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EOM Summary For & Typical System~9 Game

s DESCRIPTION TYFE NUMBER BOARD
Game ROM 1 ROM 8Kx8 bits 2764 w20 CRU
Game ROM 2 ROM 4Kx8 bits 2732 U19 CPU
Sound ROM ROM 16¥Xx8 bits 27128 U49 CPU
Speech ROM ROM 4Ex8 bits 2732% U4 CPU
Speech ROM ROM 4Kx8 bits 2732 Us CPU
Speech ROM ROM 4Ex8& bits 2732% Ub CPU
Speech ROM _ ROM 4Kx8 bies 2732% U7 CPU

*Type 2532 ROMs may also be used for the speech BOMa.
KBOTICE

TO ORDER REPLACEMENT ROMS from your authorized WILLIAMS ELECTRONICS GAMES
distributer, specify (1) part number {If avalilable}, (2) ROM label colsor, (3)
REV level (revisicn number} on the label, and (%) which game the ROM fs used
on,

Connector Code

WILLIAMS USES A SPECTYAL TECHNIGQUE to name Jacks and plugs. Eazch connector
recelves a number, a letter, and a number. A hyphen separates the jack or
plug designation from the pin number.

J-dezignations refer to the male part of a conmector.
P-desipnations refer to the female part of a connector.
1J1 1a board 1, jack 1 {a CPU Board jJack).

3P6 1s board 3, plug & {a Power-Supply plug).

For example, 1J1-3 refars to a connector at board 1, specifies the jack (male
ar board} side of the connector, ldentifies the connector as number one on the
hoard, and stipulates pin number three.

The prefix numbers for System-9 games are as listed below:

1-CPU Board 9-Insert Board

Z2=-{not asgipned) 10—-{not assigned)
3-Power-Supply Board 11-{nct asslgned)
4-Master-Display Board 12-5peech Board
53=5lave-Display Board 13-(not assigned)
6-Backhox l4-(not assigned)
7=Cabinet . 15-Flipper Powar Supply

8-Playfield 16-(not assigned}
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Freface

WHO WILL USE THIS BOOK. This hook 1s written for anyone who operates,
services ot owns an electronic pinkall game. Because 1 want to convey a
deductive reasoning process {as well as a system of technigques}, many types of
people should find this book useful.

THE MANUAL PROCESS. This book doesn't obsolete your game's service manual.
The two ate designed to work In concert., At WILLIAMS, constant technical
{nnovations are the novm. They both made thisz book necessary and prevented
this book from obscleting other literature. This process doesn't end with The
WILLIAMS Pinball Troubleshooting & Reference Manual or any other text. T
Becguse WILLIAMS is dedicated to supporting its games and following through
with its customars, you have a place in the process. Please fill out the
feedback form at the end of this bock. What you write will have an effect.

It may very well influence the production of amother publicatiom like this
one. Or it may cause us to publish an entirely different type of document.

HOW TO USE THIS BOOK. The book is designed so that you can locate as much {(or
as little) information as you chepse. TFor example 1f you can't relate to
schematics, then a block diagram can be used teo reduce a broken system to a
broken sectlon. If your interest is better switch performance, then comsult
the section on mechanieal servicing. If you want to understand the language
of WILLIAMS' instruction manuals, read the short chapter on uging the manuals
or find computer jargon defined In the glossary.

* BYSTEMS. Because of modern games' complexity, I've had to go into detail o¢m
numerous toplcs. Your instruction manwals and schematics cover other areas.
While there is some duplication between the material they cover and the
material I cover here, most of this book is new. WILLIAMS has produced
various pinball systems (computera) since electronic pins first appeared in
1977. Systems 4, 65, 7 and 8 preceed this book's story. 1 concentrate on
System § here. Meanwhile the englneers have produced two new marvels, System
10 and System 11. Fertunately the sicuation disn't as complicated as all these
numbers. All these syvatems have numerous circuits in common. Electronic
troubleshooting 18 virtually the same for the common circuits. And mechanical
servicing 13 the same for wmost pinball games, Regardless of system and in
many cases vegardless of brand, this is true.

POINT OF REFERENCE. However this book neaded a point of reference, and I
decided on System 3. This decision prevented unnecessary complexity in the
electronic troubleshoobing charts., If you have a nom-system-9 WILLTAMS game
{usually a game made bafore mid-1984 or after 19853) I invite you to compare
your game's schematics to those of a system-9 game, You'll have to take note
of di1fferent part-numbering schemes and a few circuit distiactions. Dezpite
these differencesa, troubleshooting for all WILLIAMS pinball, shuffle and
novelty games proceeds very simllarly. In fact the reasoning process behind
this bock can be applied to most computerized devices.

REASONING., That polnt leads to wy next topic. BRecause of the detail I've
presented, no one should read this book from cover to cover. 1 dida't plan to
write a yarn, and I don't think I succeeded in doing go. Instead, this book
should be read as needed. For this purpose, I indexed the first three
chapters and alphabetized most of the fourth (a gloasary). Section titles,




headlines and subheads can also be used to pinpeint relevant topics. This way
you'll start with a brief section and follow the course of logic presented
here in (1) reducing 2 symptom to its usual causes, (2) locating the problem
and {3) solving ic.

ACKNOWLEDGEMEWTS . EReazoning alome dida't create this book. Int many ways, you
helped me write it. This is true because the procedures I explain are based
on case histories. To this end, T used my technical experiences with
customers’ systems 4, 6, 7 and 8. Tom Cahill and other menbers of WILLIAMS?!
Cuztomer Service Department helped me apply these experiences to System 3,
WILLTAMS' service technlelans alse suggested the latest techmiques, explained
the new circults and propesed vefinements to several drafts of this book.
Other assistance came from WILLIAMS' Engineering and Sales Departments, At
various times I've consulted with game designers, programmers, gquality
Inspectors and engineers, draftsmen and techniciana. Hopefully these many
viewpoints are so organized that most readers will find what they need. I
especlally want to thank Sebastian J. QOrtega, James Ross and John H. Clatk T1I
for their cooperative efforts in producing i{llustrations for this book.

System—? Games (in Chronologlcal Order)

PINBALL OR GAME YEAR
NAME SHUFFLE? NO. EELEASED HOTES
STAR LIGHT pinball 330 1584 Early S5TAR LIGHT
games used s¥etem 7
SPACE SHUTTLE pinball 335 1534
STRIEE ZOWE shuffle alley| 1916 12584
SORCERER pinball 532 1985
COMET pinball 540 1985
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Setup Procedures

Tnstall a playfield mylar or use a small, mylar protector above the game's
flippera. (This area's the highest-wear spot on the playfield.)

[1 Clean the playfield:

il

(1

1. Use a non-abrasive compound to polish the playfield. Compounds by Wildcat,
NuLook, Mills, Wice (and equivalents by other brands) de a finme job.

2. Never use soap or abrasive cleaners on the playfield; d4irty areas should be
cleaned with a damp rag.

3, USE WAX SPARINGLY! Don't get it on drop-tatget backup blades {T-springs)!.
Built-up wax can easlly foul your backup blades—and switches.

4. DROP TARGETS. While vou're checking them, insure reliable nperation from

those drop targets! Clean them regularly. Then apply WILLIAMS"™ drop—target

lubricant to your backup blades.

J

CLEAN B LUBE
""" OROP TARGETS
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Ployfedd posts sel e
pdobabiity of a ball'i drainng.

Clean the front of the backbox glass with window cleaner. Take care not to get

the back of the glass damp, as the cleaner may lift up the artwork {usually
painted on the back of the glass).

Adjust your game's mechanlcal difficulty by moving playfield posts. Also vary
playfield pitch between 5 and 7 degrees to the floor. The pitch adjustment

alters the action of the game: A steeper angle to the floor {7 degrees) offers

players a greater challenge than a wmove graduzl angle {5 degreea).

1. The game's electronic difficulty can also be wodified by following
game—ad justment instructicns in your mamual. Refer to the Game—Adjustment
Table.



[] Tilt-mechanism adjustments

[}

1. Don't forget to put the weight on the plumb-bob tilt!

2. Adjust the lead weight up (conservative setting, for tougher gamesa) or down
{liberal setting) with the thumbacrew provided. Remember that most players
like to shake the machine a little; you should only make the wild ones tilt
the machine. Check this adjustment every time vou change the playfleld tilt.

3. PLAYFIELD PITCH AND THE PLUMB-BOB RING... Always set pitch before adjusting
ring pasition, Here's how: Adjust playfield pitch and then set the tilt's

up—and-down poaltion {as detailed above)., Now slide the ring back and forth.
¥Tou're done when ¥ou center the plumb bob in the ring.

4, YOUR SLAM-TILT SWITCH wmay bacome bent; be sure it's sensitive enough to
protect your game Ltom players who kick or bang on the machine. FPrevent

equipment damage! When you drop the machine from 17 off the floor it shonld
indicate "GAME OVER™ and “TILI".

5. YOUR BALL—ROLL TILT becomes less sensitive when the playfield piteh ia
adjusted upward {ar a greater angle to the floor). Lift the cabinet ome 1nch
off the fleor. The ball should slowly roll to the end of the track. When you
lower the game the ball should return to its orlginal pesition. Pushing the
game shouldn't send the ball to the end of the track,

Five-Minute Checlkup

Rup diagnostics. Are all the solenolds working? Are any lamps burned out? Hold
down each switch while the machine makes at least two counting sounds. (Note:
Allowing only ome counting sound doesn’t permit the machine to digpiay shorted
switches.} Be sure each awitch registers correctly according to your game
manual's switch-matrix drawing.

1. No two swlitches should have the same number; the only missing numbers should
correspond to NOT USED switches!

fun a handful of coine down your coln chutes.
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011 the ball-shooter's plunger, the coin-return buttons and the cabinet-lecking

wmechanism.

Play a few games and see if the game offers a satisfying challenge. Is 1t all it
can be, or will a few minutes worth of adjustments pay dividends later on?

Weekly Service Frogram

[] Replace bad light bulbs.

[1 Clean or replace dirty rubber rings.

[
(1

L]

i. Replace each rubber ring every three to six months (depending on how much the
game is played).

2. 8ize: A new ring leoks smaller in your hand than when stretched over playfield
posts. Get the right size ring for the job! A ring should mever fit loosaly
on its posts.

3, Cheeck the rings you remove for cleaming: If they don't smap to a circular
shape, then replace then.

Check inside the backbox and cabinet for burned connectors.

ELECTROLYTIC CAPACTTORS: Aleo look for bulging or leaky capacitors om the power
gsupply. Inspect the large cap on the main power board., A bad cap here means
your game hasn't been working for some time! Others may affect the displays or
the flipperas. Replace such

obviously bad parts. M¥ore ou

this in the chapter om : o~ T
electronic troubleshooting! 1/ AY
g =
Switeh cleaning: | ]:ml !
: \
1. PLAYFIELD LEAF SWITCHES... M 4

Witch your thumb and :
forefinger, clamp the blades

together. WNow run a calling
card between the contacts
{You can substitute a dollar
bill for the calling card).

WORN EOS POINTS

2. FLIPPER SWITCHES. These
inciude the E08 aswitch {om
each flipper) and buttons (on
the cabinet). GClean them
with a flar file. Don't use
a file on any other switch!

3. While ecleaning switches, also |
cheek the drop targets for

loose mounting screws znd

replace worn-out parts.
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S==——0  JET-BUMPER ASSEMBLY

(1 ©On jet bumpers, be sure the following are up to snuff:
1. rings: worn or broken?
2. plastics: cracked or chipped?
3. coil stops: broken, bent or cracked?
4. mounting scraws: looseT?
Periosdic, Major Procedures

[] Flippers: Dismantle them. If your flippers are weak, that's how your
pp
profits will be! Make sure each part I1s good as new...

1. coll sleeves

2. coil stops

3. mounting brackets

4. playfield bushings: are they worn or cracked?
5. wiring and EOS ewltch

B. return Bpriug

7. Flipper reassembly: ﬁpply.a non-hardening, thread-locking compound
{Loctite brand, ot eguivalent) to coll-stop screws.

{] BRestore a factory-fresh loek to your classlc playfields!

1, Classic games with a fresh appearance can earn like new games. Paint
the worn spots before you rewax that crowd-pleasing playfield.



FLIPPER WEAR POINTS
I. CRANK ARM
2. FIBER LINK
3.E0S SWITCH

~12-

Other Mechanical Adjustments

WORN FIBER LINK

O 0 o o

Tlipper shown has LANE-CHANGE switch
attachad.

" Replace extremely dirty coil sleeves.

If your fiber links are this badly woern, your flipper coils are
probably open too! Here's why... Extreme fiber-link wear (as shown)

prevents the erank arm from operating the EOS switeh., This situation
causes flipper—-coll burnout.

Look for cracks where the bolt tightenms on the flipper shaft.

Examipne your crank arm. You may find cracks where the crank arm
actuates the E05 switeh.

Check the insulation on vour EOS actuator. There should never be
metal-to-metal contact between crank arm and EQS switch!

Iistance betweasn sleeve and borcom
of flipper paddle should be 1/8 inch.
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TOP VIEW

* Adjustable features on an eject hole (Thls type of eject hole iz used in
MULTTI-BALL games.)

(] Lubricarcion points

1. drop-target blades

2. spinning—target pivet points £ =1
< —%
. . ). —
3. eject, kicker and flipper
crank-arm assembllies -
T
* Lubrication points on spinning targets

[] Adjusting Leaf $witches (used on jet bumpers, kickers, etc.)

1. Ouly qualiffed technicians should adjust switches.

2. adjustments must be made with the power off.

3. Before you adjust them, tighten the stack!

4, Use a blade—adjﬁstment tool or very long-jawad needlencse pliers.
5. For more libaeral play, carefully Dbend the backup blade toward the

moving contact. For more copservative play, adjust the backup blade
away from the meoving contact.

6. Take care not to disable the switch by over or under-gapping ic.
With 2 ball, activate the switch several times to see i1f 1t registers

properly.



7. Adjust switches on standup targets, jet bumpersz, rollovers and
spinners from the bottom of the playfield. Adijust switches on
kickers from the top of the playfield.

8. Before you release the machine to a location, turn it on and play.
How are the switches performing? Double—check your adjustments: BRun
the switech test described in your zervice maruial .
(] Adjusting Microswitches {used on ball trough, eject hnle)

1. Only qualified technicians should adjust switches,

2. Adjustments must be made with the power off.

4, To increase or decrease sensitivity, move the body of the
microswiteh. Don't bend the blade {as with leaf-switch adjustments).
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CHAPTER 2. USING THE PUBLICATIONS

Game—-Reglstration Card

Bookkeeping and Game—Adjustment Tables
Lamp-Matrixz Chart

Switeh-Matriz Chart
Solenoid Chart
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Game-Registration Card

AN OPEN CHANNEL. Your game-Tegistration card ls your open chanael to the factory. We
read every card and we consider every suggestion. So please take a few moments to
tell ua how your new pgame's performing! This is more than a chance to put your two
cents in. Your comments ([positive and negative) help us improve the quality,
performance and user—friendliness of our games. Try to keep your werds neat, concise
and to the polnt. This way you'll be sure we understand your card.

Bookkeeping and Game-Adjustment Tables

SET UP YOUE GAME FOR PROFITS. There's no better way to start than a spin through
your Bookkeeping Table and Game—Adjustiment Table. Do this at least once a week.
First, follow your matual's instructions and put your game inte Bookkeeping Mode.
¥ow the pame uses its five gas-discharge displays to communicate. Without your
manual, the displays seem to present an endless stream of meaningless numbers. Make
no mistake. Thesze are vital statistics. Thar's why you need the manual as an
interpreter!

YITAL STATISTICS. In fact, Bookkeeping Mode tells you everything you need to know
about vour plavers... How many colns did they apend on vour game? How did they
score? How long did they play? How many replays, speclals, extra balls and other
features did they achieve? Theae facts help vou tailor vour pame to your players.
That means mote enjoyment for -them...and more profits for you.

ADJUSTMENTS. Of course that leads us to the Game—Adjustment Table. Your manpual
tells you how to display each adjustment’s function number and what each number
means. With the book to guide you, vou'll be able to adjust that game to alter
replay levels, boost or reduce. playtime, and render game features harder or easier to
achieve {as well as more or less rewarding}!

Lamp-Matrix Table

NOT ALL LAMP PROBLEMS are as simple as changing bulbs. When you're malotaining a few
pinball games, you'll need a quick way to analyze those lamp circuits. Tt's here!
Your instruction manual's Lamp-Matrix Table helps vou ddentify the wiring and
CPU-hoard sonneeticns to a bad lamp ecircuir.

HERE'S HOW...Follow your manual's instructions about the lamp tezt. Now refer to the
Lamp-Matriz Table. Identify the bad lsmp by name and the table can tell you what
lamp column and row this lamp is wired Into. Maybe you'll find that all the lamps in
one column are out. The CPU-board conmector and pin numbers for that column are
glven on the charc {1J7-8, for example}.

NOW YOU CAN TROUBLESHOOT the pircuilt attached to thar connector and pin {connector
117, pin 8). Vae your {UPU-board drawing {sheet 2 of 3) and check the circuit for
strobe (columan} 7. You can solve row problems the same way, since row connectors are
also given on the Lamp-Matrix Table.
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WOTIGE: Thege typical metriz rables ara from the SOBCERFR game., Each game haw
a different layout, so sach game's Lables are undgue.
Sysfem ¢ Lomp-Malrix Table
COLLIMN 1 2 3 4 5 ! & 7 8
YEL-BRN YEL-RED YEL-OAN YEL-BLK YEL-GRMN YEL-BLU YEL-VIO YEL-GRY
Aow 1J7-1 1J7-2 1J7-3 1J7-4 147-6 1J7-7 1J7-8 107-0
REL- Game ] A Right 1 9 2% Backglass
1 BAN Owar Drain Effact
1J6-1 Lamp 4 9 17 25 33 a1 49 57
RED- Mateh o B Lcft e 10 4% Backglass
2  BLK FHipper Elferl
106-2 2 10! 18| el oo 34 a2 50| s
RED- Tilt H G Rigint 3 | 20 Gx Backglass
3 ORN Flipper | Effect
L 3 11 19] P ogy 35 43 51 59
RED- High- c o All 4 ! 30 a¥ . Backglass
4 YEL Score-Ta Scores Eflect
ues |0 4 2| w] oz 3 42 s2| 60
RED- Shoot E Extra All G| 40 Latft Backglass
E  GAN Again ! Ball Scores Drop- SORCERER
1466 | feseris 43 21 3% 29| g7 a5 % gl g
RED- Ball- R |  Bonus All & 50 . Center Backglass
6§ BLY In-Flay Hald Scaores Crop- SORCERER
| e 6 | Oap| %X g 3| a6| 9 sq; O g
RED- Shoot E Demon Light ¥ Lok Right Bockglass
7 VIO Anain Below Diroyp- SORCERER
1J6-8 (Phd} 7 15 23 % @ go|  ar 9 55| 97 gy
RED- Play- R Lift Light a Release Backglazs Backglass
& GRY tigld i Dirain Below Effect SORCERER
1J6-9 Special g | 16 24 R a2 40 48 56, ' 64
System ¢ Swilch-Matrix Table
COLUMN 1 2 i 3 4 5 6 7 8
GRM-BRN  GRN-RED | GRMN-ORN GRMN-YEL GRMN-BLK GAN-BLU GRN-¥I0 GRMN-GRY
ROW 1481 | 1J8-2 1J8-3 1J8-4 1J8-5 1J6-7 | 1J8-8 1.J8-9
WHT- Plumi- Left A Righl Right Not | Mot Mot
1 BRN Tit Spimner i Crain Kicker Used : sed Lised
10109 § 1 8 17 _ 25 33 A 49 57
WHT- Ball- o g Latt Ledt LPR-L Mo et
2 RED Holl Flpr Drap- Switch Used Uzed
1J10-8 Titt— 10 18, o] T 54| 4 s 58]
WHT- Credi A C Hight | Centor Lana ' Mot Mot
4 ORN BEulian Flpr Drop- Swilch Uzed Waed
1107 3| 1 19| Retgg  TE g5 a3 51, 59
WHT- Right o : C Outhole Right Lang Mt Mot
3 YEL Cain Crop- Change Used Used
1J10-6 a2 20 28 g, a4 52 80|
WHT- Center E Lt Ramp Multi- Flay- (el Mot
5 GRN Cin . Jet | 1 Ball Freld Usad Uszed
1410-5 5, 13| 21 gq| Fambgzl T 46 53 61
WHT- Left H Lowwer Hamp M Mot Mal Med
§ BLU Cioin Je 2 Ball Lsed Lsed Used
LU R .. % 2 46 54| 62
WHT- Slam E Right Shooter Lower [T Mot Mol
Fi VIO Titt ! Jet Lane - Right Used Uzed Used
1J70-2 7 15 28 SW g 5™ g a7 55 83
WHT- High- Right ) Lett left Lower Moot Mo Mot
8§ GRY Srore |, Spinnter Orain Kicker Lett Used Used Uszed
1J10-1 Reset g| R 4 24| SWogp| SW 4 a8 . 56 64
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Switeh-Matrix Table
SWITCH PROBLEMS ARE COMMON. But you have the key that unlocks them. Like your

Lamp-Matriz Table, the Switeh—Matrix Table helpa you identify the wiring and
CPU-board connections for bad clrveultry.

SWITCHE TEST...Follow your manual's instructions and initiate the switeh tesr. Now
refer to the Switch-—Matrix Table. Identlfy the bad switch by name and the rable can
tell you what switch column and trow this switch Is wired into. Maybhe you'll find
that the switches in one row never work. The CPU-board comnector and pin numbera for
that row are given on the chart (1J10-6, for example).

TEST THE CIRCULT attached to that commector and pin (comnector 1J10, pin 8). With
yvour CPU-board drawing {sheet 2 of 3}, check the cireulit for switeh—matrix fnput
{row) 4. You can solwe column problems the same way, since column connectors are
also given on the Switch-Matrix Table.

Solenoid Tabkle

WHAT IT I5._.Your Solensdld Table 1a a unique source of Iaformariom on your game's
coils. If you want to order a replacement part, it tells you the number. If vyou
nead to knew Iin what order the solsnolds are pulsed during the Test Mode (what number
the game aAsaipgns to each eonll); the table tellas you thar. 0Of course it gives wire
colors and connector numbers. But it even tells you the number of the
solengid-driver transistor back on the CPU board.

oW DO I USE IT? Let's asay solenoid #1 refuses to pull in. Bur we know this coil's
okay since we've just replaced 1t. HNo problem. Consulting the Solengid Table we
find that sclenaid #1 1s conmected to Q47 on the CPU board. Owver on sheet 2 of 3 of
your CPU-board drawings you find out that Q47 1s a TIP122 transistor. Your CPU-Board
Agsembly Drawing helps you locate the part on the board so you can test it.

" Typical Solenold Table

E{II. . JOLENOTID WI1EE CONYECTIONS DRIVEER SOLEWOTT
- |FURCTION TYPE COLOE P [FLAYFIELD| TRANS. [FART N0.
nl |Duthele contralled | GRY-BRY | 1J11-1 BP3-1 47T | AE-23-B00-01
32 |Drop Target controlled | GRY-RED | 1711-3 8p3-2 Q48 | SA=5-=24=TH0-DC
03 | *A-B-C"~ Eject Hole |[controlled { GEY-OBN | 1J1I-4 aF3-1 a9 | AE-23-200-01
04 | "ZAP!" Flashaets controllad | GEY=YEL | 4JL11-5 P34 Q50 | FE3 flashlamps
0% | "POW:" Flashere controlled | GRY-GRN | 1J11-6 &FP3=5 Q392 | #63 flashlaumps
(6 | "¥-¥-Z~ Eject-Hole |[controlled | GRY=-BLU | 1Ji1-7 AP3-f Q4 | AR-23-BOD-D3
D7 |Player—-1 Flashera vontrolled | GRY-VIO | LI11-B 8P 3=-7 Q&1 | #63 flashlamps
08 |Player—2 Flashers cantrolled | GEY-BLE | LJt1-G& 8P3-8 Q42 | #63 flashlampa
09 |Flayer=3 Flashers eontrolled | BRN-BLE | 1J12-1 8P3-3 Q54 | #63 flashlamps
13 |Plaver—d Flashers controlled | BRN-EED | LJl2-2 gF3~10 Q55 | #63 flashlamps
11 |Gemaral Illumination:controlled | BRN-OEN [ 1J12=6& Ip7-1 Q56 | 55B0-09555-00
k12 |Not Used controlled | BRN-YEL [ 1J:2-5 Ap3-12 Q37| -
13 |Hot Used controlled | BEN-GRN § 1112-6 AF3-13 Q3| -
14 [¥or Used controlled | BRN-BLU [ 1J12-7 BE 314 Q59| -~
15 |Enecker cantrolled | BRN=-VIO | 12123 TP1-17 6D | AE-23-800-07
16 |Coin-Lockont Coll controlled | BRN—GEY | 1712-9(7rl-18,7P2=4| (61 | SM-35-4000-D0
17 |Laft Kicker speclal f1 | BLU-BRL | 1319-7 BP3-17 Q75 | AE-23-B00-D3
18 |Right EKickaer speclal $2 | BLU-BRED | 1J19-4 BP35-14 077 | AE-23-800-03%
19 pper Jet-Bumper apecial #3 | BLU-ORN | 1F19-3 BE3-1% 9 | AE=23-BDO-03
20 yLeft Jer—Bumper special #4 | BLU-YEL | 1al9=6 BE 321 1Bl | AE-23~800-03
21 |Lower Jet-Bumper special #5 | BLU-GEM | 1J19-& BRAI-21 133 | AE-23-BD0-03
27 {Right Jet-Bumper gpecial §6 | BLU=-BLK | 1J19-9 api-2z QB3 | AE=23~-EDO-03
~ {Flipper {Hot TUzad} - BLFE-RLD | 17192 TP1-10 - |-
- |Eight Flipper=* - ORY-¥IO0 | 1718-1 Te1-7 = | FL23/600-
30/ 2600-50VD0C
- |Left Flipper® - OBM-GRY | 13159-2 TP1-% - | FL23f&00-
30/ 2600-50T0HC
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ELECTROMECHANICAL TROUBLEGHOOTING
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HOTICE

INDEX. Thiz chapter iz iIndexed. If you're interested in troubleshooting a
particular symptom, turn to the Index at the back of this book. The index
will lead you to the pages concerned with your game's apparent malfunetrion.

NOW-SYSTEM-2 GAMES. When examples of circuitry are appropriate, this chapter
frequently refers to Syatem 9. Applying the explanations to other WILLTAMS
games 1s easy. Use the book's theory drawings, block diagrams and other
illustrations te guide you through similar (if not identical) cireuitry in
your game. Be alert, as part callouts differ from system to system. Those
with Syatem~1l games may consult the comversien table in Chapter 4. This

table converts System—9 part callouts to System-11 callouts. The table
follows the tewt.
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A Word On System Architecture

YOUR PINBALL MACHINE IS A COMPUTER. It's as complex as most personal
computers. If vou want to perform serious repairs, you must understand its
block diagram. Troubleshooting should flow from block diagram to aschematic.
Follow this easy procedure... {1} When the game milfunctions, try co deduce
which block contains the problem. ERemember, usually omly one part of a
circuit breaks. (2) Next examine the contents of the block. Using
schematics, establish which part of a block is probably faulry. {3} Locate
the damage. You only need to test a few clrcuits!
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COMMON FEATURES. Modern .computers have certain commen features. In 1943 John
von Heumann concelved what we know today as the digital computer. While other
designs {or architectures, as they're known) are also beling used, most
computers follow von Neumann's model. Your game is no exception.

MICROPROCESS0OR. Like all computers, your pinball machine has an on-board
ailicon brain that processes and controls data according to a set of interpal
instructions. These instructions are ecalled microcode, and they're stored 1o
the brain chip which is called the microprocessor,

TEMPORARY MEMORY. Why does a computer need memory? One rveason is that data
must be stored temporarily until the micreprocessor's ready to use it,
Temporary storage 13 provided by random-access memory (RAMY chips. The
microprocesssr can write instructions into RAM, and then read the Inatructions
later. This 1s why RAH chipa are often called read—write memoriea. Two
examples of temporarily-stored data are your game adjustments and bookkeeping
totals., This informatlon is stored in your gameT™s CMDS RAM.

PERMANENT MEMORY, Actually even with temporary memory, a computer 1s just
useless havdware. Unlike other machines, a computer can't function without a
ger of instruetions known as a program or software. In fact most of vour zame
is software. Only by consulting Its program does the microprocessor know
which game to play and how to play it.
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Permanent memory in the form of read-only memory (ROM) chips is used to store
the game program. Thia then is the big distinction between RAM and ROM: The
microprocessor can read the program in BROM, but 1t can’t write into ROM. Any
writing the micraprocessor deoes will appear 1n one of the game's BAM chips (or
in smaller temperary memory units called flip-flops, latches and regiscers).

There are various types of ROMs known asz PROMs, EPROMs, EAROMs and EEROMs.

The commonest ane used in pinball games is the erasable, programmable
read—only memory (EPROM). At our factory we program {"burn™) EPROM chips with
gane software. Successfully burned EFROMs are refaerred to as firmware since
they're both hardware {ROM) and software {program).

PERIPHERALS. 3So far we're in the backbox of your game., But we haven't
emerged onto the playfileld yet! What about drop targets? What about lanes,
playfield specials, displays, sounds, speech, rolleovers and all thact? Every
comptiter must have at least one input device and one output device. And true
to form, some of these examples involve Information the player sends the
computer (rollover switches}), while some Iinvelve informaticn the computer
sends the player (displays}. But to your game computer these are a1l
peripherals.

Your game's paripheral-interface adapter chips {PIA3) serve as imput—output
ports {(L/0 ports). Their job is to connect the game to the outside world.
They do this Ly controlling and sensing peripherals om the playfield, in the
cabinet and on the backbox door. This category even Iincludes sounds and
speech, which are produced by a slave computer on the CPU board.

OTHER PARTS... Now we know the basic four parts of your game computer...(l}
microprocessor, (2) temporary memory or RAM, (3) permanent memory or ROM and
{4} peripherals. But when these four blocks operate together, three other
features are necessary! A clock, a bus structure and a power supply.

CLOCK. Since all computer operations muast be timely and coordinated, a means
of synchronization is necessary. This is called the clock or crystal clock,

It provides the pinball computer with a constant scurce of clean square
waves. The mieroprocessor uses these pulses to pace itself. For exanmple,

this chart demonstrates how an imaginary computer mighc operate...

CLOCE CYCLE HERE'S WHAT THE MICROPROCESSOR DOES...
1 * jdantifies address of next instruction
2 * addresses ROM; fetches data (instruction) stored at that
address
3 * axecutes Lnstruction
4 # yrites result of operatien Into RAM or perlpheral device

THE B80S CONCEPT. When you study vour pinball schematics, you'll notice that chips
‘on the CPU board (as well as other boards) are comnected together by an address
bus, a data bus and sometimes a control bus. These bus structures are actually
traces on printed circuit boards. They're the telephone lines that allow memory,
peripheral and microprocessor chips to communicate. Damage to any of the three
buses will completely disable your pinball machine.

The data bus {eight lines or blts} allows two-way communication. Meanwhile the
address bus {16 lines or bits) is for one—way communicatrion. It only permits the
microprocessor to transmit addresses.
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There may also be a control bus for selecting memory or peripheral devices through
the address-decoder chip. {For example our system uses a T4LS133 decoder chip to

select Game—ROM 1 or Game-ROM 2.}

POWER SUPPLY. Every electromic and electromechanical feature of your game Tequires
power. varlous voltages are used. Some of the most important are these... The
nicroprocessor and logle system operate on regulated +5VDC, The digital-to-analog
converter (DACY chip in the sound sectiom also requires -12vDC, The reset circuit
uses +17VDC. Displays, controlled lamps and solenoids require varlous higher
voltages. General-illumination lamps run off AC.

Because it's under such diverse stress from all these sources, the power supply's
more likely to develop failures than any other circuit in your game. But 1f you
suspect a power—supply failure, remember thls... Sinece different parts of the game
operate off different wvoltages, falling components can give you a clue as to which
gection of the power supply to check. For example, when all displays are out, wWe
check the +100VDC and —100VDC supplles. If the sounds are missing, we check the
—12¥DC supply.-

Pinouta for 6802 and 6808 Microprocessors

9--A0 = L. PE--07 ™
10-—al - - 27--Db
‘H--A2Z — 20--05
iz--A% — = 29--D4
13oond - | 30--03 “» DATA BUS
|4--A% — - 3i--D02
ADDRESS 15--A8 — — 32--0|
BUS j 1&--AT = | 33--p0 y
[ F--AB — — 7--BAINOT USEDT
18--4% - — 37--Eltiocs owf, phoss 21 BuZ CONTROL
{9--AI0 = L 3-—MR{NOT USED)
20--A1l — — B~ VMA MEMGRY
22-—-a12 - - X4—R/W CONTRCL
Pa--Al% - b= 35--RE[NOT USED)
24--Al4 — - 4 --
a1 — 3 E—-—T-I MPU INTERRUPTS
| -—¥s02 (GND) = L 2-_MALTINOT USED)
POWER 8--voci+SvDCY — — TA—-XTALINQT USED} MISE
2|--veOl {GND) L mo--EXTAL(ckiek Input) )
38-——Vee(+5VDC) - — 40--RESET
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Jystem 3 and the 6802/6808 Microprocessor

DIGITS AND YOLTS. To your microprocessor, voltages represesnt the binary
digits "1" and "0." As may be expected, "0" translates to OVDC, Because a
voltage Iz used, technicians often refer to the "0" signal as a "low pulse,”
“low logic level” or merely "low." However “1" implies 5VDC or "high".

SOURCE CODE (the pgame's program) is written in assembly language. The
factory's assembler software converts the source code into object code for
your mleroprocessor. Object code consists solely of binary aumbers. Each
nunber denstes an instruetion, an address, data, ete.

ADDRESS BUS, 6802 and 6808 microprocessors have an address bhus conposed of 1A
linzs or bits. The bus permlts your microprocessor to directly address 05,536
memory lecations {two to the sixteenth power). This number ig abbreviated
"B4K." Programmers refer to your microprocessor's highest address as FFFF
(hex for 65,536). Each memery address is one byte lonmg. One byte of data may
be stored there. such locatlons exist in PTIA, RAM and ROM chips. System-11
computers use all their address lines to aceess 84K memory locations. But
System-9 computers only use the lower 15 address lines. That means their
highast addreszes is EFFF, opr 32,763,

BIDIRECTTIOWAL DATA BUS. Your microprocessor'™s data bus has eight lipes
{(bits). Two to the eighth power, or 256 different data bytes can travel on
this bus. The data bus is bidirectional. However data may only travel in one
direction at a time. Your microprocessor regulates data direction either away
from or toward your microprocessor. If your microprocessor Falls, data may
travel in both directions at onee. A short {simul tanecus low and high)} may
geeur.  But in the event of a short, your power supply's fuses Limit damape.

TASKS AND INTERRUPTS., The microprocessor performs two types of tasks. These
are ongoing operations (data processing) and Interrupt-service routines.
Interrupt routines are the more interesting tasks because they involwe the
cotmputer’s interaction with the plaver.

REAL TIME. The microprocessor's ongolng tasks can be Interrupted to service
peripherals. This is s0 becasse unlike the microprocessor, a peripheral works
on real time. Thar is, data {scores, switch closures on the playfield, etc.}
would be lost if the microprocessor igmored a peripheral's interrupt routine.

INTERRUPT CLOCK. When servicing most peripherals, your game uses the
interrupt-requesat-not (IBQ) signal. (Another signal is used for display
refreshment.) System 9's counter ULD and feedback gate U8 divide the 1MHz
E~clock by 1,000, {System—1l uses chips UZ9, U35 and U36.) This circuit is
called the interrupt clock. Tt produces the 1 kHz IRQ {interrupt request-not)
signal at the microprocessor's IRQ pin. IRQ 1s an “active low" signal. Once
every millisecond, IRQ) goes low. The microprocessor intervupts ongoing
opaeratlons fo service input ports (scan switchesd.

INTERRUFT VECTOR., Imagine that a scoring switch is made. Here's what
happens... The Interrupt cleck pulses lew. Next the micreprocessor loads
{reads) an "interrupt vector” from ROM. This two-byte vector contains the
starting address of the interrupt service routine. The service routine allows
scoring information {rom the switches to be periodiecally updated or




..'ZE...
refreshed. The interrupt clock (rather than the PIAY automatically controls
the update proces=z. For this reason, the process is known as "dynamic
refreshment.”

READING. Scorekeeping invelves reading. During an interrupt the
mlcroprocessor stores its current routlne. HNext the microprocessor addresses
the scoring switeh's PIA locatlon. Then the mlercprocessor reads the value at
that address {"17 means "c¢losed scoring switch” and “0" means “open scoring
switceh™ Y. This walue is stored (written) in RAM so the microprocessor can
resume ite original routine.

WRITING. Suppose the microproceascr has to pulse a econtrolled solenoid.
Here's the wheole procedura:

{13} Uaing the control bus, the microprocessor enables the solencid'as PTA.

(2} Again ualng the control bus, the mleroprocessor pulls the read-write
(R/W) line low. This low pulse corresponds to a "write" command.

{3 Using the address bus, the mieroprocessor addresses the solencid's
PIA location.

{4 Using the data bus, the microprocessor writes a number to the step-3
addre=za, .

{5) The PIA respomds by enabling the solenoid.

DEVICES BEYOND MICROFROCESSOR CONTROL. Is anything on a modern pinball game
pufgide the realm of computers? Actually about half the geme is controlled by

mere direct means... (1) "Special” (switch-triggered} solenoids are a good
example. Theze Include kickers and jet bumpers. (2) The flippers are
obviously concraolled by b@ttans oni the outside of the cablnet. After the
processor sends the GAME-UP signal, special solencids and flippers are
activated by switches., (3) Many games don't use the general i1llumination
relay. In these games, the general illumination too is beyond the

Jurisdiction of the microprocessor. (4) Of course power supplies aren’t
microprocessor controlled.,
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Electronic Service Procedures
CAUTION

POMER-SUPELY. When servicing locked-up games or games that refuse to enter
Game—0ver Mode, always check the power—supply voltages at the CPU board {ehip
17, pins 35 or 3} before proceeding. Be surve that the +5¥DC supply is within
5% of its rated output (4.8V-5.2¥). If it doesn’t fall within this tolerance,
you MUST repalr or replace the power supply before continuing. Failure to do
an may damage your machine,

CAUTION

# SOLDERING & DESOLDERING. In several places the following section euggests
removing or desoldering components. Only qualified techniefzns using
appropriate equipment should perform soldering or desoldering operations,
Improper soldering will destroy your PC boards.

# WEVER USE A SOLDERING GUN. A 30W scldering pencil is the largest you should
use on printed circultboards. HNever use an iron or pencil that's been used
with acid-cere solder,

* 0/40 SOLDER. Mewver use acid-core seolder on your circuithoards or other
electronic applications, Always use 60/40 solder for this purpose. Acid-core
solder {and soldering tools that have previocusly been uwsed with acid-core
solder) will corrode wiring and PC traces.

CAUTION

GROUND THE PCB., Prevent electrostatic~diacharge damage! Before you remove
parts from a printed circuitboard, ground the board. You should alza be
grounded. TU=ze a soldering—stacion wrist atrap. (These shunt electric charges
to ground before they discharge through citeultry, & current-limiting 1M
resistor offers protection In case you accldentally contact a high-voltage
source.) If you work on a grounded metal surface, remove the batteries before
serting down a CPU board. Otherwise the batteries will shert.

CAUTTON

* UUS5E SOCKETS. Reduce the chance of heat damage to replacement ICs! Soeker
your replacement part,

* MAJOR WORK,.. Where chips with more than 8 pine (especially PTis, 74134
decoders, etc.) must be replaced, refer servieing to vour authorized WILLIAMS
discriburor.
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CAUTTION

GROUND SOURCE FOR TESTING. You'll need a convenient ground point for power-on
tests. Often you can use the backbox cireuitboard panel. Tt's comnected to
power—line ground. Circuitboard mounting screws ave alge grounded. However
many technlcians ground to the bare, braided wire under the playfield. 1If you
use this wire, beware of similar (but narrvower gauge} wire under the
playfield. The narrower braid carries 65.3VAC to general-1lluminarion lamps.
This AC will destroy logic circnitry.

WNOTICE

ELECTRONIC TEST EQUIPMENT. This section makes certain assumptions about the
diagnostic equipment you'll use to troubleshoot your game. Logic levels in
+5VD0-poweraed circults should usually be tested with a logle probe. Other
measurements should be taken with a DVM, FET VOM, or VIVM. Bench techniciane
may subatitute an oscilloscope for either a DVM or logic probe .

Dlagnosing Comman Symptoms
SYMPTOM: MY GAME. .. ~ TESTS & PROCEDIEES

Has a "7" on its LED readeut [1 Check for pulsing at any data pin of
wiecroprocessor—chip U17 on the CPU board. If
1 1 pulsing 13 absent, check the solder joint on
' ' : crystal U2) and capaclitor C4l. These components
may also be defecrive.
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T3 atuck in Bookkeeping Mode : [] Is 3.5V or more prezent ar CMOS-RAM Ul8, pin 25
when the pame's turned OFF? 1If not...

[] Are the batteries or clip bhad (eorroded, ete.)?
If not...

[] Check the 1N4148 diode D3 om the CPTU beard (in
the CMOS5 circuit) If replacing the dicde doesn't
clear up the problem...

[] Check pins 1B and 21 of CMOS-RAM ULS. These
ghpuld be pulsing in Game—Over Mode. If they
aren't...

{] Use vour achematic and check the memary-protect
clreuit for an opea or stuck logle state at chips
U43 {pin & and pin 11}, ULG (pin &), UL {pin 6},
U4l {pin 6): Al)l these plns should be pulaing in
the Game—0Over Mode. If these check ocutr but you
atill hawve the problem...
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SYMPTOM: MY GAME...

=30-

TESTS & PROCEDURES

[] Check for a shorted 2N3904 transistor Q32: Q52

outputs a l-second high upon reset or when the
game is turned on; the rest of the time it sends
a pulse to CMOS-RAM UlB's enable pin, #13.

Tilts or gives fres credits... {] Check for shorts in the wiring to the credit

il

button or tilt awiteh.

Check for a2 wire shorted to ground or to the coin
doot.

[] Put the game in the switeh test. Check for

pulsing at the collectors of the 2N3904
transistore on the CPU board (7 through Qld).
If the pulsing is absent at the collector of a
transilstor but present at the base, replace the
transistor. These transistors are near counector
1J8. 1If all transistors are good...

[] Cheek the dicde on the playfield tilt—switeh.

1k
0

1
)
2
5

;—1 ET rpzﬁcb

Crashes or refuaes to enter
Game—Over Mode

[—m}-umi—n
' LEIEYY« 2v0c. vk

[]

il
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"Linear Power Supplies

Frobable cause: Ripple. Electrolytiecs dry out
after two or three years of pperatlon (rejuvenate
or replace bad parts). If the pame crashes,
check the followlng. ..

I5 the 45V supply running below 4.75¥7 1Is the
+iZz-unregulated tumning below 10.7¥% (Both
voltages should be measured at your CPU board,
with all boards connected.) Check or replace
capacitor G1O (18,000uF, 20V}.

Haz wezk flippers

P]

Check the +70V supply for correct voltapge when
flippers are at rest and when they're energized.
(It should produce at least +50V when flippers
are energized.) If the voltage is low, check or
replaece capaciror €1 (100uF, 250¥} on the flipper
power—supyply boarxd.
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SYMETOM: MY GAME... TESTS & PROCEDURES
Flippers
Has ome weak flipper [] Is the diode shorting the flipper coll's center

tap to one of the coil's end taps? Or to the
fiipper frame?

[] Check to see that flippers are at least 178" off
the plavfield; friction can weaken flipper
operation and cause playfield wear.

[] End-of-stroke switch (EOS) adjustment may be
RECEBSATY. »

BAND

1. Tighten loose brackets and replace brokem or
worn parts (fiber link, crank arm, etc.)

2. Jump the diode's not-banded end Lo the coil’s
center tap. Wow momentarily push the flipper
buttom. Does the flipper have full atremgth?
if so, proceed. TIf not, check the flipper
power—supply and review previous steps. To
prevent coll damage, remove the jumper.

3. Clean the EOS swltch with a file. Gap the
switch so that it just opens {about 1/16")
when the flipper reaches the top of 1ts
stroke. Now your flipper should work like new.

-
o
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FLIPPER POWER SUPPLY
Has dead flippers [] Turn the game off. With an chmmeter, check rthe

flipper power board's fuse. Tf it's open,
replace it and retest the flippers. Tf it's
goed, proceed...
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{] With the game off, use a 50K, 2ZW resiator to
diacharge capaciters in the flipper clrcuit. HNow
check the flipper coll for continuity. (Wormal
readings are 2 to 3 ohms for the pull-in winding

, 8+ FROM and 50 to 80 chms for the holding winding.) You
PORER SUPPLY may have an cpen coil!

{] Is the diode across the flipper coll shorted? If

FLIFPER the epil and diode are goed, proceed. Tf onme of
cai. the two is bad, replace the bad part and retest
ECS SWITCH performance.

[ 4)

[] Connect one end of a jumper wire to CPU-board
FLIPPER _ connector 1J1%, ping 1 or 2. Turn the game on.
BUTTON LNJOT Teuch the other end to the not-banded end of the
diode on the flipper coil.

=t ———
1 RELAY Kl 1. If the flipper operates, the problem is in the
1 u?ﬁggannnu wiring between the flipper power—-board and the
| M R " fiipper (including several conneetors and the

flipper swltch on the cabinet).

FLIFPER WIRING [CONCEPT .
{mc-unnum.ucmssn-.um-nnnumuolem 2. Use your playfield-salenoid wirimg diagram to

identify the conmectors.

{} Does relay Kl cutput grsund to the flippers
during a game, as it should? {The
switched-ground output is on CPU-board conmmector
1719, pins 1 and 2.) If not, replace the relay.

g e T T EFa 443 B4z @P2 ISP [BJE
el gL — - ek
* e B []a.. LB R FY I S—
.L3
RIGHT . MAOH
¥ FLIPPER FLIPFER
I : BUTTON Fowas
|| iR L | 7| el —o SUPRLY
2R ——
e 1 L
BLUAVID < laal & _J
s¥S—% CPU BOARD L FLIFFER b b -

&L

FLIPPER WIRING {ACTUAL)

gwitch Problems

Always has rows 1-4 or 5-8 on [] Your game's LANE-CHANGE ™ gwiltch may touch a
' flipper's EOS switeh, seonding 50-70V to elther
U5k or D52 (CMOS NAND gates, type 4011).

1. The death of one of these two ehips can short

either switch rows 1 through 4 or rows 5
through 8, turning them on all the time.

2. Check the flipper aasembly for an
EOS-to-LANE-CHANGE switch short. Repalr it.
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3. If rows 1 through 4 don't operate, replace

chip U3l on the CPU board. If rows 5 through 3
don't operate, replace chip U52.

Has one awltch that causes
three others to actuate

] Ome of the three has a bad dicde.

Has row problems

p—
—

Check the appropriate siugle-inline package (SIP)
pullup-resistors {SRl& or SE15).

Hag column problems [] Check the 5IF pullup-resistors (8R3) and the
793904 transistors for the stuck rows (37 through
14 on the CPU board).
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In general...

=3 5=

TESTS & PROCEDURES:

Playfield Coils

[] Hotice that WILLIAMS machines switeh ground

{instead of B+, like other manufachurera’ games)

Speclal solencids {jet bumpers, drop tarzets,
kickers, etc.) have two szets of switch
polnks...one for sclenoid actuation and a second
get for acoring. An RC filter made of a 22uF
capacitor and a 100-ohm resistor runs across
these pointsa.

Burns up its flipper ceils

[]

A bent EGS aswltch permits the high-energy
{pull-in) winding to stay engaged as long as the
flipper button fs held. Clean the E05 awieeh
with a file and pap 1t so that 1t juat opens when
the flipper reaches the top of its stroke. At
this point the EQS gap should be 1/16 inch.
Eeplace the burned—out flipper ecoil. HNow your
flipper should wark properly.

Burns up Ite kicker coils

[] 1If the kicker rubber is too small, kicker
contacts may be forced together. The coil will
be constantly epergized and will overheat. If
the rings are the right size, proceed...

[] The coil sleeve or socme other part of the
assembly may be hinding. The extra friccion will
cause the coll to overheat. Look for burrs, heat
distortion and worn pieces. Replace the bad
parts. For more Informarion, refer to the
MECHANICAL SERVICING section,

[] Sometimes the rubber rings are the right size,
but elther the switch contacta are bent together
or the coll's diode 13 missing. The comseduence
is a short in the driver clreuit {(usually a
TIP122 driver tranaistor of a 2ZN4401
pre—driver}. Check the switch gap and the
transistor circuwit. Wow replace the burned ceil.

Pulls in all its coils when
I turn it on

[] The solenoid fuse blows: Check...

1. the blanking signal {When the pame is first
turned on, look for a I-second low, then a
conztant high at pin 7 of chip U22 on the CFU
bhoard). Alsc check...

Z. chips U39, Ué and U58 in the driver section of
the CPU beoard: The blanking signal should be
invarted by these chips {l-second high at pin
& of USB when game is first turned on)
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GAME~ UP/ GAME-QVER LOGIC

GAME-UP:. %1 "ON", GROUND SUPPLIED
TO COILS

GAME-UP SIGNAL

—0
TO SOLENDID- DRIVE

CIRCUITS

..GAME OVER: K| "OFF" NO GROUND
- SUPPLIED TO COILS

GAME-OVER SIGNAL
L

T0 SOLENQID- DRIVE
CIRCUITS
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SYMPTOM: MY GAME... TESTS & PROCEDURES
Pulls in one solenolid when
T turn it on [] IF IT'5 A4 CONTROLLED SOLENOID, CMECK...

1. the coil's TIP122 outrput-transiator,

7. the solencid's diodae,

3. the ZN4401 pre-drive tramnsistor,

BLANKING 4. the appropriate AND-gate {(U56, US7, U0 or U4l

on the CPU board}.
[ T—

2Na40| |'/T P22 Can )

Tace TGO SOLENOYD--
THEN B+
27K
SOLENOID T0O GROUND
DRIVES ' L THROUSGH RELAY K1}
FROM U4
1] IF IT'S A SPECTAL SOLENOID, CHECK...
1. the solenoid’s control switeh. This switch
{on the playfield} may be stuck in the
activated posirlon.
2. the 22uF capacitor across the switch.
- SOLENOIDS: The
e lencid 1] SWITCH-TRIGGERED (SPECTAL)
fas a broken e . solenoid test will help you test controlled
solenelds. But teo test a switch—~kriggered
solenoid, use Game Mode and pull the solenoid’s
awiteh line low. To do this, remove connector
47K

SWLTCH LINE

j}EJK
-Q;DIH

T0 SOLENOID—-
THEN B+

TIFI22

=

GAME-UP / GAME ~OVER
SIGNAL

TO GROUND
{ THROUGH RELAY Kt}
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1J18, Now momentarily ground the solenold’s
trigger line at pins 2, 3, 4, 5, 8 or 3. If the
solenold works, the awltch may be defective or
dirty.

[] ALL SOLENGIDS: Test the wiring...

1. Consult your instruction manual's Solenoid

Table. This will give you the number of the
dead coil’s driver transistor.

2, Use your CPU-board assembly drawing to help
you locate this driver transistor.

3. Run a jumper from the tab of the coil's driver
transistor (TIP122) to ground. (Un chese
tranaistors the tab is the eollector.)

4. 1If the coil energizes, the wiring betweesn the

transistotr and the ¢eil is goed. If the codl
dogsn't energize, proceed...

[] Check the coil for continuity; 1= it open?
Yeg? Then replace the coil. No? Then proceed...

[] Is the diode across the ceil shorted or open? IF
shorted, replace the dlode. If open, proceed..,

1] If the dicde across the ceil is open, them you'll
probably have to replace the coil's TIF122? driver
transistor on the CPU board. Also check the rest
of the gircuir...

1. Use your CPU-beoard schematic (sheet 1 of 3) to
help you understznd the driver eirculc.

2. Now check the rest of the cireait (7408
AND-gate and 2ZN4401 transistor for controlled
solenoids; 7402 NOR-gate and 2R4401 transistor
for switch-triggered solenocids).

3. Use vour GPU-board assembly drawing to help
you locate the components of the circult.

Lamps

Has flashlamps that
don't work [] #63 or #89 flashlamps are part of the solenoid
il circuit, not the controlled-lamp circuit. Check
the following and replace as necessary...
o 1. The 330-ohm, 7-watt reslstor from each lamp to
ground (across the driver tramsistor);

5o L
CMWE LW ™
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2. The 5-ohm, 10-wact resistor te the

gnlenocid-driver tramnsistor {(TIPLl22 om the CPU
5 board).

Has contrelled lamps that

don't work [] If one lamp is out, check the #44 bulb, the

, socket, the 1N400Ll diede on the socketr and the
wiring back to CPU board. If many lamps are
ut. ..

[] Refer to your Lamp-Matrix Table. With the game
in Lamp Test, write down the numbers of all the
dead lamps. Is an entire row or column of lamps
out? If so, proceed...

[j Use your multimerer or D¥M to check the driver
transistors in the suspected row or columm
cireuit. Most-often replaced parts are the TIP42
strobe—drivers (column—drivers) at (23 through 30
and the TIP122 row drivers at Q31 through 33.

+I8YDE

S ¢
BLANKING

ETROBE
ouT

#

CONTROL LINE
FROM PIA

LAMP - COLUMMN (STROBE } DRIVERS

1. Hotice the row and column boxes on the
Lamp-Matvix Table. Here we provide the
connector numbers for the appropriate column
or row circait shown on the CPU-board
schematic {sheet 2 of "33,

2. In the Lamp Test, the volrtage at the collector
tab of a lamp-return {(row) transistor should
cycle between about 1BV and nearly ground.

3. The wvoltage at the tab of a normal lamp-strobe
{column) transistor should alaec ecyele.
Hawever the pulase amplirtude Isn't aa great as
rhat produced by a lamp-return transistor.
{This pulae measurss about 0.5Vpp atop 2V of
blas.}
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4. When you suspect a row failure, alsp cheeck the
2N506A0 SCR and 1¥4001 diode in the CPU-hoard
row clreuit. Your maoual will assist you...

5. Use vour GPU-board schematie (sheet 2 of 3) to
help you understand the driver eirculr.
CDE;E%}J&PE 6. Use your CPU-board assembly drawing to help
you locate the componentg of the circuit.

TIPIZZ
L Inl ] IN4OXH ﬂl,/" ED

ROW
1 Dc_ < . DUTPUT

ZHEDBD
12K
+18 VDL D= e vy
68K tK
: Q. 441
ol W
IN4T ]:
LAMP - ROW DRIVERS T 1%
LAMP -GROUND
RETURM
Has a lamp-row fallure []1 After completing the above tests, find the row
cireait and check the 0.4-ohm, J-watt emitter
resistor.
Has a lamp—column failure I'] After completing the above tests, check the

27-obhm, 5-watt base-drive resistor.

[1 If you have a missing column or row, check the
appropriate transistor for that columm or TOW.

(] Use your lamp-matrix chart and your CPU-board

drawing (sheet 2 of 3) to identify the transistor
for the cpen {always off) or shorted (always on})

column.

Has gemeral—illumination lamps [] #4 peneral-1llumination lamps are part of an AC
that don't work circuit that'’s separate from the controlled-lamp

cireuit (Gontrolled lampa are operated with
pulsed DCY. Tn some games the general
filumination lamps are flashed by the

microprocessor via lamp-relay K-1. The following

teats are appropriate...

{] Check the jumper wire between counector 319, pin

2 and commector A8 on the Power-Supply board.

[] Check the fuses on 4—fuse block.
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TESTS & PROCEDURES

(1

(1

{1

Check pluge and jacks 3P8/J8, BP8/JS, 7P1/J1 and
9p1/J1. Replace warm or melted comnectors. And
suspect the integrity of the lamp sockets
connectad to the bad connectors!

1. The commonest short is when coin-chute lamps
plek up a ground from the metal coim deor. If
you frequently find a blown DASE fuse
comnected to the white-yellow wire and 7P1/31,
then the ghort i in the coln-door lamp
edreuir. Of course this short may be
incermittent and it may not oeccur untll Fou
bang on the coin door!

Check power-supply relay K-1 (1f used). If it's
ant used in vour game, jump the velay's switch
contacts and see 1f the lamps come on.

If -1 i OK (or 1f jumping it deesn't bring back
the lights)...test Q56 on the CPU board. Also
check the wiring to (56.

Has no general Iliuminatien
and no controlled lamps

[]

Check your power supply.

In general...

(]

[

(1

Displays

The figure on the facing page models the
gas—digcharge display circuit. In this figure
integrated circuits appear as multi-positioen
switches. For sgimpliciry, the microprocessar’s
means of addressing displays 1ls left out.

Displays have multiple ancdes and cathodes. Each
anode is a digit. Each cathode is a segment of a
dipglt.

1, Each ancde determines where the displayed

numbetr appears.

2, Each display has seven cathodes. Together
they determine what number is displayed.

Display activity requires voltage difference.
Thig difference must appear actoss any
anode/cathede pair in the same tube. We preduce
this difference by making the cathode much more
negative than the anode.

Let's turn on a zers in the 1,000,000 diglt of
diaplay 1. First we set ICL3 to the "1M"
position. Next we switch ICl repeatedly batween
the "A" through "F" cegments.
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TESTS & PROCEDURES

1. Only display 1l's anode and cathode have a

dif ference voltage across them. That's why
only display 1's "1M" digir will Indicate zero.

Has missing segments or digits
on one slave

Is miseing the zame sagment
on two displaya

[]

[]

Swap the suspected slave unit with 2 good one

1. If the segments or digits now light, replace
the suspected unir.

Find the master-diszplay beard. Cheek =egment
drivers and burned resistors at the outputs of
the appropriate driver-IC. {ICl for displays 1
and 2 or LC? for displays 3 and 4).

1. Cheek for corrosion on the master-display
tube's pins. It uses BOTH segment-driver

chips, and could take out BOTH!

2. Beplace the tube or clean off corrosion with a
wild abrasiwve like an eraser.

3. Repeat the procedure with the remaining tubes
in the alling circuie. Refer o your
master-display board schematie.

Check for an open connection between the CPU
board {at connector 1J3} and the master-display
board fat connector 4J7).

Is missing the same dipit
on two displayse

il

[1

(1

(1

DEFECTIVE STROBE LIWE: During the display tesr,
check CPU-board output connectors 131 and 1J2 for

pulsing. If any pin falls to pulse...

1. Check SIP resistor packs SR1L and 5812 (all
registors measure 4.7K to Vec with the game
off}.

2. With the game in fts display rest, check U9 on
the CPU board for pulsing on pins O through 15,

DEFECTIVE WIRING: Check the wiring between the
CPU board {at conmector LJ1 and 1J2) and the
master display board {(at connector 4J5).

DEFECTIVE MASTER-DISPLAY INVERTER: With che game
in its display test, check the masrer-dieplay
strobe cirecuit., First, lock for pulsing at the
sutputs of dlaverter chips 9, 10 and 11.

DEFECTIVE DRIVER, WIRING OR SLAVE: Now use a DVM
to test the high-voltage side of the digit—driver
chipe, IC's 7, 3, 12 and 13, 1In display test

theze outputs should have 90Vpp Bquare pulses om
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TESTS & PROCEDUERES

them. Your meter averages these pulses to
produce a4 nowinal 20VDC reading.

1. & zeto reading means a bad ehip or a broken
trace between the TTL input of the ehlp and the
output of inverter chip 9, 10 and 11.

2. A 20VDC reading means an open cennecticon after

the chip's output, or defective slave
diaplays. Check suspzcted glaves by swapplng
them with good boards. If the new slaves
work, the old ones are defective.

Has displays that "strobe”

il

Ripple causes this symptom. Replace Cl and €3
{100 uF, 130V} on the power-supply board.

1. 4 shorted series—paas transisteor {Ql or (3}
may alao cause this symptom.

Mways has blank displays

(1

With the game in Display Test (Use MANUAL-DOWN
and press ADVANCE once), measure the +100 and

-100VDC outputs on the power-supply board.

1.

You should read +102.4VDC at conmector 3J5,
pin 4. AC at this point should only be a few
millivolts., (Ground is mearby at 3J5, pin 1.)

You should read -102.4VDC at comector 3J3,
pin 3. AC at this point should only be a few
millivolts. {Ground is mearby at 3J5, pin 1.}

1f you find OV at both the 4100V and -100W
terminals, use your ohmmeter to check the Lf44
fuse at Fl. 1If you find OV at eirher the
+100¥ or -100¥ terminzls. ..

You might have an open dicde {D3 or D4, Lype

1N&004} or an cpen error—amplifier transistcor
(Q2, MPSD52 for the +100V supply; Q2, MPSDO2

for the -100V supply). Alsc check...

The defective cireuit's two zener diodes. If
sither shorts (mest likely failure made), your
regulated output voltage will drop near zero.

4 less likely cause of blank displays Is an
open serles-pass tramsistor {GQl, SD3201 for
the +100V supply; Q3, 5D5202 for the 100V

supplyl.

Always blows 1/4A fuse Fl

[] You may have a bad electrelytic, If the leaky
one isn't obvlious (drippy, blistered, ete.),
replace the blown fuse and both capacitor €1 and

c3.

{Each cap ia 100uF at 150V). Unless a short
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TESTS & PROCEDURES

cutside the power-supply beoard is blowlng your
fuse, you've probably located your culprit. (If
one of the capacitors is Btill good 1t will soon
fail. You'wve saved vourself a service calll)

Dumps +118Y on the +100V line
for =113V on the =100V line}

(1

There'as probably a lor of AC ripple there too!l
Your series—-pass transisteor is shorted. If
vou ses +118Y¥ at 3J5, pin 4, replace
transistor Q1 (5DS8201). If you see -118V at
335, pin 3, replace translstor Q2 (SDB20Z}.
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Seems to have a sound problem

Preas the DIAGNOSTIC BUTTON 5W2 on the CPI
board. Several electronic scunds should be
produced. This 5ound Section Test is repeated
until the game 1z turmed OFF and back ON.

Has no scund in DIAGNOSTIC
TEST (but sounds are present
in the Self Test)

[

Check the sound-select inputs (pina 2 through
9 of U13) to see if they pulse during Test GO.

Never hasg any sound

(1

Check the —-12V supply voltage on the CPU board.
If this voltage 1s low {or AC ripple seema too

highd...

1. Check the gray and gray-green
transformer—secondary wires for 18.7VAC;

2. In the -12V supply, check the filrer-capacitoT
(C7 on the CPU board) for excessive AC fover

0.75 TACY.:

§t11]1 has no sound

Turn the volume contrel =il the way up. With the
game turned on, momentarily place a cold but
powered-up AC soldering—pencil omn the bottom side
{1199 side) of capaciter €29. DO NOT use a
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[]

goldering iron of over 40 watts. Cordless wmodels
do NOT work for thias cest.

1. If you hear a Low hum, the power—amplifier
chip {(TDA2002 on a vertical heatsaink) and
speaker are okay. Your volume control or its
wiring may be bad.

2. If vou don't hear a low hum: Individually
check (in order of possible failure) the
power—amplifier chip (TDA2002), speaker,
speaker witrlng and capacltor G24. Do this by
substitution, one part at a time. A test
apeaker on short jumper cables will help you
perform your apeaker and wiring tests.

OTHER AREAS TO CHECK...

1. Is there pulsing on the data lines of
microprocessor D11 {pins 26 through 33)7 If
not, swap the microproceasor, then the other
socketed chips (RAM UlZ, ROM U493,

2, If there's mo pulsing anywhere in the sound
sectlon, check the 4MHz 1ine from Ul7.

3. Is there pulsing on the data and address lines
of PI& V13?7 if not, check power-pin 20 before
replacing the chip.

4. Capacitor €31, transister 051 and
digital-ta—analog converter U4B rarely fail,

Y

~Power, Bus and Clock Problems

Won't enter Game-Over Mode;
numbers O, 1 or 7 are stuck
on my CPU-board indicator

{(locked—-up or stalled game}

(1

[]

(]

Try the Memory-Chip Test: Fress the CPU-board
DIAGKOSTIC button. If you see a 2 or 3 on the
CPU-board display, replace chip U20. If you see
a 4 or 5, replace chip Ul%. (Both chips are on
the CPU board.) If the machine's still locked
up, proceed...

The unrepgulated 12V line on the CPY board
{connector 1P17, pin 9) will cause the reset
circuilt to malfunction 1f the voltage there falls
balow 10.7V.

Since this 12V source 1s unregulated, cheek for
AC as well as DC, but coosider 3% AC (about 0.46V)
normal. This voltage must be within 10% of irs
rated gutput (12VDC).

Check the +5VDC on CPU board (pln 20 of
microprocessor U17), If it's missing, replace
fuzez F5 and F6 on the power—supply board and
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retest both the +5VDC and uvnregulated +12VDC on
the CPU board.

[] Be sure that your +5VDC supply 1s within 5% of
its rated output (4.75¥-5.25V). If it doesn't
fall within this tolerance, your machine may
suffer further damage. BRepalr or replace the

power supply before proceeding to the next
checkbox...

1. Test the +5VDC eircuit on the power—supply
bpard. First use the TC sefting on vyour
multimeter. Check agalm using the AC
setting. If the wvoltapge at TP3 {(hot end of
capacitor Cl0) is less thanm +11VDC or 1f you
find more than 0.6V of AC ripple, replace ClC.

2. IF TPl 15 LESS THAN +4.93VDC, then check
pracision resistors BR7 and RE. If they're

outside the 1% tolearances, replace them. If
they"re within the 1% tolerance then check ICL.

[] There shouldn't be more than 0.003VAC an the CPU
board's +5VDC supply (check pin 20 of
microprocessor Ul7). If there is, perform the
next checkbox, If there fan't, skip the next
checkbox. ..

[] If there's a lot of AC {a few volts, as well as
) here, you may have a leaky Cl0 on the
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(]

powar—supply board: replace itl 1If your game
arill doesn't enter zame-Over Mode, proceed...

If the game plays, your problem's on the
power-supply board. If the game doesn't play,

check the power transformer with your volimeter,

18 STILL LOCKED UF! ' []

[]

(]

(]

£l

[]

[]

[

Place a logle probe or scope probe on the reset
line of the microprocessor {an input at pin 40 of
Ui?); after you turn on the game, this pin should
ghow a one-gacond low followed by 3 constant high
while the machine is on. If you don't see the
pulse, replace the chip. If yom do ses it,
procead. ..

In Game-0Over Maode check these Ul7 microprocessor
pins for pulsing:

1. IRQ (interrupt reguest, pin 4)

2. crystal {pin I9)

3. address linea {pina 9 through 253
4. data lines (pins 26 through 33}

Chack U021 for activity with a logle probe or
scope. Also check its solder connections.

As a test, swap U209 (Game-ROM 1) with a good chip
from a working game.

Az a test, swap Ul7 (mazin microprocessor) with a
good chip from a working game (or use T1l).

As & test, swap Ul% (Game-ROM 2} with a good chip
from a working game.

Check to see that ONLY the CPU-Board jumpers

specified in vour game's instruction manual are
preasnt.

If the game'’s still locked up, use vour logic
probe bo check the chip-enable (CEY pins on the
ROM chips. 1If they aren’'t pulsing but the main’
¢clock (017, pins 38 and 3%) is pulsing,
address-deceoder chip UZ4 13 probably bad.

Has "7" on its CPU-Board readout

[] Press sound DIAGNOSTIC button. If vou hear a
tuzz or lots of garbage, vou probably have a
bad crystal. This is because both the main
processor and the sound proeceasor use the same
crystal.
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1. If beth proeessors are down, the crystal may
be defective or it may be poorly scldered to
the CPU board....

2. We assume here that microprocesasr UL7 is
receiving +5VPC and no more than 0.005VAC at
pins 8 and 35. If this is the case, Teplace
crystal UZl.

Has sounds but not speech

Speech Board

[] Hot all WILLTAMS games are programmed for
gpeech. But 1f your game was meant to be a
talking mame there are several areas you should
cheeck. ..

1. If all speech is missing, preas the SOQUND
DIAGNOSTIC button and then adjust the
sound/speech mixer pot on the Speech board.
If this has no effect, leave the pot turned
about halfway and proceed...

2. With your voltmeter, check for +12VDC at pin 3
of U2 and U3 on the Speech board. HNow check
for —12vDC at pin 4 of chips U2 and Ul.
Mizsging woltages probably mean bad traces or a
bad ribbon connector betwean the 5Spsech and
CPU boards.

3. Preas the SOUND DIAGWOSTIC button. Use a
sensitive voltmeter or acope probe and check
for AC at pin 2 of c¢hip U3 on the speech
board. 1If there's no AC, turn the game off
and replace Cl. TIf you have a signzsl there,
nroceed. '

4. Press the S50UND DIAGHOSTIC butten. Usge a
sensitive volrmeter or scope probe and check
for AC at pin 7 of chip U3 on the speech
board. If yom have a slpnal there, proceed.
If there™s no AC, turn the game off. [sing a
socket for the new part, replace U3. How
tepeat step > with the new part.

5. Press the S0UND DIAGNOSTIC button. Use a
sensitive voltmeter or escope probe and check
for AC at pin & of chip U2 on the speech
board. If there's no AC, turn the game off
and reslace Cl2. Repeat step 7 with the new
part. 1If you have a signal there, you should
havae restorad speech bte the game. Otherwise,
proceed. ..
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6. Using a socket for the new part, replace T2Z.
Now repeat atep 7 with the new part. If you
still have no sound, adjust the scund/speech
wixer pot. A&lsc try swapping the ribhon
connector. Other parts of the eilrcult such as
resistors, small-value capacitors and the
digital-to-analog converter chip Ul saldom
fail.

Forgets to say several words [1 If not all the words are missing, consult your
manual. It includes a chart of the words your
game should produce when the SOURD DTAGHOSTIC
button 1s pressed. This butten iz on the CFU
board.

1. Preas the SOUND DIAGHOSTIC button. Now nate
the missing words and proceed...

2. Use the chart to find the bad ROM chip (U4,
U3, U6 or U7 on the Speech board or sometimes
U4% on the CPU board).
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Function Finder

A glossary of electronic terms uwsed by pinball technicians

FUNCTION DEFINITION
AND GATE A circuit that produces a high {legic 1 or H) ocutput omly
when all inputs ave high. Other situatioms produce a low
' {(logic O or L) output. Your game's 7408 chips each contain
Il four AND gates.
13—-——3— ¢ TRUTH TABLE
ALT. SYM.: 11 12 &

Ii
Izj)"_'

ACTIVE LOW

ANALOG

@{

2 FAMILIAR

VALVES , ARRANGED 50
THAT PARTS OF SAME
FUNCTION ARE IN SAME
FOSITION ..

BACKGROUND PROGRAM

[l =« =
[l == =
B

Refers to circuitry that responds to a logic level of 0
(low). Also, active-low signals produce an effeect only
when they fall low. A bar over a functlon—name weans it's
an active-low signal (for example, 1RQ).

ALSQ ENOWY AS LINEAR. The electronics of valves 1ncluding
transducers, tubes, tranasisters, FET's and other devices,
dnalgz circuits represent informatiom as veltage, current,
phase, frequency, ete., that varies in proportion to the input
variables. The output waveform must be derived from some
characteristic of the faput waveform. This requirement is
sontrary to the sitvation with digital electronics. Voltage
and power amplifiers are common analeg cireuits used In your
game -

OTHER MEANINGS...S5ometimes the term AWNALOG refers to a
switching clircult that operates at some other voltage
besides +3VDC. Also techniclans may call switching
circuits (especially peripherals) analog if thev're built
with discrete parts. Ome example 13 a solenaid driver from
your pinball machine. Moreover, so-called "analoap awitech”
chips pass anazlog as well as digital waveforms.

BUS AVAILABLE. Some MCGB02/6808 systems require a signal
when the address bus is avallable to chipa other than the
microprocessor (MPU). In these systems, BA must be high
hefore another chip can access the bus. Hewever 1n our
aystem BA 1sn't connected.

This program, atored in your game's flrmware, is common teo
all system% gawmes. It lacludes your machine's aperating
pystem, 1ts dliagnostic subrontines, most of Bookkeeping
Mode, and about half of yvour game's adjuatable features.
You'll find the term background referred to in your
mannal's Game-Adjustment Table.
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BETA A transistor's curxent gain io 2 common-ewmltter circuit
fthe ratio of cutput catrent to lsput or conirol current).
Also called Hfe. This 1s one of the specifications you
mist consider when replacing tramsistora:. The others are..:

3px (PNP or HPN)

%P0 {(waximum power dissipation)

*I¢ {maximum output current)

*BYCEO {collector—to~emltter
breakdown wvoltage)

*f7 (highest output frequency)

*safe-operating curve

*package type (wWill the replacement
fir the heatsink?)

BIAS ALSO CALLED QFFSET. A DS voltage that sets where a
transistor's output will be zaro. ¥You can blas a
transistor so that it falthfully reproduces an input for
analeg circuitry: Or you can bias a rransistor so Iit's
always elther saturated (low} or ecut off (high}. In that
case you've produced an electronic switch useful for
digital eirenits.

Vee Ve

1 nJ
I
ANALOG i
1 DIGITAL

BINARY A system of information codlag that ilavolves combinationa

of high and low values such as one and =zero, yes and no,

eto.
BIT The smallest piece of information resolved by digital

circuits ineluding computers. A bit represents a bloary
digit, either a one or 3 Zero.

SUFFER ALZ0 CALLED YES GATE...A circult that inereases the fan—out
of a digital IC. Buffers also serve to isolate chips from
one another and from the bus system. Buffers are
equivalent to amplifiers in analog electronics: In faect,

r‘ﬁﬁﬁh Q digerete transistors may be used ap buffers (Depending on
cireulitery, a transistor way or may net Invert a pulse}.

Lf’,#{_ Your game's 8797 hex, tristate chip contains six buffers.

TRUTH TABLE

1 O

H H .
L L
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Most computers (including your pinball computer) have lines
connecting the microprocessor to external memory chips and
peripherala. These lines are called busses. Each bus
consfiasta of several wires: There are three kypes of bus in
your computer: (1) The address bus permits the
microprocassor to Identify a memory locarlen. {2} The
two—way data bus carries information between the MPU and

external memory or peripherals. (3) The MPU uzes its
control bus to enable only the chlp it wishes te address.

A normally-high signal that's low during power-up and comes

high (+5VDC) after reset. Blanking prevents the systenm
from locking lamps and solencids on at power—up.

To a computer, a byte is a word. Bytes are elight bits long.

CONTROL-A ONE. An MCE820 or 6821 PIA has two interrupt
inputs. This 15 ome of them:

CONTEOL-A TWO. One of two pefipheral-contrul lines on an
MCHBZO or 5321 PIA. This line can be set up as a
FlA-interrupt input or a peripheral-control output.

CONTROL-B ONE. One of two interrvupt inputs on an MC6820 or
6821 PIA.

CONTROL-B TWO. One of two peripheral-contrel lineg om an

MCES20 orx 6821 PIA. This line can be set up as a
PIA-interrupt input or a paeriphetral-control output.

CHIP-ENABLE ONE-NOT. An input to many LCs.
allows the IC cto operate.

When low, it

Also known as: System eleock, cryatal clock, clock
generator. The means of timing or syachromization for
ayatem aparations. Your pinball computer {and most modern
computers) include an electronic oscillator. Centrolled by
a plezoelectric crystal, your gamz's osclllater generates
very precise, % MHz sgquare waves. The microprocessor
divides this frequency to produce E-clock signals.

COMPLEMENTARY, METAL-OXIDE SEMICONDUCTOR, BANDOM-ACCRSS
MEMORY. What a wouthfull This jargon describes a

read-write memory Incorporating one type of fileld-effect

transistor (the MOSFET). The complementary aspect refers
to CMOS clrcuits' use of both MOSFET sexesx, PMOS and HMOS
devices.

WIDE VOLTAGE RANGE: MOSFETs distingulsh themselves by

being voltage—controlled devices...whiech boils down to the
fact that they require very little power. Moreover they
can be operated at a wide range of supply voltages (unlike
standard TTL cilircuits}.

BATTERY OPERATION. These are the perfaet specificatiens

for an 1C that must operated ofif a steadily falling battery
voltage, as does your CMOS RAM. The 5517AP CMOS RAM 4n
your game is the statle type. It stores bockkeeping
totals, game adjustments and other data for your pinball
compukber.
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This iudicates the battery supply for the CMOS BAM: Your
CMOS—-RAM B4+ voltage should measure at least +3.8V with noe
power applied to the CPU beard.

ALSO ENOWH AS DIVIDER: This circulr produeces an output
pulse after it receives a certain number of Imput pulses.
{ounters are built with J-K flip-flops and other small
gates. Each flip—flop divides the frequency of the
incoming pulse trainm by two. Your game uses a 4020 CMDS
eounter in the PIA Interrupt—control efreuir:

CHIP SELECT O, 1, 2. These are PIA Inputs the MPU uses to

addreas a PTA. With €S0 and C31 high and C52 low, the PTA
i3 selected.

DICTITAL-TO-ANALOG CONVERTER: Also called D/4 converter.
This civeult tranalates the binary information of digital
circuitry into an analog waveform that can be amplified.
Your game uses an MC1408 DAC in its sound seetiom.

A transistor circuit norted for extremely high current gain
fbeta may range between 300 and 25,0003}.° This
rwo-transistor clrecuit is used to drive solenclds in your
pinball game. The darlington eireult is so useful as a
power amplifier that it can be purchased in 2 single
package (like the TIP1l22 power transistor used in your
golenold circuit)s

Decaders translate information from cone counting system to
another {eg., BCD to hexadecimal). Information enters the
decoder on 4 few lines and exites on several lines. Your
game computer uses a F4L5139 (dual 2-to-4 lioe) decoder to
select Game-ROM 1 or Game—ROM 2.

The electronles of switching devices including discrete
gwitches, velays, tubes, transistors, FET's and other
devices. Digital circults repreasent data as blts or
digits. That is, logic gates produce a high (1) or low {0}
output when they receive a high or low input. Output
waveforms need not e derived from characteristics of Input
waveforms {(as in analog electronics).

DUAL-INLINE PACEAGE., This term defines the buglike shape
of many Iintegrated circults (Most of the IC's in your game
are the DIP type). Such devices are Trectangular, with legs
in two parallel rows. One row of legs runs down each side
af the rectangle. DIP switches and DIP resistors are also
COMMATL

PIN NUMBERS ON DiP DEVICES...commonly pins are numbered in
a counterclackwise direction {as the chip ia wviewed from
the top): FPin numbering begins with the pin nearest a
white circle embossed into the package. Alternately, there
may be a notch in one side of the chip. When the norch
points morth, the top pin on the west is number one. If a
chip has no dot or notch, the first pin 1z usually
determined by the print on the chip. When the print points
north, the top pin on the west 1s number one.
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One transistor pevr package (as opposed to an integrated
eircuit, which has numerocus transistors In one packape).

Any means of reproducing isnformation in readable form.

ALSO DEAM. This type of randomaccess memory negeds to he
refreshed or it loses Its data, even when it's under power.

ENABLE. This is the system clock (an MPU output} that ruuns

at 1 MH=z.

END OF S5TROEE SWITCH. (Also called E0S) Your flipper
eolls have two windinga. The E0S switcn selects both of
them (for 1ift) or only the high-resistance winding (to
keep the flipper up).

YOUR EOS SWITCH is mounted on your game's flipper
assembly. When the flipper 13 reating or rislng, the EOS
remains closed. This allows the flipper full power,
because both its high—resistance winding and itz
high-current winding energize when you press the flipper
button.

However when the flipper reaches the top of its are (end of
its stroke), a pawl {bump) on the assembly forces the EDS
switch to open. This action disengages the high-current
winding: HNow the f£flipper may remaln up for some time
without overheating.

If the EOS switch iz badly adjusted, the high-current
winding may stay engaged. This winding ia meant for
intérmittent duty. Lf energized for extended perlods, the
high-current winding eventually burns out.

ERASABLE, PROGBAMMABLE, READ-ONLY MEMORY. This {= the type
of permanent memory used to store the operating system and
game. programs for your pinball machine. Since the game's
opertation depends on this I{nformation, the MPU can't write
over 1t: These chips are only eragsable and programmable in
the sense that the factory can alter them. When you
replace these FPROMs, remember that only a programmed chip
willl permit your game to cperate. As a general rule,
EPROMs from different games aren't interchangeahle.

CRYSTAL CLOCK: This MU input is used with external 4MHz
clocks (such as the one in our system}. The MPU divides
the 4 MHz down to 1 MHe for system operation: The E clock
regults.

The current-driving capacity of a chip: Fan-out isa
expressed in terms of how many standard TTL units a chip
can drive before it exceeds parameters ot ceases to provide
useabie logic levels.

The simplest digltal memory, a flip—flop can hold ome bit
of information. This circult has two stable 3tates, and
can be caused to switch between them. Your game uses a
7415374 D-type flip—flop for precisely this purpese.
Vargatile circults, flip~flops are the baasls for registers,



FOREGROUND PROGRAM

GAS-DISCHARGE DISPLAY

's 10% I00% KAA

i S, H i . i

BRI
A B £ E KAK
HALT
HEXADECTMAL
INTEGRATED
INVERTEER
1 0

_59.—

RAMs, decade counters, the frequency dividers inside clock
cireults and more. ..

This patt of your machine’s seftware gives your game Its
vnique persomality. In general, this gerles of routines

usually includes bookkeeping fearures above function 12 and
game adjustments above functiom 30 {exeept for fumnctions
40, 41 and 50, which are background funetions).

4 tube contalning nesn or another noble gas at a very low
pressure. When the anode 1s substantially more positive
than the cathode, a glow (ionized gas) develops near the
cathode.

MOLTIPLE ELECTRODES: Your game's score displays use
7-segment gas-discharge tubes. These have several
cathodes. Each forms one segment of a numeral or letter!
The tubes also have many anodes? EBach one represgents one
digit-place on the seven—segment tube. And each selects
the letter or dipglit in that place whenever voltage 1=
applied.

¢EEP-ALIVE ELECTRODES. Besides other electrodes, your
gas-discharge displays each have one keep—alive anode and
cathode: These provide a malntenance voltage in the tube.
This means that the striking {(illuminaticn} voltage need
not be applied whenever segments must glow.

GDD ¥5. LED. Don't confuse gas~discharge displays with the
LED display on the CPU board. That uses a completely
different technology: :

HALT-NOT: & low on this MPU input causes the MPU to cease
operations and disable its bus buffers. This action
permits the busses to be controlled by another device.
However the HALT Input isa’t used in our system (it's
permanently tied highj):

COMMONLY ABBREVIATED "HEX." The base-16 numbering system
used by programmers to simplify notatlion of binary
mumbers: Binary numbers are more easily translated Into
hex chan Into the familiar decimal numbering fystem.
Programmers use hex numbers fup to FD95) to describe
addresses in elight-bit (63K} computers. These simple hex
nuobers Teplace binary numbers up to 16 places long!

Numerous transistors per package {(as opposed to a discrete
cireuit, in which each translator has its own package}.

ALSO CALLED INVERTING BUFFER, NOT GATE... A logic gate
that outputs a pulse opposite to the one at its inputr.
Besides changing the polarity of logie pulsea, inverters
are used to imereases the fam—out of other chips! Buffers
are equivalent to amplifiers in apnaleg electronies: In
fact, discrete transistors may be used as buf fera
{Depending on circuitry, a transistor may or may not invert
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a pulse}. Your game's 7404 hex ioverter chip contains six
faverting buffers.

TRUTH TABLE
1 g

H L

L H

INPUT/OUTPUT PORT. Peripherals cowprise one of the
functiocnal blocks of any computer, A computer's If0 ports
couple the mleroprocessor to the peripheralz. Our system
has elght I/0 ports in the maln computer plus two In the
sound computer. Each MCHS820 or 6321 chlp contains two
ports (A and B on schematlcs). Control signals from the
MPU determine which ports will be inputs and which will be
outputs.

INTERRUPT REQUEST-NOT. A normally-pulsing MPD ianput. With
IED low, the MPU temporarily sets 1ts mailn program aside,
exacutes a special subroutine, then returns Lo the main
PTOETam.

INTERRIPT REQUEST A& and B-NOT. Two PIA outputs {(tied

togather in our system) which stay high until a PIA needs
the data bus,

The game's controlled lamps (up to 64 of them) are wired in
seriep—parallel. Each lamp is in series with an 1solarion
digde. To turn on a controlled lawmp, the computer must
create two conditlons: (1Y Feed a ground pulse to the
lamp's row; and (2} feed B+ to the lamp's column pin.

KILD., Abbreviation for 1,000, When K refers to computer
memory capacity, it actually means 1,024. Total memory is
usiially specified in Kbytes, but chip capaclty 1s usually
specified in Kbits.

SIMPLIFIED LAMP MATRIX
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A& type of flip-flop suited for storing one bit of
information.

ABBREVIATED LSE. In a binary. number, the digits cecupying
the rightmost places. Examine the binary numbez 1110
(equivalent to decimal 14}, In this exanple, the digic “0°
iz rhe least-gigniflcant bit. Least-significant bits are
also referred to as low—order address bits. Your game uses
low-order address bits to address RAMs, ROMs, and
peripheral deviees. On your CPU~board schematics these
bits appear as Al through All.

LICHT-EMITTING DIODE. A semiconductor device that
generates light. You'll find LED"s in the 7-segment
display on your GPFU board. Don't confuse these with the
gas-discharge tubes in the game's score displayas. These
use a completely different technology.

Any switching device {including AND, OR, NAND, MOR, XOR,
XNOR, YES and HOT circuits and comprunds of them}. Logic
gates produce a high or low output when they receive a high
or low input. The output waveform need not conform te the
shape, amplitude, phase or frequency of the input waveform
(g3 in analog electronics).

SCHOTTKY CIRCULT. A type of logic IC that operates with

less corrent than TTL cireuits requlre. LS clrcuits have a
aimilar nunbering scheme to their TTL counterparts fa 74LS
prefix instead of a 74 prefix)., However TIL and L5 aren't
always interchanpgeable. In fact, LS parts have less
fan-out than their TTL counterparts. Furthermore,

operation speed and propagation delay may be different.

The coln door's security signal: 1t prevents access to the
(MOS RAM when the coln door's closed. With the coln door
open, MEMORY PROTECT rises high: With the door closed,
MEMORY PROTECT drops low. IMPORTANT: When this signal’s
low, you can't alter your GAME ADJUSTMENTS:

ATS0 MOSFET, IGFET: 4 voltage-controlled switch or valve
constructed of silicon or similar erystals.

3 LEGS® MOSFETs usuzlly have three legs including a
control leg (the gate) and twoe power legs (the drala and
source): When a MOSFET's turned on, DC flows between the
power legs. When a MOSFET's pinched off, there's an open
eircult between drain and source:

$-g-%X! Like people, MOSFETs are found in two genders.
However MOSFET sexes atre known as PMOS AND WMOS.

ENHANCEMENT AND DEPLETION. MOSFETs control voltage by
permitting carrviers (holes or electtons) through a chammel
that runs between source and drainm: In enhancement
MDSFETs, this channel doesn‘t exist until a negatlve charge
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appears at the gate. In depletion MOSFETs, the channel's
reduced in proportion te a negative charge at the pate.

MOSFETS 1IN PFINBALL. Your plnball computer has no discrete
MOSFETs. However your microprocessor is bulilt witcth NMOS
devices and vour CMOS RAM has both NMOS and PMOS devices.

ABBREVIATED MS8B. In a binaty number, the digits occupying
the leftmost places. Examine the binary number 1000
{equivalent to decimal 8). In this exanple, the digir "1"
iz the most—sipgnificant bit. Most-significant bits are
also referrad to as high-order address bits. Your pame
uses high-order address bits to select memory chips and
PTAz. On your CFU-board schematics these birs appear as
412 through Al5. (Alchough bit 15 isn't used in system 9,
system 11 uses it for chip aselection.)

For instance, pelacting elther ROM 19 or U20 invalwes
changing the atate of deceder U24. Bits 12 through L4, VA
and E combine to gate U224,

MICROPROCESSDR UNIT. The MPU is the silicon brain chat

aLy

CONTROL
UNIT

MENORY

MULTIPLEXER (MUX}

290

HAND GATE

) { P

) S—

[P0

ALT. SYM.:

—

procesces and controls data according to a set of
instruccions. ITt's comstructed of three units: {1) The
arithmetic and logic unit (ALU) that performs computations,
(2% the control unit that interfaces with outside memory
and peripherals; and {3) internal memory that stores
instructions and keeps track of what the MPU must deo next.
Qur system's based on the MC&B02 or MCGBUB MPU.

MEMORY-EEADY. This is an active-low MPU input used in some
5302,/6808 zystems. When tied low, HR stretches B-clock
{enabley pulsesz. The longer pulses allow the MPI to be
used with slow memory chips. However the MR control line
ign't used in our system {(it's permanently tied high).

Analogous to a stepper switch. This clirculr produces a
gingle output from many inputs.

An fnverted AND gate, this clircuic produces a high {logic 1
or 1) output if any input is low. TIf all inputs are high,
the NAND gate produces a low (logic 0 or L) output. TYour
game's MC14011 chips each contain four NAND gates.
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Half a byte, or four consecutive bits.

NON-MASKASLE INTERRUPT. This active—~low MPU input can't be
ignered. Tt tells the mlicroprocessor Lo enter the
Hemory-Chip Test.

in inverted OR gate, this circult produces a high (logie 1
or HY output only when all inputs are low: All other
combinations of 1aput levels produce a low {logic 0 or L)
outpuk. Your game's 74LS02 chips each comtaln four NOR
gates. One type of NOR pgate permits a low cutput when one
and only one input iz high. This type (not used in your
game)} is called an exclusive NOR (XNOR) gate:

TRUTH TABLE

11 12 O
gE ®H L
H L L
L H L
L L H

The program that manages & computer and 1ts peripherals:
If the game program says what to do, the operating system

“says how to do it.

This circuit produces a high {logle 1 or H) output if any
input is high: If all ippute are low, the OR gate produces
a low (logic 0 or L) output. Your game's 74L532 chip
containa four OR gates. One type of OR pate permits a high
putput when one and only cne input is high. This type fnot
used in your game) is called an exclusive QR (XOR) gate.

TRUTH TAELE
I1 12 O
A @ 1
H L H
L H H
L L L

4 clrcuit that produces a continuous, pericdic waveform:
This device is the electronlc equivalent of a generator.
Actually an oscillater 12 a non-inverting amplifier whose
output signal Is fed back to its input.

COMMON OSCTLLATORS make square, =ine, sawtooth {ramp or
sweep}, triangle and trapezoid waves. Computer circults
usnally include a squarewave osclllator for thelr system
clock: The frequency of this oscillater iz often

maintained by a piezoelectric (or pieze) crystal.
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PORT-A AND B PERTPHERAL DATA LINES. These two sets of
eight lines represent the twe 1/0 ports of a MC6820 or 6821
PIA. The computer may use each line as an input or

putput. Usually the port lines should be pulsing.

Multi-bit information simultanecusly transmitted over
ceveral lines (usually at least a nibble and up to several
bytes at once); Each bit of foformatiocn requires its ounm
line {or wire) on the bus.

Input/output equipment of a computer. Your pinball
computer Incorporates many examplea such as...

*lamps

*wolenoids

#iilzplays

*drop targets

*the bell

*the sound/speech computer

*the general-illumination ralay
*playfield switches

PERIFHERAL-INTERFACE ADAPTER. Our system uses the HCH3210
or MGGBZ1 PIA chips. These chips permit the MPU to
¢ommunicate with devices outslide the computer's bus
syatem. FEach PIA has two 1/0 ports for the MPU's use.
External devices are connected to one side of a port and
the computer's bus system Is connected te the other side.

This slice of quartz vibrates at its natural frequency when
whenaver voltage is applied. Crystals arte used instead of
colls and capacitors in tuned circults and escillaters.

ALSO KNOWN AS ACCESS TIME. Each time a signal passes
fhrough a logic gate, the output slightly lags the inmput.
Thiz lag in output 1s primarily due te the internal
capacitance of transistors, MOSFETs and other gatea. 1f a
signal (funetion) passes through several gates, 1t may
emerge in the wrong phase. That 1g, It may be inverted {at
the opposite logic level from the desired signal}.

RANDOM-ACCESS MEMORY. BRAM3 are read-write memories. The
MPU can use them for temporary storage during its
computations. In fact the MPU uses RAM the way a
technician might use a scratchpad.

When the MPU decides to read data from a particular memary
or port locatiom, the MPU pulls this output lew. This
control line isn't used in our system (it's permanently
tied low).

RAM FNABLE. This signal controls the on—chip RAM of the
MeRa2 6208, When placed in the high state, the on-chip
memory 15 enabled. RE 1s tled low (disakled) in our system.
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READ-ONLY MEMORY. This is a permanent mempry, There are
several types of ROM. The most common is the EFROM. For
{nformation on the B used in yvour machine, comsult the
ROM SUMMARY in your szame's manual.

READ/WRITE-NOT. An MPU output. When thls functiom's high,

the MPU reads the data bus. When thig funetion's low, the
MPU writes on the data bus.

RESET-ROT. When this MPU input's low, the MEU ian't
running. RESET-NOT is used to dndtiallze the system or
restart It, At least 4.0 YDC muat be at the MPU's reset
pin before the system will rum.

SILICON CONTROLLED RECTIFIER. A three-terminal electronic
device designed to switeh DC. Unlike a transiator, an SCR
can't be operated as a wvalve {cthat is, 5CRs aren't linear
devicesz). Instead, 5CRs are basically dicdes with a third
leg called the gate. Current through the gate turns the
SCR on. At cthis point the gate loses contrel of the

device. An SCR only gwitches off when its anode—~to—cathode
voltage falls to zero. Your game uses 2N5060 SCRs in its

lamp row {(return) circuitry.

Multi-bit information sequentially transmitted over a
single line.

STNGLE-INLINE PACKAGE., This term defines the comblike
shape of some integrated c¢lreults. Such devices are
rectangular, with legs descending in a single row. 5TF
capacitors. and S5IP resistors are also commen.

SOLENOID TRIGGER ONE THROUGH SIX-NOT. These are signals
from different PIA's. These six should ugually be high.

ALSO SEAM. This type of random-access memory doesn't need
to be refreshed. That 1s, SRAMz store information until
changes are entered by the computer or until their power's
removed. Your game's 5517AP CMCS RAM ip the static kind.
8o is the 5810 RaM in the scund computer.

The switch matrix in your game permits scoring data to be
retrieved by the microprocessor. The game's scoring

SIMPLIFIED SWITCH MATRIX
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switches (up to 64 of them) are wited in series—parallel.
Fach awltch is in series with an lsolation dicde. Closing

a gwitch connects & row line to a column line.

THE SWITCH PIA. Actually, switch closure completes a
circulit that begins and ends with the switeh PIA. The

s¢witch PIA pulses each column of the matrix im turn, The
came PIA gcans each row in turn for an output. However an

output only results If a switch closes.

TIMER Timer chips are a form of plezoelectric oscillator. Your
pinball computer uses an MCl435 timer chip for its system
clock.

TRANSCEIVER Both transmlitter and recelvar in the same IC. Circuitry is

shared by the transmitter and receiver. Your game uses a
7415245 octal bus transceiver. '

TRANSISTOR ] SWITCH, YALVE, GATE...An electronic switeh or wvalwve
BuF FERS constructed of silicom or similar erystala. Tramsistors
are sometimes considered equivalent to buffers. As such a
gingle tramsistor 18 also the simplest logle pgate. Other
logic gates consist of two or more transistors. Instead of
two pates, your game uges a discrete fransistor to emable

o
[ “IHNi:""? the CMOS BAM: Voo

¥&e

NON-WVERTING

{>~J-— ” I P

h\ T

The CMOS-RAM enéﬁling transiptor and its equivalent using
TOR-and OR gates.

TBUTH TABLE

RESET=input Il I1 12 0
: H H H
CE.CMDS=1nput 12 H L L
L H H

GE input to CMOS L. L H

RAM UL3, pin
18=cutput 0

BIPOLAR. The trangistors wou'll find in pinball games are

mostly the type known as bipolar. Remalning comments refer
to bipolar tramslstors.

3 LEGS. Tramsistors have three legs including a control
leg {the base) and two power legs (the collector and
emitter}, When a transistor is turned on (saturacted), DC
flows between the power legs. When a transistor's cut off,
there's an open clrcuit betwsen collector and emitter.
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TEST TRANSISTORS WITH THESE CIRCUITS
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TORNING ON...Bring a transistor's base voltage near the
amicter voltage: The tranaistor turns off. Now turn the
translstor on: Just raise the base 0.7V away from the
emitter (toward the collector). As soon as threshold
current flows between emitter and base, a much larger
current will flow between the emitter and collector. In
ahort, the transisror has turned omn.

g-E-%! Like people, tranaistors are found in two genders.
Howewar transiscor semes are known as PNF and NPHN.

This term refers to chips that have a third state besidss
high (+5¥) and low (OV). 1In this third state the chip
presents a high impedance ro the bus. This means that the
bug isn't loaded by chips at rest. More tristate chips

than two—state chips can use the same bus.

A chart of what logic values a gate ocutputs according to
all possible dnput values.

TRANSISTOR-TRANSISTOR LOGIC. The most common family of
digital chips: Circuits based on this system incorporate
bipolar transistors operating at 5¥DC: TTL chips uaually
have a prefiz of 74 (54 for mil-spec parts) in thelr part
numbers.

TITL ¥5. LS ¥5. CHOS. ..

* TTL parts operate faster than CMOS parts.

#* TTL parts have a greater fap—out than LS (part numbers
such as F4L5...) parts.

% L5 parts are usually faster than TTL parts.

* OM0S parts requive less power than TTL parts.

* Because of these differences, newer casually intermix

logic families!

4 transistor's collector-voltage supply. Also, the main
power supnly for g sewmiconductaer eireuit.

VALID MEMORY ADDRESS: This MPU output goes high every time
addresses are stable (high or low). VMA is low whenever
addresses are in transition: Carefully moniroring VM
status, the MPU only initiates bus operation when the bus
is stable.
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Abbreviation for the prefix trans—. 4lso used in XTAL to
shorten the word crystal.

CRYSTAL CLOCK. In systems where a discrerte crystal is used
for the main cleck, the MPU's XTAL and EXTAL pins are both
attached to the crystal. Sinece our system uses an external
clock at the EXTAL pin, the XTAL pin ig tied to ground
{disabled).

A two-terminal crystal that maintalos an open circult until
a certain volrage (the ZzeneT voltage) 13 attained. At this
polat the zener diode conducts current. Zeners are always

used in the reverse-biased wmode {that is, with their anodes
attached to ground).

Amplified zensrs as woltage regulaters

LY

¢
-

ADDRESS
BUS

POWER

Pin Functious of 6802 and 5808 Microprocessors

—

9-- A0 — L 26--D7 ™
10-—~Al = - 27——D6
II-_Tﬁ.E - — PE--05
12--43 - — 29--D4
13--A4 — - 30--D3 ~ DATA BUS
14--A5 — — 31--D2
< I5--A6 — — 32--DI
16—-a7 — 33--p0 /
17--48 — 7--8AINOT USED
1§—-AS - 37-—E{ciock out, phase 21 }“”5 CONTROL
19--Al0 = - 3-—MR{NOT USED)
20--Al1 — — 5-=-YMA MEMORYT
2e--al2 - — Z4—R/W CONTROL
23--p413 — L 35--RELNOT LISFO)
24--514 — - 4 -k
. MPU INTERRUPTS
X 25--Al5 - E--FM
1--¥s02 {GND] — — 2-=HaLT{NOT USED)
8--Veots BVDL) ~ 38--XTAL{NOT USED} isc
21--va( [GND) — — 38--EXTAL{clock Input ]
35-—veol+5v0C) — 40--RESET
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System—9 Control Locations

THE ON-OFF SWITCH 13 on the bottom of the cablnet near the right-front leg, as
you face the game.

THE VOLUME CONTROL is accessible through the coin door om the left
cabinet-wall.

DIAGNOSTIC /GAME-SETTING SWITCHES. ADWANCE, AUTO-DP MANUAL-DOWN, and
HIGCH-SCORE PESET switches are located on the inside of the colin door., TFor

operation, refer to your game's manual,

THE MEMORY-PROTECT SWITCH is on the inside of the coin-door frame. This
switch must be open to clear bookkeeping totals and to make game adjustwments.
It automatically opens when the coin door opens.

ALL CIRCUIT BOARDS are in the backbox.

THE CPU-DIAGHNOSTIC SWITCH is on one edze of the CPU Board near a
microprocessor {large, socketed) ehip. This switch operates the Memory-Chip
Test explained inm your game's manual.

THE S0UKD DIACNDSTIC-SWITCH 1is on the CPU Board near the batteries. This
awiteh 1s used to initiate the Sound-Section Test. Refer to your game's
manual.

THE SOUND-SPEECH MIXER POT 15 only found in talking games; it is on the Speech
RBoard. This pot permits the operator to balance sound and speech to suit the
game locatlon.

Replacing System-9 Circultbearda

CPU BOARD. Your System—% CPU Board (D-10535) must be equipped with the ROMs
specified in the ROM Summary. Only Jjumpers specified in your game's manual
should be connected.

DISPLAY BOARDS. Use the D-10749 Master Display Board with C-8364 7-digit
Slave Displays. One C-8365 4-digit 5lave Diaplay is also necesaary.

POWER-SUPPLY BOARD. Use the D-8345 board {equipped with a relay).

All About Coll Numbers

NEW SYSTEM. WILLIAMS has a new numbering system for 23-gauge, 800-turn

coils. The part number's two—letter prefiz identifies lug positions as viewed
from the coil's round end, with the lugs pointing away from you: Af— means
that the coil's two lugs aTe mounted in the two end positions. AL- means that
the coil’s lugs are mounted in the left and middle positions. AR- means that
the coil's lugs are mounted in the middle apd right pesitions.

The next two numbers (23} identify the pauge of magnet wire used in the coil.
The numbar of turns i3 specified next {300). The dlode and tubing used in the
coll are called out in the final number (=01, =02,...). A list of old coll
part numbers and their new equivalents follows.
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OLD COLL NUMBER NEW EQUIVALENT |
54-23-850-DC AE~23-B00-01
SA7-23-850-DC AE-23-800-02
5¢1-23-850-DC ! AE~23-800-03
SA3-23-850-DC ; AR-23-800-04
SAZ-23-850-DC I AE-23-800-05
SG-23-850-DC AE-23-800~06
SA4-23-850-DC AE-23-800-07
SA1-23-850-DC ) AL-23-800-01

An Introduction to Self-Diagnostics

TECHNICAL SOFTWARE. Your game has an amazing capaclty for entertalnment. Yet
part of your game's potential is never seen by players. Deep in the System-%
background program is a set of routines atrierly for service techniclans,

With these routines, your game can actually help service lrself.

SIMPLE AND FAST...Leave your Eest gear in the truck and apend ten minutes with
the machine! Just two buttons in the backbox test all nine memory chips, the
microproceasor and the clock eircuit. With two buttons on the back of che
coln door plus the CREDIT button on the eabinet, you can check the game's
lamps, sounda, solenoids...and more! Here are three of many tests you can
perform using the game itself as your test device. Comsult your game's
ingtruction manual for information on ocher tests.

PRESS THE CPU—BOARD DIAGNOSTIC SWITCH. This switch is on one edge of the CPU
Board near a microprocessor (large, socketed} chip. The games enters its
Diagnostic Mode and performs the Memory-Chip Test. Memories checked include
Game-ROMs 1 and 2. The game’s clock and the microprocessor are also checked,
Test tresults appear as a numeric eode on the CPU board's LED displavy.

Assuming the tests are passed, a "0" should be visible and Game-Over Mode will
commence. OUther indications require procedures covered in this book's
eloctronie—troubleshooing section. :

MEMORIES TESTED SEPARATELY...The sound ROM, scund REAM and apeech ROMs {part of
a separate computer on the zame board) aren't tested In the Memory-Chip Test.
Use the SOUND-DIACNOSTIC switch to test the sound/speech computer. Consult
your pame's instruction manual for complete details.

AMUTO-CYCLE MODE permlts continucus tests for intermittent problems with tche
displays, sounds, lamps and solencids {respectively}. Problem areas can be
inspected by using more—specific bullt-in tests. Consult your manual fer
informaticn on these. Meanwhile, hetre's the procedure for enteving Auto—Cyele
Made. ..

1. Enter Bookkeeping Mode: 3et the AUTO-UP/MANUAL-DOWN switch te AUTO-UP.
2. Now hold down ADVANCE until "0& 50" appears in the CREDITS/MATCH displav.
3. Use CREDIT to enter a 15 in the PLAYER~1 diaplay.

4. Now press ADNVANCE.

Auto—gycle Mode repeats its four tests until vou turn the game off and back on.
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Systen—9 Games Play on System 11

Although 5ystem 9 is out of preductien, WILLIAMS assures downward

compatibility with Syatem 11.
syatem-1l1 compulter.

Conversion 1s simple and fast.
changed, and then yeu install the new system in your backbex.

in fact all system-9 games will play on the
Jumpers and ROMs are
{A new speech

ROM is necessary.) For details, consult the CPU-Board Jumper Table and the
Speech-ROM Comparlson Table.

CPI-Eoard Jumper Table

JUMFER | FUNCTION GAME NAME. . ovusiaosascaaras
HIGH | ALLEY COMET,
BFEED | CATS, SPACE
SORCERER, | SHUTTLE
STRIKE
ZONE
Wl cgcillator to aystem in in in
W2 memary configuration in out in
W3 " " out in autr
Wa " " in out out
W5 45D to pullup resistor on opte input in in in
Wb +12VDE€ to pullup resistor on opto input out out out
uy jumper for German settings (USA games:) in in in
Wa sound proc RESET from proc-control RESET in out out
Wa sound processor RESET from system BESET ont in in
W10 +18VDC to sound amplifier ouk put out
Wll +12¥0C to sound amplifier in- in in
Wlz address-buffer enable in in in
W13 data-tuffer enable in in in
Wl 1 mS IRJ signal in in in
W15 2 m& IRD =ignal out out out
W16 BLAKEING to input 'D' of LED decoder in out out
Speech-ROM Comparison Table
SYSTEM ROM NO. CHIP DESCRIPTION | CHIP ROARD ANDRESSES
TYPE NG, {I¥ HEX)
11 2 27128 16K=8 BITS| D22 CPU BO000-BFFF
9 1 2532 or 2732 4Kx8 BITS | U7 SPEECH 8000-8FFF
9 2 2532 or 2732 4¥x8 BITS | UB SPEECH a000-9FFF
5 3 2532 or 2732 4Kx8 BITS | U9 SPEECH AGOO-AFFF
9 4 2532 or 2732 4¥xf BITS § D108 | SPEECH BOOO-BFFF




This table helps you service System—11 games.
equivalent to System-9 circults.

=7 =

System 9 to System 1l Conversilon Table For Chapter 2

Most Sygtem~11 clircuits are
Howaver part callouts differ between games.

Tne table provides System—~1l equivalents for System-9 parts referred to in

Chapter 3.

4 specilal section compares callouts for the System—9 and System—11

sound sections with calleuts for the System-11 background sound hoard.

Equlvalents for illustration callouts are not presented.
game'a schematics.

Please consult your

PAGE |SYSTEM-9 SYSTEM-11 FART
PART PART CIRCULIT DESCRIPTION
28 Ulh ULz MPU Main microprocessor
TLs Uis Backup memory CHMOS RAM
03 D2 Backup memory Bioda
LIL 1) Backup memory HAND zate
Ulg See note Backup memoxry Ok gate
034 See note Backup memory AND pate
741 See note Backup memory Inverter
30 Q52 e ] Backup memory Transiator
Q7014 Q42-49 Switch columns Tranziators
Clo Clo Mzin power supply Capacitor :
Ccl Gl Flipper power supply Capacitor i
31 1574 15Fr1 Flipper power aupply input comnector
REST OF PART CALLOUTS ON P. 31 ARE SAME!
32 111% 1119 - CPU output Solencid connector
Kl Kl Solenoid Growend relay
(LY nan Switch raw Input RAND zate
052 oie Switech row Input NAND gate
34 151 o3 - Switch row Input NAND gate
52 U3e Switch row ! Input MAND gate
SRS SRL5 Switch column :+  SIP resistors
Q7=-0l4 Qa2-40 Switch column 1 Translstors
' i
35 U2z U43 Reset 555 clock
359 uss Blanking Inverter
AL a0 Blanking NOR gate
nsa uhé Blanking Inverter
KT 41 GL1? Solenedd AND pate
Us7 uUls Solanoid AND gate
60 ulg Solencid AND gate
ual 2o Solencid AND gate
35 1718 1J18 CPU output Comnecktor
40 SR4 S3R1é Lanp column SIP resistors
23=-30 Q52-66 even | Lamp column Driver transistors
031-38 Qa0-87 Lamp row Driver transistors
CAUTION: Different circultry is used. HNo direct eguivalent.
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PAGE SYSTEM-9 SYSTEM-11 . PART
PART PART CIRCUIT DESCRIPTION
41 1J5 1J5 Lamp row Ground conmector
Kl Kl General illumination | Relay
309 319 General illumination Input connector
3J8 3J8 General illumination | OQubput connector
42 3718 338 General illemination Output connector
BJ8 8J8 General 1llumination | Playfield conneckor
Pl P& General illumination Cabinet comnector
opl 9p2 General illumination | Backbox door (insTt)
. El General 1lluminatiom | Relay
Q56 Jle Solenoid Driver transistor
Ic13 UL & U5 Master display Digit-anode driver
icl ULY & Ul4 Master display Segment-cathode dr
4 Icl U1l3 & Ul4 Master display Sepment—cathode dr
ic2 U9 & ULlZ Master display Segment-cathode dr
113 1J3 CPU BCD disp output Cutput connector
477 4J1, 4J12% Master display Input connactor
171 1.J1 CPU dieplay Btrobe Jutput connector
112 1712 CPU diaplay estrobe Cutput conneetor
SR11 SREC7 CPU display strobe SIF resistor pack
SR12 SRCH CPU display strobe 51P resistor pack
n9 U4 CPU display strobe Decoder
435 472, LJ3* Master display Input connector
IC%3-11 U3, 4, ¥, 8% Master display Strobe inverters
1c7,8,12,13{ 05, 1, 6, 2% | Master display Digit-anode drivers
45 Ic9-11 3, 4, 7, 8% | HMaster dieplay Strobe inverters
REST OF PART CALLOUTS ON P. 43 ARE SAME!
&7 KA 3J5 Main power supply Display comnector
Ql ql YMain power supply Translstor
g2 Q2 Main power supply Transiastoar
*CAUTTION:

Circuitry is simllar but not identical.
interchangeable.

Plpouwts differ and chips are not
Examine schematies for your game before vou service it.
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SYSTEM-11
.1 SYSTEM-9 SYSTEM-11 | BG SOUND PART
| paGeE PART CPO PART | BOARD CIRCUIT DESCRIPTION
47 1% SW1 Hone Sound Diapnostic button
Ulip2-9 Udp2-9 D2plo-17 Sound PIA pins
C7 C26 C26 Sound Capacitor
us9 UL Nane Sound Power amplifler
C29 Co Naone Sound Capacitor
48 C24 ol None Sound Capaclitor
Uil uzi us* . Sound Sound MPU
Ulz U23# u3* Sound Sound RAM
49 021, Uzzx | U4* Sound Sound ROM
Ul? Ils Hooe CPU Hain MPU
LINEE U9 u2 Sound F1A
C3l c7 c2 Soand Capacitor
Q51 Qi 0l ' Sound Trangistor
146 U2 1l Sound DAC chip
PAGE SYSTEM-9 SYSTEM-11 PART
PART PART CIRCUIT DESCRIPTION
48 20 uz2is CPU Game—ROM 1
s 26 CPU Game-ROM 2
1117 1517 CPU Power conmector
o7 15 CPU Main MPU
FS F5 Power supply Fuse
Fi Fo - Fower supply Fuse
43 TE3 TP3- Power supply Test point
TPl TP1 Powar supply Test polnt
Icl IC1 Power supply Repgulator IC
Uly ULs CPU Main MPU
cL Glo" Power supply Capacitor
S0 ul7 ULy CPU Main MPU
Uzl CR1 CFiI Clock orystal
1240 n27* CPU Game ROM 1
Ligi | 24 Sound Sound MPU
Ul9 uzé CPU Game-ROM 2
Uz4 U3z, Ul CFU Address decoder
A1 IL? nl5 CPD Main MPU
R8 DSl 9: Speech; 1l: GPU Soundfspeech mixer
1 s Speach Filter/preamp IG
U3 U4 Speeach Filter/preamp IC
Cciz? C15 Speech Capacitor
52 U2 us Speech Filter/preamp IO
417 Uzl, U22* Speech Speech ROMs
U49 U2l, G2+ Sound Sound ROM

*CAUTLION:

Circultry is similar but not identical. Pinours differ and chips are not
interchangeable. FExamine schemarlecs for your game befere you service it.



~75=

Index
to the First Three Chapters

A-B-C-D

AdATEES PllE. s v uutasrat ranrratrnsrnrstbdasaddlassaarssaaraaerssrsrssedsnnnsns= .
ABdjusting switeohe S v us s rranrrarrrrrarrarrsarsrasrrarrraressrrranssraarnsann
ﬁrchitecture, System.............--.-.--.-q----------------------------.--.

Backbox glass, Cleaning.e i resirsasrnsrarsaratsasnnassnasnassannssanniaasans
Backup Blades. . cuarasrasrasarmrnmrrrssrarasanasnassnaaransnnnnssssssruass Oy
Ball=roll tIlt. i viscioatoaanuaanaanesnasnasnarseattartattoateatosnisnnnsnn

Ball trﬂugh, luhricating.........,.............................+.¢---------

Blanking circuit: Pulls 4n 21l coils when I tuTn Eame OMuavevvsvasrvrrnarss
Bookkeeping Mode, game stuck If. ciiuiiarusrarsnarnnssrarrnsrasassusaunssunas

Bookkeeping Tableruisuu s taariasrnnsrnsnarnarnarnarrnarnarnanasaasannanuyey
Brackets, mounting (flippers, drop tarEets).....-cariarnasrasrans-sacsaasnn

Eushings...................----------......................................

BUus probleliS. . cesrasrarnrsssisiastnartanarrassanrsadsariarnasnsrnaransnnas
Capacicors on power BUDPPLYis.vesiusismnvnrrrrnsrnnsenasnsaa L0, 30, 31, 49,
Checkup; Five—_Minute'-|--.tl-tt-ll-l--l-ll---l|--||.-|--|-|--|--tt-ltt-l|---ll----'-'tttt-l-ll-ll-nil---

Gircuitbﬂﬂrdﬂ, Replﬂcing SFStEm-g-i-----i--------i---ltlrttrttttltt-tquuvv
Clock prublems.......................-....«-----------...-----.------------
Coll problems. cosrascnaransrrasraassacesarasrnsnsarrrarsamsasrarasnnsrnsnans

Coil8, FlipPeraasurrrnsrstaustiasnaaratnarssnsasaasnaasnasrnsarnansnsstboatins
Coll MDD S. s vusaasrasrassrrasnrrssrnrasrssrsrrassrrsrresraarssnssnsesasranss
0Ll 8leEVEE . s usveisssnasnarsnarrnarasnarsnssiasasrsassasrnararrarnannnnslly

T - o 5 -
Coils! When I turn it oTt, ZIME Pullﬂ Inm all codlls. e s raanasnnarrnannss
Coln=chute tEStiiasrasnnacnnasnnarnnrnarrarsrrssrrasrrnrrsrrarsrasrnnsrnsqs

cﬂnnectﬂrs} burned..........-......---o---------------.---.-.--------------
COmNertor CodB. v vy st s ntutuiutsuarnassastatassastoaraaaasensbrnrrnrrasrnanser

GDHtrOl DB . e s rrnrrr st ssannaasmnsrnarsnn 1 ddtissbasrnnarrarnsndssammasnnsrs

Control Lﬂcatiﬂﬂ$, Efﬂtﬂmfgq-------o------------t------tt-t;-t-ttttth-iltll
CPU-Eoard Jumper 0 1

Crﬂﬂk L=l T T R R RN R R R R R R R R R 12,

Crashes or refuses to enter Game-0Ower Mode.....coscicarnannarnrrarrarnsvans

DAta BlUS. aa s s s aa s mmems s nma s e mas mmasmsrssnn s rssndrendcrebresntdsarsdsnddsdss

Diagnosing COmMmON SYDREOMS s au sausnasmarrararsmssassnasrasraarsrosrsstnsadnss

DHagnostics, Self—. v iviainiiartasrnotasasnarrrsrrnarnarnarnenarianaana 9,
Digits And VOLlES . it ta s na s rmarrrnsrrsid adtassassraanmsndne bosbadis boatbatrnta
Display Problamo, rveesasss bt ts s it saanassstoatoasnaatiastassanasstannrrrsns

Displays always Blamk. cueiurrnaarasrsrtcrsssaraarsnssrsarsarasnrasnrsssransss

Displays: missing segments or digits on ome slave display....covcanianesnan
Displaya: missing segments on two displays. (e vanarraarrrsarmiiaaiainaaas

21

i3
20

13

13

24
28

16
11

11

48
30

b9
48

35

12

69
12

11
35

10

21

69
71

13

30

21
28

70
25

42

45

L
&4



_ -7a-
DiBFlEYE “strobe“llirv-ttl-qo-'lr---g-'ttlrnuo"itllrnuipv-.tlo.io-'pttlnii ﬂS

DIOP targets"-tlolu|'-tti|-|ttlIr!i!iiIllIII!'*I"""""“"‘“""" 3! lD
Dynamic Tefreshmenta ... sassunnrecaaranrsttatranseotacernrnrsssarrnarrsosss 26

E-F-G-H-I-J-K-L

Electronic Test EqUipment.....ecesasesnaarsisssnnarsaraararannartasryerses 2B
Fject assembly, lubFicatioge..eeeerassrarirtrarmasrriatnatnnarrarisrsaauaeny 13
Eject hole, LUbTLCALINE. cuvuarrrretaamnanriiarmarnarsnrsrrataaraarrarrisnas 13

Flectronic and Electromechanical Troubleshootlng..ecasrrswrnarnaraassinsins 19
EOS actuator, InSulation OD...-sesssrareansnenrrstsnasraarsartarrnarssraans 12

EOS SWLECH. s cannsvnssnennsrsesnnanssssnstnnnvasaasnnerssssssnasnnarall, 12, 31

Fiber linkii.ii-lIII-"ii-llIl-'iI'Il'lII!!I!IIl-l-!!yii-l!!-lItillll!!i'!iiilfl!l‘"'! 12
Flipper assembly {mechaniecal ASPECEE)esssssannarranasarnnarnnrnasnasnanall, 12
Flippers (electromechanical and electronlc ASpECLE)..rrsrsssrasrssnsarnasss 30

FliPpef cﬂils burﬂ up"l*;'I*"""‘g;‘|tlllIi-u-ttllllilllll!!!!!!!I-t-'ii 35
Flipper crank—arm assembly, lubricating.....cuevrvaciavrnarrrrsurnasnnerens 13
FlippErS deadp..|"‘-|.|-'.¢¢-||.|||jii|-§l|-'1jilillli-‘-tilliillllllill|| 31

Flippers: one 18 Weak..cuscsssrsraressnnsrinaaraariirtuansrnvasnarrnernsiss 31
Flipper prDhlEmS...........-........q.--..........1..-.-o---o-------------tti--- 31
Flippersj wEﬂkrr-rtlIllIviillIII!tililii!tlillli!!!iililll!!!!tllllllll-vvt 3ﬂ

Flipper-wear PﬂintﬂvlItlll'l-"'lll-l-l.|-ti'll-l-l-l-l-!l'iti.lll'l-llIlll!l‘--‘-it‘-it 11
Flipper Wiriﬂgq.-.4--|-.t&-----ttiorv.o----n--.o-o--o-..qnnil.on..-.ilnoonq 11
Function Finder: A glossary of electronic term8..caeranrrsnisniiansanaenas 54

FUBE Fl Blways blﬂws {1;&A}---an--t---q.-.o---un.-.t-or-u-.t------o-.'¢-||| #5
Game—Adjustient Table. .. rererrannssoanasnsraassattastanarasrasrrarnns 8, 16
Cape-0Uver Mode, WOR't ENLEr. ,.vuearsanrssrasnarsstsaasansnsssirnarrnns 48, 50

GamE*EEgiﬂtratiﬂn Carditljﬂ...".jllilqo-unnuttlillllliliilrliriiII'-'itt!y 15
Interruptj".-...'jolq-.1Illl-'illlily'IiIIIl'tIIIGIIIJUItiilllllll'tlilli! 25

Ground Source for TeBtInEiceassssastnaraarersasnnerrarrsrsoansurnartasraens 28

Jet bumpers {mechanical aapects}.............,......................ll, 13, 14
Jumpers, GPU buard.......ﬁ.....-----................--.---.--............»- ?l
Eicker cOL1E DUFN UP.ssssnnsrsostnasrsanarrartatonernnssansarananntsssrnars 35

Kil:kﬂrﬂj lubricatin&"”-------...........q--.--.....n..----.---............ 13
Lamp-culumn Faillr e, s v rssnnasrsaramarsdbasamars ddtdrmnprplsanmnsnnntdarnns ﬂl
Lamp—Hatl‘ix TabhlE: s sanrtsnnarrsstaasnnssrartdsbdbnasrurrran bt bttbsasaanusres la

Lﬂmp Problﬂms.-...-n-..-.o-a-.--o------.;--o--.tt----o--.ttl--o----.tlliinu 39
Lamps: controlled lamps don't work.iecosusssesataanceraarrasisstionacnnarnens 40

Lanps: flashlamps don't WoOrK..cecssssseannerrrsartaannarrranatnnarsasarans 39

Lamps: general-illumination lamps dON'L WOTKeeasraarvassssnnnrnnrnssssnsars 41
Lampﬂ: lamp‘rDW failure-.t-cn--.t--o--..tl----o-'i--oo---itnllon.-..oin.qn. hl
Lamps: nc general illumination and no controlled lamps..csssrssrsasrasnaras 42



~77-

LHHE_ﬂHﬁNGETH -1 o o I A R R T R R I R R R R L
Leaf SWitEhEE [SErviciﬂg}------'tlllniiuo--'tilnolnnqnnqn.-.-ttooo--o||-1ﬂ|
Light bulbs.'-I‘II'I'-lll‘"'ll‘.‘l".'ll‘l'l"'-'..lll‘l“"-‘..'III'IIII"..I'II‘II..".

Linear Powar Supplied...ccusrussssaatnnnanrrsisrtasnnsrrasssttasanrrssiasn
LDCkEd‘up gamﬂq|"ll||"iill!utiilIIIl-tblllllr-u-tiillllluvttlilr!!!i ﬁ&}

Lubrication
Lubricating
Lubricating

Lubricating
Lubricating

Lubricating

M=N=-0~P-Q-R

pDintE..q.........--......p.-------------000------4--'-----4-44

the
the

the
the
jet

Licker 8330HELlYauacrrrsasarnsrrtsassraasaaraarsn s rnarsrs
bﬂll trﬂugh.f-........;-a-o-q---tttt---o--o-v;tt--------...

Eject ﬂssambly----qnqqnnirnnnuqtnolnq-vtlnnc--ot-iniovt-l-o
flipper crank—arm asSemMbly.eiseancsosnsusraerirssssnsnnsras

DUMPETS . svssanranassarsmarnasstasraassaaraarssittaraantsranrsy

32

13
10

20
50
13
13
13

13
13
13

Jec bumper, lubricating'tbilll-lllll|'tilllll-l--u-'til-ll-l-l-lu‘-ttllllllo-".illlll
Maintenance Procedures, Electronicis ssrsccasnnrrarsisnnasrssnarnnrrarnaans
Major Service Procedures (mechanieal)..vsecaenareariianiisnneraarraiainacas

Mechanical Adjustwments (flippers and eject MOleS)evrasarnnrsosasrrncsasnnss
HEChaniCﬂl‘diffiEUltY adjustmentﬁ-o-------.--..---------..p.----.--........
Heﬂhanical Eervicing........................-.-.....----......--.......-...

Microprocessor: Devices beyond microprocessor CONETOL, v avtasenerarrabaanans
Micruprccessurs, PinDutE fﬂr 6802 and ﬁEGBoru-illli|vtilllrvvilll!ortill22,
Microswitches (serviciog).vsssenarsrsssssanrararsocstnaraasssraanarnarrans

Mounting brackets (flippers, drop EALPEEE) s asernnsnrannarsansannsranveaslly
HYlar, Playfield...............;a-..........a---qn----'t---o--o----'----tti

Object COdE----tlo---tlllor;vtl-l-ll-r-q-tt-ll-l-l---tt-ll---lrvvillioruvtil-oruttlirr

-

1 Stuﬂk on EPU_bOﬂrd inﬂicatur-...........---...o.s..---..----...-......QB,
Periodic, Major Service Procedures (mechanical)eessasnnarsssnsrrasasrannsas
Pinouts for 6802 and 6808 MicroproCesSOTS. s sssssasnnsrnnsssrsnnanvnrrily

Pivot Pﬂints, spinning*target............--.......--.......--....---..-.---

Plasticﬂ...;--------.;----------*----------c.----------oa--------.--;..a.--

Playfield, ElEaninE P . c s rvsasmasrédbasmsrn I ddsanarstdsasrasdbdnmnrrsrnne

Playfield pitch and the plumb-bob ring.s.ccecinrriirrnrrmmrmnrirvinsnnens

Playfield, Waﬂiﬂg theitllII|'illIII|'tillIII'iillirvtilll!lltillli!illli!!i
Playfiﬂld POSES s st srasennsrtsnamsrnasrassdtmsmnnbsdstadrnnbrtnannasunnsnss

Playfield Pitch..-.....;aq......-n.-..oia-....o---u.-q.--a----tn--o---.tlo-
Plumb_hﬂh ﬂdjustmeutSo---t-----------ti----------ti---o----ttl----onnr--'-.
Plunger, ball-shoﬂter....oa-n--qo------tt--c---.t---uoqil--o---tlo-oo--tnli

Fower Prublemﬁ-.ttncnno-tt---1-----tionco-o-to--o--t---o---tt---o---tt-----
Power Eupplieﬂl|1-tlIlllIl'tiIillIII-tiIiilli'lIIIl!tlilII!t'iillIiitlllill

Procedures, Periﬂdic Service {mﬁchanical}.....;--..--;--------;----------..

Publications, Using The...cieerssssnasrrsaonsrrernanrsarasnsasnnrasrraranrr
+113v on thE +100v liﬂﬂ-...tao--........¢¢¢........-----.o------------tttoo

Preface--;-'illlg-tillpf'illllruviillllru-tlIII!tlill!tiill!!tillilI"tilll

13
27
11

12

26
68
13

11

25

50
11

13
11

= Qe ]

10
10

48
30

11

15

47
5



-78-

R.eadi“g data‘-i"iillIII!illli'l‘-‘il"lli!"ll"‘lI'IIii‘l'l'l-l‘li‘llll'l-ll-l!iilll'l- 26
Rﬂal Timﬂ,.,........................--..........----o---o--'---ttttttitttt 25
Reference Information..eessrrassasraarssnasnanrisitarrasrsatnasnnaraarvasn 53

Reset circuit...,..................‘....................................43, 49
REturn $Pringott-|---tl--r--'ttlrII--vtttl--o--‘t-o---r---omo-------.--o;i 11

ROM Summary for a Typlcal System—9 Game.ssiesnencncrasivariasnasrnsnnnsnss 2

Rubber ringsh-replacing..............................................,.1ﬂ, 11

S=T—U=-¥-W-K-Y-Z

SCIEWE, mﬂuﬂting........................-.-o--o-------t--ttlillo--o----lﬂ, 11
gapvice Procedures (electronic) e iaersirassasnarraarsaatnaranrsstaannasen 27
Service Procedures, Periﬂdiﬂ, Hﬂjﬂr [mﬁﬂhanical]..-..------...-;.q.;o-.*.. 11

Service Program, WEEle e N N N R I N N NI ] 10
Setup Proceduresf. nsssssssassnsrssarsaotnoncstnsssrsaannasnnnrasrraorarrrs g
7 ptuck on CPU-board indlcatol.csessssvrassssannsransssarsasnnsnsas28, 48, 50

Slam—tilt sWitch AdjUSEMENE .. v ssssasnacnsrnsratssssnasasansasnassnannsns 9
Sﬂlenuid bro‘ken "R EEEEEREEE NN I N R R d B B Jd B E®FYWT P SE RS B RN bk hd BN A FEE 33
Enlenoid Table' A BN R I..I s b dF B E R EYFry b bR F LA d I FEEY FFEYFY P [N RN 18

Eﬂund, nEvEr haE‘ a‘-“?llII-I-IIittill!i!‘tllilli!ltti"lliill'ttilllll‘-!Ii‘tl'l'l &?
Sound: None in DIAGNOSTIC TEST (but sounds are present in Self Test)...... 47
Sounds present, but NOL $pEECh. .. vicraunaasstiasnnsrnatsrtiacanrerusnnnns 47

Sﬁuﬂd prDblEmS..........-..............--------'--'-ttl|¢-iti------o----|o ﬁ?
Sﬂurﬂe cude.--.....gl.‘...jj‘-og..'.iilll-...jllliill'r'tIillllllii!i“lii 25

Speﬁch-bﬂﬂrd prﬂbl&mﬂ......:........;.;..--o-----;---4.00101101-114---;1-. A1

Speech-ROMs, comparison between system 9 and system 1liueusunnssnnnannnnes 71
Spinning-target pivot pPOinLS...ssrrsssrsnnvrareasvsartantiiananrannasnnana 13
Stalled gamE-.............}\o--------t---------------------i---------"43: EG

Switeh édjustmﬂﬂt....‘....;....¢........'.igttonllil-onni--"i-ittittttlj, la
SWitﬂh_Cﬂlumﬂ Prﬂhlemﬂn---'-oc----o--'ti---------ttltlno--'-tttlltncrnnvtt jﬁ
EWitChEE: Fame hag row PrﬂblEmS--o--o----o.;----o------o--tttlotilttitoln 3&

Switches: One causes three others to actuate.....issscrncrrrrrocnnnrnanras 34
Switches open, but game awards POINTEB....vsvsrscnnonnnesrvrsrsnsansennanrs 34
Guitch—MatriX Table . sevaennsrroarasnaarasbsstnsnnarasrsasansnnrssrsnsnnnss 18
Switch ProblemB. . cevsseornaorasesrastnsnnsrasssarsatnsonnonmsrasrsarsssesss 3z

Switch problens: always has rows T=4 OF 58 Ofevennnssannnennssrsanannanrss 32
Bystem ArChiE@eLUTE. soavaannonnnnssastusnnsnnrrsrbsbssatasatosnasnnoansnss 20
SYStE‘n 11-l-l-l-i‘-it'll'l-!lI'lll'l'I-ll-l-btt'lll-l-!l-!ii'!‘ll'l-l-l--l-!!i‘llll'l-ﬁ, lg, 25, ?l, ?2

Sygtﬂms #, ﬁ,,? and Bitliliil!iittqillIIDIIIr-tttltililll!r--iibtiillili|5} G
System 9..........-......¢¢--o...-.;---.----.-oc---o----t¢2, 5, 6, 69, ?1, ?2
System 9 and the 680276808 MIcroprocessor.i i errerrreritrsannucnnrareransy 25



s

Sygtem-g rames {iﬂ Chrﬂnﬂlﬂgical Grder}--o---ti!ttitt#itil!llliitittiiio--
SFEtEm-g Games Play an SFStEﬂ 0
System 9 To System 11 Conversion Table For Chapker J....ivaeiininiisinensn

Tiltﬂmeﬂha“ism adjustments.................................¢f¢------.....
Tilt mechanlsm: ball-rﬂll e 1
Tilt mechanism: playfleld pitch and the plumb-beb ring...ccvciverneanrraaus

Tilt mechanism: glam—-tilt switch Eﬂjuatmﬂntsf¢--¢¢¢¢¢-------------.¢-.....
Tilts aT EivES free credit51|--o-¢¢‘t-o-o--o-..ti...ollol!rlicttttiitil!l!
Wear podnts, FLipper e uernennrrrassrssataatnennsanasnnrsarrteraranranrss

Weekly Service ProBraM...ccersusiasnnennrassastarasarasssataannrasranrsars
Worde MIS8Ing. o esssrssnnstanarannribsssistntnasnnstnnsrssrasrssssrasrans

Writiﬂg dat&........--..........-o-...........-.--o--o--tttit----oncrn-o--

G Etuck o ﬂPU-hﬂafd il'ldi(:ﬂtﬂl.‘.-------......--.......---------........ #3,

&
71

72

LY RN ]

30
1z

10

52
6

50



-l

=) 5
by
FETh ity
K L vh i .r_n L_.” 113 ’ . | .:_um_v.“ £y
.uuyﬁ_ . H._..H T TTEN S Ieon JEE (52 TTRL 5 I TR AEE,
. . 5 L L TTH s e e e L R T AT S e ¢
sl S AT e B T s R T o e
MET .Emrm,.;__n.,.kmﬁ.rﬂ..;...,q-:._;- i
|y - i gl b 4 ) gy
T e e N S e e LS PR aan ] 12 L 21 3ot A
Lo e
it R S R PR L AT I A TR F
Sl S Liisaaets db i

— ]
T R
.nﬁ‘ j .._H“.u. i b

Liia PR
b el e i 3i-
et .,%ﬁ.wl. =

S UITAY A =
e b




