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F.O. 560·1 

INTRODUCTION: 

F.O.  560-1 supercedes and replaces F. O. 560. The purpose of F.O.  560-1 is identical to that of the 
earl i er p rocedure. It is still a two part service procedure. PAR T I deals with servicing the game on 
location, primarily by MODULE R E PLAC EMENT. PAR T II, COMPONENT R E PLAC EMENT pro­
cedures, deals with servic ing known defect ive modules to the component level; A known-good game 
must be used as a test fixture. 

The scope of F.O.  560-1 is greater than F.O.  560. The increased coverage is in three areas: 

1) The new manual has parts layout drawings and parts lists for the new, simpl if ied fo il routing 
printed circui t  modules. The new modules are physically and electrically interchangeable with 
the older modules that they replace. The new power transformer module is also included. These 
modules are as follows: 

LAMP DRIVER MOD ULE . 

DIS PLAY DRIVER MOD ULE 

SO LENOID DRIVER /VO LT AGE R EGULA TO R MOD ULE 

PO W ER TR ANSFO RMER MOD ULE 

OLD 

AS-2518-14 

AS-2518-15 

AS-2518-16 

AS-2877 

NEW 

AS-2518-23 

AS-2518-21 

AS-2518-22 

AS-2877-1 

2) The new manual also includes service procedures, a parts layout drawing and a parts list for 
the Bally Electronic Sound Driver module .  Th is module adds electronic tune and noise genera­
t ion capabil i ty to the game. It replaces the electro-mechanical chime assembly. 

3) F inally the manual includes service procedures, a parts layout drawing and parts list for the 
new, increased memory capability MPU module. The increase in memory storage space was 
necessary for electronic sound generation. It also permits the design of more sophisticated. 
p inball games. 

The new MPU module, AS-2518-35, can be jumpered for use in earl ie r  games. Instructions for 
th is are contained in F .O.  610, Introduction to Bally Electronic Sound. 

The original MPU module, AS-2518-17, can be converted for use in games with electronic sound 
capabil i ty should th is ever become necessary. The procedure for making th is ·change is 
detailed in F.O.  597, part of Bally Kit #523, available through your distributor. Table I in F .O.  597 
shows jumpering for the converted MPU module for use in games wi thout the electronic Sound 
module (earl ier games). PROM/ROM lists, available from the Bally Distributor, show the jumper­
ing for the modified board for use in games wi th the electronic Sound module .  

The AID kit necessary for serv icing the orig inal or the new MPU module is K i t  #485-1. Figure 
A4-2 on page 27 details the conversion of an AID Kit #485 to an AID K i t  #485-1 status. The 

change is simple.  It allows test ing the A14 address l ine (not used on MPU module AS-2518-17). 

For Service personnel wish ing to obtain an AID kit, K i t  #485-1 is available thru the Bally 
Distributor. 

MASTER INDEX 

PAGE 
PAR T I, MOD ULE R E PLAC EMENT IND EX . . . . . ...... . . . . .. ... .. . . . .. . . . . . . . . . . . . . . ...... . 2 
PAR T 11, COMPONENT R E PLAC EMENT IND EX .. . . . . . . . ............ . . . . . . ..... ...... ... .. 21 
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PART I 

MODULE REPLACEM ENT I N DEX 
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L INTRODUCTION 

Repair of the electronic game in the game room is by module replacement or cable harness repair. 
See Figures I and I I. The procedures herein facilitate fault localization to the defective lead or module. 
The game is restored to operating condition by cable repair or by the substitution of a known, good 
module. Defective module9 are returned to a repair station for corrective action. 

The repair procedures take advantage of two special test routines designed into the game. The first 
routine causes the MPU (microprocessor unit) module to examine itself for proper operation on 
power-up. If the MPU module determines that it is correct, the power-up tune announces that the 
game is operational. If the MPU module determines that it is not correct, it will not allow game play. 
The second routine is the Self-(Diagnostic) Test. This routine causes the MPU to exercise each of the 
other electronic modules. Burned out lamps, defective d isplay modules, solenoids and stuck switches 
are all quickly located by means of th is routine .. 

A small module, called A I D 1 , is espec ially usefu l in determ ining cont inu ity between modu les under 
actual d ig i tal operat i ng cond it ions . A I D1 is a small plug- in module that mates with J5 on the M PU 
module. The module is  ava ilable from the Bally Service Department as part of Kit #485-1 . 

No special tools or equ ipment are requ i red by the repai r  procedu re. The A I D  k i t ,  a volt/oh mmeter, 
Si mpson model 260 (20,000 Oh m/VDC) or equ ivalent and several test lead jumpers are necessary. 
The standard tool box compl i ment of soldering i ron hand tools are also requ ired for making cabl ing 
and electromechan ical compoment repa irs .  Schemat ics are helpful ,  and are requ i red as an a id  to 
trou bleshoot ing. A schematic  for each module and a three sheet w ir ing d iagram are included with 
each game. 

II . DESCRIPTION OF SELF-(DIAGNOSTIC) TESTS 

At power on, the LED on the MPU module flashes once. After a pause, it flashes six more times and 
goes out. A power-up tune is played to announce game readiness. This indicates proper MPU operat­
ing condition and successful completion of the power-up test. If this does not occur, refer to the 
MPU Diagnostic Table, Section VA, Page 8. 

1 )  Pressing the self-test button* inside the door initiates the self-test routine. See Figure Ill. All 
switched lamps flash off and on continuously. In case of improper operation, (lamps off, or always 
on), refer to Lamp Driver Diagnostic Table, Section VB, Page 9 .  

2)  Pressing the self-test button again causes each d igit on each d isplay to cycle from 0 thru 9 ,  all 
off, and repeat continuously. Improper operation consists of d isplays, d igits or segments always 
on or always off. If improper, refer to Display Driver Diagnostic Table, Section VC, Page 1 2 . 

3) Pressing the self-test button again causes each solenoid to be energized, one at a time, in a 
continuous sequence. Hold both flipper buttons 'in' during this test. The number appearing on 
the Player Score d isplays are the same as the number assigned to the solenoid. The sound of a 
solenoid pulling-in as a number appears indicates proper operation. The absence of sound is 
improper. If improper, note the solenoid number and refer to the Solenoid Driver /Voltage Reg­
ulator Module Diagnostic Table, Section VD, Page 1 4. The Solenoid Assembly Identification 
Table, stapled in the back box, identifies the Solenoid by showing the assigned number and 
description. 

4)** Press ing the self-test button aga i n  causes the M PU to energize the sound module. A tune will 
be played repeatedly. I mproper operat ion (lack of or d istorted sound) is eas ily detected duri ng 
th is test. If i mproper, refe r to Sou nd Module Diagnost ic  Table , page 21 . 

5) Pressing the Self-Test button again causes the MPU to search each switch assembly for stuck 
contacts. If any are found, the number of the first set encountered is flashed on the Player Score 
displays. The number remains until the fault is cleared. Other numbers may follow if more stuck 
contacts are present. Note the number on the Player Score d isplays and refer to the Switch 
Matrix Diagnostic Table, Section VE, Page 16. The Switch Assembly Identification Table, stapled 
in the back-box, identifies each switch assembly by showing its assigned number and descrip­
tion. If there are no stuck switches, the number "O" appears in the Match /Ball in Play d isplay. 
Pressing the Self-Test button twelvet more t i mes or tu rn ing the power O F F  and ON causes the 
M PU to repeat the power-up test. See 11, f i rst paragrap h .  The ga me is now ready to play. 

*See Figure I. 
**Games ( Lost World, #1119-E and Later) using Sound Modules AS-2518-32, only. 

tEleven times, Freedom, Game #1066-E, only. 
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SI 
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FIGURE I ELECTRONIC PINBALL MACHI N E  
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BACK BOX 

VOLTAGE REGULATOR 
SOLENOID DRIVER ASSY. 

*SOUND DRIVER ASSY. 

LAMP DRIVER ASSY. 

TRA NSFORMER ASSY. 
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BLOCK DIAGRAM-ELECTRONIC PINBALL GAM E  
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It is recommended that problems be solved in the order in wh ich they appear in the Self Diagnostic 
Test routine. The reason for this is that the same fault may create misleading symptoms in subsequent 
test routines. 

After s uccessful completion of the Self D iagnostic Test procedure, set the game up for play. Exercise 
each rollover, thumper-bumper, slingshot, etc., by hand until each switch assembly on the playfield 
has been checked for proper operation. If actuating a switch assembly results in intermittent or no 
response, use AID 1  and probe (See Section I l l  and VE, Table V) to determine if the switch leaf springs 
have continuity to the MPU module. If  incorrect, work probe back to MPU module until reason for lack 
of continu ity is determined If the problem is localized to the switch contacts, correct by gently closing 
them on a clean business card or paper and wiping until they wipe clean. Regap if necessary to 1/16 ". 

Il l .  DESCRIPTION OF AID1 PROGRAM 

At any t i me dur ing steps 1 ,  2, 3 or 4 (or 5, Lost World or Later) of the Self-Diagnost i c  Test, a 
troubleshooting A ID1  program can be in i t iated . Turn off the power . Plug in the A I D 1  module (J5, A4, 
M PU). Turn on the power. Pre,ss the self  test button (See F igure I )  inside the door. The A I D 1  program 
is entered by pressing S33 on the M PU mod ule.  When a game is funct ion ing properly,  enter ing into 
the A I D 1  program results in all d isplays, solenoids and swi tched lamps being turned off. A h u m m ing 
noise will be present.  

AID1 perm its s ignal cont inu i ty and adjacent lead short test to be conducted between mod ules. A 
test probe in the A I D  k i t  is cl i p ped to TP1 on the A I D 1  m odule and is placed on the point under test. I f  
s ignal cont inu i ty exists between the point and the M PU module , the LED on the M PU module l i ghts 
and the h u m m ing d isa ppears . If the LED does not l i g ht ,  a fault ex ists in the c ircu i t .  The game 
schemat ics and F ig ures 11, I ll and IV perm i t  isolat ion of the fault to a module or to the wir ing . 

When using A ID1 , a noise pulse introd uced on the l ine under test can occasi onally cause the M PU to 
'j u m p  the track' .  I f  t h is happens, the h u m m ing noise d isappears . Turn off the game. Re-enter A ID1  
program through the  Self-Test routine. 

I M PORTANT: The only exi t  from A I D 1  to the Self D iagnost ic  Test or normal operat ion is by turn ing 
the game "O F F" and then "O N "  by means of the "ON-O FF" switch.  The Self­
D iagnost ic  Test can then be re in i t iated by means of the button inside the door . A par­
t icular test is rein i t iated by press ing the Self-Test button the appropr iate number of 
t i mes. See F igure Ill . 

MPU MODULE 

M ODULE UNDER TEST 

Lead - Repair by @ splicing; solder 
and tape. 

Connector. Repair 
by reshaping or 

replacing contact.· 

Solder junction. 
Repair by resoldering. 

@ Clip test probe to TP1 on 
AID1 t module. 

Install AID1 module on J5 
MPU module with power OFF. 
Turn power ON. Wait for game 
up. Press Self-Test button. 
Press S33 on MPU module. 

AID probe. Start at foil 
(or integrated circuit 
input pin) connected to 
connector pin under test. 

@ If LED lights, signal 
path is good. @ If LED does not light, move 
probe toward MPU module 
(foil, © . ® · ® · © . 
foil, output integrated 
circuit). LED will light 
on good side of open 
circuit. Repair, retest 
module. 

f See page 27 for conversion 
of AID Kit #485 to 
AID Kit #485-1. 

FIG U R E  IV USE OF TH E AID1 PROG RAM IN FAULT LOCALIZATION 
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MODULE KNOWN OR REPORTED 
TO BE MALFUNCTIONING 

POWER-UP: 
TURN OFF POWER 
TURN ON POWER 

PRESS SELF·TEST BUTION ON 
INSIDE OF DOOR TO ENTER LAMP 

DRIVER MODULE TEST 

PRESS SELF-TEST BUTION (AGAIN) 
TO ENTER SOLENOI D 
DRIVER MODULE TEST 

PRESS SELF-TEST BUTION (AGAIN)*** 
TO ENTER SOU N D  MODULE TEST 

PRESS SELF·TEST BUTION (AGAIN) 
TO ENTER STUCK SWITCH TEST 

TURN GAM E OFF, ON. 
GAME READY TO PLAY. 

REPEAT ENTI RE TEST IF REPAIR WAS MADE. 

( CORRECT FAULT J------lllii&---. 
--���������--

REFER TO MODULE D IAG NOSTIC TABLE 
PAG E 8 

REFER TO LAM P  DRIVER MODULE DIAG NOSTIC TABLE 
PAGES 

REFER TO DISPLAY DRIVER MODULE DIAG NOSTIC TABLE 
PAG E 1 2  

REFER T O  SOLENO ID  DRIVER M O D ULE DIAGNOSTIC TABLE 

NO PAGE 1 4  

R EFER T O  SOU N D  MODULE DIAGNOSTIC TABLE 
PAGE 21 

REFER TO SWITCH MATRIX DIAGNOSTIC TABLE 
PAG E 1 6. 

t ALL DISPLAY COUNT 0-9 INCL, CONTINUOUSLY. 

•SOLENOID AND STUCK-SWITCH NUMBER (SEE IDENTIFICATION TABLES 

IN BACK BOX) IS FLASHED ON MATCH/BALL IN PLAY DISPLAY TO AID 
IN TROUBLESHOOTING. 

•• HOLD FLIPPER BUTTONS IN DURING TEST. 

• •• APPLIES TO LOST WORLD OR LATER GAMES ONLY. 

FIGU R E  Ill SELF DIAGNOSTIC TEST 
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IV . GENERAL 

Al l D iagnost ic procedu res requ i re that the game by opened to gain access to the parts under test. 
All electronic modules and some of the sw itched lamps are in the back box. Access to most 
soleno ids,  sw itches and most of the sw itched lamps is by ra is ing the playf ie ld. 

AL WA VS GOO D  PRACTI C E  

When opening the game for servicing: 
Ground yourself by touching brafd prior to touch ing modules. 

Visual ly Inspect 
A) For broken leads. 
B) For over-heated components. 

Turn-off power 
A) Before connect ing* meter leads to measure l ine vol tage. 
B) Before rep lacing fuses. 
C) Before removing connectors. 

Exercise Due Caution When Measuring Dangerous Voltages . 
Use grounded element soldering iron when making repairs in game. 

Tag defective modules with fault symptoms to facilitate module repair and prevent re-entry into 
service inventory before repair. 

*It  must be assumed that the serviceman is familiar with the operation of a volt/ ohmmeter. Connecting 
an ohmmeter to the game with the power on can damage the game, the ohmmeter or both. 

V. REPAIR PROCEDURE 

1 )  Follow the Self-Test procedu re shown i n  F igure Ill and descri bed in Sect ion I I .  
2) When fau lt  is d iscovered, go i m med iately to the appropriate Diagnost ic Table .  Do not go to next 

step in self test sequence! Read a ll of the symptoms in the Diagnost ic Table before attempting 
to make a d iagnos is .  Follow the procedu re assoc iated with the symptom that best descri bes 
the fault. 

3) Correct Fault .  

4) Repeat Self-Test. When test can be run from start to end without ind ication of fault , check 
playf ie ld  sw itch  assembl ies for proper act ion as descri bed in I I .  Correct ive act ion ,  if necessary, 
i s  also g iven in I I .  After i t  has been determ ined that sw itch assembly act ion is correct, the game 
is  ready for customer p lay. 

VA 
DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

CAUSE 

MPU MODULE A4 
MODULE REPLACEMENT 

PROCEDURE 

SYMPTOM I .  LED on MPU fails to flash 7X on power-up 

A) + 5 VDC Power 
Supply incorrect 

B) Power Supply 
Incorrect 

C) Defective MPU 
module 

M EASU R E: 5 ± .25 voe at TP1 
If incorrect, go to Voltage Regulator Diagnost ic Table .  

M EASU R E: 1 1 .9 ± 1 .40 voe at TP2 
21 .5 ± 2.7 voe at TP3 

If incorrect, go to Power Transformer 
Diagnostic Table. 

If correct, replace MPU module. Repeat Power-Up test. 
If correct, repeat self-test. 
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VA 
DIAGNOSTIC TABLE: MPU MODULE A4 
R EPAIR LEVEL: MODULE REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I .  LED on MPU fails to flash ?X on power-up (Cont 'd.) 

D). Shorted Lead or 
Shorted module Input 

If incorrect * ,  d isconnect connector J 1 at MPU module. Repeat Power­
Up test . 
If LED·flashes ?X, use Self-Test to enter AID,  go to Display Driver module 
and to Lamp Driver module Diagnostic Tables. 
If LED does not flash , replace J 1 and d isconnect J2 and J3. Repeat 
Power-Up test . LED wil l flash ?X. Use Self-Test to enter AID.  Replace J2 
and J3.  Go to Switch Matrix Diagnostic Table. 

* MPU module replaced in  (C) should be retested in  known-good game. I f  MPU module tests good, 
return to stock. 

SYM PTOM I I .  M PU fails to play tune on Power-Up (LED flashes ?X on Power-Up) 

A) Solenoid Driver 
module incorrect 

VB 
DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

CAUSE 

Go to Solenoid Driver D iagnost ic  Table or, games with Sound module, go 
to Sound Module D iagnost ic  Table. 

LAMP DRIVER MODULE 
MODULE REPLACEMENT 

PROCEDURE 

SYM PTOM I .  One or Several (but less than% of total) lamps off. 

A) Burned out bulb 
B) Defective module 
C) Broken Lead(s), etc .  

Replace bulb(s). I f  fault is corrected ,  repeat Self-Test. 
If incorrect, replace Lamp Driver module. If correct, repeat Self-Test. 
If incorrect * ,  fol low procedure in Fig . V. Repair, repeat Self-Test (Re­
placed Lamp Driver module can be retested and if good returned to 
stock.) 

*Module replaced in (B) should be retested in known-good game. If module tests good, return to stock. 

SYM PTOM I I .  All Lamps Off 

A) Supply Voltage 
absent 

B) Shorted Lamp Strobe 
l ine 

C) Defective M PU 
module 

Measure at lamp common : 5 .4 ± .8 VDC.  If absent, or out of l imits , 
proceed to Transformer Module Diagnostic Table . Repair, repeat Self­
Test . 
If correct, measure at TP 1 ; Lamp Driver module : 5 ± .25 VDC. 
If absent, or out of l imits , proceed to Voltage Regulator Diagnostic Table, 
repair, repeat Self-Test. 
If correct, remove MPU module connector J 1 . Use AID 1 , probe Lamp 
Strobe l ine on MPU module, see Table 1 .  
If LED does not l ight, replace MPU module. Repeat Self-Test. 
If LED l ights, replace connector J 1 . Remove connector J4 on Lamp Driver 
module. 

D) Pinched, shorted If LED does not l ight, fault is in cable harness. Repair, repeat Self-Test. 
lead(s) in cable harness 

E) Defective Lamp Driver If LED l ights , replace Lamp Driver Module. 
module Repeat Self-Test. 
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Connect test lead to ground point on board . Ground transistor collector tab ,  CD , Solenoid Driver 
module (or SCA anode, Lamp Driver Module). Refer to schematic for game being serviced . 

I If solenoid pulls-in (or lamp l ights), circuit is complete. 

If not complete, move all igator cl ip as shown by arrows until solenoid pulls-in (or lamp l ights). 

If fault is at solder junction ®· repair by resoldering.  If solenoid still does not pull- in , use ohmmeter 
to check for shorted d iode. If defective, replace and repeat self-test . 

If fault is at connector pin @, repair by reshaping or replacing connector contact. 

If fault is broken lead in cable @, repair by splicing ,  soldering and taping .  

If solenoid does not pul l- in (or l ight lamp), use voltmeter at @ to  determine continuity to  power 
source (solenoids, 43 ± 5.4VDC ; lamps, 5.4 ± .8VDC). 

Retest game after com pleting repairs . 

FIGURE V - USE OF GROUNDfNG LEAD AN D VOLTMETER IN FAU LT LOCALIZATION : FOR USE 
WITH LAM P  DRIVER MODU LE AND SOLENOID DRIVER MODU LE TEST PRO­
CEDU RES. 

VB 
DIAGNOSTIC TABLE:  LAMP DRIVER MODULE 
REPAIR LEVEL: MODULE REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM Il l .  Half (or more) lamps always off. Few (one or more) always on.  

Shorted Address 
Line(s) 

Use AID1 , remove MPU module connector J 1 . Probe Lamp Address l ines 
on MPU module. See Table I .  
Do  steps 1 1 -C, D ,  E as required.  

SYM PTOM IV. All  lamps on , alternating with 1 I4 ,  1 /2 ,  314 on or al l  lamps on  continously. 

Shorted Data Line(s) Use AID 1 , remove MPU module connector J 1 . Probe Lamp Data l ines on 
M PU module. See Table I .  
Do  steps 1 1 -C ,  D ,  E as  required. 

SYMPTOM V.  A few lamps on ; several fl icker, others off. 

A) Open Lamp Strobe Use AID 1 , probe Lamp Strobe l ine at Lamp Driver module foi l .  See Table I 
l ine and Fig . IV.  

B) Defective Lamp Driver If LED l ights, replace Lamp Driver module. 
module Repeat Self-Test. 

1 0  



VB 
DIAGNOSTIC TABLE :  
REPAIR LEVEL:  

LAMP DRIVER MODULE 
' MODULE REPLACEMENT 

CAUSE PROCEDURE 

SYM·PTOM V. A few tamps on ; several fl icker, others off. (Cont 'd .) 

C) Lack of continu ity 

D) Defective MPU 
module 

If LED does not l ight, see Fig. IV to determine reason for lack of continuity . 
Repair and repeat Se1f-Test. 
ff LED does not l ight at MPU foi l ,  replace MPU module. 
Repeat Self-Test. 

SYMPTOM VI . Half or more lamps associated with one or more integrated circuits always off. 

Open Lamp Address 
l ine(s) 

Use AID 1 , probe Lamp Address l ines at Lamp Driver module foi l .  See 
Table I, Fig . IV. Do V-8, C, D as required. 

SYMPTOM VII .  One Fourth or more lamps always off. 

Open Lamp Data 
l ine(s) 

Use AID 1 , probe Lamp Data l ines at Lamp Driver module foi l .  See Table I ,  
Fig . IV. Do V-8, C ,  D as required . 

SYM PTOM VII I .  Erratic Operation 

Supply Voltage Do I I -A, for 5 volt supply leg only. 
absent ( + 5 VDC) 

SYMPTOM IX.  One or several lamps always on. 

A) Defective Lamp Driver 
module 

Disconnect J 1 ,  J2 or J3 as appropriate . If Lamp goes out, replace Lamp 
Driver module. Repeat Self-Test . 

8) P inched, shorted 
lead(s) in cable 
harness 

If lamp does not go out, fault is in cable harness. 
Repair, repeat Self-Test. 

SIGNAL 

AD0 Lamp Address Line 
AD 1 Lamp Address Line 
AD2 Lamp Address Line 
AD 3 Lamp Address Line 

PD0 Lamp Data Line 
PD1 Lamp Data Line 
PD2 Lamp Data Line 
PD3 Lamp Data Line 

Lamp Strobe #1 

SERVICE HINTS: 

TABLE I - USE OF AID 
A4-MPU, 

CONNECTOR J1 

PIN 

1 5  
1 4  
1 3  
1 2  

1 6  
1 7  
1 8  
1 9  

1 1  

I .  AID i s  used as a means to locate a continu ity fault. See Figure IV. 

PROBE AT AS, LAMP DRIVER 
MODULE,CONNECTORJ4 

PIN 

1 4  
1 5  
1 6  
1 7  

7 
6 
5 
4 

1 3  

I I .  I f  the LED does not l ight when probing each of  two adjacent leads, i t  i s  possible that a solder 
short exists across the foil . Visual inspection can detect th is fault. If present, repair, return mod­
ule to game and repeat Seit-Test. 

1 1  



vc 
DIAGNOSTIC TABLE: DISPLAY DRIVER MODULE A 1 * 
REPAIR LEVEL: MODULE REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I. Zeros Fl icker 

Supply voltage absent Go to Voltage Regulator Diagnostic Table . Correct fault, repeat Self-Test. 
( + 5 VDC, TP 1 )  If correct, go to VI I I .  

SYMPTOM I I .  Display(s) off, one, several or al l .  

A) Supply voltage absent 
( + 1 90 VDC)*  
Short or  open Display 
Latch Strobe, l ine 
determination 
Open 
Short 

B) Defective MPU 
module 

C) Pinched, shorted 
lead(s) in cable 
harness 

D) Defective Display 
Driver module 

E) Blanking Line status 
determination 

F) Defective Display 
Driver module 

G) Lack of continu ity 

H) Defective M PU 
module 

Measure at TP2 : 1 90 ± 5 VDC. 
If absent, or out of l im its , go to Voltage Regulator Diagnostic Procedure .  
I f  correct, use AID 1 . Probe Display Latch strobe l ines at MPU foi l .  
See table I I .  

I f  ,LED l ights, go  to 11-E .  
If LED does not l ight, remove MPU module connector J 1 . 
If LED does not l ight, replace M PU module. Repeat Self-Test. 
If LED l ights, replace J 1 .  Remove J 1 on appl icable Display Driver module . 
If LED does not l ight, fault is in cable harness. Repair, repeat Self-Test. 

If LED lights, replace module that caused LED to go out. 
Repeat Self-Test. 
Probe Blanking Line at Display Driver foi l .  
See Table I I ,  Figure IV. 
If LED lights at foil test point, replace Display Driver module. 
Repeat Self-Test. 
If LED does not l ight, see Fig . IV to determine reason for lack of continuity. 
Repair and repeat Self-Test. 

If LED does not l ight at M PU foi l ,  replace M PU module . 
Repeat Self-Test. 

SYMPTOM Il l .  Display(s) read '000000' ,  do not cycle 0-9 and off, etc . ,  
one,  several or  all d isplays. 

Short on Display 
Latch Strobe l ine(s) 

Remove MPU module connector J 1 . Use AID 1 . Probe Display Latch 
Strobe l ines at M PU foil . See· Table I I .  Do steps 11-B ,  C, D as required . 

SYMPTOM IV. Incorrect count, all d isplays. MPU plays power-up tune only after J 1 is removed. 

Short on BCD Data 
Line(s) 

Use AID 1 . Probe BCD Data Lines at MPU module foil . See Table I I .  
Do steps 11-B, C ,  D as required.  

SYMPTOM V. Digits missing ,  all d isplays. MPU plays power-up tune only after J 1 is removed . 

Short on Digit Select Use AI D1 . Probe Digit Select l ine(s) at MPU module foil. See Table I I .  
Lines(s) Do steps 11-B, C, D as required.  

SYMPTOM VI . I ncorrect count, one, several or al l  d isplays. 

Open BCD Data Line Use AI D1 . Probe BCD Data Lines at Display Driver module foi l .  See Table 
II and Fig . IV. 
Do steps 11-F,  G,  H as required.  

*CAUTION: DANGEROUS VOLT AGES ARE PRESENT. 

1 2  
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vc 
DIAGNOSTIC TABLE: . DI SPLAY DRIVER MODULE A 1 * 
REPAIR LEVEL: MODULE REPLACEMENT (Cont'd .) 

CAUSE PROCEDURE 

SYMPTOM VI I .  Digits missing ,  one several or al l  displays. 

Open Digit Select 
Line(s) 

Use AI D1 . Probe Digit Select Lines at Display Driver module foi l .  See 
Table II and Figure IV. 
Do steps 11-F, G, H as required.  

SYMPTOM VI I I .  Displays flicker, one, several or al l  d isplays. 

Open Display Latch Use AID 1 . Probe Display Latch Strobe l ines at Display Driver module foi l .  
Strobe l ine(s) See Table II and Figure IV. 

Do steps 1 1 -F, G ,  H as required.  

SYMPTOM IX.  Segment(s) missing .  

Defective module Replace module. 

*CAUTION: Dangerous voltages are present. 

TABLE II - USE OF AID 

A-4-MPU PROBE AT A 1 ,  DI SPLAY DRIVER 
SIGNA L CONNECTOR J1 

Display Segment Do 25 
BCD Data D1 26 

D2 27 
D3  28 

Display 
Latch 20-24 incl. 
Strobe 

Display Blanking "'10 

Display Digit Enable Ds 6 
D5 5 
D4 4 
D3 3 
D2 2 
D1 1 

SERVICE HINTS: 

I .  AID i s  used as a means to locate a continu ity fault. See Figure IV. 

MODULE, CONNECTOR J1 

1 9  
1 8 
1 7 
1 6 

1 5  

1 0 

9 
8 
7 
6 
5 
4 

I I .  I f  the LED does not l ight when probing each of  two adjacent leads, i t  i s  possible that a solder 
short exists across the foi l .  Visual inspection can detect this fault. If present, repair, return mod­
ule to game and repeat Self-Test. 

1 3  
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VD 
DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

CAUSE 

SOLENOID DRIVER MODULE A3 
MODULE REPLACEMENT 

PROCEDURE 

SYMPTOM I. All solenoids deenergized. 

Supply vottage(s) 
absent 

Measure at TP3 : + 5 ± . 25  VDC. 
If absent, or out of l imits, go to Voltage Regulator Diagnostic Table . 

SYMPTOM I I .  Fllpper solenoids do 'not respond to button (deenergized). 

A) Open circuit (Specific Ground collector of transistor Q 1 5 at metal tab .  
cause to be If relay K1 pulls in, push fl ipper buttons. 
determined) 

B) Lack of continuity If fl ipper(s) do not pull in ,  determine reason for lack of continuity between 
buttons, module, flippers and power source. Trace leads and see Figure 
V 1 Flipper button switch contacts and end of stroke switch contacts 
should be adjusted and or burn ished as required . Repair and repeat 
Self-Test. 

C) Defective Relay K 1 If K 1  does not pull in ,  replace module. Repeat Self-Test. 
D) Defective Solenoid Remove connector J4. Use AID1.  Probe J4, P in 8. 

Driver modu le  If LED l ights, replace* Solenoid Driver modu le. 
Repeat Sel f-Test. 

E) Lack of continu ity If LED does not l ight, use schemat ics and see Fig. IV to determ i ne 
reason for lack of cont inu i ty. Repa i r, repeat Sel f-Test. 

F) Defective M PU If LED does not l ight at M PU foi l ,  replace M PU module. 
module Repeat Self-Test. 

SYMPTOM I l l .  Continuous duty solenoid does not pul l - in .  

A) Open output circuit 

B) Defective Solenoid 
Driver module 

C) I nput problem 

Ground collector of solenoid Driver Transistor at metal tab (Ex:  Q 1 9). 
If solenoid does not pul l - in ,  determine reason for lack of continuity . (See 
Fig . V.), repair and repeat Self-Test. 
If solenoid pulls- in,  replace Solenoid Driver module A3. 
Repeat Self-Test. 
If solenoid does not pul l - in ,  remove connector J4 .  Use AID 1 , Probe ap­
propriate pin on J4,  (8, 9 ,  1 0  or 1 1  ) .  Do steps 1 1 -D, E & F. 

SYMPTOM IV.  Momentary d uty solenoid(s) do not pu l l - i n. 

A) B lown fuse on 
playf ie ld (E ight Bal I 
and Later) 

B) Lack of conti nu i ty 

C) Defect ive Solenoid 
Driver mod u le 

Replace fuse, Bal ly Part #E-1 33-44 or Litt le Fuse #31 3-001 (3AG size), no 
substitutes. 
If correct, repeat Sel f-Test. 
If fuse blows, locate defective solenoid or assoc iated d iode. Repl ace. 
Repeat Sel f-Test. 
Ground co l lector of Drive Transistor at meta l tab (Ex: 01) .  See schemat ic 
for  game be i ng serviced. 
I f  solenoid does not pu l l - i n ,  see Fig ure V. Repai r and repeat Se l f-Test. 
If solenoid pu l ls- i n ,  rep lace solenoid Driver modu le. If fault is corre<?ted , 
repeat Se l f-Test.* 
If i ncorrect, use A ID1 , probe Solenoid Bank Select l i ne at Solenoid Driver 
modu le  fo i l . See Fig u re IV and Table I l l . 
Do steps 1 1 -D, E, F as req u ired. If st i l l  i ncorrect, replace sound modu le  
(Lost World and Later). Repeat Sel f-Test. 

SYMPTOM V. One half or more of impulse solenoids do not pull - in . 

Use AID 1 , probe Momentary Solenoid Data l ines at Solenoid Driver mod­
ule foil. See Fig . IV. Do steps 1 1 -D, E, F as required . 

* If incorrect, return module to stock. 

1 4  



VD 
DIAGNOSTIC TABLE: ·SOLENOID DRIVER MODULE A3 
REPAIR LEVEL : MODULE REPLACEMENT (Cont'd .) 

CAUSE PROCEDURE 

SYMPTOM VI . Flippers energized continuously. 

Stuck Flipper Button 
assembly 

Repair or replace fl ipper button switch assembly. Repair by burn ishing 
contacts. Replace switch assembly if contacts badly .burned. Reset 
conta�t gap to 1 I 1 6". 

SYMPTOM VII . One (or up to four) Momentary solenoid(s) energized continuously. See Note. 
Half (or more) do not pull- in during Self-Test or Continuous Duty solenoid 
energized continuously. (Special Case : Fl ippers can be used on ti lt and game over.) 

A) Pinched, shorted 
lead(s) in cable 
harness 

B) Defective Solenoid 
Driver module 

C) Defective M PU 
module  

D) Defective sou nd 
modu let 

E) Pi nched, shorted 
lead(s) i n  cable 
harness 

Remove connector J4 .  
If solenoid(s) deenergize , repair cable harness, reconnect connector J4,  

, repeat Self-Test. 
If no fault is found in cable harness, replace Solenoid Driver module . If c 
solenoid(s) deenergize, repeat Self-Test. 
If solenoids do nQt deenerg ize*, replace* M PU module. If solenoid(s) de­
energ ize ,  repeat Sel f-Test. 
If solenoids do not deenerg ize*, repl ace sound modu le. 
If solenoids deenerg ize ,  repeat Sel f-Test. 
If so lenoid(s) do not deenerg ize*, fau l t  is i n  cable output harness, J 1 ,  J2,  
J3 or J5. See schemat ic for game bei ng serviced. 
Repair, repeat Sel f-Test. 

NOTE: Momentary solenoids are not designed for continuous operation. Limit troubleshooting to the 
following cycle: One minute on, five minutes off. If damaged by overheating, they m ust be 
replaced before returning game to operation . 

*If incorrect, return module to stock. 
t Lost World or Later. 

SIGNA L  

(PBo ) 
(PB 1 ) 
(PB2 ) 
(PB3 ) 
PB4 
PBs 
PBs 
PB7 
CB2 

Momentary 
Solenoid 
Data 

Coin Lock Out 
Flipper Disable 

Solenoid Bank Select 

SERVICE H INTS: 

TABLE Il l  - USE OF AID 

A4-MPU 
CONNECTOR 

.J-4 PIN 

4 
3 
2 
1 
5 
6 
7 
8 

1 0  

L AID is used as a means to locate a continuity fault. See Figure IV. 

PROBEAT A3 
SOLENOID DRIVER MODULE 

CONNECTOR J4, PIN 

6 
5 
4 
3 

1 1  
9 
8 

1 0  
7 

I I .  I f  the LED does not l ight when probing each of two adjacent leads, it i s  probable that a solder 
short exists across the foi l .  Visual inspection of the MPU and Solenoid Driver modules can detect 
this fault. If present, repair, return module to.game and repeat Self-Test. 
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DIAGNOSTIC TABLE:  
REPAIR LEVEL:  

CAUSE 

SWITCH MA TRIX 
MODULE REPLACEMENT 

PROCEDURE 

SYMPTOM r.  Number appears on Player Score Displays during Stuck-Switch test. 

Stuck Switch Refer to Switch Assembly Identification Table, stapled in back-box. 
Locate Switch Assembly on playfield (coin switch, Self-Test and Credit 
button switches are on door. Repair or replace switch assembly. Al l con­
tacts are used at low current levels . They are gold plated to prevent 
corrosion . Burn ishing can break the finish and is NOT recommended . 
If clean ing is necessary, close the contacts on a clean business card or 
stiff paper. Draw the card. between the contacts several times until they 
wipe clean . Regap to 1 / 1 6" contact separation . Repeat Self-Test. 

NOTE: If several switches are stuck, the Self-Test routine will display the lowest numbered switch 
assembly only. Repeating the S�lf-Test after clearing one assembly allows the game to display 
the number of the next lowest numbered, stuck-switch assembly. Repeat the above procedure. 
When all switch assemblies are cleared, the stuck switch test ends by flashing 'O' on the 
Match/Ball in play display. 

VF 
DIAGNOSTIC TABLE:  
REPAIR LEVEL:  

VOLTAGE REGULATOR A3* 
MODULE REPLACEMENT 

CAUSE PROCEDURE 

SYM PTOM I .  + 5 VDC absent at module under test. 

A) Lack of continuity 

B) Defective Voltage 
Regulator module 

C) Defective MPU or 
Lamp Driver or Display 
Driver module 

Measure TP 1 : 5 ± .25 VDC. 
If voltage is present and with in l im its , use voltmeter to determine reason 
for lack of continuity between modules. Repair and repeat Self-Test. 
If absent, measure TP5: 1 1 .9 ± 1 .4 VDC.  
I f  absent, go to  Power Transformer Module Diagnostic Table. 
If voltage at TP5 is correct, replace Voltage Regulator module. 
If voltage at TP 1 is now correct, repeat Self-Test. 
If i ncorrect, remove J4,  MPU, J4,  Lam p  Driver mod u le, J 1 ,  Sound mod u le 
and J 1 ,  Display Driver module(s) . 
If voltage at TP 1 is incorrect, repair pinched, shorted leads in cable 
harness . 
If it is correct, reconnect J4 MPU module. 
If voltage at TP 1 is incorrect, replace M PU module. 
If correct, repeat for Lamp Driver module, Sound modu le and each of the 
five Displ ay Driver mod u les, one at a t i me. 
Replace modu le that causes voltage at TP1 to go out of l i m its.  Repeat 
Se l f-Test. 

SYMPTOM I I .  + 1 90 VDC absent at Display Driver module under test .* 

A) Lack of continuity Measure TP2: 1 90 ± 5 VDC. 
If voltage is present and with in l imits , use voltmeter to determine reason 
for lack of continuity between modules . Repair and repeat Self Test. 
If voltage at TP2 is not correct or absent, measure TP4: 230 ± 2 7 .4 VDC. 
If voltage at TP4 is incorrect, go to Power Transformer Module Diagnostic 
Table. 
If voltage at TP4 is correct, and voltage at TP2 was incorrect, but not 
absent, go to Step E.  

*NOTE: Voltage Regulator is part of Solenoid Driver /Voltage Regulator module. 
CAUTION: Dangerous voltages are present. 

1 6  
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VF 
DIAGN OSTIC TABLE:  VOLT AGE REGULATOR A3* 

MODULE REPLACEMENT REPAIR LEVEL:  

CAUSE PROCEDURE 

SYMPTOM I I .  + 1 90 VDC absent at Display Driver module under test. * (Cont'd .) 

B) Defective fuse If vo ltage at TP4 is absent, replace fuse F2 on Power Transformer mod­
ule. I f  vol tage at TP2 is absent, replace fuse F1 on Voltage Reg u lator 
modu le A3 (1 /4-A, Fast Bio), Bal ly Part #E-1 33-30 (not appl icable to 
module AS-25 1 8-1 6) .  I f  fuse does not b low, repeat Se l f-Test .  I f  fuse 
blows, turn off power. Remove connector J3. Use an oh m meter to 
measure J3, p in  8 on cab le end of con nect ion to ground. I f  J3, p in  8 is 
shorted, discon nect Display Driver modu le con nectors A6 J1 , one at 
a t i me. 

C) Defective Display 
Driver module 

If short is removed, replace last Display Driver module d isconnected just 
before short d isappeared. Replace Voltage Regulator module , check fuse 
F2 , Power Transformer module and replace if necessary. Reconnect all 
connectors to Display Driver modules. Recheck connector J 3, pin 8. 

D) Cable short 

If J3,  p in 8 is shorted , continue d isconnecting Display Driver module 
connectors, J 1 until faulty module is located . When short is removed , 
repeat Self-Test. 
If short is not removed by disconnecting connector J 1 from all Display 
Driver modules, short is in cabl ing .  Trace lead to locate and remove short. 
Reconnect all connectors to Display Driver modules .  Recheck connector 
J3, pin 8 .  
I f  J3,  p in  8 is  shorted, repeat (C), from previous page. 
If short is corrected , replace Voltage Regulator module, check fuse F2, 
Power Transformer module and replace if necessary. Reconnect all 
connectors, repeat Self-Test. 

E) Defective module If TP2 is incorrect, replace Voltage Regulator module. Repeat Self-Test. 

*NOTE: Voltage Regulator is part of Solenoid Driver /Voltage Regulator module. 
CAUTION: Dangerous voltages are present. 

TABLE V - VOLTAGE DISTRIBUTION 

VOLTA GE MPU LAMP DISPLAY POWER 
REG ULATOR MODULE DRIVER DRIVER TRANSFORMER 
MODULEA3 A4 MODULE AS MODULEA1 MODULEA2 

+ 5VDC J3- 1 3/ J3-25 
J3- 1 4 ,  1 5  J 4- 1 6 ,  1 7  

J3- 1 6 J4-3* * 
J3- 1 7 J 1 -20 

+ 1 1 .9VDC J3- 1 1 J4- 1 2 
J3- 1 2 J3-8 

+ 43VDC J3-5t J4- 1 5 J3-9, 1 2  

+ 1 90VDC * J3-8 J 1 - 1 

+ 230VDC J3-6 J3-5 

GND J3-1 0 J3- 1 7 
J3-3tt J3- 1 8 

J3- 1 8, 1 9  J 4- 1 8 ,  1 9  
J3-20 J1 - 1 3 

J3-2 1 , 22 J3- 1 5,  1 6  
J 1 - 1 , 2 , 1 1 , 1 2 J3-3, 4, 1 4  

••VIA AB, J1-5 ( 
t VIA A8, J1-9 Lost World and Later. 

tt VIA A8, J1-6 
1 7  
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VG 
DIAGNOSTIC TABLE:  
REPAIR L EVEL:  

POWER TRANSFORMER MODULE A2 
MODULE REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I. Voltage absent or incorrect at remote module (ex : M PU J4-1 5 ,  + 43 VDC) 

A) Continuity fault 

B) Incorrect line voltage 
C) Defective module 

Measure at TP 1 : 5.4 ± .8 VDC. 
TP2 : 230. ± 2 7 .4 voe. 
TP3 : 1 1  .9 ± 1 .4 voe. 
TP4 : 7 .3 ± .9  VAC. 
TPS : 43. ± 5.4 voe. 

I f  correct, use VOM to determ i ne reason for lack of cont inu ity between 
mod u les and correct fau lt .  See Fig . VI and Table VI. Repeat Se l f-Test. 
If i ncorrect (zero) at one test point, go to Symptom I l l .  
I f  i ncorrect (zero) at al l test poi nts, g o  to Sym ptom I I .  
I f  i ncorrect, (out of l i m i ts, but not zero), measure l i ne voltage at trans­
former across i nput leads. A variat ion of ± 1 0% is acceptab le .  (ex: A 
1 1 �VDC nom i nal l i ne can measu re 1 03.5 to 1 26.5 VAC.)  

If incorrect, steps must be taken to correct supply l ine voltage at location . 
If l ine is correct, replace module. Repeat Self-Test. 

SYMPTOM II.  Voltages absent. at al l  remote modules. 

A) Blown fuse 

B) Cable short 

C) Defective module 

If l ine voltage is absent at transformer, (across input leads), replace fuse 
F6, 3 amps, slow blow. Repeat Self-Test. 
I f  fuse holds, log fai lure for future reference and return game to use . If F6 
blows again ,  d isconnect J 1 ,  J2 ,  J3. Replace F6. Turn on power. If F6 
blows, replace Power Transformer module, repeat Self-Test. 
If F6 does not blow, d isconnect all remote module power con nectors . 
See Table V, Page 1 7 . Replace connectors J 1 , J2 ,  J3,  Power Trans­
former module, one at a time. 
If F6 blows, short exists in cabl ing . Repair, repeat Self-Test. 
Replace remote module power con nectors one module at a time . Replace 
remote module that causes F6 to blow. Replace F6. Repeat Self-Test. 

SYM PTOM I l l. Voltage absent - at TP5,  or TP2,  or TP4, or TP 1 , or TP3. 

Blown fuse F4 (SA) 
Blown fuse F2 (3/ 4A) 
Blown fuse F5 (20A) 
Blown fuse F1 ( 1  OA) 
Blown fuse F3 (4A) 
Defective module 

A) Cable short 

B) Defective Remote 
module 

Discon nect con nector J 1 ,  J2*, J3 (TP5) 
Discon nect con nector J 3  (TP2) 
Disconnect con nector J 1 ,  J2*, J3 (TP4) 
Discon nect con nector J 1 ,  J3 (TP1 ) 
Discon nect con nector J 3  (TP3) 
Replace fuse : 
If fuse b lows, replace Power Transformer mod u le, repeat Sel f-Test . 
Except ion :  F4, + 43VDC c i rcu i t .  Locate and replace defective solenoid. 
If solenoids are good, then replace Power Transformer modu le .  
I f  fuse does not b low, d iscon nect associated remote modu le  con nectors 
as appl i cable, see Table  VIA. 

Turn on power. 
Replace Power Transformer module connectors J 1 , J2 and J3 one at 
a time. 
If fuse blows, short exists in cabl ing.  Repair, repeat Self-Test. 
For F 1  and F5 faults , locate short in general iHumination or switched 
lamps circuitry common . Repair, repeat Self-Test. 
Replace Remote module connectors one at a time. See Table VIA. Re­
place remote module that causes fuse to blow. Replace fuse, repeat 
Self-Test. 

*Unplug line cord. Jumper J2-6 to connector pin 6, J2-7 to pin 7. Plug in line cord. 
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VG 
D·IAGNOSTJC TABLE: POWER TRANSFORMER MODULE A2 
REPAIR LEVEL: MODULE REPLACEMENT 

TABLE VI - POWER DISTRIBUTION CIRCUITRY* 

FROMA2, 
CONNECTOR, 

PIN# 

J 2-6 
J 2-7 
J 2- 1 0 

J3-5 
J 3- 1 8 
J3-1 6 

J 3-8 
J3-2 
J3- 1 5 

J 1 -5,  8 
J 1  - 1 , 2 
J2 - 1 
J2 -5 
J3- 1 0, 1 1  
J3- 1 , 2 
J 1 -7 
J 1  - 1 , 2 
J 3-6 
J 3-3, 4 ,  1 4  

J 1 -6 
J 1 -2 
J 2-2 
J 2-9 
J3-9 
J 3- 1 2 
J3- 1 3 
J3- 1 9 

TO MODULE, 
CONNECTOR, 

PIN# 

A3J3-6 
A3J3-3 
A 1 J 1 - 1 3 

A3J3- 1 1 ,  1 2  
A3J3- 1 0  
AJJ3-2 1 , 2 2  

PLAYFI ELD 
PLAYFIELD 
CABINET 
CABINET 
BACKBOX 
BACKBOX 
PLAYFIELD 
PLAYFIELD 
BACKBOX 
BACKBOX 

PLAYFIELD 
PLAYFIELD 
CABINET 
CABINET 
A3J3-5t 
A4J4-1 5 
BACKBOX 
BACKBOX 

* Refer to Figure VI and Schematics. 
tVIA AB, J1-9, Sound module, Lost World and Later. 

FUNCTION 

A.C. LINE,  H IGH 
A.C.  LINE,  LOW 
A.C. LINE,  CONDUIT (SYSTEMS GROUND) 

+ 230 voe TO VOLT AGE REGULATOR 
+ 230VDC RETURN (GROUND) 
+ 1 90VDC RETURN (GROUND) 

+ 1 1 .9VDC TO VOLTAGE REGULATOR 
+ 1 1 .9VDC RETURN (GROUND) 
+ 5VDC RETURN (GROUND) 

7 .3VAC GENERAL ILLUMINATION 
GENERAL ILLUMINATION RETURN 
7 .3VAC GENERAL ILLUMINATION 
GENERAL I LLU M INATION RETURN 
7 .3VAC GENERAL ILLUMINATION 
GENERAL ILLUMINATION RETURN 
5 .4VDC FEATURE LAMP BUS 
GROUND 
5.4VDC FEATURE LAMP BUS 
SWITCHED ILLUM INATION RETU RN 

+ 43VDC SOLENOID BUS 
GROUND 
+ 43VDC SOLENOI D BUS 

SOLENOID RETU RN 
+ 43VDC TO FLIPPER RELAY A3K 1  
+ 43VDC ZERO CROSSING I NPUT TO MPU 
+ 43VDC SOLENOI D BUS 
SOLENOID RETU RN 

TABLE VIA - FUSE, TEST POINT, CONNECTOR LIST 

POWER TRANSFORMER MODULE REMOTE MODULE(S) 

FUSE TEST POINT CIFlCUIT TEST POINT CONNECTORS 

F1 ( 1 0A) TP 1 + 5 .4VDC COM MON FEATURE LAMPS 
F2 (3/4A) TP2 + 230VDC A3 TP4 A3 J3-6 
F3 (4A) TP3 + 1 1 .9VDC A3 TP5 A3 J3- 1 1 ,  1 2  
F4 (5A) TP5 + 43VDC A4 TP3 A4 J4- 1 5 
F5 (20A) TP4 + 7 .3VAC COMMON GENERAL ILLUMINATION 
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DIAG N OSTIC TABLE: 
REPAIR LEVEL: 

SOU N D  MODULE AS (LOST WO RLD AN D LATER) 
MODULE REPLACEM ENT 

CAUSE 

SYM PTOM I: No Sou nd.  

A)  Vol u me Control on 
M i n i m u m  

B) Speaker Pl ug 
Discon nected 

C) Supply Vol tage 
Absent 

D) Defective Sound 
Mod u le 

E) Lack of Cont i n u ity 

PROCEDURE 

Place game i n  Sound Mod u le Sel f-Test (Press Sel f-Test Swi tch on front 
door 4X). Adj ust vol ume control on Sound Modu le  for proper sou nd l eve l. 
Connect p l ug. Do step A), above . 

Measu re at TP1 , + 5 ± .25VDC. 
If absent, or out of l i m its, proceed to Vol tage Reg u lator D iagnost ic  
Tab le. Repa i r  and  repeat Sel f-Test . 
Measu re at TP4, + 43VDC ± 1 0% .  
I f  absent, proceed to Transformer Modu le  D iagnost ic  Table, repai r, 
repeat Se l f-Test . 
Measu re at TP3, + 1 2  ± 1 .2VDC. 
If absent, or out of l i m its, replace Mod u le .  
Use A ID1 . Probe i n put at  Sound Mod u l e  fo i l , adjacent to connector J 1 , 
p ins 1 ,  2, 3, 4, 8 and 1 2. If LED l ights, replace Sound Modu le. 
I f  LED does not l ight, use Schemat i cs and see F igure IV  to determ i ne 
reason for lack of cont i nu ity or short on l i ne. Repai r, repeat Sel f-Test . 
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I 

I .  INTRODUCTION 

The procedures contained herein are written for use by the Service Center that cannot justify the 
purchase of the fully automated module test equipment available from Bally. The procedures allow 
fault local ization , analysis and repair in an organ ized , direct manner. It is necessary to read , under­
stand ,  and follow the procedure step-by-step until a cause for the problem is determined and the 
remedy for the problem , as g iven in the procedure, is put into effect. The few minutes spent to read 
and understand the procedure will prevent problems and save time.  

Repai r  of  each of  the f ive (s ix, Lost Wor ld and Later) types of  electron ic  modu les used i n  the games 
is accompl ished by us i ng a known good game as a test-bed . (See Fi gu res I & I I , pages 4 and 5). The 
proced ures, when used with a set of mod u le schemati cs, fac i l i tate fau l t  local izat ion to the defective 
com ponent. Repa i r  is accompl ished by standard elect ron ic  modu le repai r  pract ices. A stock of 
rep lacement com ponents is necessary. The spec i f ic  memory (ROM/PROM) ch ips used for each d i f­
ferent game m ust also be stocked . An A I D  Kit is requ i red by the procedures . The modu les A I D  mate 
with J5 on the M PU modu le. The Kit is avai lable from the Bal ly Serv ice Department. Order AI D, Bal ly 
Kit #485-1 . No other spec ia l  ,tools or eq u i pment are req u i red . 

II . 

The repair procedures take advantage of the two test routines designed into the game. These are 
the MPU Self-Test and the Self-Diagnostic Test . 

A) The MPU Self-Test occurs on power-up. The MPU module examines itself for proper operation . 
The M PU goes thru a sequence where it does a check-sum on its read-only memory bank, 
exercises its read-write memory bank, exercises each peripheral input/output port, examines 
its inputs for the presence of l ine voltage zero crossings, and for the presence of d isplay inter­
rupts . If all is proper, the MPU module flashes the LED seven times * and announces play­
readiness with the game-up tune. If, at any point in the test, performance standards are not met, 
the test is stopped . The game wil l not play until repairs are made. Counting the number of flashes 
that occur on power-up is used for fault localization on the MPU module. 

I n  a known "good game' ,  this test is a measure of the MPU modules' abil ity to perform .  In a 
defective game, the test results can be misleading if certain output l ines are shorted to ground .  
I t  i s  necessary for purposes of the test procedures herein that the game used as a test-bed 
is known to be good . 

B) The Se l f-Diagnost ic  Test is a rout i ne that causes a known-good M PU module to 'exerc ise' each 
of the other electron ic  modules.  The symptoms tha t  arise when a defective module is tes ted 
are listed in each of the module diagnostic tables as a means to fau lt local izat ion to the defec­
t ive component. Di fferent port ions of the test are assoc iated with each of the fou r  types of 
modules. A f low chart for the com plete test is g iven in Fig ure I l l, page 7. The chart i l l ustrates 
the SEQUENCE of the Self-Diagnost ic  Test . I nstructions for enteri ng i nto the appropriate por­
t ion of the test are g iven i n  the f ig ure. The page numbers shown i n  the b locks are not app l i cable 
for use with this part ( I I )  of this manual . See Fig u re 1 ,  page 4 for locat ion of Sel f-Test button on 
door. 

C) The A I D  Kit, Bal ly Ki t #485-1 extends the usefu l l ness of the Se lf-Diagnost ic Test to locate defec­
t ive components. The A I D  modu les are pl ugged i nto J5 on the M PU module before turn i ng the 
power on.  
AI D 1  is entered from the Self-Diagnostic Test by pressing S33 on the MPU module. AI D 1  
permits on-module signal continuity and functional checks under digital operating conditions.  
The test probe is cl ipped to TP 1 and is placed in the circuit under test as detai led in the module 
d iagnostic tables. The LED on the M PU module lights if operation in the circuit is proper. The 
tables detail the corrective action to be taken if the LED does not l ight. 

· When a properly operat i ng game is in the AI D1 mode, al l  switched i ncandescent d isplay lamps 
and the d ig i tal  d isplay pane ls on the Display Driver Module are oft. A h u m m i ng noise may be 
heard . It is normal for the sou nd to stop as the probe is p laced i n  various c i rcu i ts i n  the game. 

*The LED flash sequence i s  flicker /flash, pause, flash 6X and turn "OFF".  
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IMPORTANT: The only exit from AID 1  to the normal operating game routines is by way of the 
ON-OFF switch . Simply, position the toggle to "OFF" and then again to "ON" . 
Normal games routines or the Self-Diagnostic Test routine are then available.  

A I D2A is used duri ng trouble shoot i ng of the M PU module. It  is p lugged i nto J5  before power 
is turned ON. It is used to detect bus l i ne fau lts on the add ress, data and Read/Write l i nes as 
d iscussed i n  the M PU module d i agnost ic  tables. 

Il l . SERVICE HINTS, GENERAL: 

A) VISUAL INSPECTION prior to servicing can often minimize service time requirements .  Inspect 
modules for overheated components, swollen capacitors and physically damaged parts . 

B) Schematics and parts l ists are essential to module servicing . Component reference designa­
tions made in the d iagnostic procedures are the same as those used on the schematics and in 
the parts l ists . Solenoid and switch assembly reference numbers are g iven in the tables stapled 
in the backbox. 

' 

C) No special tools are required for servicing .  A 20,000 Ohm/Volt meter, Simpson Model 260 or 
equivalent, jumper-leads, and hand tools ( including a grounded element soldering iron) are 
considered standard servicing tools. 

D) Read all of the Module Symptoms in the Module Diagnostic Table before attempting to make 
a d iagnosis . Study the symptoms presented by the defective module. Fol low the procedure 
associated with the most appl icable symptom description in the Module Diagnostic Table. 

E) Make a record of all bookkeeping functions before using A ID1 . When using AI D 1 , a noise pulse 
induced on the line under test can occasionally cause the M PU to 'jump the track' . If th is 
happens, turn off the game, and reenter AI D 1  through the Self-Test routine.  

F) The MOS and CMOS devices used in the modules are susceptible to damage from static d is­
charge. Ground yourself, your workbench and the module under repair. Touching the ground 
braid in the game or the conduit in the work area frequently is a good practice .  Use a grounded 
element soldering iron to make repairs . 

G) Cl ip out defective transistors and integrated circuits not in sockets to facil itate removal and 
prevent damage to the printed circuit boards.  

H) Use care not to flex printed circuit boards . Damage to fo il or plated through holes can result from 
careless handling . 

NOTE: It is assumed that the technician knows how to use an ohmmeter and that he knows that 
the power must be turned off before attempting to do so . It is further assumed that the tech­
n ician can exercise proper caution when using a voltmeter to measure the l ine voltage and 
the high voltage in the Display Driver and Solenoid Driver /Voltage Regulator modules. 

The procedures given herein are not al l- inclusive . Faults such as intermittent operation due to poor 
solder joints must be left to the technicians ingenuity to d iscover. 
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MPU MODULE A4 

GEN ERAL 

An MPU Self-Test occurs on power-up .  Positioning the ON-OFF switch on the game to the "ON" 
position in itiates the test. Successful completion of the test is indicated by seven flashes * of the LED 
(Light Emitting Diode) on the module . Figure A4- 1 d irects the serviceman to the proper entrance point 
in the d iagnostic table for less than seven flashes. It is necessary to read , understand ,  and follow the 
procedure step-by-step until a Gause for the problem is determined and the remedy for the problem , 
as g iven in the procedure,  is put into effect. The few minutes spent to read and understand the pro­
cedure wi l l  prevent problems and �ave t ime later. 

During certain steps in the procedure,  it is necessary to determine the condition of the address, data 
& read/write l ines (bus). Each l ine · is examined lor the following faults : Inputs 'stuck' h igh or low 
(shorted to ground),  shorts to adjacent leads and continuity between devices on the bus. The 
procedure also examines the status (good or failed) of several decoding integrated circuit inverters,  
buffers and gates on the A9 -A1 2 address l ines.  To accomplish this testing with the use of a voltmeter, 
bus lead connection points are provided by means of J5 .  Continuity between devices on the bus is 
ascertained by the use of T�ble A4- 1  (or the schematic) and a voltmeter. 

An A I D2A module ,  used to locate bus l i ne fau lts on M PU address , data and read/write l i nes is i n­
c l uded i n  the A ID Kit ,  part #485-1 ,  avai lable from Bal ly, or may be m ade by the user. (Fig .  A4-2) 

The A I D2A modu le is con nected before the game is turned on. It is used to ground the HALT l i ne .  
When the game is tu rned on ,  the address, data and read/write bus l i nes al l go to a h igh  i m pedance 
state and the VMA l ine goes low. In this state , the cl ip lead on the resistor COMmon can be used to 
make all bus l ines high (cl ip to + 5 V) or low (clip  to GND). When h igh,  continuity to the pins of any 
device on the bus can be read with a voltmeter. Lines 'stuck' low due to a failed device become 
'visible ' to the voltmeter. When the clip is connected to ground, l ines 'stuck' high due to a failed 
device also become 'visible ' .  

The GND is used to find adjacent lead shorts . The resistor COMmon lead is connected to + 5 V.  
The GND lead is connected to each resistor, one position at a time. With the lead on a g iven resistor, 
a short to an adjacent line will result in a reading of Zero on the adjacent l ine. All other l ines will read 
approximately + 5 voe. 
Visual inspection can usually locate solder-splash adjacent l ine shorts . Removal of socketed inte­
grated circuits one at a time locates fai led devices on the l ine. 

The MPU Self-Test is supplemented by the PIA 'B'  Port procedure g iven in A4-IX. This procedure 
M UST be performed each time an MPU Module is tested. See Figure A4- 1 . Successful com pletion 
of the MPU Self-Test does not guarantee that the MPU module is good. Successful completion of 
both the MPU Self-Test and the PIA 'B' Port procedure, however, does mean that the MPU module 
is good . The AID 1  module is used in this procedure . 

* The flash sequence is flicker /flash - paus€ and then 6 more flashes. The LED is turned 'off' after the 
seventh flash. 

MPU-MODULE-TEST SERVICE HINTS 

A) Voltages shown on schematic are typical operating voltages after the power-up MPU Self-Test 
is complete. They are dynamic in nature and represent the voltmeters response to a digital 
information flow at a particular point in the game program . Voltage at the output of a failed device 
will d iffer from the voltages shown . The voltages shown on the schematic are, therefore, a 
useful touble shooting aid and must be used for reference. 

B) . The trouble shooting procedures are slanted towards ease of maintenance . If either of two 
devices could be the cause of malfunction , and one is soldered into the circuit and the other is 
inserted in a socket, the procedure will advise substitution of the socketed device first . See 
Caution . 
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TC? Update AID2 Module to AID2A: 

DRILL .030" 

FASTEN ALLIGATOR CLIP 
TO PIN 33 TO TEST 

AS-2518·35 M PU 
MODULE. 

(§4 

ADD 1 .2 K Q ,  
1 /4 w 

I 

TACK 
SO LDER 

llflftll-/l 

P I N  33: DRILL . 1 00 "  CLEARANCE HOLE IN LINE 
WITH MALE CON N ECTOR PIN CLEARANCE HO LES. 
BUTT DRILL AGAINST END OF CO N N ECTOR. 

R/W 

TACK SO LDER TO 
COMMON BUS, 
UN DER SIDE 
OF AI D2. 

To Update AI D1 Module 

REPLACE U 1 ,  E·720·14 with 
E-720·31 ,  AVAI LABLE FROM 

BALLY DISTRIBUTOR. 

FIG U RE A4·2: CONVERSION OF AID KIT #485 TO AID KIT #485·1 

C) When substitution of a socket mounted device with a known -good replacement does not solve 
the problem , the device removed should be set aside and retested later in a known -good 
module . See Caution . If the device tests good,  it should be returned to stock. If bad , it is recom­
mended that several leads be cut off before discarding to mark the device as defective . 

D) A part number is on each ROM (or PROM), U 1 -U6 incl . ,  used in the game. Each ROM (or PROM) 
can only be replaced with a ROM (or PROM) with an identical part number. Fai lure to do so 
wi l l  cause improper game operation. 

E) It is assumed that the repairman wi l l  turn off the power before using an ohmmeter, removing or 
inserting an integrated circuit or in it iating repairs . 

· CAUTION : MOS AND CMOS integrated circuits are damaged by static charges. It is good practice 
to ground yourself to the braid in the game before removing or inserting an integrated 
circuit ,  to conduit -ground your work surface (bench ) and tools. A grounded element 
soldering iron is also necessary. 
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DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

CAUSE 

MPU MODULE - A4· 1 ,  POWER-UP PROCEDURE 
COMPONENT REPLACEMENT 

PROCEDURE 

SYMPTOM IA: LED always off (does not flash on Power-up). 

A) Power supply l ine 
fault on module 

Open on + 1 1  .9VDC 
l ine 
Short on + 1 1  .9VDC 
l ine 

B) Power supply l ine 
fault on module 

Open + 5VDC l ine 

Short on + 5VDC l ine 

C) Fault in LED circuit 

Measure at TP2 : + 1 1 .9 ± 1 .4VDC. If correct, go to B). 
If absent, measure + 1 1 .9 ± 1 .4VDC at A3, TP5, Voltage Regulation /  
Solenoid Driver module. 
If prese.nt , locate and repair open between connector and TP2 on MPU 
module. Retest module. *  
I f  absent , fault should be visible, such as a solder splash caused during  
repair. Locate and remove short ,  replace fuse F6, Power Transformer 
module . Retest MPU module. *  
I f  1 1  .9VDC i s  present, measure at A4, TP 1 : + 5 ± .25VDC. I f  correct, 
go to C).  
If absent, measure 5 volts at A3, TP 1 , Voltage Regulation/Solenoid 
Driver module. 
If present at A3, TP 1 , locate and repair open between connector and 
TP 1 on MPU module. Retest module. *  
I f  absent at A3, TP 1 , use standard trouble shooting techn iques t o  locate 
short on + 5 volt d istribution circuit on M PU module. Socketed integrated 
circuits can be removed one at a t ime to locate fault . See CAUTION note 
in Service H ints. 
If voltage at TP 1 is correct, remove U 1 1  and retest module. *  
I f  LED l ights, replace U 1 1 and retest module. 
If LED does not l ight ,  check Q2 and CR8 for proper operating voltages. 
Replace Q2 or CR8 as appropriate and retest module. * 

SYMPTOM 18:  Erratic Game operation . LED on contin uously. Lamps flash or flicker, 
Solenoids pull - in , dropout. Displays may be energized. 

Fault on BUS l ine CAUTION : Turn game OFF. Continuous operation of impulse solenoids 
causes permanent damage. Disconnect Solenoid Driver /Voltage Reg­
ulator module input connector A3-J4 .  Do procedures A4-l l ,  Symptom l lA 
page 30. 

SYMPTOM IC: LED "ON" continuously J 

A) Fault in clock circuit Measure at U 9 ,  pin 3 :  2 .4VDC and at U 9 ,  pin 36 : 2 .6VDC (¢1 and ¢2 , 
or clock buffers clock circuit). 

If correct, go to IC), step B). 
If absent, measure the voltages as shown on the schematic at U 1 6 , pins 
4, 5 and 1 0. If correct, go to line below 'Open Capacitor. ' 
If incorrect , check C 1 4 and C 1 5 with an ohmmeter by unsoldering and 
lift ing one lead . 

Shorted capacitor If C 1 4 or C 1 5  is shorted ,  replace and retest module . *  
I f  C 1 4  & C 1 5  are not shorted , replace U 1 6. 

U 1 6  defective If voltages at pins of U 1 6  are now correct , retest module . *  
U 1 5  defective If voltages at pins of U 1 6  are sti l l incorrect, replace U 1 5. 

If correct, retest module . *  
Open capacitor If incorrect after replacing U 1 5 , replace C 1 4 and C 1 5 . Retest module. *  

I f  voltages at U 1 6 , pins 4,  5 & 1 0  are correct , remove U9 from the socket . 
U 9  defective If voltages at U9 socket, pins 3 & 36 are now correct , replace U9 & 

retest module . *  
U 1 5  defective If voltages at U9 ,  pins 3 & 36 are not correct, replace U 1 5 . Reinsert U9  

and retest module . *  

* If LED flashes 7X, do A4-IX. 
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DIAGNOSTIC TABLE: MPU MODULE - A4- I ,  POWER-UP PROCEDURE 
REPAIR LEVEL: COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYM PTOM IC: LED "ON" continuously (Cont'd . )  

B) Fault on or affecting 
Reset l ine 

C) 

D) 

E) 

Defective component 
in Val id Power 
Detector Circuit 

U8 ,  U 9 ,  U 1 0 , or U 1 1 
defective 

Open on Reset l ine 

Sho rt on Reset l ine 

Fault on HALT l ine 

U 9 defective 

Fault on VMA l ine 

U9 defective 

Fault in VUA-¢'2 
circuit 

F) Fault on BUS l ine 

DIAGN OSTIC TABLE:  
REPAIR LEVEL:  

CAUSE 

Measure on Reset l ine ,  U 9 ,  pin 40 : 4 .8VDC (Approx. ) .  
If correct , go to IC} ,  Step C) .  
If absert , use schematic and voltmeter to verify proper operation of Val id 
Power Detector circuit ,  VR 1 ,  0 1 , and 05.  Collector of 05 should read 
4.8VDC . 

If defective component is located in Val id Power Detector circu it ,  replace 
com ponent and retest module . * 
If Val id Power Detector circuit voltages agree with schematic,  but Reset 
l ine is low, remove U8, U 9 , U 1 0  and U 1 1 , one at a t ime,  from their 
sockets . 

If voltage at U9 socket , pin 40 goes to 4.8VDC, last integrated circu it 
removed was defective . Replace and retest module . *  
I f  voltage at U9 ,  pin 4 0  i s  sti l l  not correct , check for contin uity between 
05,  U 8 ,  U 9 ,  U 1 O & U 1 1 . If incorrect ,  determ ine reason for lack of con ­

t inuity . Repair, retest module . *  I f  continu ity i s  correct , check Reset l ine 
(U9, pin 40) to ground with an ohmmeter. 

If l ine is shorted to ground,  locate and remove short .  Reinsert U 8 ,  U 9 ,  
U 1 O and U 1 1 . Retest module . *  

I f  Reset l ine i s  correct , measure at U 9 ,  pin 2 :  4 .95VDC (HALT) . 

If incorrect , replace U 9  and retest module . * 

If HALT l ine is correct , measure at U 9 ,  pin 5 :  2 .8VDC (VMA l ine) .  
I f  incorrect , toggle on -off switch several t imes.  Observe VMA l ine.  
I f  in itial ly correct and then incorrect , go to (F} ,  below. 

I f  incorrect , replace U9 ,  retest module . * 
If st i l l  incorrect , go to (E)  below. 

If VMA l ine is correct , use voltmeter and schematic to verify proper oper­
ation of VUA-</>2 circuit, U 1 4D,  U 1 98,  U 1 5C and D. 
I f  incorrect, locate and replace defective component in VUA-<1>2 circuit ,  
retest module. * 

Do A4-l l ,  Symptom l lA. 

MPU MODULE - A4- l l ,  ROM /PROM P ROCEDURE 
COMPONENT REPLACEMENT 

PROCEDURE 

SYM PTOM l lA:  LED fl ickers briefly on Power-up.  

A) Fault in memory bank. 
U 1 , 2, 3, 4, 5 or 6 or 
U7 or  8 defective 

8) Fault in P IA U 1 0  or 
- U 1 1 

C) U 9 failure to execute 

If LED does not flash , replace U 1  -6 , U 7 ,  and U 8 ,  one package at a t ime.  
Repeat Power-up sequence after each substitution . 
CAUTION : Each ROM or PROM m ust be replaced with a part with an 
identical part number. If .LED flashes ?X, last integrated circuit replaced is 
defective . Retest module . *  

I f  LED does not flash , remove and replace U 1 O and U 1 1 , o n e  package at 
a t ime.  Repeat Power-up sequence after each substitution .  
If LED flashes 7X, U 1 0 or U 1 1  i s  defective . Retest module . *  

I f  L E D  does not flash , remove and replace U 9 .  Repeat Power-up 
sequence.  
If LED flashes 7X, U 9  is defective. Retest module . *  

*If  LED flashes 7X, do A4-IX. 
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DIAGNOSTIC TABLE:  MPU MODULE - A4-l l ,  ROM /PROM PROCEDURE 
REPAIR LEVEL: COMPONENT REPLACEMENT 

C AUSE PROCEDURE 

SYM PTOM l lA:  LED flickers briefly on Power-up. (Cont 'd.)  

D) BUS associated 
fai lure 

If LED does not flash, go to A4- l l ,  BUS-Associated Fai lure Procedure. 

SYMPTOM 1 18:  LED flickers briefl.y, goes off and then comes on continuously. 
Erratic operation : Lamps flash or fl icker, solenoids pul l - in ,  drop out. 

Fault on BUS l ine Do A4-l l ,  BUS-Associated Fai lure Procedure .  

A4- l l .  BUS-ASSOCIATED FAILURE PROCEDURE, PROM/ROM TEST 

1 )  Tu rn off Power. I nstal l AI D2A mod u le o n  MPU con nector J5.  

2) Con nect the res istor COM mon lead to GND loop on the AI D2A mod u le. Tu rn on Power. 

3) Probe res istor loops A0 thru A131 D0 thru D7 and R/W on AI D2A with a vo l tmeter. Al l loops m ust 
read 1 .2 vo l ts or less. (At th is  poi nt  i n  the test, devi ces U 1 -1 1 have been replaced and are known 
to be good .) 
I f  correct ,  go to 5. 
I f  a l i ne reads greater than 1 .2 vol ts, check for a solder splash to an adjacent,  h igh  lead on the 
m od u le. I f  a solder splash is fou nd ,  repai r, remove A I D2A, retest mod u le.* 

4) Address l ines Ag , 1 0 , 1 1 , and 1 2 , the VUA-4>2 '  and the R/W l ine have logic gate inputs connected 
to them . Ag , 1 0 ,  11 , 1 2 , VUA-</>2 ' and A/W are associated with U 1 7 ; Ag , 1 1 , 1 2  and R /W with 
U 1 8 ; Ag and 12 with U 1 9 . 
I f  add ress l i nes A9 , 10 , 1 1 ,  12 or the R/W l i ne do not have a solder splash, remove the assoc i ated 
i nteg rated c i rcu i t(s) from the l i ne (c l i p  out part). Rep lace part(s), remove AI D2A, retest m odu le.* 

5) Con nect res istor COM mon lead to the + 5 V. loop on A I D2A. 

6) Probe resistor loops A0 thru A13, D0 thru D7 and R/W on AI D2A with a vol tmeter. Al l loops m ust 
read 4 vol ts or more. If correct, go to step 8. If a l i ne reads O VDC, check for solder splash to 
ground or to an adjacent lead held low. If  present,  repai r, remove A I DA, retest mod u le. ·

· u not 
present, go to 7.  

7) Repeat step 4, above. 

8) Con nect the G ND lead to D1 on A I D2A. Probe D6-D0, A14-A0, R/W i nc l .  on AI D2A with a vo ltmeter. 
Al  I loops must read 4 vol ts or more. Any lead that does not is shorted to 07 by a solder sp lash.  
Repa i r, remove AI D2A, retest mod u le.* 

NOTE: A1 2  could be shorted to VUA-�2 '  if U 1 7  A were defective. If shorted , A1 2  reads 1 .8 voe. 
Replace U 1 7 .  Remove test connector, retest module. * 

9) Repeat step 8, GND lead con nected to each of D6-D0, A1 4-A0, R/W, one at a t i me. I f  shorted adj a­
cent leads are fou nd ,  repair ,  rem ove AI D2A and retest modu le.* 

1 0) Discon nect the G N D  lead . Use Table A4-1 and a vo l tmeter. Check bus l i ne cont i nu i ty as fol lows : 

A) Read 4 VDC or greater at U9, p ins 9-20, 22, 23 and 26-34 i nc l .  Absence of a read i ng means 
lack of cont i n u i ty. I f  lack of cont i n u i ty exists, repa i r , remove AI D2A, retest modu le.* 

B) Repeat readings (4 volts or greater) at U 1 ,  pins 1 - 1 1 ,  1 3- 1 7 and 23. Temporarily connect 
TP 1 1 k Q pull -up (use test lead) to TP7 (R1 36 at the end that goes to J5) .  Read U 1 ,  pin 1 8  
as 1 .8 VDC. Remove test lead . Read pins 1 9  and 20 as 4 VDC or greater. 
If any of the vol tage read i ngs are absent,  repai r  the lack of cont i n u i ty or fa i led log ic  device 
U1 7, 1 8  or 1 9, remove AI D2A, retest modu le.* 

* If L E D  flashes 7X,  do A4-IX. 

30 



TABLE A4-1  BUS-ASSOCIATED FAILURES 

B US LINE CPU- ROM/PROM, PINS RAM 

UNDER TEST U9, PIN U1 U2 U3 U4 us U6 U7, PIN 

Ao 9 8 8 8 8 8 8 23 

A1 1 0  7 7 7 7 7 7 22 

A2 1 1  6 6 6 6 6 6 2 1  

A3 1 2  5 5 5 5 5 5 20 

A4 1 3  4 4 4 4 4 4 1 9  

As 1 4  3 3 3 3 3 3 1 8  

As 1 5  2 2 2 2 2 2 1 7  

A7 1 6  1 1 1 1 1 1 1 5  

As 1 7  23 23 23 23 23 23 

As 1 8  2 1  21 1 9  1 9  2 1  2 1  1 0  

A 1 0 1 9  1 9  1 9  2 1  2 1  1 9  1 9  1 1 

A1 1  20 20 20 20 20 20 20 1 2  

A1 2  I 22 1 4  

D o 33 9 9 9 9 9 9 2 

D 1 32 1 0  1 0  1 0  1 0  1 0  1 0  3 

D 2 3 1  1 1  1 1  1 1  1 1  1 1  1 1  4 

D 3 30 1 3  1 3  1 3  1 3  1 3  1 3  5 

D4 29 1 4  1 4  1 4  1 4  1 4  1 4  6 

D s 28 1 5  1 5  1 5  1 5  1 5  1 5  7 

D s 27  1 6  1 6  1 6  1 6  1 6  1 6  8 

D 7  2 6  1 7  1 7  1 7  1 7  1 7  1 7  9 

R/W 34 1 6  

A1 2  -(VUA-c/>2' )  1 8  1 8  1 8  1 8  1 8  1 8  

VUA-<1>2 ' 1 3  

NON 1/0 1 /0 

B US LINE VOLATI LE RAM PIA PIA 

UNDER TEST US, PIN U1 0, PIN U11 ,  PIN 

Ao 4 36 36 

A 1 3 35 35 

A2 2 
A3 1 22 
A4 2 1  2 2  

As 5 
As 6 
A7 7 24 24 

D o 33 33 
D 1 32 32 

D2 3 1  3 1  

D 3 30 30 

D4 9, 1 0  29 29 

D s 1 1 , 1 2  28 28 

Ds 1 3, 1 4  27  27  

D 7  1 5, 1 6  26 26  

A1 2 -As 23 23 
As -A1 2 -VUA-c/>2 '  1 9  
RESET 1 7  
VUA-<1>2 ' 25 25 
R/W 20 2 1  2 1  

A1 3 
H LT 
R/W 1 8  
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A4-l l .  BUS-ASSOCIATED FAILURE PROCEDURE, PROM/ROM TEST (Cont 'd. )  

C) Repeat (B) for U2-U6 i nc l. The bar over 21 (or 19 or 20, see table A4- 1 )  req u i res that the 
res istor COM mon on AI D2A be tem porari ly con nected to the G ND loop. Read 4 VDC or 
greater. Repair lack of cont i n u i ty. Remove AI D2A, and retest mod u le.* 

D) Read 4 VDC or greater at U1 0, U1 1 ,  p ins 21 -24, 26-33, 35 and 36. Absence of a read i ng 
means lack of cont i nu ity. If lack of cont i nu ity exists, repai r, remove AI D2A, retest modu le.* 

E) Tem porari ly con nect TP1 , 1 k  Q pu l l -up (use test lead) to TP7 (R1 36 at end that goes to 
J5) .  Read U10, U1 1 ,  pin 25 as 1 .8 VDC. Repair  lack of cont i nu i ty. Remove AI D2A, and 
retest mod u le.* 

DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

MPU MODULE - A4-l l l ,  RAM PROCEDURE,  NMOS 
COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I l l .  LED flashes once on Power-Up.  

A) Fau lt in  RIW memory 
U7 defective 

B) U 9  fai lure to execute 
U9 defective 

C) U 1 0 or U 1 1  defective 

D) BUS associated 
fai lure 

Replace U 7 .  
I f  LED flashes ? X  o n  power-up ,  replaced integrated circuit i s  defective . 
Retest module. * 
If LED flashes once on Power-U p, replace U9 .  
I f  LED flashes ?X on Power-U p, retest module . * 
If LED flashes once on power-up ,  replace U 1 0, U 1 1  one at a time. 
If LED flashes ?X on power-up, U 1 0  or U 1 1  was defective ; retest 
module. * 
If LED flashes once on power-up,  go to A4-l l l ,  BUS-Associated Fai lure 
Procedure .  

A4-ll l . BUS-ASSOCIATED FAILURE PROCEDURE, RAM TEST 

1 )  Tu rn off power. I nstal l AI D2A o n  M PU connector J5 .  

2) Connect the resistor COMmon lead to GND loop on the AID2A module. Turn on po wer. 

3) Probe RIW res istor loop on A I D2A with a voltmeter. The loop m ust read 1 .2 vo lts or less. (At th is  
poi nt i n  the test , devices U7,  9, 10  and 1 1  have been replaced .) I f  correct, go to 5. 
I f  the l i ne reads greater than 1 .2 vol ts check for a solder splash to an adjacent, h igh lead on the 
mod u le .  Repair, remove A I D2A, retest modu le .* 

4) If the RIW l i ne does not have a solder splash, remove the associated i ntegrated c i rcu i t  U 1 8  from 
the l i ne (c l i p  out  part). Replace part,  remove AI D2A, retest mod u le.* 

5) Connect resistor COMmon lead to the + 5 V. loop, A I D2A. 

6) Probe RIW res istor loop on A I D2A with a voltmeter. The loop m ust read 4 volts or more. I f  cor­
rect,  go to 8. If the l i ne reads 0 VDC, check for so lder splash to ground or to an adjacent lead 
he ld low. Repair, remove AI D2A, retest modu le.* 

7) Repeat step 4, above. If good , go to step 8. 

8) Con nect the G ND lead to RIW on A I D2A. Probe D1-D0, A14-A0 i nc l . ,  on AI D2A with a voltmeter. 
A l l  loops m ust read 4 volts or more. Any lead that does not is  shorted to RIW by a solder splash. 
Repair, remove AI D2A, retest modu le.* 

9) D iscon nect the GND lead. Use Table  A4-1 and a voltmeter. Check bus l i ne cont i nu i ty as fol lows: 

Read 4 VDC or greater at U7, p ins  2-9, 1 1 , 1 2  and 1 4-23, i nc l .  Absence of a read i ng means 
lack of conti n u i ty. Tem porari ly  connect TP1 , 1 k Q pu l l -up (use test lead) to TP7 (R1 36 at 
the end that goes to J5) .  Read U7, p i n  1 3  as 2.2 VDC. Absence of a read i ng means lack of 
cont i n u ity. Remove tes1 lead. The bar over 1 0  (see table A4-1 ) req u i res that the res istor 
COM mon on AI D2A be tem porari ly  con nected to the G ND loop. Read 4 VDC or greater. 
Absence of a read i ng means lack of cont i nu ity. 
I f  lack of cont i nu ity ex ists, repair, remove AI D2A, retest mod u le.* 

* If LED flashes 7X,  do A4-IX. 32 



DIAGNOSTIC TABLE: MPU MODULE - A4·1V, RAM PROCEDURE , CMOS 
REPAIR LEVEL: COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM IV. LED flashes twice on power-up. 

A) Fault in  R/W memory 
U8 defective 

B) U9 fai lure to execute 
U9 defective 

C) U 1 0 or U 1 1  defective 

D) BUS associated 
fai lure 

Replace U8.  
If  LED flashes 7X on power-up, integrated circuit is defective. 
Retest module . * 
If LED flashes twice on Power-up, replace U9 .  
I f  LED flashes 7X on power-up, retest module . *  
I f  LED flashes twice on  power-up ,  replace U 1 0, U 1 1 ,  one at a time .  
I f  LED flashes 7 X  o n  power-up, U 1 0  o r  U 1 1 was defective ; retest 
module . * 
If LED flashes twice on power-up,  go to A4-IV, BUS-Associated Fai lure 
Procedure . 

A4-IV.  BUS-ASSOCIATED FAILURE PROCEDURE, RAM TEST 

1 )  Turn off power. I nstal l A I D2A m0du le  o n  M PU connector J5. 

2) Connect the resis tor COMmon lead to GND loop on the AID2A module. Tu rn on power. 

3) Probe RIW resistor loop on AI D2A with a voltmeter. The loop m ust read 1 .2 volts or less. (At th is  
poi nt in  the test , devices U8,  9 and 1 0  have been replaced.) I f  correct, go to 5.  I f  the l i ne reads 
greater than 1 .2 volts, check for a solder splash to an adjacent, h igh lead on the modu le .  Repai r, 
remove A I D2A, retest modu le.* 

4) If the RIW l i ne does not have a solder splash, remove the assoc iated i ntegrated c i rcu itry U 1 8  
from t h e  l i ne (c l i p out part). Replace part, remove A ID2A, retest module.* 

5) Con nect res istor COM mon lead to the + 5 V. loop on AI D2A. 

6) Probe RIW resistor loop on A I D2A with a voltmeter. The loop m ust read 4 volts or (TlOre. If cor­
rect, go to 8. If the l i ne reads O VDC, check for solder sp lash to grou nd or to an adjacent lead 
held low. Repai r, remove A I D2A, retest modu le.* 

7) Repeat step 4, above.  If good , go to step 8. 

8) Con nect the G ND lead to RIW on A I D2A. Probe D1-D0, A14-A0 i nc l .  on AI D2A with a voltmeter. 
A l l  loops must read 4 volts or more. Any lead that does not is shorted RIW by a so lder splash. 
Repai r, remove AI D2A, retest modu le .* 

9) Discon nect the G ND lead . Use Table A4-1 and a voltmeter. Check bus l i ne cont inu i ty as fol lows: 

Read 4 volts or greater at U8, p i ns 1 -7, 9-1 7, 20 and 21 . Read p i n  1 9  as 2.6 voe. The bar over 
RIW at 1 8  (see table A4-1 ) requ i res that the resistor COM mon on AI D2A be con nected to 
the G ND loop. Read 4 VDC or greater. 

I f  any of the voltage read i ngs are absent,  repai r the lack of cont i nu i ty or replace the fai led 
log i c  device U8 or associated log ic  devices U 1 7, U 1 8  or U 1 9; remove A I D2A, retest 
mod u le.* 

* If LED flashes 7X, do A4-IX. 
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DIAGNOSTIC TABLE: MPU MODULE - A4-V,  PIA U1 0 PROCEDURE 
REPAIR LEVEL:  COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM V. LED flashes 3X on Powsr-up. 

A) Defective I I 0 circuit 
U 1 0 defective 

B) U9 failure to execute 
U9 defective 

C) Fault on output l ine 

Defective capacitor or 
shorted l ine 

D) Fault on �nput l !ne 

Replace U 1 0. 
If LED flashes 7X on Power-up, retest module.* 
If LED fl.ashes 3X on Power-up,  replace U 9 .  
I f  LED flashes 7 X  o n  Power-up, retest module.* 
If LED flashes 3X on Power-up, remove U 1 0, use schematic and ohm­
meter to check output l ines at U 1 0 socket, pins 2-9, for shorts to ground . 
If shorted capacitor or solder-splashed l ine is found,  reprace/repair. 
Retest module.* 
If output l ines are correct, go to A4-V, BUS-Associated Fai lure Procedure . 

A4-V.  BUS-ASSOCIATED FAILURE PROCEDURE, PIA U1 0 TEST 

1 )  Turn off power. I nstal l A I D2A module o n  MPU con nector J5.  

2)  Con nect the res istor COM mon lead to the + 5 V. loop on the AI D2A modu le. Turn on power. 

3) Use Table A4-1 and a vo ltmeter. 

A) Read 4 VDC or greater at U10, p ins 21 -24, 26-33, 35 and 36 i nc l .  Absence of a read i ng means 
lack of cont inu ity. I f  lack of cont i n u i ty ex ists, repair ,  remove AI D2A, retest modu le.* 

B) Tem porari ly con nect TP1 , 1 k Q pu l l -up (use test lead) to TP7 (R1 36 at the end that goes to 
J5) .  Read U10, p in  25 as 1 .8 VDC. Remove test lead . 

If any of the vol tage read i ngs are absent, repair  the lack of cont inu ity or fa i led log ic  device 
U1 7, remove AI D2A, retest the modu le.* 

DIAGN OSTIC TABLE:  MPU MODULE - A4-VI , PIA U1 1 PROCEDURE 
REPAIR LEVEL:  COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYM PTOM VI . LED flashes 4X on Power-up.  

A) Defective I I 0 circuit 
U 1 1  defective 

B) U9 fai lure to execute 
U9 defective 

C) Fault on output l ine 

D) Fault on input l ine 

Replace U 1 1  . 
If LED flashes 7X on Power-up, retest module.* 
If LED flashes 4X on Power-up, replace U9 .  
If LED flashes 7X on Power-up, retest module.* 
If LED flashes 4X on Power-up, use ohmmeter and schematic to check 
output l ines at U 1 1  socket, pins 2 -9 for shorts to ground .  
If shorted capacitor or  solder-splashed l ine is  found,  replace/repair. 
Retest module.* 
If output l ines are correct, go to A4-VI , BUS-Associated Fai lure Pro­
cedure . 
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A4-VI. BUS-ASSOCIATED FAILURE PROCEDURE , PIA U1 1 TEST 

1 )  Tu rn off power. I nstal l AI D2A modu le  on M PU connector J5. 

2) Connect the resistor COM mon lead to the + 5 loop on the A I D2A module. Tu rn on power. 

3) Use Tab le A4-1 and a vo l tmeter. 

A) Read 4 VDC or greater at U1 1 ,  p ins 21 -24, 26-33, 35 and 36 i nc l . Absence of a read i ng means 
lack of cont i nu i ty. I f  lack of cont i nu ity exists, rerai r. Remove AI D2A, retest modu le .* 

B) Tem porari ly con nect TP1 , 1 k Q pul l-up (use test lead) to TP7 (R1 36 at the end that goes to 
J5) . Read U1 1 ,  pin 25 as 1 .8 VDC. Remove test lead. 

If any of the vol tage read i ngs are absent, repai r the lack of cont i n u i ty or fa i led log ic device 
U1 7, remove AI D2A, retest the modu le.* 

DIAGNOSTIC TABLE: 
REPAIR LEVEL:  

MPU MODULE - A4-Vll ,  DISPLAY I NTERRUPT CIRCUIT PROCEDURE 
COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM VI I .  LED flashes 5X on Power-up.  

A) Fault in interrupt 
circuit 
Open or shorted l ine 

U 1 1 defective 
8) U9 fai lure to execute 

U9 defective 
C) Fault in interrupt 

generator circuit 
Open l ine 

Defective U 1 2 
Defective capacitor 

'
use Ohmmeter to affirm continuity between U9 ,  pin 4 and U 1 1 ,  pins 37 
& 38. Measure from U9,  pin 4 to ground to check for short. 
If incorrect, repair open or short condition . Retest module . *  
I f  correct, replace U 1 1  . . 
If LED flashes 7X on Power-up, r�test module. * 
If LED flashes 5X on Power�up, r�place U 9 .  
I f  LED flashed 7 X  o n  Power-up, retest module. * 
If LED flashed 5X on Power-up ,  check voltage .at U 1 2 against voltages 
shown on schematic. 
If correct, use ohmmeter to determine reason for lack of continu ity to 
U 1 1 ,  pin 40.  Repair, retest module . * 
If voltages at U 1 2  are incorrect, replace U 1 2 . 
If LED flashes 7X on Power-up, retest module . *  
I f  LED flashes 5 X  replace C 1 6 and C 1 7 .  Retest module. * 

DIAGNOSTIC TABLE: MPU MODULE - A4-Vl l l , (LAMP AND SOLENOID INTERRUPT) 
ZERO C ROSSING CIRCUIT 

REPAIR LEVEL:  COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM VI I I .  LED flashes 6 X  o n  Power-up. 

A) Fault in interrupt 
circuit 
Open l ine 

Defective U 1 0 
8) Fault in Zero Crossing 

Detector circuit 

Use Oh m meter to aff i rm cont i n u i ty between U1 1 ,  p ins 37 and the fol low­
i ng :  U1 1 ,  p i n  38; U10, p in  37; U10, p i n  38; U9, p in  4. Measure to grou nd to 
check for short .  
I f  incorrect, repair open circuit and retest module. *  
I f  correct, replace U 1 0. 
If LED flashes 7X on Power-up, retest module . *  
I f  LED flashes 6X o n  Power-up, use schematic and voltmeter to check 
operation of Zero Crossing Detector circuit U 1 4 . 
Measure .25VDC at U 1 4, pin 4, & U 1 4, pin 1 5 ; 4 .5VDC @ U 1 4, pin 1 O 
& U 1 4, pin 1 4.  

Open or shorted l ine If correct , use ohmmeter to determine reason for lack of continuity to 
U 1 0, pin 1 8. Repair, retest module . *  

· U 1 8 o r  U 1 9 defective If incorrect, change U 1 4 
-or-

Open or  shorted l ine Determine reason for lack of continuity to in put connector, as appropriate . 
Voltage at TP3, if proper, reads 2 1 .5  ± 2 .7VDC . Repair, retest module. * 

* If LED flashes ?X, do A4-IX. 
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DIAGNOSTIC TABLE: MPU MODULE - A4·1X,  PIA OUTPUTS PROCEDURE 
REPAIR LEVEL: COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM IX.  LED flashes 7X on Power-up. Game operation improper. 

Turn game OFF. Connect AID 1  to J5 on MPU . Turn power ON . Put game 
in Self-Test mode of operation . Use AID 1  and schematic. Probe output 
connector and pins l isted . LED l ights to indicate proper operation . 

A) Fault in PIA U 1 1 Remove' connector A3J4,  Solenoid Driver module . Probe A4J4, pins 1 -8 
buffered output circuit and 1 0 incl . 

U 1 1  defective 
Open or shorted 
output l ine 

8) Fault in PIA U 1 0 
switch Matrix buffered 
output circuit 

C) Fault on buffered 
display blanking l ine 
(CA2) 
Open l ine 

U 1 O defective 

U 20, 1 4 or 1 9 
defective 

D) Fault on Display Latch 
Strobe buffered l ines 

Open l ine 
U 1 0  and U 1 1 
defective 
U20 output defective 

E) Open l ine, PIA non­
buff ered outputs 

If correct, replace A3J4,  go to 8) . 
If incorrect : If U 1 1  was not replaced during previous testing ,  replace 
U 1 1  . Repeat test on J4.  
If correct, proceed to 8) . 
If incorrect, determine reason for short or open on l ine. 
�epair, retest module. 
Probe J 2 ,  pins 8 - 1 5 and J3, pins 9 - 1 6 incl .  
If correct, go to C) .  
If incorrect : If U 1 O was not replaced during previous testing ,  replace 
U 1 0. Repeat test on J2 ,  J3. If correct, proceed to C). If incorrect, deter­
mine reason for short or open on l ine.  Repair, retest module . 
Probe J 1 , pin 1 0. 
If correct, go to D). 

If incorrect, probe U 1 9 , pin 4 .  If correct, determine reason for lack of 
continuity. Repair and retest module. 
If U 1 9 , pin 4 is incorrect, and U 1 0  has not been previously changed, 
replace U 1 0 . Retest module. 
If correct, go to D). 
If incorrect, use voltmeter, voltages shown on schematic, to localize 
fault to U 20,  U 1 4  or U 1 9 . Repair, retest module. 
Probe J 1 , pins 20-24.  
If correct, go to E). If incorrect : NOTE LINE.  
Probe U20 outputs,  pins 2 ,  5 ,  7 ,  9 and 1 1 , as appropriate. 
If correct, determine reason for lack of continuity. Repair, retest module. 
If incorrect, and U 1 0  and U 1 1 were not replaced in previous testing ,  
remove U 1 0 and U 1 1 .  Replace and retest module. 
If incorrect, replace U 20, retest module. , 
Probe J 2 ,  pins 1 -5 ;  J3, pins 2 ,  3 ;  J 1 , pins 1 -7 ,  1 2- 1 9 and 25-28. 
If incorrect, determine reason for lack of continuity. Repair, retest module. 

- If correct, return module to stock. 
· 
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AS-251 8·1 7 MPU MODULE 
For AS-251 8·35, See Page 39 
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A4 : MPU MODU LE 
COM PON ENT PARTS LIST 

REFERENCE BALLY 
ITEM DESIGNATION PART # DESCRIPTION 

1 A4 ( see note 1 )  AS-2887-XXXX M PU Modu le  Complete. 
See page 37. 

2 A4 (see note 2) AS-2S 1 8- 1 7 M P U  Modu le less Prog ram 
Memory, U 1 -6 i ncl . 

3-32 See Schematic Resistors , See schematic 
for val ue . 

34 C 1 8 E-00586-001 9  Capac itor, .05 M FD, 1 00V 
3S C 1 6 E-00586-0081 Capac itor, . 1  M FD, 1 00V 
36 C4 , CS E-OOS86-0073 Capacitor, 4 . S  MFD,  2 SV 
37 C3 , C6-C 1 3 ,  C 1 7 E-OOS86-006S Capacitor, .01  MFD,  SOOV 
38 C 1 4, C 1 S , C79, C4 1 -C67 E-OOS86-0067 Capacitor, 4 70 PFD, 1 kv 
39 C 1 9-C3 1 , C78 , C33-C40 E-OOS86-0069 Capacitor, 390 PFD , 1 kv 
40 C 1 , C2, C68-C77 E-00586-0070 Capacitor, 820 PFD , 1 kv 
4 1  C32 E-00586-0077 Capacitor, 3000 PF, 1 kv 
43 QS E-00S8S-0023 Transistor P N P  ( M PS-3702) 
44 Q 1 , Q2 E-0058S-003 1 Transistor (2N3904) 

47 C R44 E-OOS87-G006 Diode ( I N4004) 
48 CR 1 -CR7,  C R 1 1 -CR43,  E-OOS87-00 1 4  Diode ( I N 4 1 48) 

C R4S-C R48 
49 C R8 E-00679 LED (Green) 
so VR 1 E-OOS98-0008 Diode Zener (8 .2V, I N 9S98) 
S2 L 1 , L2 E-00604-0003 I n ductor, 22 M icro Hy. 
S3 U 1 2  E-00620-0004 Timer (SSS) 
S4 U 1 9  E-00620-000S Quad 2 I n put (40 1 1 )  
SS U9 E-00620-0028 M PU l . C . (6800) 
S6 U 1 0, U 1 1 E-00620-0029 P IA l . C . (6820) 
S7 U7 E-00620-0030 RAM l . C . (68 1 0) 

S9 U20 E-00620-0032 H EX Buffer l . C . ( 14S02B)  
60 U 1 4 , U 1 8  E-00620-0033 H EX I nverter (4049B) 
6 1  U 1 S  E-00620-0034 Quad Memory Driver ( MC34S9L) 

,,, 62 U 1 6  E-00620-003S Dual Monostable ( 9602) 

64 U 1 7  E-00620-004 1 Quad 2 I n puts (7 4LOON )  
6 S  U8 E-00620-0042 RAM (C MOS,  PS 1 0 1 L-3) 
68 BT 1 , BT2 , BT3 E-00628-0002 Battery 
70 S33 E-006S8-000 1 .  Push Button Switch 
7 1  S 1 -S8 , S9-S 1 6 , S 1 7-S24 , E-00677 D I P  Switch 

S2S-S32 
73 E-007 1 2  24 P in  Socket 
74 ' E-00 7 1 2-000 1 40 P i n  Socket 
7S E-007 1 2-0003 22 Pin Socket 
77 J2 E-007 1 5 1 S P i n  Wafer Conn ector 
78 J4, JS E-007 1 S-0004 28 P i n  Wafer Con nector 
79 J3 E-007 1 S-00 1 7 1 6  P i n  Wafer Conn ector 
80 J 1  E-007 1 S-00 1 8 1 9  P i n  Wafer Connector 
8 1  JS E-0071 5-0023 4 P i n  Wafer Con nector 

NOTE 1: 
When orderi ng , fi l l  i n  dash n u mber. For example,  AS-2887- 1 :  F R E E DOM , AS-2887- 2 :  N IG H T  R I D E R ,  
AS-2887-3 : E V E L  K N I EV E L  

NOTE 2 :  
Order replacement memory ch ips U 1 -U6,  b y  specify ing game.  socket and part n u mber stamped o n  ch ip .  
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AS-251 8·35 M PU M O D U L E  

Used in Lost World and  La.ter 
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A4: MPU MODULE 
COMPONENT PARTS LIST 

REFERENCE BALLY 
ITEM· DESIGNATION PART # DESCRIPTION 

1 A4 (see note 1 )  AS-2962-0 MPU Module Complete . 
Lost World 

2 A4 (see note 2)  AS-25 1 8-35 MPU Module less Program 
Memory, U 1 -6 i ncl . 

3-32 See Schematic Resistors, See schematic for value. 
33 C1 4, C1 5 E-00586-0067 Capacitor, 470 PFD,  1 kv 
34 C1 8 E-00586-0088 Capacitor, .05 MFD,  1 6V 
35 C1 6 E-00586-0081 Capacitor, . 1  MFD,  1 OOV 
36 C4, C5 E-00586-0073 Capacitor, 4.5 MFD,  25V 
37 C3, C6-C 1 3, C 1 7 ,  C81 E-00586-0085 Capacitor, .01  MFD,  25V 
38 C79, C41 -C67 E-00586-0083 Capacitor, 470 PFD,  50V 
39 C 1 9-C3 1 , C78, C33-C40 E-00586-0082 Capacitor, 390 PFD,  50V 
40 C1 , C2, C68-C77 E-00586-0084 Capacitor, 820 PFD,  50V 

) 41 C32 E-00586-0077 Capacitor, 3000 PF, 1 kv 
43 Q5 E-00585-0023 Transistor PN P (M PS-3702) 
44 Q1 , Q2 E-00585-003 1 Transisitor (2N3904) 

47 CR44 E-00587-0006 D iode ( IN4004) 
48 C R 1 -CR7, C R 1 1 -CR43, E-00587-001 4  D iode ( I N41 48) 

C R45-CR48 
49 C AB E-00679 LED (Green) 
50 VR1  E-00598-0008 Doide Zener (8.2V, IN9598) 
52 L1 , L2 E-00604-0003 Inductor, 22 Micro Hy. 
53 U 1 2  E-00620-0004 Timer (555) 
54 U 1 9  E-00620-0005 Quad 2 I nput (401 1 )  
55 U9 E-00620-0028 M P U  l .C .  (6800) 
56 U 1 0, U 1 1 E-00620-0029 P IA l . C .  (6820) 
57 U7 E-00620-0030 RAM l . C.  (681 0) 

59 U20 E-00620-0032 HEX Buffer l . C. ( 1 4502B) 
60 U 1 4, U 1 8 E-00620-0033 H EX I nverter (4049B) 
61 U 1 5 E-00620-0034 Quad Memory Driver (MC3459L) 
62 U 1 6  E-00620-0035 Dual Monostable (9602) 

64 U 1 7 E-00620-0041 Quad 2 I nputs (7 4LOON)  
65 UB E-00620-0042 RAM (C MOS, P51 01  L-3) 
68 BT1 , BT2, BT3 E-00628-0003 Battery 
70 S33 E-00658-0001 Push Button Switch 
71  S 1 -SB, S9-S 1 6, S 1 7-S24, E-00677 D I P  Switch 

S25-S32 
73 E-0071 2 24 P in  Socket 
74 E-0071 2-0001 40 P in  Socket 
75 E-007 1 2-0003 22 P in  Socket 
77 J2 E-0071 5 1 5  Pi n  Wafer Connector 
78 J 1  E-0071 5-0004 28 P in  Wafer Connector 
79 J3, J5 E-0071 5-001 7 1 6  P in  Wafer Connector 
80 J4 E-0071 5-001 8 1 9  P in  Wafer Connector 
8 1  J5 E-0071 5-0024 1 7  P in  Wafer Connector 

NOTE 1 :  
Wheh o rderi ng, f i l l  in  dash number. For example, AS-2962-0 : LOST WORLD. 

NOTE 2: 
Order replacement memory chips U1 -U6,  specifying game, socket and part number stamped on chip.  

40 



LAMP DRIVER MODULE AS PROCEDURAL STEPS 

I .  The Lamp Driver module part of the Self-Test energizes each of the sixty lamp driver output 
circuits on the module. The game used as a test bed , however, may not have a lamp assigned 
to each of the output circuits . If it does not, the following procedure can be fol lowed : 

A) Use the Lamp Driver module part of the Self- Test. If faults are found, use the symptoms 
to select a repair procedure. Restore the module to operating condition by following the 
procedure. 

B) Use the test bed game schematic . Make a l ist of the Lamp Driver circuits that did not have 
lamp loads. 

C) The LED on the MPU module is used as a substitute for a lamp load . If the circuit under 
test is good, the LED wil l flash on and off just as the lamps in the test bed game do. Access 
to the anode of the first Lamp Driver SCA on the l ist is available at J 1 , J2 or J3 .  Refer to 
the Lamp Driver module schematic.  Insert a 3/ 4 "  piece of solid wire (ex: a resistor lead 
cl ipping) into the connector contact position to be tested . Connect a test lead from TP6 on 
the MPU module to the p iece of wire .  

D) Repeat A.  

E) Repeat C and A for each of the remaining Lam p  Driver circuits on the list . * Return the 
module to stock or repair, as required. 

I I .  Lamp Bank Extender modules can be tested in the test bed game. 

If the game has provision for a Lamp Bank Extender, insert the module in its proper place and 
conduct the Lamp Driver module part of the Self-Test . The procedure above must be fol lowed 
to test unused outputs.  

If the game does not have provision for a Lamp Bank Extender module, insert i t  in the Lamp 
Driver position . Connect J4,  cable harness to J 4  on the module , J2  to J2 .  Testing is the same 
as for the game with provision for the module. Unused outputs can also be tested .  L�mp assign­
ments are g iven on the test bed g'ame Lamp Driver module schematic. 

* Connecting a lamp-loaded SCR anode to TP6 causes the LED to flicker, alternating between bright and dim. 

DIAGNOSTIC TABLE: LAMP DRIVER MODULE, AS 
REPAIR LEVEL: COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I. Lamp always off. 

A) Defective SCA 

B) Defective buffer 
amplifier 

C) Defective integrated 
circuit 

Use jumper to connect pul l-up resistor at TP3 (R70, 2k Q)  to gate of SCA 
(sil icon controlled rectifier) . (Ex :  0 1 0) 
If lamp does not turn on,  replace SCA.  Retest module. 
If lamp turns on and buffer ampl ifier (Ex :  U 5) is used , replace buffer. 
Retest module. If fault is not corrected ,  go to step "C". 
If lamp turns on and no buffer amplifier is used (Ex:  0 1 ) or if changing 
buffer did not correct problem, replace associated integrated circuit 
(Ex :  U 1 ). Retest module. 

SYMPTOM II. Lamp always on . 

A) Defective SCA 

.S) Defective buffer 
ampl ifier 

C) Defective integrated 
circuit 

Use jumper to ground (TP2) SCA gate (Ex : Q 1 0).  If lamp does not go out, 
replace SCA, retest module. 
If lamp goes out and buffer ampl ifier (Ex :  U5) is used , use jumper to 
ground buffer amplifier input . 
If lamp does not go out, replace buffer ampl ifier, retest module . 

If lamp does go out, replace associated integrated circuit (Ex :  U 1 ) .  
Retest module. 
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DIAGNOSTIC TABLE: LAMP DRIVER MODULE, AS 
REPAIR LEVEL:  COMPONENT REPLACEMENT (Cont 'd . )  

CAUSE PROCEDURE 

SYMPTOM I l l .  Half or more of  lamps associated with one or all integrated circuit(s) 
fl icker or always off. 

A) Open address l ine Use AI D 1 , probe pins 2 ,  3,  2 1  & 22 (U 1 ,  U 2 ,  U3 or U4). If LED does not 
l ight, use schematic to determine reason for lack of continuity . Repair, 
retest module. 

8) Defective integrated If LED l ights ,  replace appropriate integrated circuit ( U 1 , U2 ,  U3 or U4).  
circuit Retest.module. 

SYMPTOM IV. One fourth (or more) of total lamps, al l  associated with one (or several) 
integrated circuit(s) always off . 

A) Open data l ine Use AI D 1 . Probe pin 23 of fault associated Integrated circuit(s) .  If LED 
does not l ight, determine reason for· lack of continuity . Repair, retest 
module. 

8) Defective integrated , If LED l ights, replace appropriate integrated circuit (U 1 ,  U2 ,  U3 or U4) .  
circuit Retest module .  

SYMPTOM V.  A few lamps on , several fl icker, others off, associated with one or 
al l integrated circuit(s) .  

A)  Open strobe l ine Use AID 1 . Probe pin 1 of fault associated integrated circuit(s) . If LED 
does not l ight ,  determine reason for lack of continuity . Repair, retest 
module. 

8) Defective integrated If LED l ights, replace appropriate integrated circuit (U 1 ,  U2 ,  U3 or U4) .  
circuit Retest module. 

SYMPTOM VI . Half or more lamps always off alternating with a few always on. 

A) Shorted address l ine 
due to defective 
integrated circuit 

Use AI D 1 . Probe pins 2, 3, 2 1  & 22. Hold probe on line that does not 
l ight LED. Cut foil associated with l ine that does not l ight LED close to in ­
tegrated circuit ,  one at a time until LED l ights. Replace integrated circuit, 
repair foil cuts with jumper wire and solder. Retest module. 

SYMPTOM VI I .  One fourth of lamps always on. 

r 
� 

A) Shorted data l ine due Replace integrated circuit associated with one fourth lamps always on. 
I to defective Retest module. 

integrated circuit 

SYMPTOM VI I I .  All lamps off except four (4). (one per integrated circuit . )  

A) Shorted lampstrobe Repeat procedure VI for U 1 ,  U2 ,  U3,  U4, pin 1 .  
l ine due to defective 
integrated circuit 

SYMPTOM I X .  MPU does not flash LED on power-up. 

Short on + 5VDC l ine Remove capacitor C 1 . Measure + 5VDC at TP 1 . 
A) Defective capacitor If correct, discard and replace C 1 .  Retest module. 

C 1  
8 )  Defective integrated 

circuit 
If incorrect, repeat fo i l  cutting procedure,  Symptom VI for U 1 ,  2, 3 ,  4 ,  
p in  24 .  

SYMPTOM X .  All lamps off , or  erratic operation , no voltage at TP 1 . 

+ 5VDC supply 
voltage absent 

Use voltmeter to determine reason for lack of continuity . 
Repair, retest module. 
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AS : LAM P  DRIVER MODU LE 
COM PON ENT PARTS LIST 

REFERENCE 
DESIGNATION 
A5 
R 1 - R60 , R70 
R6 1 - R69 
C1 
04-07, 0 1 1 -0 1 4, 0 1 8-02 1 , 
025-032,  036- 039,  
043-046 , 050-053 , 
057 , 058 
0 1 -03 , 08-0 1 0 , 0 1 5-0 1 7 , 
022-024 , 033-035 , 
040-042 , 047-049, 
054-056 
U5-U8 
U 1 -U4 
J 1 , J3 
J 1  
J4 

BALLY 
PART # 
AS-25 1 8- 1 4  
E-00 1 05-0237 
E-00 1 05-0256 
E-00586-0065 
E-00585-00 1 4  

E-00585-0029 

E-00620-0007 
E-00620-003 7 
E-00 7 1 5-0004 
E-007 1 5-00 1 3  
E-007 1 5-00 1 4  
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DESCRIPTION 
Lamp Driver Module ,  Complete 
Resistor, 2k o ,  5%, 1/4 W 
Resistor, 2 . 2 M  o ,  1/4W 
Capacitor, .01 MFD, 500V 
S C R ,  2N5060 

SCR ,  MC R 1 06- 1 

l . C . ,  Buffer, CD4050AE 
l . C . ,  Decoder, 1 45 1 48 
28 P i n  Wafer Connector 
1 7  P i n  Wafer Con nector 
23 P i n  Wafer Con nector 

1 c:  



ITEM 
1 
2 
3 
4 
5 
6 

7 

8 
9 

10 
1 1  
12 

AS: LAMP DRIVER MODULE 
COMPONENT PARTS LIST 

REFERENCE 
DESIGNATION 
AS 
R71-R79 
R1-R60, R70 
R61-R69 
C1 
Q4-Q7, Q11-Q14, Q18-Q21, 
Q25-Q32, Q36-Q39, 
Q43-Q46, Q50-Q53, 
Q57-Q60 
Q1-Q3, Q8-Q10, Q15-Q17, 
Q22-Q24,  Q33-Q35, 
Q40-Q42, Q47-Q49, 
Q54-Q56 
U1-U4 
J 1 , J3 
J4 
J2 
T P1 , T P2,  T P3 

BALLY 
PART # 
AS-2518-23 
E-001 05-242 
E-00105-0237 
E-00105-0256 
E-00586-0065 
E-00585-0014 

E-00585-0029 

E-00620-0037 
E-00715-0004 
E-00715-0013 
E-00715-0014 
P-05399 

DESCRIPTION 
Lam p  D river Mod ule, Complete 
Resistor, 20kn, 5% , Y4 W 
Resistor, 2kn,  5% , Y4 W 
Resistor, 2.2Mn, Y4 W 
Capacitor, .01 MFD, SOOV 
SCR, 2N5060 

SCR, MCR106-1 

l .C. ,  Decoder, 145148 
28 Pin Wafe r  Connecto r  
17 Pin Wafer Connecto r  
2 3  Pi n Wafer Connector 
Test Cl i p  

N OTE: I NTERCHAN G EABLE WITH AS-25 1 8-1 4. 
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DISPLAY DRIVER MODULE A 1 PROCEDURAL STEPS 

CAUTION 

I .  Before inserting module i n  game, probe the 1 90 VDC circuit to ground ,  TP2 to TP3, with an ohm­
meter. Clear shorts , if present, before inserting module in game. Shorts on the 1 90 VDC supply 
line can cause failure of the Solenoid Driver /Voltage Regulator module, A3. 

I I .  High voltages are present i n  the d isplay panel driver circuits ( + 1 90 VDC) o n  this module. 
Exercise due caution when servicing. 

I l l .  Careless or accidental probe sl ips that short the + 1 90 VDC circuit to  ground or to  the + 5 
VDC or logic circuits can cause fai lure of the Solenoid Driver /Voltage Regulator module (A3) 
and M PU module (A4). It is recommended that a standard or needle tipped probe sim ilar to the 
AI D probe be used to perform voltage checks .  Al l igator cl ip leads are to be avoided unless 
special precautions are taken. 

DIAGNOSTIC TABLE: DISPLAY DRIVER MODULE, A 1 
REPAIR LEVEL: COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I.  Mottled, Uneven or dim d isplay. 

Display at end of 
useful l ife 

Replace Display Panel .  

SYMPTOM II .  Digit Fai ls to l ight. 

A) Lack of continuity 

B) Defective Dig it 
Driver Transistor 

C) Defective level 
shifter transistor 

Use AID 1  probe junction of base resistor (R2,  4, 6, 8, 1 0  or 1 2 , as ap­
propriate) and connector. 
If LED does not l ight ,  determine reason for lack of continuity . Repair, 
retest module. 
If LED l ights , turn game off, then on, enter Display Driver Self-Test. 
Ground collector (Ex: junction of Q6, R 1 1 ) of level shifter transistor. * 
If d ig it does not l ight, replace dig it driver transistor (Ex:  Q 1 2) .  Retest 
module. 
If digit l ights, replace level shifter transistor. Retest module. 

SYMPTOM I l l .  Digit brighter than adjacent digits (Digit always on). 

A) Defective level shifter 
transistor (Ex:  Q6) 

B) Defective digit 
driver transistor 

Use AID1 to effectively ground base of level sh ifter. Carefully connect 
jumper lead from TP2 ( + 1 90VDC) to base of digit driver transistor. If 
d ig it turns off, replace level shifter transistor. Retest module. 
If digit does not turn off, replace digit driver transistor. 
Retest module. 

* To prevent damage to Display Panel due to overheating,  Limit Time Jumper is in circuit to 60 seconds 
or less. TP3 is a convenient ground point. 
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DIAGNOSTIC TABLE :  DISPLAY DRIVER MODULE, A 1  
REPAIR LEVEL: COMPONENT REPLACEMENT (Cont'd . )  

CAUSE PROCEDURE 

SYMPTOM IV.  Segment always ON.  (See Table "A") 

A) Defective segment 
driver transistor 

8) Defective segment 
driver transistor & 
I ntegrated Circuit U 1 

C) Defective Integrated 
circuit U 1  

Use AI D 1 . Probe base, segment driver transistor (Ex:  Q 1 3) .  
I f  LED l ights, replace transistor, retest module. 
If LED does not l ight ,  measure voltage at base of segment driver 
transistor. 
If greater than + 5 VDC (Ex:  + 1 1 0 VDC) replace transistor and U 1 
segment decoder. Retest module. 

If + 5 VDC, replace U 1 . Retest module. 

SYMPTOM V .  Segment Always OFF. (See Table "8") 

A) Defective segment 
driver transistor 

8) Defective Integrated 
Circuit U 1  

Lise AID 1 . Probe base, segment driver transistor (Ex: Q 1 3). 
If LED l ights, replace transistor. Retest Module. 
If LED does not l ight, unsolder and remove base lead of transistor from 
foil on board . Probe foi l .  
If LED l ights, replace segment driver transistor. Retest module. 
If LED does not l ight ,  replace U 1 , segment decoder. 
Retest module. 

SYMPTOM VI . Display Count is improper. 

A) Ex: 
1 , 1 ,3 ,3 ,5 ,5 ,7 ,7 ,9 ,9 ,­

or 2 ,3 ,2 ,3,6 ,7 ,6 ,7 ,- ,- ,­
or 4 ,5 ,6 ,7 ,4 ,5 ,6 ,7 ,- ,- ,­
or 8 ,9 ,- ,- ,- ,- ,- ,- ,8 ,9 , ­
or etc. 

8) Ex: 
0 ,0 ,2 ,2 ,4 ,4 ,6 ,6 ,8 ,8 ,­

or 0 ,  1 ,0 ,  1 ,4 ,5 ,4 ,5 ,8 ,9 ,­
or 0 ,  1 ,2 ,3,0,  1 ,2 ,3 ,8 ,9 ,­
or 0, 1 ,2 ,3 ,4 ,5 ,6 ,7 ,0 ,  1 ,­
or etc. 

A) Lack of continu ity 

8) Defective 
Integrated 
Circuit U 1  

A) Short on Address 
Line 

8) Defective 
Integrated 
Circuit U 1  

Use AID 1 . Probe address inputs at U 1 , pins 
2 ,  3,  4 & 5. 
If LED does not l ight, determine reason for 
lack of continuity to connector. Repair, re­
test module. 
If LED lights, replace U 1 .  Retest module. 

Use AI D 1 . Probe address inputs at U 1 ,  pins 
2, 3, 4 ,  & 5. If short exists betweeri foil 
traces, repair, retest module. 

If short does not exist between traces, re­
place U 1 . Retest module. 

SYMPTOM VI I .  No Display or digits fl icker. 

A) Open on + 5 VDC Measure 5 ± . 25  VDC at TP 1 and at U 1 ,  pin 1 6 . If absent, determine 
Supply Line reason for lack of continuity. Repair, retest module . 

8) Open on + 1 90 VDC If + 5 present, measure 1 90 ± 5 VDC at TP2 . If absent, check con -
Supply Line nector for 1 90 VDC. If present, determine reason for lack of continuity . 

C) Short on + 1 90 voe 
Supply Line 

D) Defective Integrated 
Circuit U 1  

Repair, retest module. 
If absent , replace C2. Retest module . 

If 1 90 VDC is present in step "8" ,  replace integrated circuit U 1 . 
Retest module. 
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TABLE ' ' A ' '  - SEGMENT ALWAYS ON 

COUNT 

D 
I 

2 
:3 
y 
s 
6 
l 
E3 
g 

a 

D 
I 
2 
:l 

9 5 
6 
l 
E3 
g 

b 

D 
I 

c 
3 y g 
8 
l 
8 
g 

c d e 

D D 0 
I J 1 I 

a 2 2 
3 j a LJ � H 5 5 fi 
6 5 6 
l J 11 
E3 a 8 
g g 8 

TABLE "B" - SEGMENT ALWAYS OFF 

D 
I 

2 
3 
Lj 
5 
6 
l 
B 
g 

LJ 
I 

c 
_j 
y 
� 
b 
I 

tJ 
lj 

[J c 
I 

-

c 2. 
-

:J :::i 

� u 

5 � 
-

6 E 
- 1 

I 

5 e 
s 0 

-

DIAGNOSTIC TABLE: DISPLAY DRIVER MODULE, A1 

n 
I 

? 
=f 
y 
Cj 
h 
l 
Fl 
CJ 

REPAIR LEVEL: COMPONENT REPLACEMENT (Cont'd . )  

I] 
l 

:::J 

3 
Lj 
5 
s 
l 
g 
g 

CAUSE PROCEDURE 

SYMPTOM VI I I .  Arcing Between Digits . 

� + / g{b 
e I /c. 

f 

D 
' I  
e 
g 
y 
5 
5 
'1 
8 
g 

-

0 
l 
a 
3 

d 
g 

B 
-1 
2 
:1 
� 
5 
5 
� 
B 
g 

D 
I 

-, 
L 

J 
I I 
� 
[J 
l 
D 
� 

A) Defective Zener 
Diode VR 1 

Measure voltage across Zener Diode. If voltage is 1 90 VDC or 0 VDC, 
replace zener, retest module. 

B) Defective Display 
Pan er 

If voltage is 1 1 0 ± 1 1  VDC,  replace display panel .  Retest module. 

SYMPTOM IX. MPU does not flash LED on Power-up. 

Short on + 5 VDC l ine Remove C1 from Module . Test with Ohmmeter. 
A) Defective capacitor If defective, d iscard . Replace C 1 , retest modul.e. 

C 1  
B) Defective Integrated If good, return C 1 to module. Replace integrated circuit U 1 . 

Circuit U 1 Retest module. 

SYMPTOM X. MPU flashes LED once, briefly, on power-up. Game ready condition 
cannot be attained .  

Short o n  address l ine Disconnect connector J 1 .  Power-up game.  Use AID 1 . Carefully recon­
nect connector J 1 .  Go  to Symptom VI . 
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ITEM 

1 

3 

4 

5 
6 

7 
8 
9 

1 1  
1 3  
1 4  
1 6  

1 7  
1 9  
2 1  
23 
24 

1--

AS-251 8-15 DISPLAY DRIVER MODULE 

4 

<?> 1 4 

A1 : DISPLAY DRIVER MODULE 
COM PON ENT PARTS LIST 

REFERENCE BALLY 
DESIGNATION PART # DESCRIPTION 

A 1 AS-25 1 8- 1 5 Display Driver Module ,  
Complete 

R 1 , R3,  RS, R7, R9,  R 1 1 ,  E-00 1 05-0226 Resistor, 1 00K, 1/4 W 
R34 
R 1 4, R 1 6, R 1 8 , R20, R22 , E-00 1 05-0227 Resistor, 300K, 1/4 W 
R24, R26, H35-R40 
R2, R4, R6, R8, R 1 0 , R 1 2 E-00 1 05-0228 Resistor, 9.1K,  1/4W 
R 1 3, R 1 5, R 1 7, R 1 9 , R2 1 , E-00 1 05-0229 Resistor, 1 . 5K, 1/4W 
R23 , R25 
R27- R33 E-00 1 05-0230 Resistor, 1 K, 1/4W 
R4 1 E-00 1 05-023 1 Resistor, 39K, 1/4 W 
R42 E-00 1 05-027 1 Resistor, 240K ,  1/4 W 
C 1 , C2 E-00586-0065 Capacitor, . 0 1  MFD, 500V 
07-0 1 2 E-00585-0032 Transistor, 2N540 1 
0 1  -06 , 0 1 3-0 1 9 E�00585-0033 Transistor, M PS-A42 
C R 1  E-00598-0007 Zener Diode, 1 1 OV, 1 W, 

IN3045A, IM 1 1  OZ. S 1 0  
U 1  E-00620-0038 l . C . Decoder, 1 45438 
J 1 , J2 E-0071 5-0034 1 0 Pin  Wafer Connector 
DS 1 E-00680 Dig ital Display Panel 

P-02399 Display Mounting (Top) 
P-02399-000 1 Display Mounting (Bottom) 

48 



AS-251 8-21 DISPLAY DRIVER MODULE 

A1 : DISPLAY DRIVER MODULE 
COMPONENT PARTS LIST 

REFERENCE BALLY 

ITEM QTY. DESIGNATION PART # DESCRIPTION 

1 1 P-2948-296 P.C.  Board, M-645-392 
3 7 R1 , R3, R5, R7, R9, R1 1 , R34 E-1 05-226 Resistor, 1 OOK Q 
4 1 3  R1 4, R1 6, R1 8, R20, R22, E-1 05-227 Resistor, 300K Q 

R24, R26, R35, R36, R37, 
R38, R39, R40 

5 6 R43, R44, R45, R46, R47, E-1 05-228 Resistor, 9 . 1  K Q 
R48 

6 7 R1 3, R1 5, R1 7, R 1 9, R21 , E-1 05-229 Resistor, 1 .S K  Q 
R23, R25 

7 7 R27, R28, R29, R30, R31 , E-1 05-230 Resistor, 1 K Q 
R32, R33 

8 R41 E-1 05-231 Resistor, 39K Q 
9 R42 E-1 05-271 Resistor, 240K Q 

1 0  
1 1  2 C1 , C2 E-586-65 Capacitor, .01 MFD 
1 3  6 07, QB, 09, 01 0, 01 1 ,  Q1 2 E-585-32 Transistor (2N5401 ) 
1 4  1 3  a1 , 02, 03, 04, as, 06, E-585-33 Transistor ( M PS-A42) 

Q1 3, 01 4, 0 1 5, Q1 6, 0 1 7, 
01 8, 0 1 9  

1 6  VR1 E-598-7 Zener D iode, 1 1  OV 
1 7  U 1  E-620-38 l .C.  Decoder 
1 8  
1 9  2 J 1  E-71 5-34 1 0  P i n  Wafer P i n  Connector 
2 1  1 DS1 E-680 Dig ital Display Panel 
22 2 M-1 836 Hi-Lo Screw, W/ H 
23 1 P-2399 D isplay Mount ing (Top) 
24 1 P-2399-1 Display Mount ing (Bottom) 
26 6 R2, R4, R6, R8, R 1 0, R1 2 E-1 05·-287 Resistor, 2 . 2K n 
27 6 R49, RSO, R51 , R52, R53, E-1 05-242 Resistor, 20K n 

R54 
28 As Wire Jumper 

Req'd 

NOTE: I NTERCHANGEABLE WITH AS-251 8-1 5 
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SOLENOID DRIVER/VOLTAG E R EG U LATOR MODULE A3 

IN DEX 

PROCEDURAL STEPS 

+ 5 VDC Regulator related problems' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
+ 1 90 VDC Regulator related problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Solenoid Driver related problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Page 5 1  
Page 5 2  
Page 5 3  

I .  High voltages are present i n  the + 1 90 VDC regulator circuit o n  the module . Exercise due 
caution when servicing.  

I I .  Damage can result to the MPU module due  to  improper operation in the + 5 VDC regulator 
circuit. Disconnect MPU module connector J4 before turn ing on power to test Solenoid Driver I 
Voltage Regulator module. If voltage at TP 1 is correct ( + 5 ± . 2 5  VDC), connector on M PU 
mod u le may be con nected. If vo ltage at TP1 is i ncorrect, leave M PU mod u le connector off unt i l 
proper operat ion is attai ned. 

I l l .  The Solenoid Driver module part of  the Self-Test energizes each of  the n ineteen solenoid driver 
output circuits on the module. The game used as a test bed, however, may not have a solenoid 
assigned to each of the output circuits. If it does not, the following procedure can be fol lowed : 

A) Use the Solenoid Driver module part of the Self-Test. If faults are found, use the symptoms 
to select a repair procedure .  Restore the module to operating condition by fol lowing the 
procedure.  

B) Use the test bed game schematic . Make a list of  the Solenoid Driver circuits that did not 
have Solenoid loads. 

C) The LED on the MPU module is used as a substitute for a solenoid load . If the circuit under 
test is good, the LED can be made to flash on and off in the test bed game. Access to the 
collector of the first solenoid driver transistor on the l ist is available at J 1 ,  J 2 ,  J3 or J S .  
Refer to  the Solenoid Driver module schematic . Insert a 3 1 4 " piece of  solid wire (ex : a 
resistor lead cl ipping) into the connector contact position to be tested . Connect a test lead 
from TP6 on the MPU module to the piece of wire .  

D) Repeat A .  

E)  Repeat C and A for each of  the remaining Solenoid Driver circuits on the list. Return the 
module to stock or repair, as required. 

IV.  Solenoid Bank Extender modules can be tested in the test bed game. 

If the game has provision for a Solenoid Bank Extender insert the module in its proper place and 
conduct the Solenoid Driver module part of the Self-Test. The procedure above must be followed 
to test unused outputs. If the Game does not have provision for a Solenoid Bank Extender 
module, insert it in the Solenoid Driver position .  Connect J 4 ,  cable harness to J4 on the module, 
J2 to J 2 .  Testing is the same as for the game with provision for the module. Unused outputs 
are also to be tested .  Solenoid assignments are g iven on the test bed game Solenoid Driver 
module schematic . 
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DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

CAUSE 

SOLENOID DRIVER/VOLT AGE REGULATOR* MODULE, A3 
COMPONENT REPLACEMENT, + 5 voe REGULATOR CIRCUIT 

PROCEDURE 

SYMPTOM I.  * No regulation .  Input TP5 and output TP 1 are equal ( + 1 1  .9  voe). 

Defective integrated 
circuit 020 

* Replace 020, voltage regulator. Measure voltage at TP 1 . If + 5 ± .25 
voe, replace MPU module connector. Retest module. 

SYMPTOM I I .  N o  output at TP 1 . TP5 normal ( 1 1 .9 VDe). 

A) Defective capacitor 
e36 

8) Defective integrated 
circuit 020 

e) Defective capacitor 
e25 

Remove connector contact, J3,  pin 25 .  If TP 1 is  + 5 ± . 25  voe, replace 
e22 ,  .0 1 Mf, reinsert contact, retest module. 
If TP 1 is 0 voe, replace 020, retest module. 

If TP 1 is sti l l O voe, replace capacitor e25,  0 . 1  Mf, retest module . 020, 
· replaced in step "8" may be retested and ,  if good, returned to stock. 

SYMPTOM I l l . Module blows fuse F6 on transformer module . 

A) Defective capacitor 
e23 

8) Defective capacitor 
e24 

e) Defective integrated 
circuit 020 

Disconnect one lead of capacitor e23,  1 1 ,700Mf. Discharge capacitor 
with screw driver. With ohmmeter set to Rx 1 00, capacitor takes about 
50 seconds to charge (0- oo ). If capacitor reads short after 50 seconds, 
replace and retest module. 
If e23 checks good , unsolder one lead of e24, 2Mf. Discharge capacitor 
with screw driver. With Ohmmeter set to Rx 1 0,000, capacitor reads 
about 1 00,000 ohms. If capacitor reads short ,  replace and retest module. 
If capacitor is good, resolder. Replace 020, retest module. 

SYMPTOM IV.  M PU module does not flash LED,  play tune on power-up. 
Voltage at TP 1 Low, out of l imits (5 ± .25 voe) .  

A) Defective capacitor 
e23 

8) Defective integrated 
circuit 020 

Disconnect one lead of capacitor e23,  1 1 ,700Mf. Dischage capacitor 
with screw driver. With ohmmeter set to Rx 1 00,  capacitor takes about 
50 seconds to charge (0 to oo ). 
If capacitor charges rapidly, replace and retest module. 
If e23 checks good , reconnect lead . Replace 020. Retest module .  

* Disconnect M P U  module connector J4 before testing module. Turn on power. I f  voltage a t  TP 1 is 
greater than + 5 VDC, correct problem before connecting MPU module connector. Failure to observe 
this procedure can result in damage to MPU module. 
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DIAGNOSTIC TABLE: SO'LENOID DRIVER/VOLT AGE REGULATOR MODULE, A3 
REPAIR LEVEL:  COMPONENT REPLACEMENT, + 1 90 voe REGULATOR CIRCUIT 

CAUSE PROCEDURE 

SYMPTOM I .  V 1N {TP4) = Vour (TP2) .  

Defective Zener or 
pot wiper not making 
contact 

A) Defective Zener, 
overheated resistors 

8) Defective pot 

C) Defective transistor 
023 

D) Defective transistor 
023 

E) Shorted capacitor 
C27 

F) Defective transistors 
02 1 , 022 and 023 

G) Defective d iode 
CR2 1 , transistors 
02 1 ,  022,  023 

H) Defective transistors 
02 1 and 022 

At cathode of zener d iode VR 1 (wiper on pot) measure : 1 40 ± 1 4  VDC, 
If voltage is present, but h igh , use ohmmeter to determine condition of 
zener diode. 
If zener reads open , both directions, replace, retest module. 
If zener d iode checks good,  go to step C. 
If Voltage is absent at wiper on pot, spray clean or replace pot. 
Retest Module. 
If 1 40 ± 1 4  VDC is present at wiper on pot, measure approximately 
+ 1 .5 VDC at base of 023, feed back amplifier. 
If Voltage at base is 0 VDC, and R55 ( 1 .2k Q) is good , replace 023, 
retest module. 
If voltage at base is 1 .5 VDC (approx. )  or if R55 is open , measure volt­
age at collector of 023. 
If voltage is 230 VDC, d isconnect al l  d isplay driver modules. 
CAUTION : Failure to do so can damage 02 1 ,  022 .  Use jumper to short 
023 collector to ground,  measure voltage at TP2 . Remove jumper 
quickly to prevent damage to R7 (22k Q) .  
If voltage at TP2 went to 0 VDC, and returned to 234 VDC, replace 023. 
Retest module. 
If fuse blew, unsolder and l ift one end of C27 .  Check C27 with ohmmeter. 
If C27 is shorted , replace C27,  R55 and 023 and retest module. 
If C27 is good, resolder C27 .  
Replace 02 1 , 022,  023, R55 and fuse and retest module. 

If fuse did not blow, unsolder one lead of d iode CR2 1 . Measure CR2 1 
diode with an ohmmeter, both directions. 
If d iode is shorted , replace d iode, 02 1 , 022, 023 and R55. Retest 
module. 

If d iode is good, replace 02 1 , 022,  023 and R55. Retest module. 

SYMPTOM I I .  Vour (TP2) = 20 VDC or less. 

A) Defective Zener At wiper on pot (cathode of zener d iode VR 1 )  measure 1 40 ± 1 4  VDC. 
d iode VR 1 If voltage is abs�nt, check zener d iode with an ohmmeter. 

If zener is shorted, replace zener. If R58 (8.2k  Q) and pot are damaged, 
replace. Retest module. 
If zener d iode is good,  measure voltage at collector of 023: 1 93 VDC. 
If voltage is 1 .5 VDC, d isconnect one end of C28.  Check C28 with 
ohmmeter. 

8) Defective capacitor If C28 is shorted , replace C28 and R7 (22k Q) .  Retest module. 
C28 

C) Defective transistor If C28 is good, replace transistor 023 and R7 (22k Q) .  Retest module. 
023 

D) Defective transistors If voltage at collector, 023 is correct, replace transistors 02 1 and 022 . 
Q2 1 and 022 Retest module. 
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DIAGNOSTIC TABLE: SOLENOID DRIVER/VOLT AGE REGULATOR MODULE, A3 
REPAIR LEVEL: ' COMPONENT REPLACEMENT' + 1 90 voe REGULATOR CIRCUIT (Cont'd . )  

CAUSE PROCEDURE 

SYMPTOM I l l . V1N out of l imits, below 206 VDC . 

Defective capacitor 
C26, 1 60Mf, 
350 WVDC 

Replace capacitor. 
Retest module. 

SYMPTOM IV. Module blows fuse. 

Defective capacitor 
C26, 1 60Mf, 
350 WVDC 

Replace capacitor. 
Retest module. 

SYMPTOM V. Vour (TP2) = 1 90 VDC ; Vour, J3,  P i n 8 = 0 VDC: AS-251 8-22 on ly. 

B lown Fuse 

DIAGNOSTIC TABLE: 
REPAIR LEVEL: 

CAUSE 

Replace fuse F1 (Ba l ly Part #E-1 33-30, 1 14-A Fast Bio) .  

SOLENOID DRIVER/VOLT AGE REGULATOR MODULE, A3 
COMPONENT REPLACEMENT, SOLENOID DRIVER CIRCUITS 

PROCEDURE 

SYMPTOM I .  Solenoid does not pull - in .  

A) Defective Solenoid 
Driver Transistor 

8) Lack of continuity 

C) Defective Integrated 
Circuit U 1 , U3,  U4  

D) Defective d iode 
(Open) 

E) Lack of continuity 
(Solenoids not driven) 
from U2)  

F) Defective integrated 
Circuit U2  

Use jumper to connect TP6 pul l-up resistor ( 1 20Q)  to  base of  solenoid 
driver transistor (Ex :  02). If solenoid pulls- in ,  go to Step 1-C).  
If solenoid does not pul l -in ,  use voltmeter at transistor collector. If meter 
reads 43 ± 5.4 VDC, replace solenoid driver transistor. 
Retest module .  
If voltage not present, use voltmeter to determine reason for lack of 
continuity to connector. Repair, retest module. 
Use jumper to ground the base of transistor driver (U 1 ,  U3 or U4 ,  as ap­
propriate). If solenoid does not pul l-in ,  measure voltage (DC) at collector­
d iode junction , transistor driver. If voltage at collector is O VDC, replace 
U 1 , U3 or U4 as appropriate. Retest module. 
If solenoid does not pul l- in and voltage at collector is 5 VDC, replace 
d iode (Ex :  CR2) ,  retest module. 
If solenoid pulls-in and is not associated with U 2  determine reason for 
lack of continuity to input connector J4.  Repair, retest module. 

If solenoid pulls-in and is associated with U 2 ,  replace U 2 .  Retest module . 

SYMPTOM I I .  Solenoid always energized . *  

A) Defective solenoid 
driver transistor 

B) Defective d iode 
(Shorted) 

C) Lack of continuity 

Ground base of solenoid driver transistor (Ex :  02) .  If solenoid remains 
energ ized , replace solenoid driver transistor. Retest module. 
Measure voltage at base of solenoid driver transistor. 

If 0.3 VDC,  replace diode, retest module. 
If .7  to 1 .4 VDC, use jumper to connect TP7 pul l-up resistor ( 1 .2k Q)  to 
base of transistor driver (U 1 ,  U3 or U4 as appropriate) .  
If solenoid de-energizes for transistor drivers not connected to U2 
determine reason for lack of continu ity between 3.9k Q pul l  up resistor 
and + 5 VDC. Repair, retest module. 

* Solenoids as?ociated with 1 of  16 decoder U 2  are designed for impulse operation only and may be-
come damaged if operated continuously. 

· 
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DIAGNOSTIC TABLE:  
REPAIR LEVEL: 

CAUSE 

SOLENOID DRIVER/VOLT AGE REGULATOR MODULE, A3 
COMPONENT REPLACEMENT, SOLENOID DRIVER C IRCUITS 

PROCEDURE 

SYMPTOM II .  Solenoid always energized. * (Cont'd . )  

D )  Defective integrated 
circuit U 1 , U3,  U 4  

E )  Lack o f  continu ity 

F) Defective Integrated 
circuit U 2  

I f  solenoid remains energ ized, replace integrated circuit U 1 , U3 o r  U4 
as appropriate. Retest module. 
If soleno'id remains energ ized for transistor drivers associated with U 2 
replace integrated circuit U 1 , U3 or U4 as appropriate. Retest module . 
If solenoid de-energized, remove jumper. Remove input connector. 
Measure + 5 VDC at U 2  p ins 20-23 incl . 
If voltage not present, determine reason for lack of continuity between 
1 OOk Q pull-up resistor and + 5 VDC. Repair, retest module. 
If + 5 VDC is present at inputs, replace U 2 .  Repair, retest module. 

SYMPTOM I l l .  U 2  associated solenoids : 
1 /2 ,  1 I4,  1 /8 or one always energized. 1 /2 ,  1 I4,  1 /8 or non energized . 

A) Defective Integrated 
circuit U2  

8) Lack of  continuity 

C) Defective Integrated 
circuit U 2  

Use AID 1 . Probe inputs at U2 ,  pins 20-23 incl .  I f  LED l ights, replace U 2 .  
Retest module. 
If LED does not l ight, use probe at J4,  pins 3, 4, 5 and 6 .  If LED l ights, 
find reason for lack of continuity to U4.  Repair, retest module. 
If LED does not l ight, replace U 2 .  Retest module. 

SYMPTOM IV. All solenoids de-energized. 

A) Lack of continuity Use Voltmeter to find reason for lack of continuity to + 5 VDC supply 
line. Repair, retest module. 

SYMPTOM V .  MPU does not flash LED on Power-up.  

Short on + 5 
VDC line 

A) Defective capacitor 
C22 

8)  Defective Integrated 
circuit U2  

C) Defective + 5 VDC 
Voltage Regulator 

Remove contact from connector J3, pin 25.  
If 5 VDC is present at TP1 , remove C22.  Test with ohmmeter. 
If defective, discard . Replace C22,  reinsert contact, connector J3.  
Retest module. 
If C22 is correct, replace integrated circuit U 2 .  

I f  + 5 VDC i s  not present, proceed to Voltage Regulator Diagnostic 
Table . 

* Solenoids associated with 1 of 1 6  decoder U2 are designed for impulse operation only and may be­
come damaged if operated continuously. 
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A3 : SOLENOI D DRIVER / VOLTAG E  R EG U LATOR MODULE 
COMPON ENT PARTS LIST 

REFERENCE BALLY 
ITEM DESIGNATION PART # DESCRIPTION 

1 A3 AS-25 1 8- 1 6 Solenoid Driver/ Voltage 
Regulator Modu le ,  Complete 

3- 1 4  Resistors Resistor, See Schematic for 
val ue .  

1 5  RT 1 E-00599-00 1 4  Pot . (L inear) 25K 
1 7  C25 E-00586-00 1 4 Capacitor, 1 MFD,  20V 
1 8  C26 E-00586-0059 Capacitor, 1 60 MFD, 350V 
1 9  C24 E-00586-0063 Capacitor, 2 MFD @ 25V 
20 C23 E-00586-0062 Capacitor, 1 1 700 M F D ,  20V 
2 1  C 1  -CB , C 1 1 -C2 1 E-00586-0064 Capacitor, . 002 M F D ,  1 kv 
22 C22 , C27,  C28 E-00586-0065 Capacitor, .01  MFD,  500V 
24 K 1  E-00 1 46-079 1 Relay 

( 25 0 1 - 0 1 9 I E-00585-0034 Transistor, SE9302 
26 022 , 023 E-00585-004 1 Transistor, 2 N 3440 
27 02 1 E-00585-0042 Transistor, 2N3584 
28 020 E-007 1 0  + 5V Regu l ator, LAS 1 405 or 

78H05KC or LM323K 
30 C R 1 -CR2 1 E-00587-001 5 Diode ( I N4004) 
3 1  VR 1 E-00598-001 0 Diode , Zener 1 40V, I N 5275A 
33 U 1 , U 3, U4 E-00681 l . C .  Transistor Array, CA308 1 
34 U 2  E-00620-0039 l . C . B inary to 1 / 1 6  Decoder, 

74L 1 54 
36 E-00592-0002 Relay Socket 
37 M- 1 839 Relay Holder 
39 E-00682 Heat S i n k ,  T0 1 8  
40 E-00682-000 1 Heat S i n k ,  T066 
4 1  E-00682-0002 Heat S i n k ,  T03 Case 
42 E-0071 5-0039 1 5  P i n  Wafer Con nector 
43 E-0071 5-0016 1 2  P i n  Wafer Con n ector 
44 E-0071 5-0020 25 P in  Wafer Con n ector 
45 E-0071 5-0033 9 P in  Wafer Con nector 
55 M-1 837 Shie ld-Plexig lass 

REF: Page 55, parts location . 
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AS-251 8-22 SOLENOID DRIVER NOLTAG E  R EGU LATOR MODU LE 

®--� 

4Z. 

NOT E :  INT ERCH ANGE AB LE WITH AS-2518-16 

57 



A3: SOLENOI D DRIVER / VOLTAG E R EGU LATOR MODU LE 
COM PON ENT PARTS LIST 

REFERENCE BALLY 
ITEM DESIGNATION PART # 

1 A3 AS-251 8-22 

3- 1 4  Resistors 

1 5  RT1 E-00599-00 1 4  
1 7  C25 , 29 E-00586-00 1 4  
1 8  C26 E-00586-0059 
1 9  C24 E-00586-0063 
20 C23 E-00586-0062 
2 1  C 1  -CB, C 1 1 -C2 1 E-00586-0064 
22 C22 , C27, C28 E-00586-0065 
24 K 1  E-00 1 46-0795 
25 0 1 -0 1 9 E-00585-0034 
26 022 , 023 E-00585-004 1 
27 02 1 E-00585-0042 
28 020 E-007 1 0 

30 C R 1 -CR21 E-00587-001 5 
3 1  VR 1 E-00598-00 1 0  
33 U 1 , U3 , U4 E-00681 
34 U2 E-00620-0039 

36 E-00592-0002 * 
37 M- 1 839* 
39 E-00682 
40 E-00682-000 1 
4 1  E-00682-0002 
42 E-007 1 5-0039 
43 E-007 1 5-00 1 6 
44 E-007 1 5-0020 
45 E-007 1 5-0033 
55 M-1 837 
59 E-00148-0021 
60 F1 E-001 33-0030 

* USED WITH ITEM 24, E-001 46-0791 , PLUG IN RELAY O N LY 

REF:  Page 57, Parts Location.  
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DESCRIPTION 

Solenoid Driver/ Voltage 
Regulator Module,  Complete 
Resistor, See Schem atic for 
value.  
Pot . (Li near) 25K 
Capac itor, . 1  M FD, 20V 
Capacitor. 1 60 MFD,  350V 
Capacitor, 2 M FD @ 25V 
Capacitor, 1 1  700 M FD,  20V 
Capacitor, .002 MFD,  1 kv 
Capacitor, . 0 1  M FD ,  500V 
Relay, Printed Circuit 
Transistor, SE9302 
Transistor, 2N3440 
Transistor, 2N3584 
+ 5V Regulator, LAS 1 405 or 
78H05KC or LM323K 
Diode ( IN4004) 
Diode, Zener 1 40V, I N 5275A 
l . C. Transistor Array, CA308 1 
l . C . Binary to 1 / 1 6  Decoder, 
74L1 54 
Relay Socket 
Relay Holder 
Heat Sink,  T05 
Heaf 8ink,  T066 
Heat Sink ,  T03 Case 
1 5  Pin Wafer Con nector 
1 2  Pin Wafer Connector 
25 Pin Wafer Connector 
9 Pin Wafer Connector 
Shield-Plexiglass 
Fuse Clips 
Fuse 8 AG- 1/4 Amp.  
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POWER TRANSFORMER M O DULE A2 PROCEDURAL STEPS 

POWER TRANSFORMER M O DU LE A2 

PROCEDURAL STEPS 

DIAGNOSTIC TABLE: POWER TRANSFORMER MODULE, A2 
REPAIR LEVEL: COMPONENT REPLACEMENT 

CAUSE PROCEDURE 

SYMPTOM I.  Output voltage(s) out of l imits . 

A) Improper l ine 
voltage 

8) AC input jumpering 
not compatible with 
l ine voltage 

C) Defective bridge 
rectifier 

D) Lack of continuity 

E) Defective transformer 

, Measure at : TP 1 5 .4 ± 
TP2 230 ± 
TP4 7.3 ± 
TP5 43 ± 
TP3 1 1 .9 ± 

.8 VDC 
27 .4  voe 

. 9 VAC 
5 .4  voe 
1 .4VDC 

Measure at : J 2-6 to 7, l ine voltage ± 1 0% .  
I f  l ine voltage exceeds the ± 1 0% l imit, a variac can b e  used to adjust 
the input l ine voltage during the module test . 
If voltage(s) at test points are still out of l imits , examine AC input jumpers. 
Determine if connections are proper for l ine voltage at test site . (see card 
in back box) . Rearrange if necessary. 
If voltage at test point is low and out of l imits , change bridge rectifier, 
retest module. 
If sti l l  out of l imits, change transformer. Retest module. 
If voltage at test point is h igh and out of l imits , determine reason for lack 
of continu ity to output con nector. Repair, retest module. 
If voltage at TP4 is out of l imits , change power transformer. Retest 
module. 

SYMPTOM I I .  Module blows fuse. 

A) Defective bridge 
rectifier 

8) DefecUve Power 
Transformer 

If mod u le always blows i n put fuse F6, momentari ly short across fuse 
holder (about 3 seconds). 
If fuse F 1 , 2, 3 or 4 blows, change associated bridge rectifier, retest 
module. 
If no fuses blow, replace power transformer. Retest module. 
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ITEM 

0 

1 
4 
5 
8 

1 1  
1 2  

A2 : POWER TRANSFORMER MODULE 
COM PON ENT PARTS LIST 

REFERENCE 
DESIGNATION 

A2 

BALLY 
PART # 

AS-2877 

AS-25 1 8- 1 8  
M- 1 829a 
A-3840b 
E-00 1 22-0 1 25c 

P-2692b 
M- 1 834 
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DESCRIPTION 

Power Transformer Module,  
Complete 
Rectif ier Board Assembly 
Circuit Board Support 
Mounting Plate & Stud Assembly 
Transformer 1 20/240V, 
501 60 Hz 
P. C. B Cover 
Heat Sink Com pou nd 



( 

ITEM 

0 

1 
4 
8 

1 1  
1 2  

0 
0 
0 

A2 : POWER TRANSFORMER MODULE 
COM PO N ENT PARTS LIST 

REFERENCE 
DESIGNATION 

BALLY 
PART # DESCRIPTION 

A2 AS-2877-1 

AS-25 1 8- 1 8 
M- 1 829-2a 
E-00 1 22-0 1 25c 

P-2692b 
M- 1 834 

Power Transformer Module, 
Complete 
Rectifier Board Assembly 
Circuit Board Su pport (4 Req'd . )  
Transformer 1 20/240V, 
50160 Hz 
P. C. B Cover 
Heat S ink Com pound 

NOTE: R ECOM M EN DED R E PLACEM ENT FOR AS-2877 
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ITEM 

3 
4 
5 
7 
9 

1 2  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 1  
22 
23 
25 
26 

AS-251 8-1 8 R ECTIFIE R  BOARD ASSEMBLY 

0 
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R ECTIFI E R  BOARD ASSE M B LY 
{Part of) 

A2 : POWER TRANSFO R M E R  MODU LE 
COMPONENT PARTS LIST 

REFERENCE 
DESIGNATION 
P/O A2 

R 1  
R2 
R3 
VR 1 
C R 1 , CR2, CR3,  CR4 
B R 1 , BR2, BR3 . 
F 1  
F2 
F3 
F4 
F5 
F6 

J 1 , J3 
J2, J3 

BALLY 
PART # 
AS-25 1 8- 1 8 

E-00 1 04-0092 
E-00 1 04-009 1 
E-00 1 05-0226 
E-00623 
E-00587-0006 
E-00602-0003 
E-00 1 33-00 1 0  
E-00 1 33-0028 
E-00 1 33-0004 
E-00 1 33-0005 
E-00 1 33-0027 
E-00 1 33-0024 
E-00684 
E-0071 5-0032 
E-0071 5-0034 
E-00 1 48-002 1 
E-001 48-0022 
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DESCRIPTION 
Rectifie r  Board Assembly, 
Complete 
Resistor, 1 0%,  600 Ohm, 1 OW 
Resistor, 25 Ohm , 5W 
Resistor, 5%, 1 00K Ohm, 1/4 W  
Varistor 
D iode ( I N4004) 
Bridge Rectifier (VJ248 VARO) 
Fuse, 1 OA, 32V, 3AG 
Fuse, 3/4A, 250V, 3AG , S . B . 
Fuse , 4A, 32V, 3AG 
Fuse, 5A, 32V, 3AG 
Fuse, 20A, 32V, 3AG 
Fuse, 3A, 3AG , S . B .  
Test Poi nt 
8 P i n  Wafer Conn ector 
1 0  Pin Wafer Connector 
Fuse Cl ips 
Fuse C l i ps 



( ) 

SOUN D DRIVER MODULE AS PROCEDURAL STEPS 

Fu nct ional ly, the Sou nd mod u le is d ivided i nto s ix c i rc u i t  areas , as fol lows: 

1 .  Power Supply (01 and assoc iated components). 

2. Tone Data Processor (U2, PIO U1 and U3). 

3. Program mable Frequency Generator (U 1 3, U 1 C, U4, U5 and U 1 1 ). 

4.  Tone Trigger Generator (U7, and assoc iated c i rcu itry). 

5. Voltage Contro l led Alternator (U8). 

6. Aud io  Am pl i f ier (U9 and U 1 0). 

The fo l lowing  out l i nes a s i m p l i f ied test seq uence to aid in q u ick  local izat ion of a fau lt  to one of 
these c i rcu i t  areas. Once the area of the fau lt  has been determ i ned, use m ust be made of the 
referenced sect ions for a more detai led analys is .  

Un less stated otherwise, a l l  measurements are made with  respect to TP2, the g round l i ne of  the 
Sou nd modu le .  

· 

1 .  POWER SU PPLY CHECK 

Measure + 5 ± 0.25 VOC at TP1 and + 1 2.5 ± 1 .3 VOC at TP3. I f  i ncorrect, go to Sect ion I .  

2. FREQUENCY GEN ERATO R CHECK 

Measure + 0.8 VOC at j u nct ion of R3 and R5. I f  i ncorrect, go to Sect ion I I . 

3. AUDIO AMPLI FIER CHECK 

Measure + 2 voe (approx.) at  U9,  p i n 2 .  Observe that a t ick ing sou nd is  prod uced each t i me U9, 
p i n  2 is  touched with  meter test lead. If i ncorrect,  go  to Sect ion I l l .  

4. TON E  TRIGGER GEN ERATOR CHECK 

With the game i n  p lay mode,  act ivate any p layf ie ld  switch that  wi l l  resu l t  i n  momentary 
solenoid (s l i ngshot, etc.) act iv i ty. On the Sou nd mod u le,  con nect a j u m per from TP1 ( + 5V) to 
U 2, p i n  5 (the j u nct ion of R24 and R28, see shemat ic). No sou nd shou ld be heard , u n less a 
p layf ie ld  switch is  act ivated . 

I f  sound is  heard wi th  the j u m per i nsta l led ,  refer to Sect ions V and I I  (i n that order). 

Act ivate a p layf ie ld switch .  I f  sound is  heard with j u m per in p lace, but not without i t ,  go to Sec­
t ion IV.  

5. VOLTAG E CONTROLLED ATTEN UATO R CHECK 

Temporari ly p lace a short between p i ns 1 and 2 of U8 on the Sou nd mod u le and act ivate a 
p layf ie ld switch .  

I f  sound  is  heard with  the short i nsta l led ,  but not wi thout i t ,  refer to Sect ion I l l .  

I f  sound i s  not heard with  the short i n  p lace, refer t o  Sect ions V and . I I  ( i n  that order) .  
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DIAG NOSTIC TABLE: 
REPAI R LEVEL: 
SECTION I: 

CAUSE . 

SOU N D  DRIVER MODU LE, AS 
COIVI PON ENT REPLACEM ENT 
POWER SUPPLY ASSOCIATED FAI LU RES 

PROCEDURE 

SYM PTOM I :  No Sound or d istorted sound .  TP1 ( + 5V) Vo ltage i ncorrect.  

A) Open + 5 VDC l i ne Measure + 5 ± .25 VDC at TP1 . 
If absent at A3-TP1 , use standard t rou b leshoot ing  techn iques to locate 
and repa i r  short on + 5 vol t  d i stri but ion c i rcu i t  on Sou nd modu le .  
and TP1 O fl  Sou nd modu le .  

B)  Short on + 5 VDC l i ne I f  absent a t  A3-TP1 , use  standard t rou b leshoot i ng tech n iques to  locate 
and repai r short on + 5 vol t  d i str ibut ion c i rcu i t  on Sou nd modu le .  

SYM PTOM I I : No Sound or d istorted sou nd.  TP3 (1 2.5 ± 1 .3 VDC) vo ltage low or absent .  

A) Open + 43 VDC l i ne Measu re + 43 ± 5.4 VDC at TP4.  

B) Short on + 43 VDC 
l i ne 

C1 7 Shorted 

C) Short on + 1 2  vol t  
l i ne 

D Defective + 1 2V 
Reg u lator 

CR3 Open 

CR3 Shorted 
C 1 7  Open 

I f  correct, proceed with C). 
If absent ,  measu re + 43 volts at A2-TP5, Power Transformer mod u le .  
I f  present at  A2-TP5, locate and repair  open between con nector and TP4 
on Sou nd mod u le .  

I f  absent at  A2-TP5, use standard trou b leshoot ing  techn iques to locate 
and repai r short in + 43 vo l t  c i rcu i t  on Sou nd modu le .  

I n  part icu lar, check for  shorted capac itor C1 7 on the Sou nd mod u le .  

With power off, con nect pos it ive lead of ohm meter to TP3, negat ive to 
g round and measure res istance. The resistance shou ld be i n  excess of  
1 k Q (3k Q typ ical ly). I f  low or shorted, use standard troubleshoo� i ng  
techn iq ues to  locate and  repair  the  short on + 12  vol t  d istr ibut ion c i rcu i t .  
NOTE: Short or low i m pedance c i rcu i t  on + 12 vo lt  l i ne may resu l t  in  
damaged 0 1  and CR4.  It  i s  therefore advisable to rep lace 01  and CR4 
after the short has been repaired . 

Measure + 67 ± 7 VDC at posi t ive term i nal of C 1 7. 

If absent ,  rep lace CR3. 

I f  equal to TP4 vo ltage, check CR3 for short and/or C1 7 for open and 
rep lace as necessary. 

Measure voltage at col lector of 01 . With no sou nd output (vo l u me con­
t rol al l  the way CCW) the col lector of 0 1  shou ld  be with i n  a few volts of 
the voltage at pos i t ive term i na l  of C1 7. I f  the co l lector vo ltage is  low or 
absent ,  check the fol lowi ng and rep l ace defect ive components as 
necessary. 

a) Open or h ig h  resi stance R36. 
b) 01 col l ector to base short caus ing  overload throug h CR4. 

R36 Open 
01  Shorted 
Overloaded + 1 2V l i ne c) Excessive cu rrent dra in  on + 1 2V l i ne .  

01  Open 

R22 Open 

CR4 Shorted 
C 1 8  Shorted 

CR4 out of 
tolerance 

I f  vol tage at col lector of 01  is  normal and the vo ltage at base of 01  is 
+ 13 ± 1 .3 volts ,  rep lace 0 1 . 

If vol tage at base of 01  is l ow or absent ,  check for open R22 and rep lace 
i f  defective .  

I f  R22 is  not defective, check for  shorted CR4 or C1 8. I f  e i ther is  fou nd 
defective ,  rep lace a long with 0 1 . 

I f  vol tage at base of 01  is out of to le rance, rep lace CR4. 

SYM PTOM Ill: No Sound or d istorted sou nd.  TP3 ( + 1 2.5 ± 1 .3 VDC) vol tage abnormal ly h i g h .  

01  Shorted 
CR4 Open 
R22 Shorted 

Check for shorted 01 , open CR4, and/or shorted R22. 
I f  e i ther is fou nd defective ,  rep lace a long with  01 and CR4. 

NOTE: Vol tages h i g her than + 1 6V on the + 1 2V l i ne may resu l t  i n  
damage t o  IC's U 7 ,  U8, U 9  and U 1 0. 
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DIAG NOSTIC TABLE: 
REPAI R  LEVEL: 
SECTION I I :  

CAUSE 

SOU N D  DRIVER MODU LE, AS 
COM PON ENT REPLACEM ENT 
FREQUENCY G EN ERATION ASSOCIATED FAI LURES 

PROCEDURE 

SYM PTOM I :  No Sou nd.  (Clock Sig nal fai l u re). 

A) Clock  generator U1 B, 
U 1 C  defect ive 

B) Clock generator 
component defect ive 

C) U4 defective 

Measu re + 2.5 VDC on U 1  B, p i n  4. 
I f  correct, go to 1 1 1  B. 
I f  i ncorrect,  rep lace U 1 . 

If st i l l  i ncorrect after U 1  rep lacement ,  check for defect ive c lock gener­
ator com ponents. 

The fau lt  may a lso be due to defective c lock  i nput  l i ne on U4. Rep lace 
as necessary. 

SYM PTOM II:  No Sound or i ncorrect tone seq uence. (Freq uency d iv is ion fai l u re) 

Momentari ly con nect a j u m per lead from TP1 ( + 5V) to U2, p i n  5. Th is w i l l  ( c lock i n  ' n u l l '  add ress data and cause a l l  data l i nes to U4 and U5 to go 
low (0 to + 0.5 VDC), except DP1 on U4, p in 5 which w i l l  be h igh ( + 3.5 to 
+ 5 VDC). I f  ' n u l l '  add ress cond i t ion i s  not attai ned, refer to Sect ion V. 

A) U4 and/or U5 defect ive Measu re + 2.5 VDC at U 1 1 ,  pin 1 .  
U 1 1 c lock i n put l i ne (Add i t ional  test i n g  may be performed with  the game operat i ng i n  c h i me 
defective mode. I n  th is  case the s ig nal  at U 1 1 ,  p i n  1 changes from ' n u l l '  cond i t ion 

square wave to a series of  narrow pu lses, and the voltage at  U 1 1 ,  p i n 1 is  
approxi mately + 0.1  VDC). 

B) U 1 1 defect ive 

C) Waveshapi ng c i rcu i t  
defective 

DIAG N OSTIC TABLE: 
REPAI R LEVEL: 
SECTION I l l :  

CAUSE 

I f  correct, proceed with  next step. 
I f  i ncorrect, rep lace U4, U5 and/or U 1 1 .  

Measu re + 2 VDC at p i ns 9 and 1 1  of U 1 1 .  
I f  i ncorrect, rep lace U 1 1 .  

Referri ng to the schemat ic ,  trace the s ignal from U 1 1 ,  p i ns 9 and 1 1  to 
U8, p i n 2.  Rep lace defect ive c i rcu i t  components as necessary.  

SOU N D  DRIVER MODU LE, AS 
COM PON ENT REPLACEMENT 
AM PLIFICATION ASSOCIATED FAI LURES 

PROCEDU RE 

SYM PTOM I :  Act ivat i ng a ch ime assoc iated switch prod uces no sou nd ,  u n less p i ns 1 and 2 
of U8 on Sound mod u les are shorted . 

A) Sustai n Adj ust RT2 
set i ncorrect ly 

B) Tone tr igger on 
enve lope generator 
defective 

C) U8 defect ive 

With the short removed , check i f  the fau l t  i s  not caused by i m p roperly 
set susta in  adj ust (RT2). 
Readj ust RT2 if necessary.  

I f  st i l l  i ncorrect, check for defect ive tone tr igger and envelope generator 
funct ion , as descri bed u nder  SYM PTOM l lA, Sect ion IV. 

I f  the tr igger and enve lope funct ions are normal , rep lace U8. 
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DIAG NOSTIC TABLE: 
REPAIR LEVEL: 
SECTION I l l :  

CAUSE 

SOUN D  DRIVER MODULE, AS 
COM PON ENT REPLACEMENT (Cont'd) 
AMPLIFICATION ASSOCIATED FAILURES (Cont'd) 

PROCEDURE 

SYMPTOM I I : N o  Sou nd or d istorted sou nd.  Frequency generator, tone tr igger and 
enve lope generator fu nct ion normal ly. 

A) Vol ume control  (RT3) Check if the fau lt  is not caused by vol u me control  set a l l  the way CCW, 
set i ncorrect ly or too far f:,W. Readj ust RT3, i f  necessary. 

B) Defective 
loudspeaker 

C) Defective U 1 0  

D) Defect ive U 9  or 
vo l ume control  RT3 

DIAG N OSTIC TABLE: 
REPAI R LEVEL: 
SECTION IV: 

CAUSE 

I f  st i l l  i ncorrect , use a j u m per lead in series with  a 0.05 mfd. capac i tor to 
feed the s ignal from the j u nct ion of R5, R 1 4, R 1 5  and U8, p i n 2 to U 1 0, p i n  
2. Act ivate a sou nd assoc iated switch.  

I f  sou nd is  absent ,  or d istorted, check and rep lace the loudspeaker, 
i f  defect ive.  

I f  loudspeaker is not defective, rep lace U 1 0. Also check U 1 0  assoc iated 
co�ponents and rep lace if defect ive. 

I f  sound is  heard in Step B), but not without the j u m per, rep lace U9. Also 
check vol ume contro l  (RT3) and rep lace i f  defect ive. 

SOU N D  DRIVER MODU LE, AS 
COM PON ENT REPLACEM ENT 
TON E  TRIGG ER AN D ENVELOPE G EN ERATIN G  CIRCUIT 
ASSOCIATED FAILU RES 

PROCEDURE 

SYM PTOM I :  With U2, p in 5 j u m pered to + 5V (see test), sou nd funct ion  appears normal , except 
for short susta in  d u rat ion .  Sou nd seq uences can not be obta ined without the j u m per. 

A) Solenoid Bank 
Select l i ne fau l t  

B )  Defect ive U7 
or assoc iated 
com ponents 

C) U2 c lock i n put 
l i ne defect ive 

On the Sou nd mod u le,  con nect a vol tmeter to measure voltage at J 1 ,  p i n  
8 .  Con nect a j u m per from T P 1  ( + 5V) t o  t h e  j u nct ion o f  R24, R28 a n d  U2, 
pin 5. 

With the game in a state to accept a p layer and the bal l in the outhole,  
press the p layer-u p button .  Observe that the voltage at J 1 ,  p in 8 is  at a 
h i g h  leve l (approx. + 4 VDC) when the p layer-up sound is  heard ,  and then 
goes to a low leve l (approx.  O VDC) as the outhole solenoid energ izes. 

I f  voltage at J 1 ,  p i n 8 of the Sou nd mod u le  is  i ncorrect, i nvest igate w i r ing  
on Sou nd mod u l e  for  a short to  + 43 VDC or g rou nd l i ne.  
Repai r  and retest. 

On the Sou nd modu le,  remove the j u m per from TP1 to U2,  p i n  5 and 
connect the voltmeter to measure tr igger voltage at U7, p i n 3. 

Observe that the tr igger vol tage changes from a low level (approx. 0 VDC) 
when no sou nd is p layed , to a posi t ive val ue (s i n g le c h i me note wi l l  pro­
duce approx. 0.25 VDC peak read i n g ,  noise seq uences may produce 6 
VDC peaks), when a sound assoc iated switch is act ivated. (Sound may 
not be heard at th is  poi nt ,  however, the voltage shou ld change as 
i nd icated .) 

I f  t r igger voltage is  absent ,  r_ep lace U7 or assoc iated components (02, 
etc.) as necessary. Retest. 

Proceed as in step B) above, except connect the voltmeter to measure 
voltage at U2, p i n  5. 

Observe that the voltage at U2, p i n  5 changes from a low level (0- VDC) to 
approx. one-th i rd the maxi m u m  value  observed in step B), when the 
same sou nd assoc iated switch is act ivated. 

If  i ncorrect, check for open s igna l  path from U7, p i n  3 to U2, p i n  5, i n­
c l u d i ng voltage d iv ider "R24 and R28. Repa i r  i f  defect ive .  E lse,  rep lace 
U2. Retest. 
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DIAG N OSTIC TAB LE: 
REPAIR LEVEL: 
SECTION IV: 

CAUSE 

SOUN D  DRIVER MODULE, AS 
COM PON ENT REPLACEM ENT 
TON E  TRIGG ER AN D ENVELOPE G E N ERATIN G  CI RCUIT 
ASSOCIATED FAILURES (Cont'd) 

PROCEDURE 

SYMPTOM I I: C h i me sou nd i s  absent or decays abnorm al ly .  Susta in  adj ust (RT2) does not 
funct ion normal ly .  

A) Defect ive envelope 
c i rcu i t  components 

8) Defective sustai n 
adj ust c i rcu i try 
or defect ive ua 

Defective RT2 

ua, p i n  3 i n put  
defect ive 

ua defect ive 

Place the game i n  ch ime mode. Con n ect a vol tmeter to measu re vol tage 
at the j u nct ion of CR1 and CR2 on the Sou nd modu le .  

Observe that the voltage i s  at  a low level (0 VDC) and mometari ly  i n­
creases to approx . + 2.5 VDC when a s i ng le  c h i me associated switch is  
act ivated . (M u l t ip le  ch i mes or no ise  sequences wi l l  cause h i g her peak 
read i ngs. )  

I f  i ncorrect, refer to the schemat ic  and check envelope c i rc u it com­
ponents CR1  through R1 1 .  Repa i r  and retest. 
Refer a lso to step 8) of SYM PTOM I .  

Con nect vol tmeter t o  measure vo ltage a t  U8, p i n  3. 
Observe that with no sou nd assoc iated switches act ivated , the vol t­
age changes smooth ly  from 0 VDC wi th RT2 CCW to approx. + 0.5 VDC 
with  RT2 CW. 
If DC level at U8, p i n 3 can not be adj usted or changes abru ptly when RT2 
is rotated , change RT2. Retest. 

I f  voltage at U8, p i n 3 is  i ncorrect, refer to the schemat ic and check sus­
tai n c i rcu i try from R1 1 to U8, p i n  3, and R1 4 for defect ive components,  
solder sp lashes or otherwise abnormal cond it ions. Repa i r  as req u i red,  
e lse,  rep lace U8. Retest. 

I f  vol tage at U8, p i n  3 is correct, d i scon nect vol tmeter from U8, p i n  3 .  (Al l  
j u m pers shou ld a lso b e  d i scon nected .) Set vol ume control (RT3) approx. 
1 /4 tu rn CW and activate a c h i me assoc iated switch .  Set Susta in  Adj ust 
(RT8) CW. 

I f  sou nd is heard , but sustai n can not be set for normal decay, rep lace U8. 
Retest. 

I f  sou nd is  not heard with RT2 al l  the way CW, refer to Sect ion I l l .  

SECTION V 
TON E  DATA BUS ASSOCIATED FAI L U R E  PROC EDU R E  

PART I :  TROUBLESHOOTI NG WITH AID1 . 

1 )  Turn off power. I nsta l l  A I D 1  mod u le on M PU con nector J5. C l i p  A I D 1  test probe t o  TP1 o f  A I D 1 . 
On the Sou nd mod u le con nect a j u m per from TP1 ( + 5V) to the j u nct ion of R24, R28 and U2, 
p in 5. 

2) Turn power ON and after game powers up, (power-u p tune may not be heard with defect ive 
Sound modu le) i n i t iate Self  D iag nost ic  Test by p ress ing Sel f-Test switch button i ns ide the 
cabi net door. 

3) Enter A ID1  p rogram by pressi n g  S33 on the M PU mod u le .  

4) Us i ng A ID1  test probe, examine  the data l i nes at the poi nts l i sted i n  Table I .  Normal operat ion  i s  
i nd i cated i f  t h e  L E D  on t h e  M PU modu le  l ig hts and a n y  h u m m i ng no ise d isappears each t i me a 
data l i ne is  probed . I n  th is  man ner,  the s ignal can be traced from its ori g i n  on the M PU mod u le 
to the Sou nd Mod u l e  Tone Memory U3. 

I f  s igna l  i s  not present at any of the test poi nts of Table I ,  refer to the schemat ic and w i ri n g  
d i ag rams t o  determ i ne t h e  defect ive components i nvolved . Repai r a n d  retest. 
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SECTION V 

TO N E  DATA BUS ASSOCATED FAI L U R E  PROCE D U R E  (Cont'd) 

TABLE AS·I TON E  DATA BUS ASSOCIATED FAI LU RES 

LI N E  U N DER TEST M PU MODULE SOU N D  MODULE 

(So l .) Add ress A J4  - 4 J 1 - 1 U2- 4 U 1 - 2 

(So l .) Add ress B .J4 - 3 J 1 - 2 U2- 7 U 1 -1 0  

(So l .) Add ress C J4  - 2 J 1 - 3 U2-1 3 U 1 - 1 2  

(So l .) Add ress D J4  - 1 J 1 - 4 U2-1 4 U 1 - 1 5  

Add ress E J 1  - 7 J 1 -1 2  

So l .  Ban k Select J4 - 1 0  J 1 - 8 

U3-1 0 

U3-1 1 

U3-1 2 

U3-1 3 

5) Remove j u m per from TP1 to U2,  p i n  5 and measu re O VDC (approx.) on U2, p i n  5. If i ncorrect, 
refer to the schemat ic ,  determ i ne the cause, and repai r, rep lac i ng U2 i f  necessary. Retest. 

PART I I :  TROU BLESHOOTING WITHOUT TH E USE OF AI D 

If A I D 1  mod u l e  is not avai lab le or i f  the A I D 1  tests do not locate the prob lem,  the operat ion of the 
Sou nd modu le Add ress Data Latch (U2) and Tone Memory (U3) can be checked with the use of 
j u m per leads and a vo ltmeter. The j u m per leads are needed to s i m u late and c lock-i n desi red add ress 
s i g nals ,  wh i l e  the voltmeter is used to observe if correct log i c  s ig nal leve ls  are present .  

1 )  Place the game i n  normal operat i ng mode (not i n  Sel f-D iag nost ic  Test). Do not operate any 
p layf ie ld  switches. 

2) Check that address i n put s ig na ls  at Sound mod u le con nector J 1 ,  p i ns 1 ,  2, 3 and 4 are al l  h i gh  
(approx. 4 v'

o l ts). 

I nvest igate �ssoc iated w i ri ng on Sou nd modu le for shorted add ress l i nes. Repa i r  and retest. 

3) Clock-i n and latch the add ress s ignal  (address l i nes all h i g h). This i s  accomp l ished by momen­
tari ly con nect i n g  a j u m per on the Sou nd mod u l e  from TP1 ( + 5V) to the j u nct ion of R24,  R28 and 
U2, p in 5. Latch ing  occurs on the h igh to low trans i t ion  of the c lock s i g nal (s i m u lated by the 
j u m per). 

With  the j u m per removed , measure 0 VDC {approx.) on U2, p i n  5. I f  i ncorrect, refer to the 
schemat ic ,  determ i ne the cause and repai r, rep lac .i ng U2 i f  necessary. Retest. 

I f  U2 output data at p i ns 3,  9, 1 2  and 15 are not the i nverse of the latched address data, rep lace 
U2. If  fau lt  pers i ts, rep lace U 1 . 

If U2 outputs are correct , but U3 i n puts at p i ns 1 0, 1 1 ,  1 2  and 1 3  are not , rep lace U3 and/or U 1 . 

If U3 i n puts are correct, bufi ts outputs at p i ns 1 ,  2, 3, 4, 5, 6, 7 and 9 are not, rep lace U3. If  
prob lem pers ists, check for l i ne load i ng by U4 and/or U5, rep lac ing  same i f  necessary. 

4) Proceed as above to c lock- i n  and latch other add ress data combi nat io'ns l i sted i n  Table A8- l l .  
Exami ne, i f  correct log ic  leve ls  are present .  Rep lace defect ive com ponents as  req u i red .  

To  s i m u l ate low add ress s igna ls  on  l i nes A, B, C and  D,  con nect j u m pers from Sou rtd mod u l e  
TP2 ( + 5 V  G N D) t o  those U2 data i n puts (p i n s  4 ,  7,  1 3, 1 4) for w h i c h  t h e  low address i s  req u i red. 
With the "Address J u mpers" in p lace, c lock- i n  and latch the data by momentari ly con nect i n g  a 
j u mper from TP1 ( + 5V) to U2, p i n  5. Remove th is  j u m per f i rst,  and then al l add ress j u m pers.  

Address E s ignal is  not latched in the Sound mod u le ,  but i s  he ld by the M PU at e i ther  a hig h  or a 
low leve l ,  depend i ng on the last sou nd sequence. On the Sou nd mod u le ,  the ori g i nal  i s  i nverted 
by 03 and then appl ied to U3, p i n  1 4. Table A8-l l references th i s  s ignal as seen at U3, p i n  1 4. To 
change the s i g nal from h i g h  to low,  con nect a j u m per from TP2 ( + 5V G N D) to U3, p i n  1 4. To 
change from low to h i g h ,  con nect a j u m per from TP2 to base of 03. (Leave th is  j u m per con­
nected when the state of the add ress E s ignal must be a l tered .) 
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PART I I : �ROU BLESHOOTI NG WITHOUT THE USE OF AI D (Cont'd) 

TABLE AB · I I  TON E  MEMORY PROG RAM 

ADDRESS I N PUTS DATA OUTPUTS AT U3 PINS 

D c B A 1 2 3 4 5 6 7 
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AS : SOUND MODULE 
COM PON E NT PARTS LIST 

REFERENCE BALLY 
ITEM DESIGNATION PART # DESCRIPTION 

1 AB (see note 1 )  AS-2BBB- 1 PWB Module Complete-

2 J 1  E-007 1 5-0039 1 5  Pin Connector 
ff 3 J2 E-007 1 5-0026 2 Pin Connector 

4 TP1 -TP5 P-05399 Test Cl ip 
5 A 1 , R2B , A3 1 E-00 1 05-0239 Resistor 1/4W 5% 4 .7K 
6 A2 E-00 1 05-02B 1 Resistor 1/4 W 5% 1 5K 
7 A3 E-00 1 05-02B2 Resistor 1/4 W 5% 33K 
B R4 E-00 1 05-0257 Resistor 1/4W 5% 3 .9K 
9 AS, A6,  A9,  A 1 7, A 1 9, A20, E-00 1 PS-0 1 BS Resistor 1/4 W S% 1 OK 

A23 , A2S, A26, R27, R30 
1 0  A 1 0 E-00 1 OS-024B Resistor 1/4 W S% 1 SOK 
1 1  A 1 1 , A 1 2 , A 1 4  E-00 1 OS-02BS Resistor 1/4 W S% 1 M 

( 1 2  A 1 3 E-00 1 OS-02B4 Resistor 1/4 W S% 4 ?OK 
1 3  A 1 S E-00 1 OS-0279 Resistor 1/4 W S% 360 
1 4  A 1 6  E-00 1 OS-02BO Resistor 1/4 W S% 4 70 
1 S  A 1 B  E-00 1 OS-027B Resistor 1/4W S% 2 .7 
1 6  RB E-00 1 OS-02B7 Resistor 1/4W S% 2 . 2K 
1 7  A2 1 E-00 1 OS-0246 Resistor 1/4 W S% 1 1  O K  
1 B  A22 E-00 1 OS-02B6 Resistor 1 W 4.7K 
1 9  A24 E-00 1 OS-0223 Resistor 1/4 W S% B2K 
20 R7 E-00 1 OS-02B9 Resistor 1/4 W S% 1 . 1 K 
2 1  A29 E-00 1 OS-0230 Resistor 1/4 W S% 1 K 
22 A36 E-00 1 04-0096 Resistor SW, 1 0% ?Sf! 
23 E-OOS99-00 1 S Resist. Var. 9 1  B ,  1 OK 
24 C 1 , C 1 0 E-OOSB6-006B Cap. , Disc. 1 OOPF 1 OOOV 
2S C3 , C 1 4 , C1 S ,  C 1 B  E-OOSB6-006S Cap. , Disc . . 01 MFD SOOV 
26 C7 E-OOSB6-00B7 Cap. , Disc . . 02MFD SOOV 
27 C 1 9,  C2, CS, C9, C 1 6 , C2 1 E-OOSB6-00BB Cap. , D isc . . OSM FD 1 6V 
2B C4, C 1 2  E-OOSB6-00B9 Cap. , Disc . .  1 MFD 2SV 
29 CB, C 1 1 E-OOSB6-0090 Cap . ,  Elect . 1 MFD 2SV 
30 C6 E-OOSB6-0063 Cap. , Elect . 2MFD 2SV 

( 3 1  C 1 3 E-OOSB6-009 1 Cap. , Elect .  1 OOM FD 2SV 
32 C 1 7 E-OOSB6-0092 Cap. , E lect . 1 OOM FD 1 OOV 
33 01 (TI P  29) E-OOSBS-0043 Transistor N PN 
34 02 , 03 (2N 3904) E-OOS'BS-003 1 Transistor N PN 
3S C A 1 , CA2 ( 1 N 4 1 4B) E-OOSB7-00 1 4  Diode 
36 CA3 ( 1 N 4004) E-OOSB7-00 1 S Diode 
37 CR4 ( 1 N S243) E-0059B-00 1 1  Diode, Zener 
3B U 1 , UB (MC 1 4049B) E-00620-0033 Hex I nverter (J . C . )  
3 9  U4 , U5 (MC 1 4S26B) E-00620-0044 Programmable 4 Bit Counter 
40 U2 (MC 1 4042 B) E-00620-0045 Quad . Latch 
41  U7 (SSS) E-00620-0004 Timer l . C . 
42 U9 (LM 74 1 )  E-00620-004 7 Operational Am p.  
43 U 1 0 { LM 3BON) E-00620-004B Audio Amplif ier 
44 U 1 1 (B6 L93) E-00620-0046 4 Bit Binary 
4S C20 E-OOSB6-0064 Cap. , D isc . .  002 
46 AB (see note 2) AS-2S1 B-32 PWB Module Less Program 

Memory U3 

NOTE 1 :  
When ordering specify name of game. 

NOTE 2 :  
Order replacement memory chip U3 specifying name o f  game and part n o .  stamped o n  chip. 
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TRANSISTOR LEAD CONNECTIONS 

MPU 
MODULE 
DISPLAY 
DRIVER 

{ 2N3904 ( NPN) 
2N4403 (PNP) { 2N5401 (PNP) 
MPS-A42 ( NPN) 

SOLENOID { SE9302 (NPN) 
DRIVER 

===={): EMITTER 
BASE 

COLLECTOR 

[] ::::ECTOR 

EMITTER 

' 
METAL TAB 

SILICON-CONTROLLED RECTIFIER LEAD C O N N ECTIONS 
LAM P DRIVER MODULE 

C : CATHODE 

GATE c:• =::r )t=.=:::::r: ANODE 

2N5060 

MCR1 06-1 

[] :::::DE 

GATE 

\ 
METAL PLATE 

FIG URE IV SEMICONDUCTOR LEAD CONNECTIONS 

MODULE REPAIR SPARE PARTS KITS 

The following is a l ist of module repair parts kits recommended for doing com ponent replacement to 
each of the five module types. Each of the kits can be ordered from your Bal ly Distributor. 

KIT# PARTS KIT FOR REPAIR OF MODULE: 

490 Power Transformer Module, A2 
492 Solenoid Driver/Voltage Regulator Module , A3 
493 Display Driver Module ,  A 1 
494 Lamp Driver Module , AS 
503 MPU Module, A4 (Does not include Memory Chips U 1 -U6) 
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