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I. INTRODUCTION

The objective of this manual is to
provide operators and servicemen
with a basic knowledge and under-
standing of Gottlieb's game sys-
tems. This knowledge will provide
a better understanding of how to
troubleshoot a Gottlieb game on lo-

cation.

This manual concentrates on simple,

fast maintenance for on-location
troubleshooting. It also contains
technical information that can be

used to understand basic electron-
For all

procedures covered in this seminar

ics and schematic reading.

and most problems that will be en-
countered in the field, the test
equipment required will be a multi-

meter and a pair of jumper wires.



II

GENERAL TROUBLESHOOTING GUIDE

1‘

6.

Identify the symptoms. (Recog-
nizing and establishing the
symptoms early will narrow down

the problem).

Determine in what operation
mode(s) symptom(s) occur. (Dif-
ferent modes of the gzame are

controlled by specific devices).

Use the Self-Test feature to
help determine where the prob-

lem is.

Determine if problem is mechani-
cal or electronic in nature,
i.e., a short on a switch line
can cause problems with the CPU
board, but the solution is me-

chanical in nature.

Check for common or shared cir-
cuits, i.e., one display, two
displays, or all displays have

a common symptom.

After using the Self-Test to nar-

10.

INTRODUCTION

check the

easy things first...fuses, wir-

row down the problem,

ing faults, burned ocut bulbs,
etc.

Use wire color codes and plug

numbers to guide ycurself through
the game. Gottlieb has a stan-
dardized numbering system to aid
in troubleshooting and schematic

reading.

Intermittent problems:

A. Pinched or hanging wires
(check near edges of play-
field).

B. Switch adjustments or defec-
tive diodes.

Check voltage levels at their
destination points. Check the
+5V DC at the Al control board.

Call our toll-free number, 1-800-
323-9121 (outside Illinois) and
1-800-242-1620 (in Illinois),
with this background information
to get the gquickest and most

complete answer possible.
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UCTION

"FRONT DOOR, I‘
TILTS AND
SwiTch e STROBE CONTROL BOARD A1 |
RETURN _

| CLOCK & |
S— N |

P v |

Y <‘:>[ MICROPROCESSOR J
: A3 4 -

DRIVER U
BOARD T
U
T MEMORIES I
ROM, RAM, PROM
|+5 VDC
A A
SCORE/
STATUS
DISPLAYS A2
o |
A7 UPPLY
AUXILIARY
POWER SUPPLY
X

AYS ' TRANSFORMER|[* FUSE
T,efc. |e PANEL » PANEL

} SYSTEM 80/804A

1. Arrows point in direction of flow.

2. Display problems and switch matrix problems, do not invoive
{A3) DRIVER BOARD.
3. Non-Controlled Solenoids and lllumination lamps, are not
microprocessor controlled (DON'T LOOK AT CONTROL BOARD).
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II. POWEE
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' TRIBUTION

- + +5V DC
— —» + 5V DC
+ GND
— — GNOD
]
o)
- —+60VDC

2 o[58,

PLY = }———»GND

+42v DC

v} || H——>+5V DC

L—O TO SiX DIGIT

|.—. DISPLAY

TO FOUR DIGIT
DISPLAY

T

::;E A7

—— SOUND/SPEECH

—5 POWER SUPPLY
g

=-12¥ DC
e +30vDc TO SOUND/SPEECH

—» 12V OC BOARD A&

TRANSFORMER PAMEL

—++5V OC

NOTES:

I. SOLENQIDS AND OPTIONAL COUNTERS
USE IN40C4 DIODES.

2. QPTIONAL CCIN METERS, USED
THROUGH HAUNTED HOUSE.

3, LAMPS ARE #44,
4. =T} INDICATES CONNECTOR
5. INDICATES WIRE COLOR.

o[ BLaCK 5 | GREEN
| | BROWN 8 | BLUE

2 | RED 7 | PURPLE
3’| ORANGE B | SLATE
4| YELLOW 9| WHITE

6.FUSE RATING DEPENDENT ON SPECIFIC

GAME,

7. PRIMARY FUSE VALUE:
115 — USE SA SLO-BLO
230 V- USE 2.5A SLO-BLO

B.230V TRANSFORMERS: B-19%%0
C-19554
PRIMARY WIRING:

130V,

sy

100V,

COM
130V

15V

100V,

CoMm

9. GERMAN TRANSFORMERS: B-19549
C-19553
REFER TQ INSTRUCTION MANUAL FOR
GERMAN GAME VARIATIONS.

10, Q,T RELAYS NOT FUSED.

1. UNLESS OTHERWISE SPECIFIED:
+5 vOC WIRE COLOR 688
GND WIRE CCLOR 34

E -

£-19952

GND. ]

~r

-_— o -

+ ~| 4 ] 6800 med

F6VDE  +H1ZVIC 25v .

LAMPS POWER )

- -~ SUFPFPLY :

!

+

+240C 8-19548
CONT. S0L.

FIGURE 2. GOTTLIEB SYSTEM 80/80A
POWER DISTRIBUTION

The transformer panel is the origin
The line

filter, on-off switch, primary fuse

ef all power to the game.

and line cord are also vital parts
of the bottom board assembly but not
directly connected to it. The line
power is applied to two transformers
which create two main supply wvoltage
groups. The large transformer sup-
plies all the éontrolled and non-
controlled device voltages for lamps
and solenoids, and is protected by
fuses F4 through F8. The small
transformer supplies the voltages
that drive the electronic devices

in the game.

Fuses Fl through F3 protect each of
these voltages. The only cross be-
tween the two power supply groups
is the +24V DC from the large trans-
It is used by the A7 Sound/
Speech Power Supply Board and is

fused by F8.

former.

The transformer panel also contains
the bridge rectifiers and filters

to produce the necessary unregulated
+DC voltages. The unregulated +12V
DC is filtered by a 6800 mfd capa-
It is
then routed to the A2 Power Supply

citor to reduce A.C. ripple.

Board to produce the +5V DC logic
supply.



I1. POWER DISTRIBUTION

set voltages return to center taps

+‘DG§§L'W; on the small transformer's 3V AC
X and 5V AC display filament supplies.
== $5VDC
+5V 0C .
GND v A1 CONTROL BOARD
GND
The A2J2 connector carries the +5V
|1 2 34|Jz DC logic supply to the Al Control
Eéghma AZ POWER SUPPLY Board. The unregulated +12V DC
Q 4
DS2 from A2J1-1 is applied to the col-
+5y 0c I3 +60V DC
apdosTpor. [T aagvoc” ¢ VIGIT DISPLAYS Jector of Q3, an emitter-follower
3 # STATUS DISPLAY _
Y L pass transistor. The regulation
INCREASE +5VDC ) )
VOLTAGE 7 » STATUS DISPLAY  £o1 the base of the transistor is
. .
pst _9Tp4 provided through an IC regulator,
+5V
UA723CN. The voltage output level
[12 56 78 2],
3 b is established at a non-inverting
+8VDC ALNAYS RE-ADJUST +5¥DC POT, input, pin 5, depending on the ad-
SOUND/ = WHEN MOVING GAME TO A NEW _
%ﬁ? ozl e LOCATION. justment of the reference voltage
w | w
el 12| 0S1-LED INDICATES +12vDC INPUT : - _
E E E D52-LED INDICATES +8VNC QUTPUT through pin 6 and the potentiome
g NEE g KOTE: LED's INDIGATE vorTace  ter. Current regulation is sensed
> . BUT NOT NECESSARILY .
SHEEEEE: PORRECT through R8, R9 and R12 at pins 2
;’ = * i{ and 3. Voltage stability is reg-
RMER PANEL . . . .
TRANSFORME ulated at the inverting input pin
FIGURE 3, 4 through R13.

POWER SUPPLY
The ocutputs of A2J3 are the display

The A2J1 connector, carries an un-
regulated +12V DC and a 60V AC sup-
ply for power supply regulation.

It also contains three outputs:

+5V DC logic for the Sound/Speech
Board and +5V DC and +8V DC offset
voltages for the status and player
displays. The +5V DC. offset is the
same as the logic +5V DC supply.
The +8V DC offset is pulled off of
the +12V DC input by zener diode

CR7 through resistor R10. The off-

The 60V AC is rec-
tified by bridge rectifier CR1

through CR4 and is filtered by ca-
pacitor C1.

drive voltages.

It is regulated by ze-
ner diode CRSH, setting the voltage

level at the base of Qi. The +63V

DC output of Q1 is tied to the base
of Q2.
across B4 will turn Q2 on or off to
The +42V

DC is generated from the +60V DC by
zener diode CR6 and RbD.

Any fluctuations of current

regulate the base of Q1.



I11. MODES OF OPERATION

A valuable tool that you can uti-
lize to troubleshcot the game sys-
tem is the modes of operation and
the indicators they provide. In
the different modes, certain areas
of the game may or may not be used.
Understanding the correct operation
of the different modes can help to
break down a problem to the most

likely cause. For instance, in the
attract (game over) mode, the "Q"
relay de-energizes to cut off power
If the

pop bumpers or the flippers are ac-

to portions of the game.

tive during the attract mode, there
is a short on the contacts or the

wiring of the "Q" relay.

A. INITIALIZATION

B. GAME OPERATION
® GAME START
® FIRST PLAYER
® ADDITIONAL PLAYERS

C. GAME OVER

D. TILT AND

SLAM




III. MODES OF OPERATION

INITIALIZATION

The Initialization Mode and its

power-up-to-attract sequence is de-
tailed above. The Initialization
Mode can tell a good deal of in-

formation about the game.

When the game is turned on, the
playfield, lightbox and coin chute
illumination lamps will turn on to
indicate there are no serious prob-
lems with the operational power
supplies. There should be a 103
msec. delay (for System 80A games)

before the coin-lockout coil ener-
gizes and the scoring and credit
displays light up, with any credits

remaining in memory displayved.

After five seconds, the High Game

to Date will be displayed in all
player displays, and the controlled
playboard lamps will strobe and
flash. This initialization sequence
indicated the Control Board and +5V
DC are functioning correctly and
there are no serious problems with

the Input/Output portion of the game

TURN GAME
ON

IMMEDIATELY

LIGHTBOX
ILLUMINATION
LAMPS ON

PLAYFIELD
ILLUMINATION
LAMPS ON

AFTER A I03MSEC DELAY

GAME OVER (Q) AND
TILT RELAY {T) COIN LOCKOUT
{UNDER PLAYFIELD) COILIS
ARE PULSED ENERGIZED
ON/OFF

ALLSCORING
DISPLAYS WILL
LIGHT AND

SHOW ZEROES CREDITS

CREDIT DISPLAY BALL-IN-PLAY
WILL SHOW REMAINING DISPLAY
WILL BE BLANK

‘ EVERY FIVE SECONDS l

HIGH GAME TO DATE SCORE WILL FLASH AND CONTINUE UNTIL START OF GAME.
GAME IS NOW [N ATTRACT MODE. [NOTE GAME ADJJSTMENT SWITCHES #23 & #24 )

FIGURE 4.



III. MODES OF OPERATION

OPERATION

The balls must be in the ball re-

turn trough to start a game.

l.

Insert coins into coin chute.

a. Coin chute tune is played.

b. Total credits are displayed
in status display.

Press Credit Button to start game.

a. Credit tune is played.

b. Total credits displayed de-
crease by one.

All playfield features reset.

The first player score display
flashes 2 zeros.

When the ball is released to the
shooter, the playfield-controlled

lamps flash.

FIRST PLAYER

1.

First player's score display
flashes two zeros.

The other player's displays are
now blank.

A "1" appears on the ball-in-
play display.

When the ball enters the outhole,
any bonus earned is scored.

ADDITIONAL PLAYERS

1-

Additional players are indicated
by 2 zeros (not flashing) in each
corresponding player's display.

After the maximum number of
players are added, or no more
credits remain, the Credit Button
has no effect.

Additional players can be added
anytime the first player's ball
ig still in play. If the Credit
Button is pressed after the first
player's first ball has entered
the outhole, all players' scores
will be erased with the first
player's score display showing

a flashing zerc, indicating a

new game only for the first player.
10

GAME OVER

1. When the 1last ball enters the
outhole, the GAME OVER lamp con-
tinually flashes.

2. A random number appears in the
ball-in-play display. If this
number matches the last two
digits in any player's score, a
replay (dependent on Switch #27)
is awarded.

3. HIGH GAME TO DATE is periodically
flashed in all players score dis-
plays. When a score higher than
HIGH GAME TO DATE is achieved,
an award (dependent on Switches
#23 and #24) is given.

4. All of the target banks will reset.

TILT MODE

1. Tilting the game results in a
loss of ball in play.

2. When the game is tilted, all the
playfield lamps go off.

3. All accumulated bonus and bonus
multipliers are lost.

SLAM MODE

1. If the normally c¢losed slam
switch (located inside front
door) is opened, the entire game
is ended for all players.

2. The GAME OVER lamp comes on.

3. The entire switch matrix is in-
active for three seconds.

4, All coins will be rejected if
dropped into any coin chute
during the three-second delay.

5. If the match feature exists
(dependent on Switch #26), a
replay can be won even if the
game is slammed.

6. Game returns to the attract mode.

CONTROL
BQQRD > DISPLAYS
___ligalg_J____%RoNT
\ DOOR
700 1 3 GND
Al L. STRIP
FIGURE 5.



IV. CONTROLLED DEVICES

An electronic pinball machine is
operated and played through the use
of contrclled devices. The con-
trolled devices are the majority of
components in a game creating all
of the input and ocutput extensions
of the Al Control Board. These de-
vices are the interface between the
player and the Control Board com-—
puter that allows an assembly of
I.C.
create a fast, interacting game for

components and programming to

the player.

The controlled devices within a
game consist of lamps, relays, so-
lenoids, switches, displays and
sounds. The following chapter ex-
amines each area of control and its
specific devices. It will focus on
the theories of how each type of
device is controlled, the signals
used to generate control, and how
to use the Self-Test and trouble-
shoot in each category of controlled

devices.

A. CONTROLLED LAMPS

B. CONTROLLED SOLENOIDS

C. SOLENOID OPERATION

D. NON-CONTROLLED SOLENQIDS

E. SWITCH MATRIX

F. DISPLAYS

G. SOUND/SPEECH

11



IV. CONTROLLED DEVICES

SELF-TEST

The Self-Test contained in the Con-
trol Board includes four steps that
will exercise all Input/Qutput por-
tions of the game and one step that
will exercise all memory devices on
the board.

Each test will be detailed in the
following pages, but the specific
devices that are tested in each game
can be found in the individual game
manuals. Points to remember are:
After a test is finished, each test
can be repeated by pressing the re-
play button on the front door; if
the replay or Self-Test buttons are
not pressed within 20 seconds after
a test, the game will return to the

attract mode.

The bookkeeping portion of the test
can be bypassed if dealing with a
service-related problem. Press the
Self-Test button to enter the test
mode. Next, press the replay but-
ton on the front door and Step 16

will appear in the credit display.

In the Self-Test/Bookkeeping Mode,
one can use either portion to check
the Control Board and game opera-
tion. The bookkeeping portion is
all steps from 1 through 15, and
each is a record of a particular
function or event in the game that
is important to an operator. The

individual functions are detailed

12

in each game manual along with any
special notes. All bookkeeping in-
formation is checked against itself
to make sure it is correct. If any
steps in the bookkeeping portion
display flashing information, the

data may be invalid.

Press SELF/TEST button on front door. Credit
display should read 00" Player score displays should
be tlank.

PRESS

O . PRESS
S SELF/TEST | CReDITBUTTON

BUTTON

STEP 16—RELAY AND LAMP TEST: All relays
are pulsed twice. Controlied lamps are sequentially
tumed on.

Y

STEP 17—SOLENOID TEST, SOUND TEST, AND
OPERATOR SWITCH TEST

_..._O

STEP 18—SWITCH TEST: All switches in the
switch matrix are inspected. All switches open 99"
will be displayed. If one or mare are closed, their
assigred number will be displayed.

)

STEP 19—DISPLAY TEST: Each digit of each
display is turmmed on individually, and all numbers,
zero thru nine, are sequenced.

—20

STEP 20—MEMORY TEST: Each control board
memory device is inspected. Any defective device is
indicated by its part number displayed in Player
Number one. if afl are OK, 99 is displayed. Game
prom check sum displayed in Player # 2 display.

TO EXITSELF/TEST
a) Wit 60 seconds
b) Turn power off /on
¢] Open slam switch
d) Close tilt switch

FIGURE 6.




IV. CONTROLLED DEVICES

DRIVER BOARD used in a particular game will be
turned on or off within 7 to 10 sec-
The A3 Driver Board consists of all onds and then cycle through again.
necessary circuitry to interface This cycle will be repeated about
the Control Board to the playfield. 15 times within the 90-second test
It contains three types of driver period, allowing each lamp to be
circuits; lamps, solenoids, and turned on or off about 15 times for
sound signals. These circuits pro- testing (cycle time and number of
vide four sound enable signals and cycles depends on the particular
61 individual transistor outputs game).

for both low current and high cur-

rent applications. Step 17 of the Self-Test will pulse
all Controlled Solenoids once, in-
The Self-Test Steps 16 and 17 will cluding any solenoids driven through
exercise all Driver Board outputs the Controlled Lamp circuitry. The
to the playbeoard. Step 16 will test will then pulse each of the
pulse the "Q", "T", and Coin Lock- Sound Enable lines once, and the
out relays twice each, and then Operator Adjustable Option switch
sequentially strobe all Controlled settings will be displayed in hexa-
Lamps on the playboard and in the decimal format in the First and

lightbox. All the Controlled Lamps Second Player displays.

& [ e\
oo d - - dbbLillLl
O lllmpl] {52 = O wmmmrs, ™

AL RIGHTS RESERYEG — .. — ]

e AR TR

g A e e

b S

i

EBC

MPS-A13 (1/2 AM
NPN DARLINGTC
ORIVES ONE LAN

2N6043 (8 AMP}
NPN DARLINGTON

MPS-U45 (2AMF

2N30S55 NPN NPN DARLINGTO
:(15 A:Il’sl ORIVES 3};‘"‘"’5“
CAS
ONE MEMORY
COLLECTCR) FIGURE 7. e
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1V. CONTROLLED DEVICES

CONTROIA_l BOARD

| e
DSt DStz FOUR FLIP-FLOPS
(12 LINES) IN ONE CHIP
e e
L .nmm / U i TRANSFORMER PANEL 1
[ | 5 AMP H
LD fo al : | E
S ' I i
L3 lps Q3 ! | !
™ (I OF 62) | 15V AGK | :
- I 60 H ! )
D4 oK Q4 : z : :
3 ! o—l Il Lo i
DRIVER_BOARD ! I
A3 : ;
_n Js _n L-- A Y Y . X T 1L T e T ¥ —-J
PLAYFIELD LAMPS . S—
VvV ONLY (NORMALLY) ™™ v 1
vV
ALL LAMPS ARE 44 BULB
#47 MAY BE SUBSTITUTED
FIGURE 8.
CONTROLLED LAMPS turning on one or more of the four

The circuitry of the Controlled output transistors.

Lamp section provides for the con-

trol of 52 individual transistors The circuit for a typical lamp is
through the use of only 16 signal shown in its entirety, including
lines from the Control Board. Four the Flip-Flop, the transistor, and
of these signals are Lamp Data (LD) all the signals required to turn
lines, each of which is applied to on a given lamp. Note that the
all 12 of the 74175 D-type Flip- positive DC output of the bridge
Flops on the board. The remaining rectifier is connected directly to
12 signal lines are the Data Strobe the bulb through a set of normally
(DS) lines, one each for the clock closed contacts on the "T" relay.
input (or output enable) connection All Controlled Lamps in the game
on each of the 12 I.C.'s. When a are electrically "hot" and the cir-
DS line pulses high, any high sig- cuit path to ground is completed
nals at the LD inputs to that I.C. through the transistor when it is

will be Flipped to the output gates, turned on.
14



( PROBLEM )

Y

ONE CONTROLLED LAMP
ALWAYS OFF

GO TO SELF-TEST #16

IV. CONTROLLED DEVICES

PROBLEM

ONE CONTROLLED LAMP
ALWAYS ON

. J

GO TO SELF-TEST #18

CHANGE
GAME PROM

CHECK BASE VOLTAGE
OF
DRIVER TRANSISTOR

YES CHANGE
GAME, PROM
NO END
JUMPER TRANSISTOR
COLLECTOR
TO GROUND
CHECK FOR;
BROKEN
NO WIRES,
BAD LAMP
SOCKET
YES
CHECK TRANSISTOR
BASE FOR +1.4V DC
REPLACE
VOLTAGE DRIVER
PRESENT? TRANSISTOR
END

REPLACE FLIP-FLOP CHIP
ON DRIVER BOARD

END

YES
VOLTAGE ZERO

END

REPLACE
DRIVER
TRANSISTOR

REPLACE FLIP-FLOP CHIP
ON DRIVER BOARD

FIGURE ¢. CONTROLLED LAMPS

END




1V. CONTROLLED DEVICES
CONTROL BOARD
Al
—_ T
{1 OF 9)
v Jl v } TRANSFORMER PANEL i
A 4 ] ' 5 AMP i
i o ! oO—aO\ |
: f :
NN I : :
DRIVER BOARD I WSVACYH | Casy Ac v
' , ]
i o . s E
! 1
| i
‘ 1
4
n J A L e o e o [ ——-
NN SOLENOID
Y I (1OF9)
1JUMPER WIRE
=~ TO GROUND
IN4OO4
FIGURE 10.
CONTROLLED SOLENOIDS +3V DC from the collector to pull
the emitter high. The emitter of

The Solenoid Driver section of the
board drives nine outputs. Six of
these outputs are single transis-
tors which receive a positive pulse
from the Control Board. A positive
voltage above +1.4V DC applied to
the base of the transistor will turn
on the transistor, completing the
circuit path from the collector to

the emitter,energizing the solenoid.

The other three Solenoid Driver out-
puts are designed for high current
applications by using transistor
pairs. The positive pulse from the
Control Board turns on the first

transistor, a MPS-U45, causing the

the MPS-U45 is tied to the base of
the high current transistor, a
2N3055, which will then turn on and
energize the solencid. Solenoids
1, 8, and 9 are isolated by 1N4148
diodes, to protect the Control
Board from switching transient or

feedback voltages.

The Solenoid Driver outputs will be
assigned to the necessary devices
according to the needs of the game
Sole-
noid 8 is always assigned to the

and the programmer. However,
cabinet knocker coil, and Solenoid
9 is always dedicated to the Out-

hole coil.

16
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iN4QO&
CATHODE 1AMP 400PIV
MINIMUM
+24Vv DC RATING
BACK EMF
* + PROBLEMS ;
ALL SOLENOIDS INOPERATIVE
1) +24VDC FUSE
- 2) +24VvDC BRIDGE
3) g OR T RELAY
GROUND
ENERGIZED
+24v DC

- 7 VOLTS  AcTS OR SHORTS
- TRANSISTOR (MAY
BE SEVERAL THOU-
-— SAND VOLTS).
+ N
TIME
GROUND i
SWITCH OPENS
NO DIODE ON COIL
+24VDC VOLTS
+0.7V DC

A— TIME

GROUND I

SWITCH OPENS
WITH DIODE ON COIL

FIGURE 11.

SOLENOID OPERATION

Any current flow through a wire
will produce a maghetic field

around that wire. If the wire is

PULSE JUMPS CONT-
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tightly wound many ftimes around a
core (hollow or iron) then a large
This

magnetic field is then used to

magnetic field is produced.

pull in a solenoid plunger or to
magnetize an iron core which pulls

in a relay armature,.

When a D.C.

tro Motive Force) is first turned

current (EMF or Elec-

on to a coil, energy is absorbed
to create a maghetic field which
is called Back EMF,

When the current is turned off,

energy still exists in the magnetic
field which collapses, releasing
The

reverse current normally cannot

energy back to the circuit.

flow anywhere when the switch is
opened. The field collapses never-
theless, and the lack of current
flow is made up for by the genera-
The

reverse voltage creates a new mag-

tion of a very large voltage.

netic field in the reverse direc-
tion and this process continues
for several cycles until the energy

is dissapated by the coil resistance.

The purpose of the diocde across the
coil is to dissapate these voltage

gspikes. When the current is turned
on, the diode is reverse hiased

and no current flows through it.

As the current is turned off and
the reverse voltage is generated,
the diode becomes forward biased,
and the resistance of the diode

absorbs most of these voltage spikes.
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NON-CONTROLLED SOLENOIDS

The Non-Controlled Solenoids are
the coils in a game that are direct
switch activated. They are not
like the Con-
rather the +24V

only when the

electrically "hot"”
trolled Solenoids,
DC is sent to them
switch for that coil is closed.
The physical movement of the plun-
ger will then pull or push close

a separate scoring switch on the

Switch Matrix.

The microprocessor does have some
control over all these devices in
the form of two relays which will
switch voltages on or off as needed.
The "Q", or Game Over, relay will
energize when a game is started
and close a set of normally open
contacts to switch the voltage up
to the playfield. The "T", or
Tilt, relay will open a number of
normally closed contacts to remove

the playfield voltages.

The Pop Bumpers are driven by in-
dividual transistors on separate
printed circuit boards mounted un-
der the playfield. The Pop Bumper
Driver Board has an RC time con-
stant circuit setting the output
pulse time from a 74121 Flip-Flop
when the switch input is pulled
low. This output pulse is inverted
and then turns on a 2N6057 high
current NPN transistor which in-
sures a strong complete travel of
the kicker ring attached to the

Pop Bumper plunger.
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PLAYFIELD "NON-CONTROLLED"

SOLENOQIDS AND ILLUMINATION .
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Strobes: Eight aignals from the PB
port of U4, a 6532-1 RIOT I.C. which
are inverted by two 7404 I1.C.'s,
chips Z11 and Z12. {Control Board

— A 0

TO ELIMINATE

==t FRONT DOOR SWITCHES,
n| JuupER c30 AND
DISCONNECT J§ AND J6,

FIGURE 14

Returns: Eight return lines tied to
one input each, of a two-input NAND
gate 7400 I.C. The two NAND gate

I.C.'e, chips 213 and Z14, then send
return informetion to the PA port of

Operator Adjustable Option Switches:
Four signals from chip Z15, a 7432
two-input OR gate, are applied to
eight DIP switches each, with diodes
CR1 through CR32 providing switch

devices are examined in Section V.)
the U4 RIOT I.C.

SWITCH MATRIX

The switch matrix of a pinball game
is a network of switches that allow
the Control Board to monitor the
conditions of 64 switch positions
while using 16 strobe and return
All switches in the matrix
are normally open. Eight of the

16 signal lines from the Al Control

Board are called strobe (STR) lines.

lines.

The remaining eight are called re-

turn (BRTN) lines.

This is the operation of a single

19

isolation. The other input of the
two-input NAND gates, chips 213 and
214, will read four DIP switches each.

The
Al Control Board places a negative
pulse W™ on the STR @ line.

strobe and single return line.

The Contrcl Board examines the
RTN @ line and detects no logic
level change (RTN @ remains at a
logic high, +5V DC).
by the Control Board is taken.

80, no action
How-
ever, close the switch and a com-
plete path for the negative pulse
from STR @ to RTN ® is made. RTN 9
is pulled to a logic low o:“
for the pulse duration.

The Control Board now responds to

the RTN @ signal change.
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CONTROL
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FIGURE 15.

Figure 15 illustrates the complete

operation of the STR @ line, con-
necting to eight switches. The
other end of each switch is attached
When

to a different return line.

STR ¢ pulses low, eight switches

are "looked at' by the Control Board
at the return line inputs. Here,
switches @1, @2, @5 and @7 are
closed. RTN lines 1, 2, 5 and 7
will change their state to a logic
low. The Control Board will ac-
cept all return line data simul-
taneously, store it, and then pro-
cess each data bit (return line

infoermation) in programmed sequence.

Looking at a Switch Matrix Schema-
tic Diagram in its entirety will
show that eight switches are at-
tached to each strobe line and
each return line. This makes a
total of 64 possible switch posi-
tions. Also observe that each
gwitch is assigned & two-digit num-
ber, as in Figure 15. The left
digit designates the strobe number
and the right digit designates the

return line number. Therefore,
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switch number 23 is connected from
STR 2 to RTN 3, and so on.

STROBE SEQUENCING

Strobe lines are not pulsed at the
same time. Each strobe line is
sequentially pulsed from STR § to
STR 7 (See Figure 16). All strobe
lines are pulsed fast enough so
that no switch closures anywhere
All

switches are examined by the Con-

in the matrix are missed.

trol Board in 10 milliseconds. A
strobe pulse width is 1.25 milli-
seconds. Switch debounce is han-
dled by the system software. No
debounce capacitors across switches

are found on Gottlieb's pinball games.

STROBES

L—
U—
L—
1—

L—

LJ B &

—1OMS —| [+ 1.25MS
FIGURE 16.
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FIGURE 17A.
ISOLATION DIODES

Switch matrix isolation dicdes give the
matrix individual integrity for each
gswitch, If all diodes are removed as
shown 1n Figure 174, false switch clos-
ures will be sensed by the Control Board.
The illustration shows switches 42, 52,
and 53 closed.
made not only for RTN 2, but for RTN 3
s well, When STR 4 is pulsed, RTN 2
and RTN 3 lines will both change logic

A conductive path is

states. However, notice switch 43. It
is open, and yet the Control Board will
process a changed logic state as if it
were closed. If a coin switch was as-

signed to the 43 switch position,a credit

was Just gilven without inserting a coin.

STADBE 4 o
- :% 42 ;i_q3
STROBE 8 .

_ 52

{LOGIC Lﬂh‘}‘--- -

-y

RETURN 3
FIGURE 17B.
In Figure 17B, the diodes are placed
back into the circuit.
but because the diode becomes reversed
bissed, no completed circuit to RTN 3
is possible. With the diodes, no com-
bination of switch closures will cause

STR 4 pulses low,

false signals.
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The diodes used by Gottlieb are 1N270

germanium type. Using silicon diodes

will not guarantee valid logic states
when a switch matrix employs a negative

strobe system. Do not replace these
germanium diodes with silicon type di-

odes, such as the 1N4148 or 1N4004 diodes.

Dependent on how a diode fails, several

different symptoms could appear.

If a dicde internally opens, the effect
will be isolated to that particular
switch., Closing the switch will have no
effect on game play, and Test #1B will
not display a matrix number.

.
syRo8E 5 ft1éz"
‘ 52

{LOGIC LOW) e 2L

1_j:-~) Y
- -—

__ RETURN 3

]

FIGURE 18.

If a diode shorts, the effect becomes
more seriocus. Figure 18 demonstrates
that the game loses its switch isolation,
and that the return lines may detect
false signals. This will cause the game
to malfunction and may lead the tech-
nician to believe that a bdd Control
Board or Power Supply is the cause. Note
that a reversed diode may generate the

same problem as a shorted diode.

The Control Board will not respond cor-
rectly if a particular strobe or return
line is either open or shorted from one
t¢ another. 4 short to ground or another
voltage source on a strobe or return line
would also make the Control Board respond
incorrectly. 'in these cases, switches
common to the bad strobe or return line

will all be affected.
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The theory of operation of a fluor-

escent digit display tube is simi-
lar to the vacuum tube theory.

The filament acts as the cathode.
When the filament is charged with
electricity and heated, electrons
are emitted. If a more positive
voltage is applied to the anode
and grid at this time, electrons
emitted from the filament are
drawn into the anode through the
grid. These electrons striking
the anode will excite the fluor-
escent substance on the anode and
emit light. If the anode and grid
voltages are dropped to zero or
negative, no electrons will be
drawn to the anode and no light

will be emitted.

The filament, which acts as a di-

rect heated cathode, works on AC

ANODE
I_ SEVEN DIGIT FOUR DIGIT SEGMENT
DISPLAY DISPLAY
POWER
SUPPLY J3 —— J| Jl ZIA vpe
A2 e ] 0000000
a2y Do abcde fgh
SEGMENT DATA
e GRID
+8v DC
/AVpp
T i DIGIT
RO
vouTaces | SEXEN | FOUR FILAMENT
sy v ! DISIT DIGIT
@fﬁf».uj _______________ | [FILAMENT | SVAC | 3vac (1§ FiLament
__________ : OFFSET | +BV DC | +5v D¢ it o VOLTAGE VOOFE‘?EGE
BOARD i 'ﬁﬁﬁi i : Vor | +60V DC | +42v DC E
e e o o Y e e ) '
FIGURE 19.
DISPLAYS power. The constant variation of

the AC voltage provides uniform
brightness across the face of the
display and also assures that the
filament wire will not get over-
heated and break or wear at any
To cut off the flow of

electrons to the grid and anode,

point.

a negative voltage (in reference
to the filament) must be applied
to the grid or anode. Since the
filament AC voltage swings nega-
tive every half-cycle, just
grounding the grid would still
allow electrons to flow every
half-cycle, For this reason, a
low +DC voltage is applied to the
filament in addition to the AC
voltage. On the negative half-
cycle the filament will still have
a positive potential above the
grounded grid or anode. This is
the purpose of the offset vol-

tages for the displays.
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The 7-digit display filament off-
set voltage is +8V DC generated
by the +12V DC input to the A2
power supply board by zener diode
CR7 and R10. The 4-digit display
filament offset voltage is +2V DC,
which is the same as the logic
supply voltage. The +8V DC is
applied to the center tap of the
5V AC winding on the small trans-
former. The +5V DC is applied to
the center tap of the 3V AC wind-
ing on the small transformer. The
two pairs of AC offset voltages
then go up to the displays in the

lightbox via connector Al2J4.

The display control signals ori-
ginate at the Al control board

and are wired directly to the dis-
plays. There are 16 digit con-
trol lines and three groups of 8
segment lines that are common
wired to three groups of displays.
The common wiring is actually a
combination of cross wiring be-

tween digits,segments, and displays.

The digit lines are always sequen-
tially strobed, so only one line
at a time will be high. The pro-
cessor will fill each segment
group with the data or blanking
information that is necessary for

each digit.

For instance, if there is a first
and second player up, then the

"R gegment group will always be

23

filled with blanking information.
So when the digits are strobed

for the 3rd and 4th player, the
segments will be low, and the dis-
play will be blank., If 1st player
only is up, then the processor

will fill the "A" group with blank-
ing information when the digits

DY through D13 are high.

croprocessor scahs each digit 61

The mi-

times a second so displayed data
will look constant to the eye.

The configuration of our display

signal wiring is as follows:

group Player Display

Segments: A 1st & 2nd player

B 3rd & 4th player

C Status (& Bonus if
present)

Digits: D1 - D6 1st & 3rd player

& D16 (& Bonus if present)
D7 -D12 2nd & 4th player
& D13

D13-D16 Status

1. Segment problems will be shared
by displays of Players 1 & 2
and 3 & 4,

2. Digit problems will be shared
by displays of Players 1 & 3
and 2 & 4,

3. One bad display may cause other
displays to appear defective;
however, this may not be the
case. Disconnect ohe display
at a time and observe what hap-
pens to the other displays.

CAUTION: Do not plug or unplug
displays with the power on.
Damage to the control board will
result.
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SOUND/SPEECH

POWER SOURCE

Four input voltages are required
for proper operation of the Sound/
Speech Board. They are:
1, +30V DC - used for the LM379
Amplifier
2, +12V DC - used for the DAC's,
the SCO1A and the
LM741's.
3. -12V DC - used for the DAC's
and the LM741's.
4, +5V DC - used for the 6502 (CPU),
the 6532 and all TTL.

The +30, +12, and -12 DC voltages
are supplied to the AGJ1 connector

from the A7 Auxilliary Power Supply.
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The +5V DC originates at the A2
Power Supply.

SIGNAL SOQURCE

The binary sound information ori-
ginates in the Al Control Board and
is then sent to the A3 Driver Board
to be inverted. The four signals,
S1, S2, 5S4 and 88 go through Z13,

a 7404 hex inverter and are then
output to the Sound/Speech Board
The Sound/
Speech Board also receives a signal
from Q10 (on the Driver Board)

through connector A3J5.

which is part of the Lamp Circuitry,
and is output as 816 through con-
nector A3J2.
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A. MICROPROCESSOR

Gottlieb's System 80/80A Control
Boards are built around a Rockwell
6502 microprocessor which operates
on a single +5V DC supply voltage.
A brief description of each LSI

component follows.

The Rockwell 6502 is an 8-bit micro-
processor which has many positive
features: single supply voltage,
full 16-bit address bus, two levels
of interrupt priorities, and a two-
phase clock which is generated on-

board.

The microprocessor receives instruc-
tions off the data bus from peri-
pheral devices; RAM, ROM, and PROM.
It is an 8-bit bus, DBO-DB7, with
the data being transferred while
the @2 clock is high.
for all external memory is output

Addressing

from the microprocessor on the 16
address bus lines, ABUO-AB15. 1In
this particular application, ABl4
and AB15 are not used. ABO through
AB6 are applied directly to the
address bus. AB7 through ABl13 are
applied to the bus, however they are
also combined through wvarious gat-
ing combinations for PROM select,
RAM select, RIOT enable, etc.

These lines are buffered by Z7 and
710 since they are capable of
driving only one TTL load each.

25

VSS _| 1 401 _ RES
RDY |2 39 L @2 (ouT)
$1(©um) _| 3 38 | S.0.
RQ _]| 4 371 @, (IN)
NC. |5 36 | N.C.
NMI _{6 35| N.C.
SYNC _| 7 34| RIW
VCC |8 33 DBO
ABO __|9 32 | DB1
AB1 _[10 31 DB2
AB2 _| 11 30 L DB3
AB3 _[12 29 | DB4
AB4 _| 13 28 | _ DBS
ABS _| 14 27 | DB6
AB6 _| 15 26 | DB7
AB7 _| 16 25 | AB15
ABB _{17 24 | AB14
AB9 _l18 23 | AB13
AB10 _{ 19 22 | AB12
AB11 _1 20 21| VSS
FIGURE 21.

AQOTO A15— 16 address lines, designated in
hexadecimal notation in 4 groups
of 4 lines,

DOTOD7 —~—8 data lines—bi-directional—
designated in hex in 2 groups of 4
lines.

RES — Low to reset system, high to run.

IRQ — Interrupt request—nhigh for normal
program sequence—Ilow when
one of the RIOT's requests an in-

terrupt.

R/W — Read write line. High to read, low
to write. Instructs RAM and RIOT's
whether data on the bus is being
written or being read.

Po-¢2

— Clock circuit. $0 is input from the
crystal. $2 is output to RIOTs.
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The microprocessor receives an ap-
proximately .85MHz clock signal on
pin 37, @.(IN) from 22, pin 9. The
clock signal is converted into a
two-phase system clock internally
and is output on pin 39, @5(0UT)

to other devices which require sys-

tem timing.

The reset line, RES, pin 40, is

held low when power is first applied.
Once Vg reaches 2 level determined
by the reset hardware, RES goes high
and remains high as long as power
remains on. This reset insures
that as the microprocessor starts
to operate the program counter is
jnitialized to zero, and execution
of the program begins at the proper

address.

Interrupt request, IRQ, pin 4, re-
ceives low going signals from the
three RIOT devices when an inter-
rupt needs to be serviced. The mi-
eroprocessor then completes its
current instruction and goes di-
rectly to the designated interrupt
routine. The non-maskable inter-
rupt, NMI, is not used and is tied

high through R10.

Read/Write control, pin 34, deter-
mines whether data on the bus is
read from RAM or written into RAM.
This signal is high to read, low
to write, and goes to the three

RIOT devices and the bookkeeping RAM.
26

B. RAM I/0 TIMER

All input-output functions of the
microprocessor are handled by R6532
RAM INPUT-OUTPUT TIMER devices
(RIOT). Each RIOT contains two 8-
bit bidirectional data ports which
can
the

nal

be used to transmit data from
microprocessor system to exter-
circuitry or to receive data
from external circuits and enter it
The I/O
lines are directly compatible with
TTL or CMOS devices.
capable of driving one TTL load.

into the microprocessor.

Each line is

Each RIOT also contains 1024 bits
of RAM memory in a 128 x 8 config-
uration. Addressing is accomplished
through the seven address lines, AO
to A6. RS, pin 36, must be low for
the RAM section to be enabled. When
the READ/WRITE lime, pin 35, is
high, the RAM is in the read mode.
When R/W is low, the RAM is in the

write mode.

chip select lines CS1 and CcS2
provided as enable lines for
the RIOT. CS81 must be high and
CS2 must be low for the RIOT to be

enabled.

Two

arc

A reset input, RES, pin
34, must be held low as the system
is initialized to zero all internal
registers and to prevent false data
from being transferred out of the
the

microprocessor has initialized, the

system during power up. Once

RES line should go high and remain high.
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vss [ 11 wf) s The interrupt request line, IRQ, pin
ss[]2 393¢2 25, is normally high and goes low
A4 3 38 ) ost whenever the RIOT wants to transmit
B an interrupt to the microprocessor.

AaEd 3?]0_5_2
s s 5[] System timing is maintained by the

@2 clock which enters the RIOT at
MES 35]R!W

pin 39. All data transfers on the
ME? 34]ﬁES . .

bus take place when @2 is high.
PAOEB 33]080

One RIOT, U5, uses I/0 port PA7 as
Pat ]9 32 [7] pet . i

an edge triggered interrupt for the
PAZ[T} 10 1108 slam switch input. This gives the
PA3 [ 11 30 ] D83 slam switch a higher priority than
PA4 [ 12 29ij other input functions,
PA5E13 23’:]035

C. BACKGROUND ROM (2332A)
Two ROMs, U2 and U3, each contain

4K bytes of memory in a 4K x 8 con-

PAB [ 14 27 :] DB6

PAT [ 15 26 :] bB7?

Per ] e »[]ma figuration. This is "background"
PBE [ 17 24| ] PBO memory and does not change from
PBS ] 18 3] PBY game to game. Addressing is re-
PB4 []19 22 7] PB2 ceived from the microprocessor and
w0 [ 20 21 [ a3 data is read directly onto the data
o bus. The 82 input, pin 21, is used
FIGURE Z2Z.

to select which of the two ROMs is
CS1-C82 —Chip select lines. CS1 high to  enabled at any given time.

select,CS2 low to select. AT e
RS — RAM select—iow to select the :':E; :23::
RAM section of the RIOT. 'Wal 2 s,
PBO-PB7 — A group of 8 lines which may be :EE: f:g:o
used as inputs or outputs from the a0 7 18 Ay,
system. PB ports are capable of a8 17 (D7
. . . oglje - 16 M pg
direct drive of Darlington Tran- o Cl1o s g
sistors. Dzé” 14|73 Dq
PAO-PA7 — A second group of 8 lines for onolq® 3P os
input/output uses. PA7 can be FIGURE 23.
used as an edge detecting input AQ-A11 — 12 address lines.
that generates aninterrupt. D0O-D7 — 8datalines.
AC-A6  — Addressbus. 81-82 —Chip select lines—both high 1o
D0-D7 — Data bus. enable chip.
27
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D. BOOKEEPING RAM

Data which must be retained when
the game is turned off is stored in
Z5, a P5101 CMOS RAM. The 3101 is
a 256 x 4 RAM with low power con-
sumption when the CE2 line, pin 17
is low. Since the 5101 is a 4-bit
RAM, it is connected only to the
lower four data bus lines, DBO
through DB3. Addressing is provided
directly off the address bus from

the microprocessor.

p—

A3 E t 2] Voo
4 O 2 nri oA,
Ay O] 3 20 7] RW
Ay O 4 w &,
As [] 8 187 oo
Ag [0 ¢ 17 [] CEz
4 (O] 7 16[] bo,
anNo O] 2 5] oy
oy ] e [ 0o,
po, ] e 137 Dty
o, [] 1 12 oo,
FIGURE 24.
CE1 —Chip enable—low to enable

RAM—does not disable input and
output buffers.

CE2 — Chip enable—low to disable RAM
and place it in low power standby.

oD — Qutput disable—places outputs in
3 state configuration “OFF"—
high to disable.

R/W — Read/Write control. High to read
RAM-—|low to write into RAM.

Dt-1-DI-4 — Data inlines 1 thru 4.

D0-1-D0-4 — Data out lines 1 thru 4.
The data in and data out lines are
tied together in this system and the
R/W and OD lines are used to con-
trol data direction flow.

AQ-A7 — Address bus.

E. PROM

The other type of memory used is
the programmable ROM (PROM) which
is changed from game to game. The
PROM is a 2K byte device with a 2K
x B configuration., Address and
data information is transferred on
the microprocessor bus systenm.
Chip Enable, CE at pin 18, is used
as the PROM SELECT. As the R/W
line is pulled high, then the QOut-
put Enable, OE at pin 20, will be
pulled low so the data can be read
out of the PROM onto the data bus.

Azl ~ 24 O vee 1+5v)

Agl] 2 210 ag

Asils 22 [ ag

A} 21 [ vep

A= 20 [ BE

axl]s 18] ap

a 07 18 [J ¢Erm

a8 170 oy

%o 6] og

o e 151 05

0z v 14 [0y
tovI GND 12 1303

FIGURE 256.

CE/PGM - Chip Enable - low to enable
ROM ~ does not enable data

outputs.
Qutput Enable - low to en-

Ql
=
I

able data outputs after the
address has been selected.
00-07 — Data bus.
AO-A10— Address bus.
The remaining circuitry on the con-
trol board is standard TTL and CMOS.
It is used primarily to buffer all
inputs and outputs from the micro-
processor to the external areas of
the game. This prevents most ex-
ternal failures in the game from

damaging any of the LSI devices.



V. MEMORY DEVICES

F. CONTROL BOARD

Gottlieb has used three generations
of the System 80/80A Control Board.
The boards can be identified by the
board assembly detail number in the
lower left corner of the board un-

derneath the DIP switches (See Fig-
ure 26).

ASSY PBOJI- 9100
DETAIL PBOD3- D'IO? ’0'1 E

FIGURE 26.

The first generation of Control
Boards used two HM7641 PROMs and
can be recognized by the detail
number following the assembly num-—
ber. The number reads:
DET. PB03-D102-001 or
DET. PB03-D102-002

REV. A or REV. B

This board was used with the first
System 80 game, Spiderman, and in
Panthera, Circus, Counterforce,

and Star Race. If there are four

jumper wires and two traces cut on

the non-component side of the board,

then it has been modified to be
used with the one PROM system.

The first single PROM Control Board
used a 2K x 8 2716 EPROM.
ond PROM socket was left in the

board, but the trace changes left

The sec-
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it unusable. The detail numbers are:
DETAIL PR0O3-D107-001 or
DETAIL PB0O3-D107-003

This Control Board was used with all
remaining System 80 games from James
Bond through Haunted House.

Beginning with the first System 80A
game, Cawveman, the Control Board
incorporated four changes:
* The unused PROM 2 socket

moved.

was re-

The Program Background ROMs at

locations U2 and U3 were rewritten

for our improved Self-Test, im-
proved Option Switch settings,
and new Seven Digit Display.

* The two ROMs at U2 and U3 were
socketed.

* The Control Board assembly number

was removed and replaced with the

board's part number, D-20869.

By socketing the two ROMs the Con-
trol Board can be used with either
System 80 or System 80A one PROM
games, by simply using the appro-
priate set of ROM memory chips.
Refer to your specific game manual

to determine the system type.

However, for testing purposes,
System 80/80A Control Board will
power-up normally in any Gottlieb
System 80/80A game.

trol Board will respond to the Self-

any

Also, any Con-

Test switch, the coin switches, the
Replay button, and the Tilt and
All other switches

will differ from game to game.

Slam switches.
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SYSTEM 80/80A MEMORY

ROM

Read Only Memory

MICROPROCESSOR RAM
Random Access Memory
BOOKKEEPING
MEMORY GAME/PROM

GAME ADJUSTMENT SWITCHES

FIGURE 27.
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VI.

A. INTRODUCTION

The Gottlieb video graphics genera-
tor system consists of the game
printed circuit board, inputs and
outputs to switches, speakers, and
lamps, the video monitor, the power
input and the transformer panel,
Each of these devices has specific
functions which can be defined as

follows.

The 115V AC input and transformer
panel receive the line voltage and
break it down into the unregulated
AC supplies to the Power Supply
Assembly, and 115V AC isolated for
the monitor and fluorescent illumi-
nation. There are two Bridge rec-
tifiers on the panel to supply un-
regulated +5V DC for the Coin Door
lamps and an unregulated +11.5V DC

for the Logic Supply reference.

The video monitor is a Wells-Gardner
19" In-Line Color monitor providing
a high resclution color display

from the three color input signals
and horizontal and vertical syncro-

nization.

Inputs come from Coin switches 1 and
2, Self Test, and Control panel
switches. The outputs from the CPU

board control the coin meter, con-
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trol panel lamps, and the sound

codes to the Sound Speech Board.

There are also internal CPU Board
input and output functions used to
synchronize various portions of the

system.

The A3 printed circuit board is

the Power Supply Assembly which
provides the regulated DC voltages
to the electronics boards to control
the game. There are regulated DC
outputs of +5V DC, +30V DC, +12V DC,
-12V DC, and an unregulated +20V DC

for the coin meter.

The Sound/Speech Board containsg it's
own semi-intelligent processor,

RAM,
input sound ccdes from the Al CPU

and Sound ROM's, which receive

Board and then outputs the appropri-
ate signals to it's internal ampli-
fier which directly drives the

speaker system.

The Interface Boards allows one
input port to interface to the track
This de-
vice will decode the player control

ball or rotary encoder.

inputs into 8-bit binary information
for the CPU board to read. Also
after each read cycle the interface
board resets the output buffers to
logic 0.



V. VIDEO TROUBLESHOOTING

The CPU/Video Board contains an
Intel 8088 Central Processing Unit
(CPU) microprocessor, Memory, In-
put/Output Ports, and the Video
sub-system. The microprocessor
performs the logic functions of
accessing and using the system areas
mentioned above, according to the
game program. The Video sub-system
is a semi-independent Video-State

Machine generator, which is further

sub-divided into three parts; A
separate System Clock to generate the
verticle, horizontal, enable and
sync lines; An "object oriented"
Foreground generator; And a "charac-
ter-oriented'" Background generator.
The State machine address and data
lines also access separate Video
ROMs to generate the objects and
characters that the microprocessor
ROM program selects.

)
SPEAKER Lo Soumn! - CPU LOGIC BOARD
+3v 0¢
T .
—_ ;
conTRoL |,
SWITCHES
TRACKBALL/ INTERFACE
JovsTick I BOARD
ASSY.
L {OPTIONAL)
POWER SUPPLY rh EARTH GROUND
ASSY.
L cirewrr 6rouND
FRONT
DOOR SERVICE
PANEL PANEL >
MONITOR [
FRONT COIN
DOOR
[NTERLOCK SWITCHES
[ REAR ON-OFF 15V AC FLUORESCENT
— DOOR LINE 1 TRANSTORMER # ILLUMINATION
INTERLOCK FILTER PANEL
=
Vi
FIGURE 28.
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VI. VIDEO TROUBLESHOOTING

POWER SUPPLY SPECIFICATIONS

DESTINATION

P
OF VOLTAGE VOLTAGE ROTECTION AND REGULATION
Sound/Speech| +30V DC 2 Amps fused for over-current protection. The
Board, reference for this circuit is a 1N5363B +30V DC
Audio Amp Zener controlling the base of an emitter
Supply follower pass transistor. The reference Volt-

age is a nominal 48V DC supplied from a bridge-
rectified, fused 35V AC input.

Sound/Speech| =12V DC 100 milliamps fused for over-current protection.

Board The plus and minus 12 volts supplies are the

F iV DC 7812 and 7912 IC regulators respectively. Both
) devices have a reference voltage of + and

-19.3V DC supplied from a bridge-rectified,

fused 15V AC input.

ggﬁ;{oér +4.5V DC |Rectified unfiltered voltage, fused for over-
Coin Chute current protection, taken directly off the
Lights bridge rectifier on transformer Panel.

Coin Meter +20V DC Full wave rectified unfiltered voltage, fused

for over-current protection. The AC Input for
the rectifiers is the 15V AC supply for +12V
above.

Monitor and | 100V AC or|Isolated, fused AC voltage. Supplied directly
Marquee 115V AC, from the Transformer secondary on the bottom
60HZ Panel.

Logic Board +5V DC Voltage adjustable. 5 Amps fused for over current
Assy. protection and uses SCR ‘'crowbar” over-voltage
protection. The +11V DC input is supplied from a
filtered, bridge rectified 9V AC on the
Transformer Bottom Panel.

i
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A3 POWER SUPPLY BOARD

TO Al LOGIC BOARD = +5V OC )
+6V DC ™ *+3ovoe
TO ABJ!
GROUND  LOGIC = OND \ COUND/SPEECH
= +12V DC BOARD
I YYYYYYY l“““r Ai e =2V DC
— +20V DC |
B . o
' XEXXXX3212) ".IHLI \E-_ [ 1 T X211 1) ;
1 Pa 5 7 P31 -,
o o.:;t::mu & co. o
€2 A Al wioms wasthvee 2 LED'S INDICATE VOLTAGE
2 1 ) PRESENT AT INPUT, BUT
s0 L NOT NECESSARILY AT
. D., . ﬂ D OUTPUT OR CORRECT
* D11 INDICATES APPROX-
. o, IMATELY +5V DC OUTPUT
¢ 5 - T D25 INDICATES +48V DC
s L, B RECTIFIED 35V AC INPUT
P "'E n L
2R ZT 3724 D35 INDICATES +19.3V DC
TR [|+ I3 - I RECTIFIED 15V AC INPUT
) . ;ID, ) D43 INDICATES -19.3V DC
| k000 IR RECTIFIED 15V AC INPUT
- - - ¥ .
s SEE POWER SUPPLY
(0 | 4 e fe pe SPECIFICATIONS FOR
o5 i FUSE RATING AND
@ - APPLICATION
T Fal - .
TSR Iz
PSR I ] ° l
Pllew P2 segpned
O
+11.5V DC 35V AC
wsvoel [T |
GND | 15V AC GND)
GND'_ AUDIO GND
GND
35V AC RETURN
TO TRANSFORMER !
BOTTOM PANEL 15V AC INPUT
15V AC INPUT
FIGURE 29.
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LOGIC SUPPLY CIRCUIT DESCRIPTION

The basic configuration of the cir-
cuit is an common-base series pass
regulator with SCR crowbar over-
voltage protection. The reference
for the base of the regulator
transistor is the TL431, an adjust-
able precision shunt regulator.

The regulator output voltage at the
cathode of this device is inversely
proportional to the difference be-
tween the voltage at its reference
pin and its internal 2.5V bandgap

reference.

A current amplifier is formed by the
two transistors, Ql1 and Q12. The

amplifiers voltage gain is fixed at
approximately double with the resis-
tor values shown. For a +5V DC out-
put, the voltage at the cathode of
the shunt regulator will be approx-
imately +3.5V DC and will change
little for all values of load

current.

The over-voltage protection circuit
uses a +5.6V DC Zener diode. 1If

the Zener diode senses enough cur-
rent to develop 1 volt across R18,
a 20 ohm resistor, it will gate

the SCR shorting the transistor out-
put to ground.

— —— —— — — — — — — —— ks o, e
I

P ItESY sase.

[
2
| o
: ~Cl2 .
H 100uf
' 8V
: .
: =
36—
4 (""i—‘!
FIGURE 30.
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FIGURE 31. POWER SUPPLY
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V1. VIDEO TROUBLESHOOTING

The transformer panel in Gottlieb's
video games has been redesigned and
simplified to a modular single
transformer system. The trans-
former, service outlet, line fil-
ter, bridge rectifiers and five

fuses have all been mounted on one

chassis grounded metal base.

The transformer secondary provides
four AC supplies for regulation and one
fused isclated 115V AC supply for
the monitor. Two of the AC supplies
have low current requirements and
are fed directly to the A3 Power
Supply Assembly. The 35V AC supply

is fused on the A3 board and then
rectified and regulated to +30V DC
for the A6 Sound/Speech Board
audio amp. A center tapped 15V AC
supply uses three fuses on the A3
board to protect three circuits

using that AC supply: the +12V DC

and -12V DC for the Sound/Speech

41

Board, and an unregulated +20V DC

for the Coin Meter coil.

The other two AC pairs are fused on the
transformer panel and wired to the
two bridge rectifiers. One bridge

rectifier supplies a fused unfil-

tered +4.5V DC for lamps in the game.

The second bridge rectifier creates
an vnregulated +11.5V DC for the
Logic Supply reference. The filter
capacitor on the cutput of the
bridge rectifier is a 350,000 UF
electrolytic to provide greater
ripple filtering capability and
increase system protection from
switching surges. A 200 ohm resis-
tor has been added across the capac-
itor which acts as a bleeder resis-
tor when the game is turned off

and gives a better load impedance

to the +11.5V DC output when the

game is on.



VI,

The character based graphics system designated

GG-lIl has two main subdivisions. The first subdivision

is the Central Processor Unit {CPU} which has three
partitions:
a.  Microprocessors

b. Memory
¢ Input and Qutput ports (I/O)

The intel 8088 microprocessor is used and 32K bytes
of memory is reserved for programming space and
has 5 input ports and 5 output ports. The second
subdivision is the video state machine which
generates and controls the video signal to the
monitor, The state machine has three partitions:

a.  System Clock {CLK)
b. Foreground generator (FGND)
¢ Background generator [BGND)

The system clock is driven by a 20MMZ crystal,
divided down for a SMHZ dot clock.

All inputs and outputs inciuding the video control
and general purpose 1/O are memory-mapped, {1.e.
everything within the system can be addressed In a
single segment of 64K addresses as memory).

The video control unit is divided into an “object-
oriented” foreground driver and “character-oriented”
background driver. The screen resolution is 256
pixels horizontally, and 240 lines vertically for both
foreground and background. The CPU

communicates with the foreground driver and
background driver by writing data into the

42
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designated memory areas in a certain format The
foreground is designed to display moving objects on
the screen with a minimum overhead to the
processor. The game programs will only have to
specify the vertical and horizontal position and the
obiject select number to the foreground driver. The
background video supplements the foreground with
relatively static figures on the screen. The CPU
specifies all the character positions on the screen
with desired “character ” pattems.

A SMHZ system clock drives a 9 bit horizontal dot
counter and an 8 bit vertical fine counter. The
horizontal counter counts from 0 to 255 during
active scan line and 256 to 317 during horizontal
blanking time. \When the horizontal counter reaches
317, the horizontal counter resets to 0. At the
beginning of the horizontal blanking time [horizontal
counter = 256) it increments the vertical counter. The
vertical counter counts from O to 239 during active
vertical scan time and 240 to 255 during vertical
blanking time.

The battery backup system supports two battery
RAM's that store ail of the bookkeeping functions.
The battery is maintained at a +3.6V reference by
a trickle charge supplied on the logic board
regulated by a current limiting resistor. If the AC
power to the game is interrupted, the battery
altows the RAM's to store the data contained in
the Distrubutors table and the
Options/Parameters screen.
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VII. GENERAL INFORMATION

MECHANICAL ASSEMBLIES
e DROP TARGETS
e POP BUMPERS

¢ FLIPPERS

CHARTS
e COILS
e TRANSISTORS AND DIODES

e GAME PROM CHART

BOOKKEEPING

GLOSSARY
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DROP TARGETS
PART |

A drop target is one
which, when hit, drops down
out of view through a slot
in the playfield. Several
drop targets are used to-
gether, mounted in a common
frame. Gottlieb drop
targets are made in units
with three, four, five or
seven targets; a three tar-
get unit uses a four-target
frame. All targets are re—
set simultaneously by one
or two solenoids, whereupon
the targets reappear on the
playfield. Behind the tar-
gets above the playfield is
a rubber ring which when
hit closes a scoring
switch, exactly like other
tubber contact switches
elsewhere on the playfield.
This switch is mounted to
the rear of the bank.

Each target engages a
target arm which pivots on
a rod common to all arms,
The target has a lip which
rests on an edge of the
frame and so is prevented
from being pulled down by
the arm until it is pushed
off the edge when hit by
the ball. Each target and
arm has two springs, one to
pull down the arm and the
target when hit, and one to
keep the target seated on
the edge when reset. When
the target drops, the op-
posite end of the target
arm closes a scoring switch

and possibly another switch
operating another game
feature.

Some banks have coils at
the top of the bank which
drop individual targets.
These dropping coils are
used with the game's memory
for recalling the state of
the targets from the previ-
ous ball or when targets
are spotted by another game
feature.

VII. GENERAL INFORMATION

REPLACING TARGETS

Breakage of the plastic
target causes the majority
of service calls on drop
target banks. A broken drop
target no longer means the
major repair job it once
did. Gottlieb's System 80
drop targets can be re-

placed with nothing more
than a screwdriver, a long-
nose plierg and a few min-—
utes time.

Turn the playfield back
so that its lower end is
resting against the light-
box. This gives the best
access to the rear of the
bank, the side with no
switches except the rubber
contact switch, Place all
targets in the dropped po-
sition.

There are four screws on
the back plate of the bank,
two of which hold securing
brackets to the bank.
Loosen, but do not remove,
these four screws. Now re-
move the the screws holding
the brackets to the bank.
Do not loosen the screws
that hold the bracket to
the playfield. The bank is
now held to the playfield
by the brackets on the op-
posite side,

LOOSEN
SCREWS
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Unscrew the other two
screws and carefully lift
off the back plate. Unhook
the spring from the target
arm of the faulty target.
Then move the target out-
ward to disengage it from
the arm. Remove the spring
from the target and with-
draw the target from the
bank up through the play-
field slot.

Insert the new target
into the bank down through
the playfield slot. Place
the spring on the target
and coat the target shank
with White Lube. With a
needle nose pliers,attach
the other end of the target

spring on to the targeb arm
and place the target arm in
the target shank slot.The
target should now be in the
proper position. Replace
the back plate by tighten-
ing the bracket plate
screws first. As in dis-
assembly, this procedure
ensures that the fromt
plate brackets are neither
bent not pushed out of
adjustment from the force
of the screwdriver.

BACK PLATE

PLAYFIELD
BRACKET

DO NOT

- LOOSEN
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DROP TARGETS

PART Il

DROPPING COILS

To replace a dropping
coil the bank must be re-
moved from the game. Dis-
connect the bank's Molex
plug and remove the back
plate as previously dis-
cussed. It is recommended
that the brackets on the
back of the bank be left
screwed to the playfield,
ensuring target alignment
with the playfield slot
upon re-installation.
Unscrew the two playfield
screws on the opposite side
and remove the bank.

Unsolder the wires from
the faulty coil. The secur-
ing nut under the ccll must
be removed because the screw
in the drop coil is molded
to the coil and cannot be
removed.

With the back plate and
the target of the defective
coil removed, loosen the
coll nut with an 11/32"
wrench. After extracting
the coil, remove the arma-
ture by carefully removing
the wire retaining clip.
Install both on the new
coil. When soldering the
wires to the new coll, be
sure the diode is posi-
tioned correctly and is
not defective.

Reassembly of the bank
is the reverse of the above

procedure. If the back plate

brackets were removed or
loosened from the playfield,
the targets must be aligned
in the playfield slot before
the four securing screws are
tightened. With the targets
in the up position, there
should be approximately a
1/32" clearance between the
targets and the front of the
slot., Check the spacing at
each end of the tarpet bark.

BACK PLATE
REMOVED

DROPPING
COILS

TARGET TARGET

ARM
TARGET
SHANK
ARMATURE DROPPING COIL PLUNGER SLEEVE
RETAINING CLIP SECURING MUT- RESET COTL
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DROP TARGETS

PART Ill

THE RESET COIL

To remove the bank reset
coil, unsolder the wires
and unscrew the four slotted
hex-head screws. A screw—
driver may be used, but a
1/4" socket driver is recom-
mended for better tightened
screws. Remove the four
allen-headed screws using a
9/64" wrench and work off
the coil-stop backpiece.
Withdraw the coil and exam-
ine the plastic sleeve for
signs of melting or cracks

and replace if any are found.

Be certain the diode on

the new coil is positioned
correctly. Insert the new
coil and push the coil stop
tightly against the coil
and replace the allen-head
screws.

Two adjustments must be
made before the coil housing
screws are fully tightened.
First, the plunger stroke
is adjustable by moving the
coil. Hold in the plunger
against the coil stop. The
targets should be siightly
past their reset position,
but the lip on the lower
end of the targets must not
touch the frame. Finally,

VIiI.

ALLEN SCREWS

COIL STOP BACKPIECE

make certain that the plun-
ger moves freely within the
coll. Proceed to tighten
the four hex screws.

MISCELLANECUS

Switches pressing too
hard against the target
arm could prevent the
target from dropping
smoothly and completely.
Adjust the switches for
slight overtravel., Keep
the target shanks lightly
coated with White Lube and
add a drop of light oil
{10 Wgt.) to the pivot
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HEX SCREWS

KEEP BACKPLATE BRACKETS
SCREWED TO PLAYFIELD.

points of the reset bar
when necessary. If the
pivot rod should ever be
removed (such as to replace
a target arm), be sure that
the wire spring located at
one end does not fly free
and that it is replaced
correctly when the rod is
re-inserted.
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GENERAL INFORMATION

POP BUMPERS

For dynamic and unpre-—
dictable playfield action,
nothing can beat the pop
bumper. It is the only
playfield device provid-
ing ball contact about its
entire periphery and guar-
anteeing sharp ball actieon.
A player knows that a ball
approaching a pop bumper
means wild and exciting
action. That is why pop
bumpers must be maintained
for optimum operation.
Dead or dull pep bumpers
spell disaster for the
entire game.

Figure 1 shows a view
of a complete pep bumper
assembly, TFigure 2 shows
an exploded view of the
pop bumper components.
When a ball on the play-
field depresses the bumper
skirt, the cup blade con-
figuration permits the
bumper skirt stem to close
the switch and actuate the
circuitry necessary to
energize the coil. A vol-
tage pulse is applied to
the coil, quickly pulling
downt the kicker ring that
is attached to the ceil
plunger. The action kicks
the ball out onto the play-
field and closes the scor-
ing switch contacts.

Replacing the kicking
ring, bumper bedy, or
bumper skirt requires the
following steps:

1) After removing the

2)

playfield glass,
lift and secure the
playfield #ith the
playfield brace.
From the playfield
bottom:

a) Unsolder the
wires from
the lamp
socket
terminals.

b} Unscrew the
elastic stop
nuts from the
kicker ring
tie raods.
(Use a 5/16"
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BUMPER SKIRT STEM

CUP SWITCH

N\ §

ELASTIC STOP NUT

h 3=
FIG. 1A,
hex nut
driver.)
3) From the playfield

top:
a) Remove the pep
bumper cap.
b) Remove the lamp.
c} Unscrew the two
screws in the
bumper body.

4) The complete top
assembly can now be
pulled away from the
playfield.

5) Now pull the bumper
base from the bumper
body. Any component
is now capable of
being replaced.

6) Assembly is the
reverse of the
above procedure,
NQTE: To replace a
lamp, follow Steps
3a and 3b.
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POP BUMPERS T

RUMPER BODY ad
SOCKET
REPLACING THE COIL /E 7 -
#8232 x 11/8 ™~
1) Lift and secure the ) - .
playfield with the TIE RODS
playfield brace. ' RLGKER RING 16634
2) Remove the elastic
stop nuts from the v
kicker ring tie rods. BUMPER SKIRT
3) Unscrew and remove 1043
the coil mounting
bracket from the pop SPRIKG i~ CFSTTAL pop pieer swTar AsseMLY
bumper pad and the A-10430 3| AN -18088 SHOWN
a3 B-18090 OPFCSITE
kicker ring tie rods. SIMPER BASE ' C x&\
4) TUnscrew the stop B.10432 _.@ :
bracket from the coil ! ‘- : SL?AT}'%"';“‘E
mounting bracket. TRIM PLATIER i PLUNCER
5) Pull the whole assem- B-8246 HEj?%jj) ‘A-2663
bly, consisting of s %Eﬁ%f -\\nﬁﬂﬁgﬁifmm
the stop bracket, POP BUMPER PAD . A2662
plunger, kicker B.16632

ELASTIC STOP
e NUT

return spring and
yokes away from the

coil. Keep this ;e-azxm\ P\ KICKER RETURN
assembly intact. — /\ SE%IQT'-‘G
6) The coil can now be ___,,.ﬂ - o~ STOP
removed from the #8-32 x 1/4 ‘__A_gsn?‘cxz 8
coll mounting '
bracket. collL
7) Unsolder the wires om m?-qgefsnumT T
from the bad coil, ™ prone
carefully noting how : SLEEVE
they are connacted #8084
' COIL MOUNTING BRACKET _ FIG. 2
with respect to the The bumper skirt stem
diode. The band on should sit exactly in the
the diode indicates cup switch center,
the cathode terminal. lightly resting on the

8) Unsolder the diode. bottom of the cup.

9) Solder the diode, To make this adjust-
then the wires, to the ment, loosen the switch
new coil. mounting bracket screws.

10) Assembly is the Adjust, then hold the
reverse of the above switch mounting bracket
procedure. firmly in place while

retightening the screws.
The cup switch contact
N RN SWITCH ADJUSTMENT gap should be approxi-
NS s7op BRACKET SCREWS Proper cup switch mately 1/32", The score
i : ; alignment with the bumper switch contact gap should

skirt stem is necessary be a 1/32™ to 1/16"

for consistent action clearance with a 1/32"

around the pop bumper. overtravel when closed.

FIG. 1B, 50



VII,

FLIPPER

Electrical flipper
operation is shown 1in
Figure I. All contacts
are shown in attract mode
positions. During game
play, the Game Over Relay
(Q)* energizes and closes
the Q contact (dashed
lines) . When a player
presses the flipper button,
the 24 VDC voltage gener—
ates a current that passes
through the end-of-stroke
switch and the low resist-
ance windings of the flip-
per coil (direction indi-
cated by dark line). The
plunger is pulled into the
coil core with the end-of-
stroke switch contacts
opening approximately
1/16" before full plunger
stroke., The 24 VDC is now
applied to the full wind-
ing, increasing the cur-
rent (direction indicated
by dashed line). This pro-
tects the coil from burn-
out when the flippers stay
energized. Poor flipper
power or a high burn-out
rate for coils may result
if the end-of-stroke switch
is not adjusted as mentioned
above.

When a tilt condition
occurs, the Tilt relay* is
energized. Subsequently,

% Game Over and Tilt relays
controlled by system con-
trol beoard. BSee game
manual.

GENERAL INFORMATION

TILT RELAY (T)
GAME OVER RELAY(Q)

FLIPPER
ON SIDE OF
+24V DC ,/C No.

FIGURE TI.

the T contact opens, de-
activating the flippers.
Flipper coils and their
ratings are listed on page
4. The 1N4004 diode across
the flipper coil suppresses
any transient voltage
spikes developed when the

flipper button switch opens.

FLTPPER REPLACEMENT

(Refer to Figure II)

1. Lift playfield and
secure with bracket.

2. Loosen both socket
head cap screws with
a 5/32" allen wrench.

3. Slowly pull flipper
shaft assembly away
from flipper unit and
playboard.

. Unscrew pan head screw
holding flipper to
flipper shaft.

5. Pull flipper from

shaft.

6. Remove rubber ring
from defective flipper
and install on a new
flipper.

7. Align and press new

el
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flipper down on the
flipper shaft pin.

8. Screw and tighten pan
head screw to flipper.

9., From the playfield
top, insert the flip-
per shaft assembly
through the flipper
unit.

10, Align and hold flipper
on playfield for
proper position.

11. Tighten both cap screws.

FLIPPER COIL REPLACEMENT

1. Lift playfield and
secure with bracket,

2. Unsolder the wires
from the three coil
terminals. Note the
wire—-to—terminal
connections of the
end-of-stroke switch,
the diode, the ground
wire (GRN/YEL 54), and
the wire leading to
the flipper button.
See Figure II illus-
tratiomn.

T T Q, + ———————————————— -
l/l/ Ik ‘-‘" A
AT—A :
e bl . !
END-OF-STROKE |

\ — /) " SWITCH i

GROUND |
I !
_ ,‘____.-____ U P



FLIPPERS

3. Remove the coll stop
bracket by unscrewing
the two hex screws
with a 1/4" hex nut
driver or a regular
screwdriver.

4, Pull the coil away
from the plunger
assembly.

5. Pull the plastic
sleeve out of the
bad coil and insert
it into the new coil.

6, 8lide the new coil
onto the plunger
assembly, insuring
that the spring
washers slide over
the plastic sleeve.

7. Replace and screw
the coil stop bracket
into place.

8. Solder the wires and
diode to their proper
terminals.

Figure III is a flipper
assembly occasionally used
when flippers are posi-
tioned in the upper portion
of the playfield where lack
of space does not permit the
fiipper assembly of
Figure II. The end-of-
stroke switch is screwed to
the playboard and positioned
so that the flipper lever
arm opens its contacts
during flipper activationm.

A-5148
BRACKET

A-18265

BRACKET

& STOP

VII.

GENERAL INFORMATION

FLAT RUBBER RING
A-13151

PLITPER
A-13150

FLIPFER SHAFT
A-15531

FLIPPER
LEVER .
?46361

C-16355 LEFT
{SHOWN)
C-16354 RIGHT
FRAME

|
?55'}

%  FLIPPER
BEARING 1

G-

SLEEVE COTL STOP

BRACKET

#6 x 1/2 PAN HEAD SHEET METAL SCREW A.17908

#8-32 » 3/8 HEX WASHER HEAD SCREW — $EMS |

#3507 - 24 - 26 SPAING WASHER(3)
#10-32 x 3/8 SOCKET HEAD CAP SCREW

-
. ATm4

A-779

316 x 3/4 ROLL PIN SPRING

mmn-|un_.

#5832 x 1/4 HEX WASHER HEAD SCREW — SEMS

ASSEMBLIES AVAILABLE
C-16970 FRAME —~ LEFT, WITH BEARINGS

C-16969 FRAME — AIGHT, WITH BEARINGS y
A 16362 FLIFPER LEVER & PLUNGER \‘
FIGURE II. BASIC FLIPPER ASSEMBLY

FLIPPER ASSEMBLY

A-2408
BUSHING
A-3328 SPRING LEFT
OR A-3329 RIGHT
FLIPPER LEVER
ARM

A-B024
BRACKET

—

™~

A-5147

A-17875 (coiLy BRACKET
A-5064 (CORE)

PLUNGER

A-12047
FLIPPER
LINK

FIGURE IIT1. ALTERNATE FLIPPER ASSEMBLY
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VII. GENERAL INFORMATION
COIL CHART
PART GENERAL RESISTANCE MNUMBER WIRE WRAPPER
NUMBER USAGE {O=MS) OF TURNS GAUGE COLOR
A- 1496 KICKING TARGET 295 635 #23 Yellow
KICKING RUBBERS
POP BUMPERS
A-4893 UP KICKER 2.1 535 #22 Red
POP BUMPERS
BALL KICKER
A-5194 UP KICKER 45 780 . #24 Blue
GONG
KICKING TARGETS
A-5195 CONTACT KICKER 123 1305 #26 White
KNOCKER
HOLE KICKER
A- 16570 HOLE KICKER, 155 1450 #27 Green
OUTHOLE
A-17875 FLIPPERS 28/400 | 560/1100 | #24/31 | Yellow
A- 17891 5 BANK RESET 3.35 850 #22 White
A- 18102 3 BANK RESET, 9.0 1430 #24 Red
7 BANK RESET
USES 2
A-18318 4 BANK RESET 6.7 130 #24 Orange
A- 19300 BALL KICKER 78 1075 #25 Orange
A-20095 SUPER FLIPPER 155/355 | 450/900 | #22/31 Red
A-2174) UP KICKER 25 575 #23 Orange
RELAY COILS
A- 16890 Q, T, AND COIN 2310 4000 #35 Orange
LOCKOUT RELAYS
A-20558 GATE RELAY 156.0 3400 #34 White
A- 18642 MEMORY/ 58.0 1590 #33 White
DROP TARGETS

* Conls may vary from game 1o game. Check game manual for sxact covl usage
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TRANSISTOR AND DIODE SUBSTITUTION GUIDE

. ] o e 2. ¢ £
< | & z & 5 | 2 SR RGN R G4
@ s g 34 s | L Es | 64 | 2854 S| 22| 2 |R%E &
c = = .y < @ Z @ ,_'3 Lo Sap| J = = E feas| =
£2 32 [ zz2 | 22 | 83| za2 | €3 | &3a3| S| £ | £ | 2 |288| .
\ ECG SK GE IR/WEP | HEP misc. [rvee) Al |oovr | ovr | o |max.
l:MD 1040 | X0 315 2NBO57 NPN | 12 | 40 | a0 | 150 [1k20K
PMD 10K60 | X0 311 2N6057 NPN | 12 | 60 | 60 | 150 [1K20K
PMD 12K40 | XO 308 new [ 80 | 40 | a0 | 100 [1k20K
TP 31B XO 641 184 - : S5000 nen | 3 [ 8o | so.| 18 |1050
TIP31C X0 307 S5004 Neh [ 3 [ 100 V100 | 16 [1050
T1P 105 X0 319 PNP | B 60 | 80 | 32 [1k20K
TIP 115 X0 312 PNP 2 G0 60 20 | 1000-
T1P 640 X0322 |- 245 nen | 10 | 80 | o | 100 [1000-
25C 945 X0316 | 199 3124 20 $0015 NPN [100m| 850 | 6O 200
2SA 1015 | X0317 _ MPN | 5.0 |- 50 | B0 70
MPS A13 X0 304 172 64 TR, [ 59100 NPN f100M| 3¢ | 30 |625M | 10K-
MPS A43 X0 305 : - 50005 NPN | 30M | 200 | 200 |&25M |s0-200
MPS U45 X0306 | 272 NPN } 20 [ 40 | 50 | 10 [A1zk]
MPS A70 xo309 | 189 3114 656 |TR20/717| s0019 pp | sm | 40 | 30 [350M 40-200
mpse53a | xo318 | 159 3114 21 |TR20/717| so0019 pnp |100M| 40 | 40 |350M [s0.270
oN 2222a | X0 320 20 83001 NPy [1som| 40 | 75 | 0.5 fooaoo
2N 29074 | XO 321 159 3114 67 |TR20/717| s0013 pNP |150M| 60 | 60 | 0.4 hooaoe
2N 3055 X0 301 130 3027 14 {TR59/247| s7004 new | 15 | vo | 100 | 65 2070
2N 3416 Xx0302 | 123A 3124 210 {TR21/735| S0015 NPpN |500m| 50 | 50 f3eom| 7s
2N 4400 X0313 | 123a 3122 20 |TR21/735| S0015 neN | soom| a0 | 60 jasom| 20
2N 5550 X0314 | 194 3045 TR78/ $0005 neny | 1om | 140 1 160 |[625M [60-250
2N 5875 X0 310 2nu6229 |pnp | 10 | s0 | 60 | 86 feo-100
2N 6043 X0308 | 261 3180 59102 nen | 80 | 80 | oo | 2.2 hkook
2= ZENER
DIODES AND ZENERS * = GERMANIUM
PART NO. RO -NO. PIV iV} gy Wi ROLERANCE PART NO. X0 NG, PIV iyt 1y 14 Wi TOLERANCE
1N 270 X0265 | 1wov | 200M * 1N 4743A| X0 262 3ve | 1em 10W 5% Z
1N 703 XO 251 35v | 250M 05W - | 13% 1N 47484 | %0 258 18y 14M 10w 5Y% 7
N34a6 | x0286 | 82V M 10w | 10%2Z 1N 47614 | X0 271 3ov | 8.5M 10w 5% Z
N 4002 | x0253 | 100V 1.0 1N 4753 | x0 259 36V ™ 1.0W 10% 2
1N 4004 | x0254 | 400V 1.0 1N 47594 | X0 267 62V 4m TOW 5% 2
INA4148 | X0 261 75V 10M 1N 52258 | X0 269 av 20M 05w 5% Z
n4s720 | 0260 | 100V 3.0 ING40Y [X0263 | 100V 3.0
1N4734A | XO 255 | 58V 45M 10W 5% Z
N 4738A | X0 256 | 8.2V
[ 18 47424 | X0 257 12v

o4



VII. GENERAL

PROM IDENTIFICATION

INFORMATION

GAME PROM CHECKSUM PROM # CHECKSUM PROM # CHECKSUM
GAME NAME __EUMBER GAME PROM S0UND 1 SOUND 1 SOUND 2 SOUND 2

MARS 666 1720 666 /81 oDC5 666 /52 13CB
VOLCANQ 667/1B 8DD6 667/51 0D32 667/82 B271
BLACK HOLE 668/2 4F52 668 /51 272F 668/82 3164
HAUNTED HOUSE 669/2 1424 669/31 26E7 669782 9AA4
CAVEMAN P810/1 376E P810/51 1CB4 P810/852 OFF4
DEVIL'S DARE 670/2 0782 670/51 4CB2 670/82 464F
ECLIPSE 671 627E 671/51 N/A 671/52 N/A

ROCKY 67272 C125 672/81 4336 672/82 11CH
SPIRIT 673/2 2A81 873/51 H06B 673/82 6187
PUNK 674 E7F4 674/51 63A6 674 /82 4902
STRIKER 675/2 B8D3 875/81 B7DF 675/52 23FD
Q*BERT'S QUEST 677 1677 677/81 Ad4CE 677452 11EE
SUPER ORBIT 880 18EB 680/81 6941 68B0/52 CD6D




VII. GENERAL INFORMATION

BOOKKEEPING

& Pressing the SELF-TEST button
fnside the front door begins the
bookkeeping which are steps 01
through 15.

» The data in any of these steps may be
reset (0 zero while it is displayed by

pressing the replay button on the front HOW TO RESET HIGH SCORE LEVELS
doar. OR HIGH GAME TO DATE SCORES
e THE SELF-TEST BUTTON MUST THEN BE
PRESSED TO ENTER ZERO INTO )
MEMORY. Fr?;:igﬂ
SCORE LEVEL
BOOKKEEPIMNG CAMN BE ENTERED [N THE ATTRALT I ittt
MODE QR DURING SAME PLAY SELECT APPROPRIATE BOCKKEEPIMNG STEF BY SSEchRhéDLE'\;g:'
PRESSING SELF/TEST BUTTON UNTIL
NUMBER APPEARS IN CREDIT CiSPLAY STEP1D
THIRD HIGH
Press SELR/TEET button on frove coor Credit SCORE LEVEL
dispiay should read ~00". Player score displays sholld STERYS
e Dlarsk, HIGH GAME TO
DATE SCORE

PRESENT SCORE IS DISPLAYED (N PLAYER ONE SCORE
DISPLAY. PRESS CREDIT BUTTOMN OMNCE. TH?&"ILI. ZERO

STEP Y —COINS THRU LEFT CHUTE

OUTTHE PRESENT SCORE. THEN PRESS HOLD
(I::‘EC%IT BUTTON UNTIL DEVRED SCDRE’*I'S\'S?W
STEP 2—-COINS THRU RIGHT CHUTE/NOTE | ! ENTED I 000

I STEP 3—COINS THRU CENTER CHUTE/NOTE 2 I
| STEP & —TOTAL PLAYS I

lST!P 5 —TOTALREFLAYS '

TO EXIT FROM BOOKNEEPING:
STEP b~ GAME PERCENTAGE/NOTE 3 AMT 80 SECONLDS OR
B TURN POWER OFE/ON OR

PRESS SELF/TEIT BUTTON ONE MORE TIME
ENTER MEW SCORE INTO MACHINE'S M'EMO;\?

I

C. QPEN SLAM SWATCH ON
}—1 ) D, CLOSE TILT SWATCH.
STEPR 7 —EXTRABALLS ]
H MNOTES:
1. Step | 1 must be a fower score Bhan Step T2 Soep 1.2 must have a Kwer soove than
[svers_toraLTirs ' Step 12.
.11 5bep 12 o6 Stmp 1] is nd chesived, et those stoves to 0.
} o 3.4 Seep 11 se4 to 0. N replays wil De warded, o marter what the SEmngs ace for Siep
12and Step 13
[sTeme—toraLsLAMS l

| STEP 10— TIMES HGTD HAS BEEN BEATEN l

* All bookkeeping information is checked

|

[ sv&r 11 —FiRsT HIGH SCORE LEVEL J :g;ig:gﬁ_:fjfnz'izsure b:;at tlr:a is correct. If
id or bad, that
% information will flash while it is displayed.
STEP 12— SECOND HIGH SCORE LEVEL - _
—o > SECTION ® If the SELF-TEST button is not pressed
v O, within 60 seconds of each step, the

STEP 13— THIRD HIGH SCORE LEVEL | game will retum to the attract mode.
[s7EP 18 —riGH GAME TO DATE SCORE J ;

|

G!P 15 —AVERAGE PLATING TIME /NOTE 4 I

| if cortred Boand Switch # 14 s on. Soeps 01 and 02 are adided together and
dhsplayed in Step 01,

2 1N GERMAN GAMES ONLY, Step 02 ispiys total cos thru Cerder chute, and
Step OF cisplayt (ot al coms Ihru gt chute.

3 iF Step D& 1 reser, Steps 04 and 05 must 250 be reset.

4 AT 5Tep 1% 1% reset, Step O4 must a0 be reset.
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Backing blade .........

-------------

Bagatelle
Ball trough

ccccccccccc

.................
..........
.................
----------

----------

..................

Contact
Credit unit

---------------

Distributor .......ce..

Drop target

Extra ball

cccccccccccc

VII. GENERAL INFORMATION

PINBALL GLOSSARY

The electrical spark created by electricity
jumping acrogss an air gap.

The movable metal part of a relay attracted by
the magnetic field of the coil.

The front part of the lightbox or head on which
the game illustration and name is painted. It
contains the scoreboard, ball counter and tilt
indicator.

Auxiliary switch blade used to stop vibrations

of operating switch blade.

The ancient parlor game that was the forerunner
of pinball.

Metal track below the playfield which guides the
balls from the out hole to the ball 1ift
mechanism.

A ball that goes down the drain scoring a minimum
amount of points.

The gyrations that accompany the nudges a player
uses to control the baltl,.

An accumulated score stored in memory added later
to the total score.

The mounting board used to mount the transformer,
relays, etc.

A feature used on pinball games that involves

one ball being held captive in a kicker hole
until another ball performs a certain function

to release the captive ball or balls. This is a
holdover feature.

Many turns of insulated wire wound on a spool,.
Used to create a magnetic field that is harnessed
to do mechanical work.

Mechanism that determines whether a coin is
accepted to activate the machine or rejected and
returned to the player. Also called Coin
acceptor and Coin rejector.

Contact points - silver contact part of a switch.
The reel on the backglass that indicates the
number of games remaining. It is advanced by
coins passing through the coin chute or by the
earning of free games.

Middle man between the manufacturer and the
operator.

A target that is knocked down when hit by the
ball. A favorite feature of Gottlieb. Also
called Knock-down target.

An award for completing a special feature. Also
a return through a free-ball gate of the ball to
the plunger for another shot. Also the award for
high score in those jurisdictions where the
replay is not permitted. Also called Free ball
or Add-a-ball.
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VII. GENERAL INFORMATION

PINBALL GLOSSARY (CONT.)

Electrically driven bat-type lever on the play-
board operated by push buttons on each side of

the cabinet allowing the player to skillfully
manipulate the ball on the playfield. It is
driven by a solenoid coil.

A circuit breaking component that prevents
damage in the event of excess current flow.
The distance between contact points.

A one-way device that allows the ball to enter
the playfield and act as a rebound in the
opposite direction. Free gate is an electric-
ally operated device that will allow the ball
to enter the ball runway and be shot again
without being counted.

A feature of the game that is not reset at the

beginning of each new game but carried over until

the feature award is collected. Also applies
to a feature that is carried from ball to batltl.
An electromagnetic component mounted on the
playboard that propels or kicks the ball away
when contacted.

A hole on the playfield equipped with a kicker.
When the ball Tands in the kick-out hole, there
is some scoring and then the ball is propelled
away. The ball-hole kicker is usually aimed at
some particular spot on the playfield.

Coil used to indicate free game.

A ball that passes between the flippers, seem-
ingly out of play, but that then bounces off the
backboard and back into piay. It is a ball
that has come back from the dead.

The wooden box mounted at the rear of the cabinet.
It contains the backglass, lights and the scoring

mechanisms., Also called Back-box or head.
Electrical wiring from machine to wall outlet
or otheyr source of electricity.

The bar, drugstore, variety store, or arcade
where the machine is located.

A feature that awards a free game for matching
a random number that shows up on the backglass
to the last number of the final score. This
feature is illegal in certain jurisdictions.
The white wood prototype of a game under devel-
opment., It is wired like a true pinball machine
but left unpainted.

The slight pushing motion that the player uses to
try to control the progress of the ball. Usually

a back and forth movement accompanied by Body
English. Alsce called Gunching.

An effort to manipulate ball action by pushing,
wobbling, bumping, or shaking the cabinet to
deflect the course of the ball.

The owner of the pinball machine in the location.
Supplies and services the machine for the location

and splits the take, usually fifty-fifty.
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VII. GENERAL INFORMATION

PINBALL GLOSSARY (CONT.)

Qut-Hole ... .icviinnnn The hole or cup at the bottom section of the
playfield located under the bottom arch. During
the play of the game, the ball is kicked out
of the out-hole, over the ball trough to the
runway. Also called the Gutter or the Drain or
the Death Chute.

Quttane ......cveueeens The lanes at each side of the playfield that
allow the ball to enter the out-hole without
going through the center of the flippers.

Percentage ......c.ovva. The amount of replays in relation to total plays.

Philadelphia shaker ...A player adept at the art of nudging.

Pla-More-Post ......... A solenoid-driven device that rises up and blocks
the gap between the flippers,

Playfield ............. The decorated playboard with bumpers and posts

that constitutes the surface area on which the
ball is played.

Plunger .....vvevian.. A spring-operated rod used by the player to propel
the ball onto the playfield. Also called Shooter.
Pop bumper ............ A bumper with a metal or plastic skirt rather

than a rubber ring around the body. Operates as
a bumper and kicker, electrically propelling the
ball with greater force than the natural rebound
of a regular bumper. Also called Jet bumper or
Thumper Bumper.

POSES v vevennvnnnencoas Rubber-ringed plastic pieces screwed to the play-
field on which the ball bounces. These are the
modern form of the original pins.

Relay «vvivnrrvnnnenannas An electromechanical component which operates
one or more switches with an electrical impulse.
Replay +onvvoeecassnsns The opportunity to play a game without any

additional cost. It is the reward for attaining
a specified score or hitting a special feature.
Also called a Free play or Free game.

Replay button ......... Button on the front door used by the player to
start a new game without the use of a coin.

Return lane ....cvvvvs anes guiding ball to flippers.

Rollover ...ceeervnvvas Wire form protruding from the playfield that scores

when it is actuated by the ball. Usually centered
in a metal-shaped slot.

Rollover button ....... A plastic button that is fastened directly to a
switch below the playboard and that scores in the
same way as a rollover.

Roto target ........... Targets that the ball contacts on units which
rotate offering different value at random.
Schematic «vvivvuvavennn A drawing showing the complete wiring of alil

the components by means of a shorthand system
of symbols and lines.

Slighshot kicker ...... A rubber ring stretched around two posts and a
solenoid-powered kicker, located at the lower end
of the field in between the side gutters and the
flippers.

Slo-blo-fuse .......... A circuit breaking component that permits a
temporary surge of high current but breaks on
continuous excess current flow.
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VII. GENERAL INFORMATION
PINBALL GLOSSARY (CONT.)

Coil of copper wire with a hollow core that
allows a metal rod to slide through its center
under the influence of the magnetic field created
when the coil is energized. The basic form of
power for the pinball machine.

A feature that becomes worth a free game or extra
ball when an accompanying series of requirements
are completed.

Those machines subsequent to 1959. Characterized
by metal trim, metal legs, and a metal ball
runway.

A devise that opens and closes electrical
circuits.

A metal or plastic piece projecting above the
surface of the playboard that, when hit by the
ball, closes a switch to effect scoring or other
purpose of the target.

Anticheat devices that prevent physical abuse of
the machine. There are three types of tilt
mechanisms. The tilt switch located under the
playfield closes if the machine is pushed or hit
too violently from the side. This is called a
Slam tilt. The Ball-roll tilt and Mercury tilt
are switches that are closed by the switch being
contacted by the ball, or mercury. If the machine
is lifted,the mercury or ball rolls down a
slightly inciined groove and closes the circuit.
The Plumb tilt is a free-swinging pendulum
surrounded by the striker plate. The pendulum is
centered in the hole of the striker plate when
the machine is in normal operating attitude.

The jarring of the machine in any direction will
cause a contact between the pendulum and the
striker plate. On the older machines a tilt
turned off the whole game. In the more modern
machines you lose only the ball in play.

Electric component normally used for changing the
high voltage down to the lower volitages used for
lighting and relays etc.

The rotating part that makes contact with the disc.
A drawing showing actual placement of wires.
(ScheTatic circuit does not show actual wire loca-
tion.

A superior pinball player. One who seems to be
able to control the ball as if by magic.

Those machines between 1946 and 1959. Charac-
terized by wooden trim, wooden legs, and a wooden
ball runway.
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