counter
COil.

When this transistor is turned off, the collec-
tor voltage should be close to whatever the
power supply is, in this case 40 VDC.

Generally speaking, transistor failures are
caused by excessive current, temperature or a
combination of both. You can use several in-
struments to check the characteristics of tran-
sistors. Some simple tests can be performed
with an chmmeter. Basically, an ohmmeter can
check for opens or shorts in a suspected com-
ponent.

A word of caution. Some ohmmeters use a
test voltage that on the highest resistance
ranges could damage the component you are
testing. Therefore, you should start testing with
your meter set at R X 100 scale.

Note: The following tests are done using a
Simpson 260 or equivalent.

The ohmmeter’s power supply can be used
to bias (turn on) the transistor under test. When
testing a suspected bad transistor, ptace the
meter leads between the emitter and collector.
Note the meter reading, and reverse the meter

Chapter 6

S
leads. If this junction is good, both readings will
be open or infinity.

Emitter-to-base readings will have one high
reading, something less than infinity, and one

74 LEFT
LS COIN
273 COLLECTOR COIN COUNTER
2 BASE
e EMITTER J1

un +40VDC

low reading (not zero). Collector-to-base read-
ings will be about the same. Silicon transistor
readings will be higher than germanium types.
Power transistors  will usually have lower
readings in both directions than the smaller
types.

Photo transistors change emitter-to-collector
current in proportion to the amount of light ap-
plied to the base.

X\ collectr

base

emitter

The figure above shows a schematic symbol
of a phototransistor. When not exposed to light,
this part has a high emitter-to-collector re-
sistance. When light strikes the base, the emit-
ter/collector resistance is low and causes the
transistor to conduct,

Some phototransistors have a base bias re-
sistor to aid in low-light conditions. Phototransis-
tors are used in switching applications. When
puised by a light-emitting diode, a typical
phototransistor will turn on and off in less than
10 microseconds.
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B. Logic Gates

To minimize repair time on solid-state
systems, it is important to be able to understand
and interpret the information given in the sche-
matics. This section is primarily for the person
who understands what's going on with the
board but still gets a little confused with logic
gates. The confusion may be in regard to when
outputs should be high or low, and if what you

Logic gates are electronic switching circuits.
To avoid confusion remember:

1) ) is the symbol for AND.
2) D is the symbol for OR,

1. AND Gate
A
B —} ¢

The output C is high when inputs A and B are
high.

2. OR Gate

ot

Output C is high when either input A or input
B, or both A and B are high.

see with a scope or a logic probe is correct.

If you have memorized truth tables for all
gates, congratulations to you. If you always
match the right table with the right gate—
wonderful. If you don’t, or if you have never
memorized gate names, symbols, and truth
tables, take heart—there is an easier way.

If you get these mixed up, remember that

) looks like the letter “D" in AND.,

SCOPE PICTURE:

A

. |

SCOPE PICTURE:

||
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3. Buffer

—>
L~

This simple device does not change the level
of a signal. A high input results in a high output,
and a low input results in a low output.

4. Inverter

The inverter, as the name implies, inverts the
logic state of a signal. When input is high, output
is low. On simple AND or OR gates the small
circle (without the buffer) represents the in-
verter.

As we look at more complicated devices
(such as integrated circuits), there is a key to
logic levels:

* Asmall circle indicates the active state of

5. NAND Gate
A
D
B—
The NAND gate consists of an AND gate and
an inverter (represented by the small circle). If

input A and input B are high, output C will be low
(inverted).

6. NOR Gate
A
) >
B
The NOR gate combines the OR gate and an

inverter. Output C is high only when inputs A
and B are low.

Chapter 6

SCOPE PICTURE:

+2.9V
A _/v'\— B —J—L oV

SCOPE PICTURE:

a L1
o

that signal is a logic low (OVDC to .8VDC).

* Nocircle indicates the active state of that
signal is a logic high (2.4VDC to 5VDC).

A small circle on an input pin means that in-
put is active low. A small circle on an output
device means the output is active low.

SCOPE PICTURE:

A 1_
B_ [ 1
c LI

SCOPE PICTURE:
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7. Exclusive OR Gate

Lo

The extra line on the input to the OR gate
could be called “‘only.” The output is high (no
circle) only when A or B is high, but not when
both A and B are high.

SCOPE PICTURE:

Simply stated, the output of an Exclusive OR
gate is high only when the inputs are at opposite
logic levels.

Here's another one you see used. Just read it
like any other. Output C is low, when input A is ?
and B is ? . If you said low, low, you are right.

3

Now is there a functional difference between

SCOPE PICTURE:

Besides logic gate symbology, the actual
signal name will also tell you what that signal
should be doing. There are two ways you will
see a signal—with a line over it or not.

For example:
START
START (Start not)

A signal without a line over it is normally low
(about 0 volts) and goes high to do its job. In
other words, START would be low until you start
the game; then it would go high (almost 5 volts).

START would be high and go low when the
game is started.

Another way of looking at it is that a “‘not’’ or
negated signal (line over it) goes low when it is
performing its function (true).

Now you have several keys that will tell you
what you should see at any given point on a
schematic:

* Read a gate (regardless of number of in-
puts) starting from the output—nhigh or low.
Note that the output will be in the correct
state only when the inputs are satisfied.

¢ Note the logic symbol (AND gate or OR
gate).

* Look at the inputs to determine if that signal
should be going low (circle) or going high
(no circle).

* Look at the signal name:

Does it have a line over it? If so, it is nor-
mally high and goes low to be true or to per-
form its function.

If it doesn’t have a line over it, then it is
normaily low and goes high to be true or to
perform its function.

By learning to use these few simple keys, you
will soon find that reading schematics will be-
come easier. In addition, your ability to under-
stand and troubleshoot solid-state equipment
will improve greatly.

Chapter 6
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C. Flip-Flops

1. RS-Type Flip Flops

Flip-flops are devices that have complimen- Assume that R is low and S is high. The high
tary outputs. When Q is low, Q is high. In other ~ on S causes Q to go low along with a low R,
words, outputs are always in opposite states. making Q high.

A flip-flop normally stays in a steady state un-
til an input signal causes it to switch to the op-
posite state. The figure at the right is an exam- alOW ¢ HIGH
ple of a simple flip-flop made from single gates. e

INPUTS OUTPUTS
s HIGH
R S Q Q

[=]]

L L Previous
State
L H H L
H L L H
H H Not _.R —-—Q
Allowed RS
FLIP/
s FLOP Q

RS-Type Flip-Flop Schematic Symbol

2. D-Type Flip-Flops
Another type of flip-flop is a D-type. It has one

data input and a clock pulse input to trigger the
data flow. A D-type flip-flop using gates and an

inverter is illustrated below. INPUTS OUTPUTS
D K Qa a
. H L H
Whatever is on D will be on the output Q on L H L
the next rising edge of the next clock pulse.
INVERTED
INPUT\
CK —1 ol—
D -—
' L_A[:::: a CK QpF—
D-Type Flip-Flop Schematic Diagram D-Type Flip-Flop Schematic Symbol
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As shown below, two pins are added to our
D-Type flip-flop; preset and clear. Both are ac-
tive low.

PRESET

CK——adCK Q

information at the input is transferred to the
outputs on the positon edge of the clock pulse
(if PRESET and CLEAR are both high).

INPUTS OUTPUTS
PRESET CLEAR D Q Q
L L L H H
L L H H H
L H L H L
L H H H L
H L L L H
H L H L L
H H L L H
H H H H L

Chapter 6
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D. JK-Type Flip-Flops

A JK flip-flop is made by modifing the RS flip-
flop, with the addition of a couple of gates for
latching and clock trigger, as shown in the
figure below.

INPUTS OUTPUTS

1. IfJand K are both low, there will be no —
change on the output. J K Q Q

2. If Jis low and K is high, then the next in-

. ! L L | NOCHANGE
coming clock pulse will make the Q output L H L H
low and make the Q output high. H L H L
3. IfJishigh and K is low, the next clock pulse H H Toggle

will put Q high, and the Q will be low.

L

BUFFER

CK

=

JK-Type Flip-Flop Schematic Diagram

6-8 Chapter 6
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4. If J and K are both high, each incoming
clock pulse will toggle whatever Q and Q
are. Example: If Q was high and Q was low, CK m
on the next incomind clock pulse Q would

be low and Q high; the next clock pulse Q @ | | | l
would be high and Q low, etc. In other
words, the flip-flop toggles or follows the

clock, as shown to the right.

Data changes happen when CLOCK changes
from high to low. '

P
A 1
T

CLOCK PULSE
INPUTS 12

(ACTIVE FALLING

EDGE)
P
) 4

DATA INPUT — Y QANDQOUTPUTS

-

CLEARINPUT

1SEC
CK I—L_J_LJ—I_I_LJ PULSES

2 SEC
o[ 1__[ 1] puses

A low CLEAR forces Q low and Q high—inde-
pendent of clock.

Chapter 6 69
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PRESET INPUT
(ACTIVE LOW)

CLOCK PULSE

INP _
uts 1 [ QANDQOUTPUTS

DATA INPUT
_? (ACTIVE FALLING

EDGE)

16

CLEAR INPUT
(ACTIVE LOW)

6-10 Chapter 6
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E. Quad Latch

The four flip-flops in a quad latch store the
state of their individual D inputs during the low-

to-high change of the clock (_I—). This loads  inputs.

individual Q and Q outputs.

CLOCK INPUT

(ACTIVE ON RiSING EDGE)

9
J ICK

( 41 D1 51 2
at
ai 3
Y
7
51 D2 o2
g 6
DATA INPUTS < 74175 ?r2 ‘?*
2 10
1 D3 roR]
1 a3 f11
13| D4 —— 15
\ Q4

Ia 14
M
1

MASTER RESET
(ACTIVE LOW)

Chapter 6

MR (active low) resets all Q1-Q4 outputs low
and Q1-Q4 high, independent of clock or data

Q1-Q4
OUTPUTS WITH
COMPLEMENTARY
OUTPUTS

Qi-Qa

6-11
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F. Addressable Latch
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Address inputs select which output (Q0-Q7)
will receive and latch data input. ENABLE
should be held high while the address lines are
changing. When the address lines stabilize and
ENABLE is made low, DATA INPUT is trans-
ferred to the selected output.

The 9334 is capable of storing single-line

data in eight addressable latches. It is also used
as a 1-of-8 decoder with active-high output.

ar |12 \
9334
as | 11
Din
1 as | 10
DATA INPUT __J(
: as | o
|
_ 14 E PARALLEL LATCH
ENABLE ————O—1 > i
| steepent OUTPUTS Q0-Q7
A2 ] 7
ADDRESS
INPUTS 2 | A1 < K
0-2)
1 no b a1 ] s
@ |4 J
1
CLEAR o i \

\ HOLDING*

*For illustration, these terms refer to elec-
tromechanical devices.

6-12 Chapter 6
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G. Counters

1. Divide-by-2 Counter

On the second clock pulse, the outputs will
toggle. Since the Q output supplies new data to
the input, it takes two complete clock cycles in,
to provide one complete cycle out. Thus, we
have a divide-by-2 counter.

PRESET INPUT
(ACTIVELOW)

DATA INPUT

1 SEC.

1 SEC.

CLOCK PULSE
INPUTS

CLEAR INPUT
(ACTIVELOW)

Chapter 6

2 SEC.

2 SEC.
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2. Counter Chain

By cascading (or connecting in series), you
have a binary counter. There are two distinct
states in a binary counter.

A ripple counter is one that uses the output
of one flip-flop to trigger the input of the next flip-

flop.
FLIP-FLOP OUTPUTS
N

4 \

Din Q 1 [ Din Q |— Din Q 1 L Din Q

CLOCK INPUT CK Q- CK QB CK Q] CK Q@
(1) (] L ®)

Qo Qi Q2 Q3

Example of Divide-by-2 D-Type Flip-Flops in

a Divide-by-16 Counting Chain.
CLOCKPULSE [L[1[1JT1ILILI1 i ruuuuyL 4
outrut@e [ || L [ L LI L1 LJ L_— o
OUTPUT Q1 I ] LI 4

OUTPUT Q2 B I E— 8
OUTPUT Q3

1 16

Timing Chart of a Divide-by-16 Counter

6-14 Chapter 6
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3. Presettable Binary Counter

The PE input (active low) overrides counting,
allowing information on the parallel data inputs
to be loaded into the counter on the next rising
edge of CLOCK INPUT.

CEP (count enable parallel input) and CET
(count enable trickle input) permit counting
when both are high, if PE and MR are high. CEP
or CET inhibits counting if either are low.

PARALLEL DATA INPUTS

PARALLEL ENABLE INPUT

Parallel-load capability permits the counter to
be preset to any desired number (in other
words, the starting number from which this
device will count).

Terminal count (TC) output is high when CET
is high, and the counter is at its maximum
count.

(ACTIVE LOW)
9 3 |a|s e
COUNT ENABLE 7 PE PO P1 P2 P3
PARALLEL INPUT —— CEP
COUNT ENABLE
TRICKLEINPUT ——{ CET 9316 or 74161 Tc 8 TERMINAL
COUNT OUTPUT
CLOCK PULSE INPUT 2|0
(ACTIVE RISING EDGE) MR 00 Q1 Q2 a3
1 14 13 |12 | 11
ASYNCHRONOUS MASTER
RESET INPUT (ACTIVE LOW) —
OVERRIDES ALL OTHER ‘ FLIP-FLOP OUTPUTS

INPUTS FORCING ALL
OUTPUTS LOW.

Changes of the Q outputs occur as a result of
the low-to-high change of clock (CP).

Terminal Count is used in multistaging
counters (by connecting TC to either CEP or
CET of the next counter in a chain).

Chapter 6
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4. Up/Down Counter

If the parallel-load (PL) input is low, informa-
tion on the parallel data inputs (PO-P3) is loaded
into the counter and appears on the Q outputs.

Parallel-load capability permits the counter to
be preset to any desired starting number. RC
output is normally high when CE (count enable)
is low and TC (terminal count) is high. The RC
output goes low during the clock cycle and

PARALLEL DATA INPUTS
COUNT UP(ACTIVE LOW)

COUNT DOWN(ACTIVE HIGH)
UP/DOWN COUNT CONTROL INPUT ____

LOAD INPUT (ACTIVE LOW)

ASYNCHRONOUS PARALLEL 1
11

stays low for one full clock cycle. When used for
multistaging, TC output is used as the clock in-
put for the next counter in a chain.

Terminal count (TC) output is normally low,
and goes high when the counter reaches zero in
the count-down mode or reaches maximum in
the count-up mode.

5 151 |10 ]9
COUNT ENABLE 4 PL UD PO P1 P2 P3 I 13 RIPPLE CLOCK
(ACTIVE LOW) ———O|CE ¢ OUTPUT

(ACTIVE LOW)
74191
CLOCK PULSE 14 12 TERMINAL COUNT
INPUT cK TC —— OUTPUT
ACTIVE RISING EDGE
( GE) @ Q1 a2 Q3 (ACTIVE HIGH)
3[21s]7
R
} FLIP-FLOP OUTPUTS

Chapter 6
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H. Rate Multipliers

The master reset input (active high) prevents The output pulse rate relative to the clock fre-
counting and resets the counter. quency is determined by signals applied to the
select (S0-S5) inputs.

CLEAR ENABLE INPUT
(ACTIVE LOW)

STROBE INPUT (ACTIVE LOW).
A HIGH SIGNAL DISABLES Z

13 1 10
(
(1) 3
(1) 2
RATE SELECT ©) 15
INPUTS { ENABLE OUTPUT
S0-S5
( ) ) 14 (ACTIVE LOW)
©) 1
COMPLEMENT OUTPUT
p A (ACTIVE HIGH)
\_ GATED CLOCK OUTPUT
(ACTIVE LOW)
CLOCK PULSE OUT

64 CLOCK

PULSES IN ™
UNITY / CASCADE INPUT (ACTIVE LOW).
CLOCK PULSE A LOW SIGNAL ON CAS DISABLES Y.
INPUT (ACTIVE
RISING EDGE)

The Z output is normally high and goes low
when CK and STROBE INPUT are low and any
of the inputs (S0-S5) are high. The Y output is
the complement of output A and is thus nor-
mally low.

Chaptef 6 6-17
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MODE AND RATE SELECT TABLE (See Note 1)
INPUTS OUTPUTS
— CLOCK |— — NOTES

CENS A B C D E F |PUSES|CASY 2z TC
HIXTH]X x x x x X X HL HH 2
[ I I R N 64 HiL H|1 3
Lftfelr b L L oL oH 64 Hl1 1] 3
Lftjofe bob LWL 64 Hi2 2|1 3
Lt L H L oL 64 Hl4 4|1 3
Lftfufe L H L oL oL 64 Hi8 8|1 3
I I B 64 H|16 161 3
A I T T T N A 64 H[32 321 3
LiLtJL[H H H H H H 64 H|63 63]1 3
L{t{L]H H H H H H 64 LlH 63f1 4
LfcjelH v oL 64 H|40 401

H = HIGH Voltage Level
L = LOW Voltage Level
X =

Immaterial
NOTES:

1. Numerals indicate number of pulses per cycle.
2. This is a simplified illustration of the clear function. CK and S also affect the

logic level of outputs Y and Z. A LOW signal on S will cause output Y to remain
HIGH.

3. Each rate illustrated assumes A-F are constant throughout the cycle.

4. CAS is used to inhibit output Y.

PULSE PATTERN AT OUTPUT Y

LR R R R N R RN R R R R R R R R R SRR R R R R REE R EEEREREREEREREREE)
1T T T 111 1 T 1T T T 1111110111 111111111111
T 1111111111111 101111111111 111110111 1111111111111
T 1101111111111 1111101111111 1111111101111111111191111011111111
1111111011111 111111111101 1111110 111111101 1111111 1111111011111

abhwN -3

6] 111111101111111011111110111111111111111011111110111111101 1111111
8] 1110111111101111111011111110111411101111111011111110111111101111
10( 1110111111101110111011111110111111101111111011111110111111101111
12{11101110111011111110111011101111111011101110111111101 11011101111
1411110111011101110111011101110111111101110111011101110111011101111

16]1011101110111011101110111011101110111011101110111011101110111011
20|1011101010111011101110101011101110111010101110111011101110111011
2411010101110101011101010111010101110101011101010111010101110101011
28|1010101010101011101010101010101110101010101010111010101010101011
32|0 1 0 1 0 1. .0 1 0 1
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l. Shift Registers

A binary register is a group of flip-flops that
are used for storing binary information. Informa-
tion can be shifted in serial or parallel. Parallel is
much faster but needs more hardware to main-
tain it.

Parallel-In/Serial-Out Shift Register

Parallel Enable (PE)
(Active Low)

ALLOWS PARALLEL DATA
TO BE LOADED

PARALLEL DATA INPUTS

_ A
r N
1523 |a |s 1ol11 12 |14
PE PO Pt P2 P3 P4 P5 P6 P7
1
SERIALDATAINPUT ____ 1/ pe :
FOR MULTISTAGING 71 cki 74166
CP1OR 2
CLOCK PULSE INPUTS
(ACTIVE RISING EDGE) 6 | CK2
MR Q

?
MASTER RESET INPUT

(ACTIVE LOW)

Information can be shifted left or right, and
corresponds to multiplication or division. The
number of flip-flops in the register determines
its capacity—one flip-flop for each bit.
Therefore, the register capacity is 2", where n is
the number of flip-flops.

|1_3
SERIAL OUTPUT

When PE is high, information is shifted from
the serial data (DS) input to QO. All data in the
register is shifted one bit position—to QO, Q1,
Q2, etc. (it shifts one bit to the right). The first bit
in is the last one out.

Chapter 6 6-19
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Parallel-Out/Serial-In Shift Register

The CLEAR (active low) overrides all other Data is entered serially through one of two in-
inputs and clears the register—forcing all Q  puts (A or B). Either input can be used as an ac-
outputs low. tive high enable for data entry through the other

Each low-to-high change of the clock input input.
shifts data one place to the right.

CLEAR

I,

DATA

INPUTS > OUTPUTS

CLOCK PULSE
INPUT (ACTIVE
RISING EDGE

J:m o1 102 a3 104 los los ‘lm
L ip al——r a p a}——{o @ 0 afj—4 of—¢ ol Q
—olcp —d| cp ~dcp —d cp —acp —o|CP —a| cp ~ol cP
) a Q a Q al Q Q
o] e o) 3 o - T
CLEAR
—o<]——— CK Lo<]._‘_
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J. Multiplexers

A multiplexer is known as a data selec-
tor—a circuit with a large number of inputs and
only one output (the opposite of a decoder). The
logic level on the output is determined by the

logic level on only one input. -

Four bits of data from two sources (0, 1) can
be selected by using the common select (S) and
enable (E) inputs.

1. Quad 2-Input Multiplexer (74157)

SOURCE A
DATA INPUTS

SOURCE B
DATA INPUTS

SELECT INPUT

ENABLE INPUT (ACTIVE LOW)

WHEN HIGH, ALL OUTPUTS
FORCED TO LOW REGARD-
LESS OF ALL THE OTHER
INPUTS

The example above shows a 4-pole, double-
throw switch; position is determined by logic
level on SELECT input.

SELECT(S)

2 s

A

SOURCEADATA ( o, —\\4\_‘

B— | e N
SOURCEBDATA /| 28—

3B

4B -

\
OUTPUTS
1Y-4Y
/
Truth Table
INPUTS OUTPUT
G s A B Y
H]X|[X] X L
LIH[X]L L
LIHIXIH H
L LiL]| X L
L LIH] X H
H = High
L =Low
X = Immaterial

OUTPUTS

‘\I
ENABLES
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2. Dual 4-Input Multiplexer

(74153)

SELECT INPUTS S0,51
USED TO SELECT 1 OF
4 INPUTS

INPUTS 1-4A

INPUTS 1-4B

ENABLES 1G and 2G
(ACTIVE LOW) ALLOWS
DATA TO FLOW FROM
INPUT TO OUTPUT.

Low
High
Immaterial

xxIr
Hoy

The 74153 uses common éélect inputs and
individual enables for each section. Each sec-
tion, in turn, selects one bit of data from one of

four sources.

OUTPUTA

OUTPUTB

INPUTS 1-4A

INPUTS 1-48

INPUT SELECTS
INPUTS (A.B) S0, 51 CHIP ENABLES EA.B
| .

2A N\
EA
3A -—— o YA

2B
o EB
3B -——————o YB

SWITCH LOGIC FOR A 74153

SELECT INPUTS

INPUTS (A or B) OUTPUT

ey
E-]

IXrrIIrrXx =}
IITIrrrex |P

rererrerre I |0l

XX XXX XTI X

XXX XIrr XXX |IN
XX ITrxX X XXxXXxX lw
I X X X X X X X

IrIrIrIre | <

- 6-22
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K. Decoders

A decoder converts information from one
counting system to another, such as binary-
coded decimal (BCD) to decimal.

1. Dual 1-of-4 Decoder

The ENABLE input (active low) when low
allows output selection.

03A
 _ 1 —
ENABLEA ————Hro—f EA 02A
. A OUTPUTS
—_—2 laow 01A
AINPUTS 3 0O0A
A1(2)
9321 OUTPUTS
| vYyYe' (ACTIVE LOW)
ENABLEB —— 5o g8
03B
J— 1 -1 028
BINPUTS
B OUTPUTS
{ — 13 IB1q2) 01B
TRUTH TABLE
' —®
Ol m INPUTS OUTPUTS
10— 51 E | A A1 |00 o 02 03
o] 5 D
o8Il o | L L L L H H H
—> ; _ L H L H L H H
= 02 L L H H H L H
A1 _‘_{>o9_4»-{>olo L H H H H H L
1 L9l —1 5 H X X H H H H
1
— H = High
0 g
EA ——-Do1— L=Low
X = Immaterial
LOGIC DIAGRAM

Chapter 6
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2. BCD-to-7-Segment Decoder Driver (7447)

The LAMP TEST INPUT is a low signal ap-
plied to LT. It turns on all segment out-
puts—provided B1/RB0 is not forced low.

A low signal applied to the RB1 blanks the
display and causes a multi-digit display.

A low signal to B1/RBO turns off all segment

outputs. The blanking feature can be used to
control display intensity by varying the duty
cycle of the blanking signal.

It may also be used as an output to blank
leading zeroes in muiti-segment displays by
connecting to RBI in the next most significant
digit.

RIPPLE BLANKING

(ACTIVE LOW)

INPUT (ACTIVE LOW)

LT
A3

A2

BCD INPUTS < 7447

A1

A0
B1/RBO

4

RBO RIPPLE BLANKING
OUTPUT (ACTIVE LOW)

SEGMENT OUTPUTS
(ACTIVE LOW)

Bl BLANKING INPUT
(ACTIVE LOW)
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3. 1-0f-10 Decoder (7442)

Any valid BCD input (0-9) forces one output
low. Any invalid BCD input (10-15) causes all
outputs to remain high.

\
(o
e e
£
BCD INPUT
A-D < DECIMAL OUTPUTS
015 LIS 09
2
\
Example 1: Load Inputs (A-D) with binary
number 0110, (6,,). Output 6 Pin 7 goes low.
Remaining outputs high.
I
Output0 45y ! 4| L.
o]}
Oov |
|
9 1 1 1
Output 1 +5v
8 ov : | 0 |
7 |
6 Example 3: No two outputs are low at the same
time.
5 | |
Output1 +5v l L1
4 ] |
ov [ Iil [
- . !
= 2 ]
1 Output0 5 ! 0 , 0
0 Ov ! !
Example 4: Output O is low all the time and Out-
Example 2: A 7442 being displayed as a rotary put 1 is high, going low. There are two lines low
switch. at the same time. Therefore, Qutput 0 is bad.
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L. One-Shots or Multivibrators

6-26

A multivibrator is a regenerative circuit with
two active devices. It is designed so that one
device conducts, while the other cuts off.
Monostable means it has one active state.

The one-shot type of multivibrator is stable in
one state, but unstable in the other. When trig-
gered, it goes from the stable state' into the
unstable state?. It remains in the unstable state
only temporarily, then returns to the stable
state.

The monostable multivibrator, also known
as a one-shot multivibrator, delivers one output
pulse for each input trigger.

cX RX
|
|} VAA—TIEDTOV,
1 2
TRIGGER INPUT
(ACTIVE RISING EDGE) 6
[—\ Q }— POSITIVE PULSE
OUTPUT
1 4
lp 5 TR 9602
TRIGGER INPUT a U COMPLIMENTARY
(ACTIVE FALLING EDGE) PULSE OUTPUT
71_ cD
3

'Stable State—Means it remains in one logic
state (either 1 or Q).

2Unstable State—Is the logic condition im-

mediately after the trigger pulse during which
the output pulse is being generated.

Chapter 6

DIRECT CLEAR INPUT
(ACTIVE LOW)

A low signal on CD terminates an output pulse,
causing Q to go low and Q to go high.
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A dual retriggerable resettable monostable
muiltivibrator (one-shot):

Digital Integrated Circuits

1. Is a device triggered by a high or a low.

2. Has an output pulse width determined by
RC circuit of pins 1 and 2, 14 and 15.

89
4 5 B7
_@_@SHELL1
PLAYFIELD
02 08 4
o1t TANT o sy
aroF 2V NOTED
10%
15[—) 14
FIRE 1 SHELL 1
13 4 n 10 _
e SHELL 1
c9
9602
1 1o

{ 9| FIRE1
nene— J4

C12 R18
TANT 10% 22uF 47K

+5V
x 25v|—-) }—v—\/\M—o—_]—
1

SHELL 2
2 4 :
14 SHELL 2
___{6 :l EXPL1
co @
5 9602
ijD TR Q EXPL1

fire a shell.

Note: In this example from Tank®, Rx is ag-
justable and controls the distance Tank 1 can

Chapter 6
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M. Buffers

1. Hex Tri-State Buffer

The hex tri-state buffer is used for controlling the number of inputs one output can drive, yet
address flow and increasing fan-out. Fan-out is still maintain valid logic levels.
ENABLE 2

D INPUT < > OUTPUT

ENABLE1
INPUT A Nurpuu
ENABLE
ENABLE ov
+ 5V j
| INPUTS | output ov
G D sV
+
L|L L LT
L|h H OUTPUT 2.4V
H| X F4 ov
TRI-STATE LEVEL HIGH Low
H = HIGH
L = LOW
X = IMMATERIAL
Z = HIGH IMPEDANCE
(FLOATING)
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2. Bidirectional Buffer

The bidirectional buffer controls the direction
of data flow. Data can flow into the MPU or out

of the MPU.
4 ™
—_i DO BDO _1..8_
3 | b1 sp1 -7
- — 4 BD2 |-°
— Sips eos 15—
{ 74245 }
MPU SYSTEM
__i D4 BD4 l‘_
— — Tlps Bos |13
8] ps 8os 12
9 | D7 ~__|BO7f 11
\ >—j S
1
DIR 1
- 19
G —
R
INPUTS
— OUTRUT
G DIR
L L | Bus B DATA
TO A
L H | BUS A DATA
T0B
H X | ISOLATION

L= LOW
H = HIGH
X = IMMATERIAL
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N. Buffer Drivers
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DATAIN <

8T28:
BIDIRECTIONAL
TRI-STATE
BUFFER

ENABLE (0) = BUFFER
ENABLE (1) = HIGH Z (NOT IN CIRCUIT)
ENABLE 2
INPUTS AND OUTPUTS ARE HIGH
15 IMPEDANCE WHEN E IS HIGH.
14
r S
12
10 > DATA OUT
6
4
: )
\C

TRI-STATE BUFFER

8798 = INVERTING TRI-STATE BUFFER

ENABLE 1

DATAENABLE —3» (0)

DATAENABLE «—— (1)
15

1
3 [ 2
Vv
mnil
6 ,.F 5
V
Wanik
8T28 ]
10 &1 I
i Vg
P 9
<3
13 é 14
L 12
~N

6-30
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O. Random-Access Memories (RAMs)

The MCM6810 is a TTL-compatible random-
access memory (RAM). It is a three-state NMQOS
chip containing 128 8-bit words (128 bytes)—all
housed in a 24-pin package. It has 8 data-bus
pins, 7 address pins, 6 chip-select pins (2 active
level high, 4 active level low), 2 power pins
(ground and +5 V), and a read/write pin.

To access the RAM, all six chip selects must
be at their proper levels. The R/W pin must be in
a high state to read from the RAM, and in a low
state to write into the RAM.

When not being accessed, the RAM goes tri-
state, in other words, high impedance to the
data bus. A functional block diagram is shown in
the lower iflustration below.

GROUND

D1
D2

DATA LINES
D0-D7

2
—_3
_ 4

<——503

6
.
R
E—N

MCM6810
D4 (128 x 8)

V..- POWER SUPPLY
N (+5Y)

> ADDRESS LINES
A0-A6

READ/WRITE

CHIP SELECTS

THREE-STATE
BI-DIRECTIONAL [ 810
TTL BUFFERS Lt— ? DATA BUS

T

MEMORY CONTROL I“

P 10
CHIP SELECTS N
12
; [ -
'é — :
zZ | —>»
2 y appress f | MEMORY
u ! DECODER | MATRIX
g8 | | 128x8
N — |
[ —»] L L
—— A
RIW__H
[ cso
cs3

cs1
cs2
cs4
TS5

CHIp SELECTS
A

Chapter 6
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{

ADDRESS LINES

DO-D7 )

READ/WRITE

Type 2111 RAM

CHIP SELECTS [

6-32

—_— T a7
8 A6
5
A5
— Tl Y R
1 13
A3 2111 D2 DATA INPUT: WRITE CYCLE
21 a2 o1 12 DATA OUTPUT: READ CYCLE
256 X 4
3 A1 DO 1
4
A0
16] _
RIW
CE1 CE2 oD
PR
15 10 9
A0 - A4 SELECT 1 OF 32 ROWS
A5 - A7 SELECT 1 OF 8 COLUMNS
32 x 8 = 256 LOCATIONS
256 LOCATIONS - 4 BITS EACH
256 x 4 = 1024 BITS
OUTPUT DISABLE
A0 o—‘——m - vee
3 8
Al m ROW MEMORY ARRAY ~+—° GND
A2 o2 3 sELECT 32 SOLUMNS
A3l —3
A4 °-————|17 p B
| |
AW 02 COLUMN I/O CIRCUITS
COLUMN SELECT
e g P INPUT
1102 012 {Xcobrf'ly:m ————ﬁ:
13 s | |7
1103 {3
roa o1 \ AS A6 A7 ——g

>

Chapter 6
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Type 2102-1 RAM

V. GND
|1o |9
_ M,
15 ) as
16
A7 DIN DATA INPUT
1{as
2 2102-1
ADDRESS LINES . A5
A0-A9 Ad 1024 X 1
6
5
_— DATA OUTPUT
4
8
— 8]

READ/WRITE A0 - A4 SELECTS 1 OF 32 ROWS

AS - A9 SELECTS 1 OF 32 COLUMNS

CHIP SELECT 32 x 32 = 1024 LOCATIONS

10
-}—o VCC

h_m <Leano
CELL
a2 ROW ARRAY
SELECTOR 32 ROWS

32 COLUMNS

— 12 DATA
RIW °—-—m INPUT COLUMN I/0 CIRCUITS ouT

DATA CONTAROL COLUMN SELECTOR
— )
T

*PIN NUMBERS *21 "1 "6 | *15| *a
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P. Read-Only Memories (ROMs,
PROMs, EPROMs)

The MCM6830 is a static, TTL-compatible To access the ROM, all four chip selects
read-only memory (ROM). It is a single NMOS must be at their proper levels. When not ac-
chip containing 1024 8-bit words (1024 bytes). cessed, the device goes tri-state, in other

words, goes to high-input impedance to the data

The ROM is a tri-state device housed in a bus.
24-pin package. This package consists of 10 ad-
dress pins, 8 data-bus pins, 4 chip-select pins,
and 2 pins for power (+5 V and ground).

READ ONLY MEMORY (ROM)

GROUND 1lv, A0
- 2 po A1
—_—3 1 A2
4
D2 A3
DATA LINES 5
D0.D7 —1D3  mMmcmes30 A4
6 D4 (1024 x 8 A5
, ROM)
8
9
\_
10 | —
CHIP SELECTS N s
POWER (+ 5V) 12

MEMORY

>

\ /\

CONTROL

2
CHIP SELECTS 4 I—'
—

ADDRESS LINES
A0-A9

CHIP SELECTS

MEMORY

DECODER MATRIX

10 ADDRESS INPUTS < — | ADDRESS
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TRI-STATE
OUTPUT
BUFFERS

DATA
BUS
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The 825140 and 825141 PROMs are pro-
grammable by Atari, which means that pro-
grams are immediately available for prototype
or production games. These PROMs include on-
chip decoding and 4 chip-enable inputs. These
chips feature either open-collector or tri-state
outputs for best word expansion in bused
organizations.

ADDRESS LINES )

\ DATA OUT (TRI-STATE)
AO-A8

512 WORDS OF 8 BITS

L

CHIP ENABLE (0)
CHIP ENABLE (1)

CHIP ENABLE - STROBE (1)

[ S —— ]
[ '
| '
' i
1:64 DE- |
ADDRESS : CODER 1 64X64 MATRIX
LINES 1 :
) 1
1 1
| 1
Ag o—L !
Ao |
J18{18f18]|18f18]|18[18[18
At |MUX MUX{MUX|MUX|MUX|MUX|MUX MU
Az o —{
CE1

CEz
CEs
CEs

RRREREN

D, D, D, D, D, Dy Dy D,
OUTPUT LINES
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Q. Microprocessors (6800 and 6502)

6-36

1. Basic Operation

The microcomputer is a system that can be
characterized as very simple in its detail and
very complex in its overall operation. It carries
out rather complex tasks by performing a large
number of simple operations.

Control of the microcomputer system is
primarily the responsibility of the micropro-
cessor (for brevity referred to as processor,
CPU, or MPU). By putting out addresses to pro-
gram memory, it controls the sequence of
operations performed; by interpreting and ex-
ecuting the instructions that it receives from the
program memory, it controls the actual opera-
tions carried out by the system. The micro-
processor is the most complex device in the
system.

The processor causes the system to perform
the desired operations by reading the first in-
struction in the program, and performing the
very simple task dictated by the specific pattern
of bits in this instruction (referred to as exe-
cuting that instruction).

It then goes on to the next instruction in the
program and executes it. This simple operation
of fetching an instruction and executing it is
performed over and over—each time on the
next instruction in the sequence. In this way the
program instructs the processor to bring about
the desired system operation.

2. Addressing Terms and
Concepts

Before starting a detailed discussion of the
system operation, it will help to define a few
terms and to introduce a few concepts concern-
ing addressing. This should help you under-
stand the more detailed discussion that follows.

3. Address Bus

The MPU address bus is capable of access-
ing 65,536 locations. The sole purpose of the
address bus is to give each memory location its
own unique address. This is accomplished by
connecting the various chip selects on each
part to be addressed to the address bus, in
order to select that particular chip from the
others.

Chapter 6

The lower order address lines are used to
select a particular location within the selected
chip. You can think of this as selecting an in-
dividual page, and then selecting one word on
that page, thus accessing only one word in the
whole book!

Usually, RAM is located in lowest memory to
take advantage of the direct memory address-
ing mode. ROM is always in high memory
because we must access the eight highest
memory locations in order to have the three
fixed vectors or addresses (IRQ, NMi, Reset)
available to the MPU. I/Os (inputs/outputs) are
usually located in middle memory.

The rules for addressing are:

1. When ROM is addressed, RAM and I/O are
disabled.

2. When RAM is addressed, ROM and |/O are
disabled.

3. When /O is addressed, ROM and RAM are
disabled.

For simplicity, we refer in this book only to an
8-bit system. These typically use a Motorola
6800, MOS Technology 6502, Intel 8080 or
Zilog Z80 microprocessor. These devices have
eight lines (data buses) that send and receive in-
formation between the processor and the
selected function—I1/0, RAM or ROM.

4. Bit

The term bit is an acronym for binary digit,
namely, anything that can be given a value of O
or 1. Thus, an eight-bit data bus is a set of 8
lines that can each be assigned a value of logic
0 or logic 1. On these lines, the logic values are
represented by two different levels—approxi-
mately O and 5 VDC. Similarly, a 16-bit binary
display can be built with 16 individual lamps.
The logic 1 is represented by the lamp being on.

In this book, we will refer often to an 8-bit
data bus, a 16-bit address bus, 4 bits of data,
8-bit registers, etc. In all cases, the definition of
a bit remains the same. A binary digit is either 1
or 0.
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5. Address Space

The concept of an address space is very
useful in understanding microcomputer sys-
tems. The term address space refers to the
total set of addresses that the microprocessor
can generate.

6. The Address Page

The concept of a page in memory is very im-
portant in 8-bit microcomputer systems. The in-
ternal organization of an 8-bit processor is
centered around 8-bit registers, 8-bit parallel
data paths, etc. Most arithmetic operations and
logic operations, for example, take place on 8
bits of data at a time.

Likewise, the 16-bit counter that determines
which instruction is being executed is actually
divided into two 8-bit buses. One contains bits 0
to 7 (low-order address bits) and the other con-
tains bits 8 to 15 (high-order address bits).

With this in mind, you can think of the ad-
dress space as consisting of 256 blocks, each
having 256 specific address locations. Each of
these blocks is referred to as a page.

7. Clock Generator

The clock generator produces a continuous
waveform that is normally used to control all
signal transitions within the system. It acts as
the “heart” of the system.

In the typical microcomputer system the ad-
dress bus will change during one half of the
clock cycle and the data will be transferred dur-
ing the second half. In addition to interpreting
the address, data and control lines, the pro-
cessor and support chips must also examine
the system clock to know when to put out data
or when to latch in data generated by another
device.

8. Program Memory

The program memory stores the seguence of
instructions that comprises the system pro-
gram. Like any memory, this unit puts a pattern
of 1s and Os on the data bus in response to the
address on the address bus input.

Each unique address selects a set of 8 binary
bits and places this data on the data bus. Note
that it does not matter where the address is
generated or where the data is used. The
memory simply obeys the rule that, given an ad-
dress, it will put the corresponding 8 bits of data
on the data bus.

A unigue characteristic of most micro-
processor-based systems is that the program is
usually stored in read-only memories. The
data is stored in a fixed pattern of bits in the
memory.

Since the data is stored in the physical con-
figuration of the device, the data will not be lost
when power is disconnected from the chip. In
addition, you only have to insert the device into
its socket to provide the system program.

The term read-only memory refers to the
fact that, in system operation, it's impossible for
the processor to cause data to be stored in the
device. The processor can only read the data
that was stored in the device during the ROM
manufacturing process. Reading a memory in-
volves the simple process of supplying an ad-
dress to the device to obtain the corresponding
8 bits of data on the data bus.

9. Data Memory

For temporary storage of input data, the
results of arithmetic operations, etc., the micro-
computer uses a read/write memory, common-
ly referred to as RAM (random-access
memory). The processor can store data in the
RAM (called writing the RAM), or it can read
back the data it has stored.

As in the ROM, each address corresponds to
eight memory cells. However, in a RAM the
data must be placed into the memory by the
processor and is stored in cross-coupled latch-
es.

Turning off the power to the RAM will cause
the loss of all data stored there. Because of this,
the data is said to be volatile. Data in a ROM is
not lost when power is disconnected from the
device; ROM data is therefore referred to as
non-volatile.
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Writing data into a RAM takes place when
the write-enable signal goes to the write state.
At this time the data on the data bus will be
stored into the eight memory cells correspond-
ing to the address on the address bus. The pro-
cessor can read this same data by supplying
the proper address and keeping the write-
enable line in the read state.

10. Input/Output Devices

The input/output (1/0) devices are the cir-
cuits that interface the switches, solenoids,
lamps, displays, etc. to the processor. This
aliows the processor to read data from the out-
side world, test the state of the switches, and
perform the necessary operations.

No matter where data is generated, it must
be in the form of 1s and Os before the processor
can work with it. Likewise, actions to be initiated
by the processor must be triggered by 1s and
Os.

The transfer of data from the processor to an
output device is usually accomplished by
writing the data out in much the same way as
the processor writes data into RAM. Each set of
8 input or output lines (referred to as ports) is
given an address, and the processor simply
writes data to that address. For each 1 written
out to the peripheral port, an output is set high.
For each 0, the corresponding output is set low.

11. The Microprocessor

At first glance it may seem strange to discuss
the support chips in the microprocessor-based
system before mentioning the processor. How-
ever, we have used this approach because
most of the inputs and outputs on the processor

are aimed at properly controlling the support
chips and peripheral devices discussed above.

The address bus, the bi-directional data bus
and the write-enable line allow the processor to
exercise direct control over the rest of the
system. The address bus puts out addresses to
control the source or destination of data
transfers. These addresses are derived from
various sources within the processor.

When the microprocessor fetches or gets the
instructions from program memory, the ad-
dresses are usually derived from a counter that
controls execution of sequential instructions.
Addresses for RAM are usually derived directly
from the program or are calculated from the
data in the program and data in internal
registers.

The bi-directional data bus serves as a path
for transferring data into and out of the pro-
cessor. The direction of the data transfer is
determined by the write-enable line.

Another special function found in micro-
computer systems is the interrupt. This function
allows the l/O devices to directly affect the
operation of the processor. When the interrupt
signal is generated, the processor completes its
current instruction; then under program control
it will respond to the interrupt.

The importance of this function is that it
allows the processor to execute the system pro-
gram without requiring the latter to monitor the
status of the /O device. The software that
handles the operation of each /O will be exe-
cuted only when required.

The remainder of this section is a list of
terms associated with microprocessors and
descriptions of their functions. Because of
the similarities between the 6800 and 6502,
we have listed them together.

Chapter 6
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12. Bus Structure

A microcomputer system is organized
around two primary buses. Each bus consists of
a set of parallel paths that can be used to
transfer binary information between the devices
in a system.

The first bus, known as the address bus, is
used to transfer the address generated by the
processor to the address inputs of the memory
and /O devices. The processor is the only
source of addresses in a normal system, so this
bus is called unidirectional. The address bus
consists of 16 lines. This allows the processor
to access (read or write) up to a 65,536
memory words, registers, etc.

The data bus consists of an 8-bit bidirectional
data path. These lines transfer data from the
processor to the selected memory word. During
a write operation and from memory into the pro-
cessor during a read operation, all data and all
instructions are transmitted on the data bus.

The direction of the data transfers is con-
trolled by the read/write (R/W) line on the pro-
cessor. This line performs the write enable func-
tion. As long as the R/W line is high (greater
than 2.4 VDC) all data transfers will take place
from memory to the processor (read operation).
This tine will go low only when the processor is
going to write data out to memory.

As in most microcomputer systems, the tim-
ing of all data transfers is controlled by the
system clock. The clock itself is actually two
non-overlapping square waves. This two-phase
clock system can best be thought of as two
alternating positive-going pulses. We call these
clocks phase one ( 1) and phase two ( ® 2).

A phase-one clock pulse is the positive pulse
during which the address lines change. A
phase-two clock pulse is the positive pulse dur-
ing which the data is transferred.

All signal transitions are specified with
respect to the phase-one and phase-two clock
signais. In particular, the address lines and the
R/W line will stabilize during phase one, and
data transfers will take place during phase two.
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13. Processor Interrupts

By generating processor interrupt signals,
the peripheral devices, i.e., displays, player con-
trols, etc. can request service from the pro-
cessor. The microprocessor has two interrupt
input lines going to it: IRQ (interrupt request)
and NMI (non-maskable interrupt).

Since the requirements of the two interrupt
inputs differ, we will discuss them separately.

14. Interrupt Request (IRQ)

The two interrupt lines for the micro-
processor are IRQ and NMi. The requirements
for_proper operation of the interrupt request
(IRQ) input are more stringent than for the se-
cond interrupt input, NMI. This is due primarily
to the fact that NMI is edge-sensitive. With the
tRQ input, the processor will be interrupted any
time the signal on IRQ is grounded (less than
04V)

The interrupt request (IRQ) responds in much
the same manner as NMI. However, this func-
tion can be enabled or disabled (masked) by the
interrupt inhibit bit in the processor status
register. As long as the | flag (interrupt inhibit
flag) is a logic 1, the signal on the TRQ pin will
not affect the processor.

The IRQ pin is not edge-sensitive. Instead,
the processor will be interrupted as long the |
flag is a logic 0 and the signal on the IRQ input
is at ground. Because of this, the IRQ signal
must be held low until it is recognized, that is,
until the processor completes the instruction
currently being executed.

If I is set when TRQ goes low, the interrupt will
not be recognized until | is cleared through soft-
ware control. To assure that the processor will
not recognize the interrupt more than once, the
| flag is set automatically during the last cycle
before the processor begins executing the inter-
rupt software.

The final requirement is that the interrupt in-
put must be cleared before the | flag is reset. If
there is more than one active interrupt driving
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these two lines (ORed together), the recom-
mended procedure is to service and clear both
interrupts before clearing the | flag.

However, if the interrupts are cleared one at
a time and the | flag is reset after each, the pro-
cessor will simply recognize any interrupts still
active. It will also process them properly but
more slowly—because of the time required to
learn from one interrupt before recognizing the
nexit.

If the procedure recommended above is
followed, each interrupt will be recognized and
processed only once. The figure below gives
several examples of interrupts, microprocessor
recognition of each interrupt (IRQ and NMI), and
processor selection of interrupts during overlap-
ping requests.

15. Non-Maskable Interrupt
(NMI)

The NMI input to the processor is edge-
sensitive. To cause an interrupt to occur, there
must be a negative transition of the signal on
the NMI input. This negative transition will
cause a single interrupt. The processor will ig-
nore this input until the NMI signal goes high
(greater than + 2.4 V) and then back to ground.

Each major event affecting the micro-
processor is explained below. The event
numbers match the numbers in the figure on
the next page.

Event
Number System Activity

1. Processor is executing from main pro-
gram and IRQ goes to low state.

2. Processor recognizes the interrupt,
stores the next address of its se-
guence, then sets | during the fetch of
the interrupt vector.

10.

11.

12.

13.

After servicing the interrupt, to avoid
double interrupting the IRQ is reset
before resetting the interrupt mask
bit.

Before the processor resumes normal
program execution, the interrupt
mask bit will be reset low.

NMI goes low, signalling a non-mask-
able interrupt.

NMI is recognized and serviced in the
same manner as IRQ.

The processor has resumed normal
operation when NMI again goes low
requesting an interrupt.

The interrupt mask bit is set high in re-
sponse to the NMI request.

Here IRQ has gone low to signal an in-
terrupt request. This request is ig-
nored, since the NMI interrupt is be-
ing serviced and the interrupt mask is
set.

The interrﬁ mask bit is reset after
servicing NMI.

The processor is now able to recog-
nize the IRQ signal, which is still low,
and does so by setting the interrupt
mask bit.

During the servicing of IRQ, NMI goes
from high to low. The processor then
completes the current instruction and
abandons the IRQ interrupt to service
NMI. NMI is serviced regardless of
the state of the interrupt mask bit.

After completing the NMI interrupt
routine, the processor will resume
execution of the TRQ routine, even
though TRQ has subseguently gone
high.

= |[JUUUL UL UL

iRQ 1 [3

PR

INTERRUPT
MASK BIT ——2J
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16. System Reset

One of the basic system-control functions is
the system RESET signal. Whether this signal is
generated automatically by external power-on
circuitry or manually from a pushbutton switch,
the system components must obey a fixed set
of rules. This will assure proper system opera-
tion. (This is particularly true for the I/O
devices.) System RESET occurs when a coin
trips the coin switch.

In the MCS6502-based systems, designers
assume that RESET pins on all I/O devices and
the processor will be held low during power-on
until the supply voltages and the clocks have
stabilized.

This waiting period assures that the /O pins
will remain in a known state until the entire
system is initialized and the processor is ready
to assume control of the output lines. At this
point, the processor is ready to run the system
program.

The contents of latches, registers, and so
forth is totally random after power is applied. On
the 1/O output pins, random data can be disas-
trous.

The only way to force these lines to a known
condition is to apply the RESET signal. The
designer can then make sure that the known
condition will not cause spurious operations in
the 1/0 devices. An example of a spurious
operation is the firing of thumper bumpers when
turning on the power.

In the processor, the single register that must
be placed in a known state is the program
counter. This is the register that selects the in-
structions to be executed. The RESET input
causes the program counter to go to the first in-
struction in the system program.

The RESET input on the I/0 devices performs
one other very important function. Although the
recognition of the processor interrupt signals is
automatic and does not depend on software,
the program determines the sequence of opera-
tions performed by the processor to totally ser-
vice an interrupt.

Until the various internal registers in the pro-
cessor have been initialized, the processor is
not ready to respond properly to any external in-
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terrupts. For this reason, it's important that the
system RESET disables all external interrupt
signals until they are enabled by the processor.
The programmer can then make sure the sys-
tem has been properly initialized before the in-
terrupts are enabled.

17. Ready (RDY)

The RDY input delays execution of any cycle
during which the RDY line is pulled low. This
line should change during the phase-one clock
pulse. This change is then recognized during
the next phase-two pulse to enable or disable
the execution of the current internal machine
cycle. This execution normally occurs during
the next phase-one clock.

The primary purpose of the RDY line is to
delay execution of a program fetch cycle until
data is availabie from memory. This has direct
application in prototype systems employing
light-erasable PROMs or EAROMs. Both of
these devices have relatively slow access times
and require use of the RDY function if the pro-
cessor is to operate at full speed. Without the
RDY function, designers would have to reduce
the frequency of the system clock.

The RDY function will not stop the processor
in a cycle in which a write operation is being
performed. If the RDY line goes from high to low
during a write cycle, the processor will execute
that cycle and will then stop in the next read cy-
cle (RIW=1).

18. SYNC Signal

in the MCS6502, a SYNC signal is provided to
identify those cycles in which the processor is
doing an OP CODE fetch. The SYNC line goes
high during phase one of an OP CODE fetch,
and stays high for the remainder of that cycle.

If the RDY line is pulled low during the phase-
one clock pulse in which the SYNC line went
high, the processor will stop in its current state.
It remains in that state until the RDY line goes
high. In this way, the SYNC signal can be used
to control RDY to cause single-instruction exe-
cution.
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19. Read/Write (R/W)

This tri-state output line is used to signal all
devices external to the MPU that the MPU is in
a read state (R/W=high) or a write state
(R/W = low). The normal standby state of this
line when no external devices are being access-
ed is a high state.

20. Valid Memory Address
(VMA)

This output line (when in the high state) tells
all devices outside the MPU that there is a valid
address on the address bus. This signal is not
tri-state.

21. Data Bus Enable (DBE)

This signal will enable bus drivers when they
are in the high state. This input is normally the
Phase 2 clock. During the high state, it will per-
mit data to be output during a write cycle. Dur-
ing an MPU read cycle, the data bus drivers will
be disabled internally.

22. Phase One ( ¢ 1) and Phase
Two ( ¢ 2) Clocks

These two-phase non-overlapping clocks run
at the V,;, voltage level. These clocks typically
run at a rate of 1 MHz.

23. Restart (RES)

This input on the 6502 is used to start the
MPU from a power-down condition, resulting
from a power failure or an initial start-up of the
processor. If a positive edge is detected on the
input, this will signal the MPU to begin the
restart sequence. This will also start execution
of a routine to initialize the processor.

All the higher-order address lines will be
forced high. For the restart, the last two
memory locations in the last ROM will be ac-
cessed. This means an address is stored to be
loaded in the program counter. The program
counter, in turn, tells the processor where pro-
gram execution is to begin.

24. Go/Halt (G/H)

When this 6800 input is high, the machine will
fetch (get) the instruction addressed by the pro-
gram counter and start execution. When low all
activity in the machine will be halted.

This input is level-sensitive. In the halt mode,
the machine will stop at the end of an instruc-
tion. Bus available will be at a logic 1 level. Valid
memory address will be at logic 0, and all other
tri-state lines will be in the tri-state mode.

The halt line must go low with the leading
edge of phase one to insure single instruction
operation. If the halt line does not go low with
this leading edge, one or two instruction opera-
tions may result, depending on when the halt
line goes low relative to the phasing of the
clock.

25. Bus Available (BA)

The bus available signal will normally be low.
When activated, it will go high, indicating that
the MPU has stopped and that the address bus
is available. This wilt occur if the GO/HALT line
is in the halt (low) mode or the MPU is in a wait
state as the result of some instruction.

26. Three-State Control (TSC)

This 6800 input causes all of the address
lines and the read/write line to go into the tri-
state or high-impedance state. The VMA and BA
signals will be forced low. The data bus, having
its own enable (DBE), is not affected by TSC.

27. Direct Memory Access
(DMA)

In DMA applications, the tri-state control line
should be brought high on the leading edge of
the phase-one clock. The @1 clock must be
held in the high state for this function to operate
properly. The address bus will then be available
for other devices to directly address memory.
Since the MPU is a dynamic device, it must be
refreshed periodically or destruction of data will
occeur.
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28. Data Bus (D0-D7)

Eight pins are used for the data bus. it is bi-
directional, transferring data to and from the
memory and peripheral devices. It also has tri-
state output buffers capable of driving one stan-
dard TTL load and 130 pf at 1 MHz.

All inter-chip data transfers take place during
the phase 2 clock pulse. During phase 1, the en-
tire data bus is floating (tri-state).
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R. Binary Full Adder

Multistaging adders connect the carry output
(C4) to the carry input (CO).

Aand B
OPERAND
INPUTS

P

()

A binary sum of the two
four-bit binary words (A0
thru A3 and BO thru B3)

©
CARRY INPUT

13
co

10| AO

(1)

(VR

FA

1

(1)

0

M

0

¢ SUM OUTPUTS

]

0

a)

(1)

(0)

16

14

CARRY OUTPUT
(1)
INPUTS OUTPUTS
CO A3 A2 A1 A0 B3 B2 Bt BO 23 2 = 30 C4
L H L H L H L L H H H L L H
1 0 1 0 1 0 0 1 0 0 1 1 1
0 1 0 1 0 1 1 0 1 1 0 0 0
H = High
L = Low
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A full adder is a logic circuit with three inputs
and two outputs. It adds 3 bits at a time, giving a
sum and a carry output.

INPUTS QUTPUTS
C B A_| CARRY | SUM
0 0 1 0 1 A o e JEARRY camRy
0 1 0 0 1 B O— ADDER [ SUM WI&ED—O
0 1 1 1 0 c o— ADDER sum__

—
1 0 1 1 0
Full-Bit Adder

A half adder is a logic circuit with two inputs
and two outputs. It adds 2 bits at a time, produc-

ing a sum and a carry output.
CARRY

0
INPUTS OUTPUTS ro—t— .
B A__| CARRY | SUM
0 0 0 0 ] o——EC1
0 1 0 1 SUM
1 0 0 1 :°>R AND
1 1 1 0

Half Adder

By connecting a half adder and a full adder,
we make a parallel binary full adder. This is
capable of adding numbers with many bits. The
7483 is one type of binary full adder that adds
two 4-bit binary words.

A2 B2 At B4
A2 A1 | T T
+ B2 B1
5352 ST CARRY
S3 82 s1 53 wg—PRR FA CARRY CARRY
out IN ouT
Sum lsum
2 s,

Binary addition is performed in the same
manner as decimal addition. The example
below shows simple binary arithmetic.

0+0=0
0+1=1
1+ 1 =10 (0 plus a carry-over of 1)
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S. 4 x 4 Bus Register File

WAO and WAT1 select the word being written Sep‘arate read and write inputs both address
into. RAO and RA1 select the word being read. (RAO, RA1, WAO, WA1) and enable (WE and

The tri-state output (OE) active low makes it  OE). This allows simultaneous read and write
possible to add more stages—up to 128 outputs ~ OPeration, by selecting one of four 4-bit words.
or 512 words.

DATA INPUTS (D1-D4)

15(1 {2 |3
D1 D2 D3 D4
L A
WRITE ADDRESS
13
WA AND WB WB
5
READ ADDRESS —— ] RA 74670
SELECT RA AND RB 4 RB
WRITE ENABLE 12
(ACTIVE LOW) —— < GW
11
—_TRI-STATE ————— GR
READ ENABLE
(ACTIVE LOW)
Q2 Q3 04
DATA OUTPUTS (Q1-04)
ADDRESS OF OUTPUTS
CONTROLLED BY RA AND RB
READ : ‘ WRITE
READ INPUTS WRITE INPUTS
GR RA RB | OUTPUTS FROM GW wa wB D INPUTS TO
L L L WORD 0 L L L WORD 0
L L H WORD 1 L L H WORD 1
L H L WORD 2 L H L WORD 2
L H H WORD 3 L H H WORD 3
H X X NONE (HIGH) H X X NONE
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A. Oscillators

© 1980 Atari Inc.

7-2

The LM566 provides a triangle wave and a
square wave (see illustration at bottom of this
page). The frequency of the outputs is deter-
mined by the values of R1, C1 and the control

voltage on pin 5.

A .001 uF capacitor is connected between
pins 5 and 6 to prevent oscillations that may oc-

cur during VCO (voltage-controlled oscillator)
switching.

vcc
MODULATION
-001F 5 |INPUT 8
- OUTPUTS
6
4 TRIANGLE WAVE
——————— OUTPUT
TIMING R1 SQUARE WAVE
3
RESISTOR OUTPUT
LM566 ,
TIMING
= C1 CAPACITOR
1
VCO WAVEFORMS
TRIANGLE WAVE y,
OUTPUT
PIN 4
SQUARE WAVE
i . =
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Analog Devices

B. Operational Ampilifiers

The operational amplifier or op amp, for
short, is a high-performance amplifier. Due to
its wide variety of applications, we will cover
only a few of the more common uses of these
versatile devices.

1. Non-Inverting Amplifier

vout

K

The circuit shown above is connected as a
non-inverting amplifier. This is because the in-
put signal is applied to the non-inverting input
(+). Resistor Ry is called the feedback and R;,
is called the input.

The voltage gain of this circuit, or the ratio of
the output voltage to the input voltage, is con-
trolled by the values of R;, and R;. In this con-
figuration the output voltage is always in phase
with the input voltage.

2. Inverting Amplifier

Vout — Ut‘\

R
i v e

|||Il

The op amp in the above illustration is con-
nected as an inverting amplifier. This is
because the input signal is connected to the op
amp’s inverting input (—) through R;. R,, is
called the input resistor.

Resistor Ry is called the feedback. The volt-
age gain of this circuit is controlled by the
values of R, and R;. In this configuration the in-
put and output voltages are always 180° out of
phase.

Chapter 7
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3. Voltage Follower

_%_ 0 out

The voltage follower shown above is a unity-  very high input impedance, or resistance, and a
gain non-inverting amplifier; in other words, the  low output impedance. It is used to buffer or
input and output voltage ratiois 1to 1. Ithasa  isolate an input signal.

4. Summing Amplifier

R2
o—/ A\ + Vou
N R3 _?r A out
Vin '%" R4 |
_%_ o—vVW— VW
R1
The illustration above is using a resistive The basic purpose of this circuit is to make a

summing network (R2/R3/R4) fed into the invert-  composite signal from several separate inputs.

ing input of the op amp. The input voltageson all ~ The ratio of values of R2, R3 and R4 will deter-

three inputs are added to give the actual V in-  mine the shape and voltage of input signals. The

put. ratio between R1 and the group of R2/R3/R4 will
determine the gain of the circuit.
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Analog Devices

5. Comparator

+ Supply

A comparator is a circuit that compares an
input voltage with a reference voitage. The out-
put reflects whether the input voltage is above
or below the reference voltage.

When V,; is slightly greater than Vg, and Vg
is negative, the output voltage will be close to
the positive supply voltage. When V,, is slightly

______ — + Supply Voltage

=
L]

_______ - Supply Voltage

less than Vg the output will be very close to the
negative supply voltage. This circuit is also
known as a level detector.

One application of this device would be to
convert a paddle input from a potentiometer to
a logic fevel that controls paddie movement.

6. Differential Amplifier

R+

[

A differential amplifier is a combination of
an inverting and non-inverting amplifier. If iden-
tical inputs are applied to E;,; and E;,, Eqy will

v !
B

be zero. If the inputs are not identical, the out-
put will reflect the difference between the two.

The circuithasagainof R+ .
Rin

Chapter 7
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C. Quadbilateral Switches

The 4016 quadbilateral switch provides an  direction. It is used to control both analog and
extremely high “off”" resistance and low “‘on” digital signals.
resistance. The switch will pass signals in either

1
11 1
[ INIOUT D W0
12 OUTIIND
——————CONTROLD
8 {inoutc 0
6 OUT/INC
CONTROL ¢
4
IN/OUT B 3
5 OUT/IN B
CONTROL B
1
INJOUT A 9
i OUT/IN A
——————1CONTROLA
7
-

ss

DUAL-IN-LINE PACKAGE

i INIOUT 1 Swa 2 OUT/IN
INIQUT 1 F— Voo
OUT/IN 2 13 CONTROL & CONTROL 13
OUT/AN 3 SWD 12 CONTROL D
INIOUT 4 . R INIOUT .
Normal Operation of Control input
CONTROL B 5 we 110 OUTIIN
6 9 SWon = 1 1
CONTROL C OUTIIN on
; | 8 Logic levels
Vs swe b INoUT SWoff = 0 ‘
TOP VIEW
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D. Timers (Voltage-Controlled
Oscillators or VCOs)

The LMS555 is a highly stable device for The free-running frequency and duty cycle
generating accurate time delays or oscillation.  are accurately controlled with two external
Additional terminals are provided for triggering  resistors and one capacitor. The circuit may be
and resetting, if desired for astable operationas  triggered and reset on falling waveforms.
an oscillator.

8 Ra
2 TRIGGER DISCHARGE
4 Rg
- RESET LM555
THRESHOLD )
5 | CONTROL
VOLTAGE
Otuf OUTPUT L o

III
|||=

Astable waveforms generated
in this mode of operation:

Astable Operation: If the circuit is con-
nected as shown (pins 2 and 6 connected), it
will trigger itself and free-run as a multivibrator.

The external capacitor C1 charges through Ra S 5V PER DIV.

+ Rg and discharges through Rg. Thus the duty OO OO IOO: . .

cycle* may be precisely set by the ratic of 3 A\ L~

these two resistors. As in the triggered mode, » \ s \ ,/ 1V PER DIV.
¥ v

the charge and discharge times (and therefore
the frequency) are independent of the supply
voltage.

]

. , TOP TRACE—OUTPUT
*The duty cycle is the percentage of time that BOTTOM TRACE—CONTROL VOLTAGE

a device is operating.
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AC:

ACCESS TIME:
ACTIVE STATE:

ADDRESS:

AMP:

ANALOG:

ANODE:
AMPLIFIER:
AMPLITUDE:
ASTABLE:

ASYNCHRONOUS:

B +:
BETA:

BEZEL:

BIAS:
BIDIRECTIONAL:

BINARY:

© 1980 Atari Inc

Glossary

Alternating current; from zero it rises to a maximum positive
level, then passes through zero again to a maximum negative
level. +V

o APPPS

-V

Time required to retrieve useable data from memory.

The logic state of a signal when it's true. Example: the active
state for START (start not) is low.

Specific location of data in memory; normally expressed in hexa-
decimal.

Short for ampere; measurement of electrical current equaling
the flow of one coulomb per second.

Measurable in absolute quantity as opposed to on or off. Analog
devices are volume controls, light dimmers, tachometers, etc.

Positive (arrow) end of a diode.
A device used to increase the strength of an applied signal.
The maximum value from zero of a waveform.

Having no normal state. An astable device will free-run or
oscillate as long as operating voltage is applied. Oscillation fre-
quency is usually controlled by external circuitry.

Not dependent on a system clock. Responds to random events
such as a coin switch or fire button; it is unpredictable.

Main power supply voltage of a monitor; derived directly from
line voltage. In Quadrascan™ X-Y monitors it is 25V; in raster-
scan monitors it is 73V.

Current gain of a transistor in the common emitter configuration.
Mathematically expressed as the collector current (Ic) +~ base
current (Ig).

1. A formed or machined retention device such as the conical
piece used to mount a pushbutton switch to a control
panel.

2. A cut or formed piece with graphics used to frame the monitor
screen of a video game.

3. A vacuum-formed part mounted externally which frames
the viewing area of a video game.

1. Forward: Conducting state of a diode or transistor.
2. Reverse: Non-conducting state of a diode or transistor.

Able to send or receive data on the same line. Example: a
data bus of a microprocessor.

Numbering system where all values are expressed using two
digits (0 and 1).
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BISTABLE:

BIT:
BLANKING:
BLOCK DIAGRAM:

BOOLEAN ALGEBRA:

BUFFER:
BUS:
BYTE:

CAPACITOR:

CATHODE:

CHARACTER:
CHIP:

CLOCK:
COINCIDENCE:
COMPLIMENTARY:
COMPOSITE SYNC:

COMPOSITE VIDEO:

COMPUTER:

CONDENSER:
CPU:

CRT:
CROSS-TALK:
DATA:

Having two normal states, as in a flip-flop, which switches from
one normal state to the other when triggered by an external
signal.

Binary digit; is eithera 1 ora 0.
Turning off the beam on a CRT during retrace.

A system drawing representing functional units by blocks. Very
useful during initial troubleshooting for localizing a problem by
function.

Mathematical representation of logic used in the design and
description of circuits. Its important symbols are: + (OR); e
(AND); @ (Exclusive OR); and X (X not, indicating a normally high
signal that goes low to perform a function).

A device used to increase fan-out.
Set of parallel paths for transferring data.

Smallest addressable unit of storage—typically 8 bits; synony-
mous with word in a 8-bit system such as 6800, 6502, and Z80.

A device capable of storing electrical energy. It blocks the flow of
DC while allowing AC to pass.

Negative end of a diode.

Anode —Jpt— Cathode

—a= Current Flow —a=

An alphanumeric or special symbol: A-Z, 09, @, *, # etc.
A single integrated circuit. '
A repetitive signal for synchronizing all system functions.
Occuring at the same time.

Opposite states, such as the outputs of a flip-flop.

Horizontal and vertical sync bused together. Provides necessary
timing to keep monitor in synchronization with the rest of the
game system.

Complete signal from system to monitor, comprised of H SYNC,
V SYNC, and video.

System capable of accepting and processing data and supplying
results.

See CAPACITOR.

Central Processing Unit; the 6800, 6502, Z80, etc.
Cathode-ray tube.

Unwanted signal transfer between adjacent or parallel lines.
Information used by a computer for processing.
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G4

DARLINGTON:

DC:

DECIMAL:

DEFLECTION YOKE:

DIAGNOSTICS:

DIE:
DIGITAL:

DIODE:

DISCRETE:
DMA:

EHT:

EAROM:

EEROM:

EROM:

FAT FINGER:

FAN-IN:

FAN-OUT:

FLYBACK:
GATE:

A two-transistor amplifier that provides extremely high gain.

Vee

INPUT — OUTPUT

© 1980 Atari Inc

Direct current, meaning current flowing in one direction and of a

fixed value.
Numbering system using ten digits, namely 0 to 9.

Coils around the neck of a CRT. One set of coils deflect the elec-

tron beam horizontally and the other set deflects vertically.

A programmed routine for checking out a system—for example,

the self-test.
Silicon chip inside an integrated circuit package.

1. Data in numeric units; expressed in digits.
2 . Logic system using a series of yes/no answers for compu-
tation.

Semiconductor device with two terminals; it conducts in only
one direction.

Non-integrated components, such as resistors, capacitors, etc.

Direct memory access. A process of accessing memory directly
that by-passes the CPU logic. Normally used for transferring data
between the /O ports and memory.

Extra-high tension.

1 . A Canadian term for high voltage, OR,

2 . The feeling you get when the phone rings at 1 a.m. Satur-
day morning and you're on calil.

Electrically alterable ROM; a memory that can be changed by

the application of high voltage.

Electrically erasable ROM; see EAROM. Note: The application
of high voltage should not be practiced by the novice. Randomly
applying high voltage may alter any number of components.

Eraseable ROM or PROM. Memory is erased by exposure to
ultraviolet light. Also called a UV EROM.

Application of wrong tools or techniques when troubleshooting.

Measurement of the load an input puts on a circuit. A standard
fan-in draws 1.6 mA from the driving device.

Driving capacity of an output. The measurement of how many
standard (1.6 mA) loads an output can drive.

Step-up transformer used in a monitor to supply high voltage.

An IC with one output that responds only when some number of
input conditions are satisfied.
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GLITCH:
o:
INTERLOCK:

IRQ:

HEXADECIMAL:
HORIZONTAL:
KLUDGE:

LEADING EDGE:

LOGIC STATES:

MULTIPLEXER:

MSB:

NYBBLE:
OCTAL:
OHM:
OHM’S LAW:

PAGE:

INPUTS < °

Glossary

Stray pulse.
Input/Output.

Safety switch that turns off system power when an access panel
is opened.

Interrupt request, a control signal to the CPU that is generated by
external logic. This signal tells the CPU that external logic needs
the attention of the CPU. Depending on the program, the pro-
cessor may or may not respond.

Numbering system using 16 digits, namely 0-9 and A-F.
Left-to-right motion on a monitor.

A hodge-podge of parts assembled to perform a function, which
none of them were probably originaily intended to perform.

The portion of a pulse going from an untrue to a true or active
state.

The conditions an IC input or output will be in, to be on or off (in
other words, logic 1 or 0). The figure below shows logic levels
(states) referenced to +5 VDC.

+5VDC
LOGIC 1, HIGH
24VDC
GREY AREA -STATE LEVEL
REA (TRI L ) .8vDC
LOGIC 0, LOW
0VvDC

The above are voltage leveis to look for in a TTL system.

A circuit with a large number of inputs and one output.

e
° [ ]

° CONTROL LINES

OUTPUT
®

\

Most significant bit, or the highest bit of a binary number or
device.

Non-maskable interrupt. A request for service from external
logic. The CPU cannot ignore this interrupt request.

4 bits, or one-haif of a byte.
Numbering system using 8 digits, namely 0-7.
Unit of resistance.

Formula for showing relationship between voltage (E), current (1),
and resistance (R). E = IXR.

A subsection of memory. A ROM has blocks of data. Each block
has “x”" number of bytes, and these blocks are called pages.
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PHOTO-
TRANSISTOR:

POTENTIOMETER:

RAM:
RASTER-SCAN:

RESET:
RETRACE:

ROM:
STROBING:

SYNCHRONOUS:
THRESHOLD:

TRAILING EDGE:

TWEAK:
TWIDDLE:

Vee:
VCO:

VECTOR:

WATCHDOG:

WORD:

ZENER:

A transistor that is activated by an external light source.

A resistor with a moving tap that slides from one end of the
resistive material (either carbon or wire) to the other. Usually ab-
breviated pot.

Random-access memory. Temporary data storage.

A monitor system wherein images are displayed. The system
controls the intensity of an electron gun that continuously scans
along a horizontal and vertical axis.

Go to the beginning and start over.

In a raster-scan monitor, the time during which the electron
beam is resetting either from right to left or from bottom of the
CRT to the top.

Read-only memory. Permanent data storage.

1. Using one circuit to drive several display digits where each
digit is turned on for 1/X of the time. X = number of display
digits.

2 . Repeated checking of asynchronous inputs to see if any have
been activated.

Controlled by a repetitive clock.

The point of conductance. In a silicon transistor, this point is
about 600 millivolts.

The portion of a pulse changing from an active to an inactive (off)
state.

Relatively small adjustment, usually made with a potentiometer.
Unguided or uneducated tweak. '

Voltage collector common; term used for the power-supply volt-
age applied to a circuit.

Voltage-controiled oscillator. An astable multivibrator where the
output frequency is controlled by the level of control voltage.

The line segment drawn between X and Y coordinates in the
Quadrascan™ monitor system.

A counter circuit designed to protect the processor from self-
destruction if a program malfunction occurs. If a malfunction
does occur, the counter applies continuous pulses to the reset
line of the processor, which causes the processor to keep reset-
ting. This continuous pulse is termed barking.

The largest block of data that a computer typically processes at
any one time. In the microcomputer world this is 8 bits (8 data
lines = 1 byte.)

A special diode used as a regulator: its main characteristic is
breaking down at a specified reverse-bias (Zener) voltage.
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