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BALLY ELECTRONIC PINBALL GAMES
THEORY OF OPERATION

The fallowing discussion s Intended for the serious reader as an ald to increase his understanding of the Elec-
tronlc game. 1 is, essentially, the same material presented during the Bally Service Schools anc is a direct
response to the reguests for a writhen record of this matersial. 1t is not ntended to replage Repair Procedurns
F .0, 580, hut rather to give greater msight sto the functioning of the gama. It is hoped that this insight will be of
assistance in zenvicing tha gama

There are several mooes of cperetion designed into the Elactronic Pinball gamea. These are as follows:
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It iz recommandad that the reader have a sat of game schematics at hand for reference purposes.
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1. MPU MODULE SELF-TEST: The MPL module has, as part ol miegrated circait E 7200004 (UG) 2 pragram
designed 1o tas the modube &ach time power is turned on. Mo action s required on tha Goorator's part to indiale
e test, The pragram causes the MPU chio bo 1051 itseli, tne program containing intagrated circuits U7 thro LS,
the seratch pad memary UT . the non-volatile scralch pag memory L8, sach of the mput-output chips (panpheral
interface adaptors: PIA} U110 and L1 1, and the display and 2ero crossing ntenupt generator circuita. If the MPLU
finds all circuits in proper cperating order, it initializes the game and makes it ready for play. if the MPL module
firngds a fault during the coursa of the Seell-Test, it atopa at that poirt in the test and doas nol alloes game play

The accuracy of the MPU Sell-Test is about 99.5%. Tha MPU module catches all taulls except bubter amplifier
problems (‘B poris)in the P& chips. These can egsily be detectad [ater by usa of the AIDT moadule.

The interesting idea behind the MPU Seif-Test is that it not only prevents game play when faulls are detected.
bt alga helps localize thesa faults. This is ilustrated by means of page 3, borrowed from F.O. 560, The LED or
the MPL module flashes once for each successiully completed tast, Simply counting the number of flaghes of
the LED after power-up localizes the fault (o the offending circuit on the module.

&) 18T FLICKER:

O power-up, the MPU chip (U8}, requires thet + 5+ L2EVDC be applied hefore the reset line is sllowed to
swing from O to + 4 BYDC. 1 also requires the presence of a two-phase, nen-overlapping cleck pulse. It
these conditions ara met, and if the MPU chip itself is geod, the LED on the module flickers briefly. F.O.580,
page 29, deals with fault ncalization if the LED indicates a fault [LED always on’ar att’)

The brief flicker indicates the operation is proper. The MPU has gone oul to memcny, It has abliained the
starting address of the Self-Test from memery, The flicker indicates that it then wenl 10 thal address and
started to execute the Sell-Test program.

I

The Valid Power Detector circuit on the MPL module works with the + SVDC regulator, G20, on the
Salenaid Driver /oltage Regulator module to prévent the resst line from going high wuntil + SY0C s proper
at tha MPLU chip, Q20 s guarantesd by the manulaciurer 10 go info reg ulation whan «+ 7.5VDC is apolied 1o
b3 input. This mesna thet whan the game is tumed on and & sufficient perind of time miliseconds) has
passed so that ©23 {11,700m!) has charged to a + T.5V0C level, Q20 switches inte regulation and sup-
plled + EVDEC to the MPU chip, Hawever, Q1 in the Valid Power Detector circuit does not allow the MPU
chip to ture ‘on' until some time kater. The Zarer Diode |VE1), In sares with the basa of Q1 dalays ap-
plication of the reset voltage untll C23 charges fo an BAVDC level [ 4 8.2V aocross VR, and + TV base-
emitter junction drop across 211]. A that point in time, 21 and QF go into corduction, and the resed ne at
the MPLU is caused to go high [ + 4.8v0C). Only then is tha MPLU chip “on’

The mpartance of the Vald Power Detector circuit can be appreciated when the foliowing fact Is known:
Sheild the reset line be allowed to go high before the + SVDC is applied and proper, or should the SYDC
supply fad and go out of regulation, the MPL can jump out of the program. The reason that this happens ia
that the MPU goes out to the program memaory bank U1-US for instructions. Tha logic levels are wrang
because the + BVDC s not proper. The MPU misinlerprets the deta, jumps out of the program, and writes
its e program! The MP L at that point in firme s like & traln thet has keft the tracks. It can end wp amywneng
Tha difference i that the train eventually stops. The MPU may continue as long as the clock crcuit con-
fimues 10 run

Il the MPU chip jumps out of the program. it is said to be in ‘run-away’. Whils it is creafing its own program by
going out for instructiona and executing arything that it gets from mamory that kooks like an nstruction, iFin-
yariably overwrites the Bockkeeping functions in U8, the non-walatile scratch pad AAM. An indication of “rn-
away’, then, can be false data n the bookkeeping funciions. Probable causa: faulty Q20 leaky 23 [high
rippla] or leaky zener diode, (VA 1, MPL module).

B} FIRST FLASH:

The MPL chip next goes out to pragram mamory bank LI thru UG {Read Only Memory] it Lests each chip,
pne at a time, When it finds the bank correct, it flashes the LED the tirst time to indicate its finding. A fault in
the memary bank then is indicaled by the abzsenca of ihe first flash
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How the MPU 1eats each memary chip can be illuatrated by the followng: Ina game with chips U2 and LS,
tha MPL will first go to U2 It will Tetch the first byte in U2, it will add to il the second byle in LI I will add e
the sum the third byte in W2, It will continue until it has summed all 2048 bytes in L2, IT the sum is ‘DOOD
0000, the MPLU proceeds to LG and reoaats the process. | UB has a sum of "0000 0000°, the MPU causes
the LED to flagh the first time. Fault in efther U2 or U8, of coursa, is indicated by the absence of the flash,

The coptents of each chip have byte locations called checksums reserved for this test routine. There is one
chacksum byte reserved in #ach 518 bytes of program memory. The programmer at Bally must insert a byte
with 1he proper value in @ach checksum byte location 1o force gach 512 byte checksum to egual '0000
Q000"

During the lile of the electronic game, If a chip in the program memery bank U1 thru UE fall by so much as
changing a single bit in its 2048 bytes ¥ B bds /byte = 16.384 bit contents, it will be detected during the
WPLU test. The MPL will nat allow play untl the defective chip is located and replaced.

SECOND FLASH:

The MPLI chip, thru the pragram, goes aut to NMOS RAM U7 (Read /Write Memory). It erases the contents
of the first byte in UT (UT is 128 full bytes of ‘scralch pad' memary). It then tries to reed back the word
0000 0000 (indicating 'erased’ or clearad). If it can read i back it confinuas to add 1, write and read until,
286 trias later, It writes in the word 1111 1111 If it can read this back, it has determined that the first byte
in U7 is good. it repeats the process for each of the 127 remaining bytes, cne byte at a time. If, at the end of
these 256 ¥ 128 = 32 768 tests, sach time the MPLU writes, it can read the same word corractly, the MPL
chip causes the LED to llash the second time.

If UT is defective, the MPLU will not allow game play until it is replaced.

It is to be noted that there is a pause betwean the first and second fiash of the LED during the MPU Self-
Tezt. This pause represents the acheal ime necessary to do 1he 32 768 mndividual teat cycles involved in

testing UT!

THIRD FLASH:

The MPL chip goes cut to the CMOS RAM US {Read. Write mamaory}. It makes a copy of the contents of the
flirst half byte in UB. This s necessary because U8 is the battery supplied, non-volatile memary kocation
where the bookkeeping functions are stored. It then erases the contents of the first half byte in UB (U is
2EE hall bytes of 'scratch pad' memary). It then tries to read back the word '0000 X0 (where 00X ara
bt Iocations to be lgnared). If it can read it back, it adds ‘1 to the previous word (new word, ‘0001 300K 1t
continues to write and read until it reaches and reads the word 1111 X0, Whan this = done suc-
cesafully, the MPL restores the original contents o the first byte located in US. It then makes a copy of the
contents of the second byte and repeats the process. It repaats the process for each of the remalning 254
bytes, one byta at a time. If, at tha end of these 256 X 168 = 4096 tasts, aach tme the MPL wrifes, it can
read the same word correctly, the MPU causes the LED to flash the third time.

If UB iz defective, the MPLU will not allow game piay until It is replaced.

FOURTH FLASH:

The MPU chip, thru the program, now tests the first PLA chip, U1 Q. Each of tha two PIA chips (U1 0and L1
ie identical and interchangeabla. The test for both is also identical. PIA chip U10 is accessed by means of
decoder inputs AS0, RS, ©80, C81, and €52, These inputs are used to contral the Pl&, By means of these
lines, mach bit of bwo full byte sets of ports can be mitialized to be either an input or an sulput. These pors
are labaled PAD thru PAT and PBO thru P2T on the MPU schematic i

Alao by means of these lines, two ports, CA2 and CB2 can be initialized as elther Inputs or outputs. Finalhy,
twao additional ports, CA1 and CB1, desgned to be used as inputs only, can be initialized to trigger on a
pasitive or negative going edge. Thesa ports on PIA's U10 and U171 are used as interrupt inputs, to be
discussad later.
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Te determine if @ach of the twe PIA chips i3 good, the MPU chip, thruthe program, does the tollowing:

1) It accesses, by maans of inputs RSO, R31, ©50, C51 and G52 each of the two full byie registers used
o store the port inttialization information. It does this, one register at a time, After it completes the first
register. it repeats for the sacand. i goes thru 258 lests similar ta that used to check each byte in U7
[Second Flasn). i, each time the MPU writes a ward into the register, it can read the same word back, it
continwes the taattn complation. If the MPU finds a faultin @ithor of these twa fud Byle registers, it stops
the tast and will not aliow game play unfil the P& chip is replaced,

20 It accesses, by means of Inputs RS0, RE1, CE0, G5 and C32, each of bwo full byte registers used as
data output registers when PAD thru PAT, PED thru PET are used as outputs. it does the same type
of test on each register descrbed mn 1) above, Again, if no faults are found, the test is continued to
complation, A fault detected stops the test. Game play i3 not permitted until the P1A is replaced.

34 It then accesses, by maans of inputs RSO, B31, CE0, C©31 ang 332, first the CAZ and then the CB2
port. The part i3 indialized as an output. The port 55 then writben inta to See i il can store a 1" and then a
O, When both ports are found good, the MPL casues the LED to flash the Fourth Time,

The CAT port en LU0 |3 tested manually each time the Salf -Test switch on the inside of the front door is
activated. The CB1 port is tested later as the Severth Flagh.

& total of 4 X 268 + 4 = 1028 test steos are required to test each of the two PlA chips. Howewver,
there are internal buffer amplifiere used with the PBO thru PBT output register and CB2 port register
which cannot be tested by the MPU (accass is only to the register — if the butlar is open, it does not in-
terfere with the register's ability to be written into and read from by the MPUL It is this uncertainty that
reduces the accuracy of the MPL Sell-Test to 28.5%. Fortunately, open buller amplifiers are aasily
detected and quickly Iocated by means of the AIDT madula.

FIFTH FLASH:

Identical to the test procadure and rasults detailed for tha Fowrth Flash except:

1] The CA1 porfon UT1 s tested laler as the Sixth Flask,

2} The CB1 port on U111 is teated by the AIDT module. K the game cannct be made toc go into the AID
mode, the port s defectve, (See discugsion under AIDT Module Self-Diagnostic Tests)

SIXTH FLASH:

The MPLU chip now monitors PIAZ, port CAT (U11). If transitions from high to low are detected. the MPU
decides the Display Interrupt Generator is working, It causes the LED to flash tha Sixth-time,  The MPU
then enters the part of the program that deals with the initalization of the game prior 1o play.

I L2, a 555 timer, or any assocated circuit component, fails, the MPU chip will not alow game play until
the faull is corected,

SEVENTH FLASH:

The MPU chip, thru the program, monitors PLAT, port CB1 (U103}, If transitions from high o low are detected,
the MPLU decides that the zerc crossing detectar is warking. It then causes the LED to flash the Seventh time.

If U14 fals and the CE1 ine is stuck high or stuck low the MPU chip will not allow game play until the chip is
reeplaced. It 3 1o be noted that the pere crogsing detector circwt input is the + 430G line to the sakenoid
common. If the fuse in that line (F4 on the Power Transformer module) s blown when the power is turned
an, the MPLU will not abow game play unlil the faull on the + 43V0C ine is corrected.




I} GAME IMITIALIZATIOMN:

The MPL chip, thru the program, now inifislizes the two P&, L0 and U1 1, assEgning o each port its role
as either an input or an culput, 85 required.

It than clears out UT (Read Write memory ], which is like eraging the blackboerd prior 1o achaool.

The MPU ricw takes a picture’ of tha settings of the fixed swiches 51 thru 532 on the MPU board. It stores
this ‘phctura’ in memory (four bytes) in chip U7, With this record safely in memory, PIA U10 s now free to do
other things during the course of play. The MPL reed only go to memary to determine if the game s et for
three ball or five ball, 1 game per quarter or three games per hall dollar!

The MPLU nex jumps to a subrouling which luma on the '"Game Cwver’ featurs light, lights the 'Ball in Play®
Isght ard the ‘Credit Indicates” light If there are credits atored in memary. It rasats drop targats and activates
saucer kickers or any kicker associated with a playfield devize that can trap the ball and keep it out of the
authole. It then energizes the coin lock-out solenold to allow the geme to accept coina [unbess credit
maxmum was stored in memory). Playfield and backbox feature lites esaociated with and appropriate to
anlmation effects are now tumed on.

With the game tested and initialized, the MPLU now divides its time between moniterng momentary awiches
for clasures {coin switch, credt button) end updating displays (lamps and score registers),

2. GAME PLAY: After completing the MPLU Self-Test, or batween games, the MPU spends approximately 40%
of its time monitoring the memory record of the momentary switches on the playfield and in the cabinet. The
pther time is divided between servicing the display update Internupta and the lamp, momentary switch scanning,
and solenoid update Rilerupts.

A) NORMAL MODE:

The maomeniary switches are arranged In & 'mairix’ [See Schematic W-1186. Sheets 2 & 3 of 3). The MFU
chip, theu the program, examines & mamary record of the matrix, looking for valid switch closures. it finds a
valid closure, decodes the address associaled with the closure and jumps to the appropriate subroutine.,

For example: if the game is in & game gwver status and the MPLU finds that the #3 coin switch has a valid
closure recorded in memery, It jumps to the ceinseredil handling routine in the program. This routine
reviews the memory recard of he setting of switches 317, 18 and 18 on the MPU module to determineg if
the maximum credits have been reached. If they have, the coln lock-out aolenokd has been deenergized and
the aoin & returnad to the player, Tha MPU chip goes back to manitoring the record of swich closures.
maximum sredits have not been reached, the memory record of switches 58 thru 513 i roviewed to deter-
mire how many credits are 10 be awarded per coin. These credits are added (o the credit register in
mamory. The record of the number of coins thru cain chute #3 in the bookkeeping funclions is Increased by
ane. The credits are examired to determine if the maximum number of credits allowable by the memoy
record of switches $17, 16 and 19 on the MPU module have now been reached. If yes, the coin lock-out
solenaid is daanerglzed.

The MPL chip, thru the program, now returna to its task of monitorng the memory record of valld switch
closures, ready to jump to the appropriate aubroufines that deal with the player pressing the credit button,
atec.

The memory record of valid momentary switch closuras is a qualified memory record. The MPLU, as
disgcussaed under 'Interrupts’, Iooks at each awitch several times before it makes a decision as 1o whether or
not 8 closure s valid, This multiple ook iz a debounce mechanism that prevents the alectronic game from
glving away paints on nolse pulses or stuck switches. The debounce criteria is: When the MPU chip reviews
the history of a switch to determine if 8 closure is valid, it must see an ‘open’ In the ‘cldesat’ record. There
must be & 'closed’ inan ald” record and a “closed’ in the current reading. Cll'll'y' when this criteria is satisfied
will it make an entry in the memory record of valid closures that a swhich is closed. IT it saw a “Closed’,
‘closad’, ‘closed’, the MPU wauld assume a stuck awitch, and dg nothing. 'Open’, ‘closed’, ‘opar’, or
'closed’, ‘opan’, ‘open’, are likewise rejected.

The momentary switches in the matrix are the ‘eyes’ and 'eara’ of the MPU chip. It iz only by means of
sensing closures, and later, reacting to valid closures {(during normal operation) that the MPU, thru the
program, knows what iLis lo do next!
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B)

INTERRLUPTS:

An mtermept is a signal to the MPLU chip to stop what it is doing and do something else. When the MPU
sonses an interrupt from PIA-LI1O, CA1 or CB1 or from PIA-U1 1, CAY or CB1, it completes tha instruction it
s working on, and makes a memory record of its contents and its plase in the program so that it can get
back to what it waa doing before it jumps off to service the interrupt. When the internept task is compéeted,
contral 18 relinquisbed to nommal operation. The MPL goes to the memory record of its pre-interrupt con-
tents and methodically refils itself, It then goes aboul its buesiness as if it had naver baan interrupted,

Inferrupts are used for two tvpoes of astivity in the Bally Elecironic game. Tha first ia the parindic lamp,
solenaid, and mamantary switch status updete, U100, CE1 and the display updats, U111, CB1, The seccnd i
to signal tha MPU to go into the Self-Diagnostic teats, L0, CAT or that the AID1 modude has assumed con-
trol, U11, CAL. The second type is discussed under 3}, Self-Diagnostic Tests™.

The periodic interrupts are generated by the Zero Crassing Detector and the Display Interrupt Generator on
the MPU module, The fomer occurs al a rale of 120 fimes per second, or once each power ling zero
crassing. The second eocurs at a rate of approximately 320 times per second as determinad by R21, B22
and G168,

1) Zera Crozsing interrupts: 120 times per second, or once each 8.3 miliseconds, the MPLU chip senses a
zero croaging, time-defayed by U14 just encugh to alkaw a voltage to appear at the anodes of the slicon
controlled rectifiers that drive the feature lemps belore that portion of the interrup! routine begins.,

Lanps are updatad near the zaro crossing to minimize the inrush current assaciatad with a cold filament
and hence extand thair life. DC powered solengids, likewise, exhibit & far smaller back EMF if turnad off
near & zero crogsing. This helps extend the e of the salenaid criver transistors and other circuit com-
ponenis by keeping large voltage spakes out of the systam,

& paricd of tirme of abaut 3.7 miliseconds is required by the interrupt routme, The MPU Iooks at the con-
tents of saveral general purpose timers at the start of this routne, It it finds tham active, it suhirecis
‘one’ from their remaining period. In passing thru, it edds ‘ane’ 1o the random number generafor used for
the 'Match Fealure’ (unless the contents are already equal tc 9, in which case, it resets the generater to
zarg|, The random number generator, then, counts from O o 9, twelve timas a second. This makes i -
{ually impossible to cheat, and truly random.

The MPL examines the status of the solenold penod counter. If it is zero, It tums aif all momentary
sokeroids, and branches to the feature lamp update routine. If it is not zero, it subtracts 'one’ from the
contents of the counter. In general, momentary aalengids (thumper bumpers, slingahots, ete.) are
energized for 3 zerc crossings (26 miliseconds), Saucer kickers are energized knger 10 make sure that
the bell clears the saucer.

The MPU next enters the feafure (&mpe update part of the program*. There are filteen. one half byte en-
fries in UE, the CMOS scratch pad memary. This is equal to 15 X 4 = 60 bits, enough to form a memery
‘picture’ (lamp matrix) of the status jon or off) of each feature lamp in the Garme!

The MPU will now acquire the first half byte from memaory, add to it an eppropiiate half byte address
and send this address and data (o the Lamp Oriver module via PLA L1O, ports PAD fhru PAT. The low
order ports, PAD thru PAS carry the first decode address (0000) generated by the MPU chip thru
the program, The Pigh order ports, P4 thru FAT contain lamp data from the first halt byte in memaorny,

The address (0000) goes to each of the four 'one of sixdeen’ decoder chips an the Lamp Driver module
via the lines labsled ADO, ADY, AD2 and AD3. This is ithe address al the ‘07 port (pin 11} of aach of
these chips. The data is rauted to the chipz by the fod on the printed circuit board, L.e,, PDO goes bo L1,
PO goes to U2, PDR goes to L3 and PD3 goes to U4,

It is to be nobed that Pirc 17 of chip Ut drives SCR Q14 (Bonus 1K), UZ drives SCR Q29 (Bonus 2K}, U3
drives 3CR Q36 [Bonus 3K} and U4 drivas 05T (Bonus 4K}, Conclusion: tha first half byte in the famp
meatrix in mamory chip UB is a picture of the status of the Bonus 1K, 2K, 3K, and 4K [amps!

*Ref; Schematics W-1181, MPU, and W-1182, Lamp Driver Modules



The MPU chip, thru the program, new causes the airobe bne (CB2, PIA U0 thru J1 Pin 11 to J4 Pin 13,
Lamp Drivar Moduke), o go high and low, thereby presenting the firs! half byte of lamp update in-
formation o the gates of SCR's 014, 028, Q36 and O57. A low (0] at the gate leaves the 3CR and its
associated lamp 'off', a high (1] turns it ‘on’. When an ZCR is turned on, it will siay on for the remainder
of the supply ling atternation (17120 second} ard turm off at the nest zere crossing, It will then staw off.
unless the nesxt update agaln drives tha gate high.

The MPU feichas the second hall byte from memary, generates an addresa "0001° (pin 9 on U1, U2,
U3 and U4) and repeats the process, ITis now addressing the gates of SCR 012 [Bonus DK}, 3CR Q27
(Bonus BK], SCR Q38 Bonus 7K)and SCR Q50 |Bonus BK). It causes the strobe to go high and then
low, driving the gates of these SCR's and thereby updating the feature lamps Bonus 5 thru 8K,

The MPU fatches the third half byte, generates an address "0010°, ez, s now addressing the gates of
SCRA Q13 [Bonus 9K), SCR Q28 (Bonus 10K). SCR Q44 (Bonus 20K) and SCR Q51 (refer to Lamp
Criver schematic for assignment). It repeats the aircbe pulse and the Bonus 9, 10, 20, aic. lamps are

updated.

Twelve more quick pesses thru the subroutine and each of the 60 5CR’s on the Lamp Driver module are
updated. (Mate that not all 60 SCA's are used Ima given game.} Tha SCR's thean can ba thought of as a
type ol mamary or storage. When the MPL updates the SCR. if it is turned on, it will stay on for tha rest
of the cyole.

The last step in the lamp module update program is to strobe an address *1111" into the chips U1, LI2,
U3 and U4, This is a rest addrass and frees the PAD thra PAT limes for other purposes.

The featura lamps each have one lsad commoned o the + 5.4VDC supply leg. The associated SCA,
when umed "on’ completes the circuit to ground, thereby turning the lamp ‘oo’

Lamp Strobe #2, U11, CAZ2, is provision for axpansion. Should a game reguiring more than 60 feature
lamps be deeigned, the address and data lines will be commened to a second lamp driver module and
lamp strobe #2 will be used to select and control this module.

The last portion of tha zero crogsing interrupt routine s to read the momentary switches and look for
valid closures, PIA U110, ports PBO thru PBT are inftlalized as inputs, PAD thru PA4 as outputs. The MPU
chig, thru the program, sends a pulse down the ST4 atrobe line [refer to MPLU achematic W-1182 and
wiring diagrama W-11868 sheats 2 and 3 of 3), f a switch is closed, the pulse will return down the
correspanding 'l' Ine. Tha MPU chip axaminas the past higtory {in memory) of the switch and if # finds
that the awilch was open’, ‘closed” and is now ‘chosed’, It makes a memory record of the valid closurs.
The reaction to this valid closure was discussed prévicusky under 'NORMAL MODE of OPERATION'.

[F 5 to be notad that stuck switches, a 'closed’, ‘closed” and curenily ‘closed’ condition |8 Ignored and
does not result in a memory record of valid closura. Thug, the electronic game ignores stuck switches.
Also, nolse conditions such as ‘open’, 'closed” and currently ‘ooen’ do not satisfy the valld closure

crilaria, and are ignored.

The MPLU chip sends a sircbe pulse down the 5T3 line and monitors the ' lines for retumas. It repeats
the process of evaluating the previous history of the switches from memory and makes a record of any
valid closures. The process is repeated for the 3T2, 3T1 and STO lines, At the end of the time period,
the entire switch matrix has been scanned and a meamory record of the switches previous and current
history is filed together with a recond of valid closures.

It |z to be noted that this multiple reeding of a switch takes tima, ia_, it mus! ba doks ovar Sevaral Ferc
crossings before a valid clesure can be verified and recorded. This procedurs would spoil the response
time-to & hit on a thumper bumper or slingshoet or any electromechanical device that must react quickly.
To gvercome this difficulty, a specal, quick reaction subrouting exists In the program dealing with ‘nor-
mal operation’. This routine takes place immediately aftar the mamory record of valid closures is
revigwed, It consisla of a raview of the previous and cument history of jusf the solenoids that requirs a
quick reaction. If an ‘open’, ‘closed’ record I found, the solencid ia energized. No scoring is invalved in
this routine, The net result is slingshets and thumper bumpers respond fnatanianeously’. They are not
allowed to score untd a valld closure is detected later, Because of this qusck reaction subroutine, 2 nolas
pulse may cause & solencld to pull fvary-very inlreguent]. Howsver, no paints will be added to the
piayers score. i the pull and scoring ever accur for no apparent reason, it is most probably because of
improperhy adjusted switch contacts.

- ==
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The diodes in the switch matric are steering diodes that pravent aneak paths and subsequent false
decodes. On Freedom, for exampla, if dicdas were not used: when the MPLU aends the group strobe
pulze down the STO line, if drop target B is down and the ball goes thru the apinner and strikes the
GP 10 rebound awitch at the top of the playfield while the spinner iz still rofating, the strobe pulse will ba
retumed on the 16 line and decoded as a Tilt"

Al switches in the switch matrid are driven or scannad at very low current levels, The ife expectancy of
these switches is excellent, The malerial necessary to make reliable cortact at low current levels is
gold. The contacis are gold plated. Dirt and grease can interfere with good contact, A TV uner contact
cheaner-lubricant ls excallent far cleaning contamirated switches. They may also be serviced dry by in-
serting a plece of clean, Int-free paper (a business card), for exampie, between the contacts, gently
closing them and working the paper back and forth untl the contacts ara wiped claar,

Burnishing toods and contact fles are not to be used. These will break the contacts’ gold plated finish.
Corrosion and unrefable operation will follow. This can only be remedied by replacing the switch con-
tact assembly.

The Zero Crozsing Interrupl is now comphtod. The MPU chip goes Into memory and replenishes itsalf
with Its place in the program and the dala it was processing prior to the intarmapt, It then baging and con-
tinues in the PG am as it it never had baan interrupted.

DISPLAY UPDATE INTERRUPT: 320 times per second the MPU sanses a display update in-
terrupt thru CAT, UT1. The MPU agein makes a memary record of ils contents and then jumps off to
service tha inferrupt.

There is also a memory record for each digit on each of the five displayvs in the CMOS memory, US.
BX5 = 30,1 /2 byte memory locations are reserved for redamning this data. The data ia stared in BOD
[nary coded decimal). Each halt byte is capable of storing 16 states, the numbers O thru 15 eauld
thusly be represented and stored in a half byte of memory, BCD uses only ten of theae siates, e, the
numbers 0 thrua 2 anly are atored,

The displays in the Bally Electronic Pinball games are multiplexed. This means that only one digit per
display is on at a given point in Wme. T a piciure of the backbox were taken with a high speed camera,
the resull might show thal at the time the shutter openad, the #& digit was “on’ on al five display driver
modubes,

The multiplex rate is fast encugh that humane do not see the flicker resulting from the fact that each digit
iz actually on slightly lesa than 17% of the time! Multiplexing minimizes the number of leads necessary
e conirgd ihe displays, [ust &8s aranging the momentary switcheas in a matrix cut the fequired leads from
BXS5 + 1ireturn] = 41to & + 5 = 13 leads. The true advantage ia the number of PIA chips required
by the system are minimized.

Tha BCD linas for all five displays are commonad. The aame ia true for each of the six digit enable lines
and the blanking line. Only a seperate display latch atrobe ling & required for sach of the tive display
driver madukes.

The MPLU chip begins the update by determining which digit was updated lest. Assume that this was
digit #4, The MPL, thru the program, adds ong 1o this number and makes a memary record of this fact
far tuture reference. it causes the blanking line to go high and blank the displays, This keeps each digit
clean and crisp leoking by preventing flicker during the update.

The MPU goes inlo memory and obtains the BCD information for tha fifth digit, 15t player up display. It
places this information on the BCD lines and strobes it inte U1 on the 15t player up display driver
module.

The MPLI goes back to memary, obtains the BCD infarmation for the fifth digit, 2nd player up display. It
places this Information on the BCD lines and strobas it into U1 on the 2nd plaver up display driver
madule.

The procass is repaated for the 3rd, 4th player up diaplay drivers and then for the match . ball in play.
credit display. With this complete, it enables the #5 digit, disables all other digit lines, removas the
blanking pulse and returns from the interrupt te whatever it was doing previously. And all this in a period
of SO0 microseconds!




Azsume that the MPU chip is to enable dight #5. The base of level shifter tranzslator 08 iz mads high on
each of the five display driver modubas. This causes the collactor of the Q5 to drop from a high, positve
valtage [ + 180 volts DC less the leakage current drop across RS, 100k ohms) to the saturation voltage,
approximately AVDC, The voltage across A8 is now approximately 188 VDG (180 -3 WVCE SAT, Q&)
TVDC (WVBE 2110 The collector of Q1 1, which was clamped to the + BO VDG bus, now rizes to ap-
proximately 189.7 WDC {180- 3VOE AT, 01 1) Digit #5 s now enabled,

i

i

Assume that The fifth digit of the 18t player up display driver madule is to display the number '3". The
MPL chip koads the BCD lines with '001 17 (D3, D2, 01, D0). It then strobes this information into chip U1
on the display driver module, where it is stored for the period of fhe update. L1 decodes the input, and
B8 soon 45 the MPLU chip removes the blanking pulse, the basas of transistors Q13, 014, Q15, Q14
gnd 19 are made high by the outouts of U1, The amitter-collector voltage of these transiators,
previously at < BOVDE due to the blankng pulse, now falls to WVOE SAT, approsdmately + .3VDE, The
rasull s the 'a', 's’, 'c', 'd' and 'g" segments in the display panel are enalbked

Baoth of the actans in the abowve exempla result in turning on the number '3 in the 5th digit position on
the 1st player up display.

It is intaresting o note that the G800 MPU is capable of being interruptéed whila i is servicing an in-
tarrupt. &l that is neceasary whan this happens is for the MPU chip to make a record of where it was in
the program and of its contents. It can then jump off to service the interrupt. Al the completion of this
task, it returns, completes and finally retumns to normal operation. An example of this achon iz a 2ero
crossing internupt being Interrupted by the Display Internspt Grnerator

3) SELF DIAGNOSTIC TESTS

al The Baly Blectronic Pinball games have residant {built-in} module salf-diagnostic tests. These test
routines can be entered at any time, provided that the MPLU madule is capable of passing 18 own Self-
Test, The moduls test is ilustrated on page 10, borrowed from FAOS80. The test i initiated by
pressing the Self-Test switch bution located inside the cabinet door. The switch closure is detected
by the MPU chip thro GA1, U10, 48 an mterrupt. Each test continuas wntil the next prass of the Seli-
Test button. The cperater oF senice technizlan can ‘walk thru’ these tests as slowly or rapdly as is
cesired. A minimum paricd of about one second is required by the program between prasses of the
Sali-Teet button, however.

I
a

The same Sell-Test bulton |s used to enber the threshold review Sreset entres in memary. These ane
entered immediataly after the stuck switch and are the nexl four presses of the button. The
bookkeeping leatures are next. It (s fo be noted that thresholds or bookkeeping entries can be sal 1o
zaro by means of 533 on the MPU module, Threshalds are than changed to the deared lavel by
holding in the credit buttor and releasing it at the appropriste tme. Bookkeeping enfries, howevear,
cannot be reestabishad. » l

The Seif-Test threshold /bookkeeping internupt reuling ends with the sixteenth press of the button or
can be cut short by uming the game 'off” and then ‘on’, In either case, the MPL doea not return fo it
previpus place in tha program bast rathier jumps bo the power-up rowting and rein italizes ihe CREmE, = l

b) The AID program is & spacial subsel of the Self Diagnostic Intarrupt. If the AIDT modula is insartad an
MPU module connector 15, and the game is tumned ‘on’, the AID mode can be entered from any of the
Self Diagnostic Teats, Le., the first four presses of the Self-Test button. E!'Il'l"!,.' ia by means of 533 on o '
the MPU madule, Exit i3 by means of the game ‘an-off' switch.

puts, Each port in U10and U117 is pulsad in saquence. Probing any of these lines examines the line for

A0 module includes a program chip. This program reinitiakzea both PIA's, turning all ports into out- '
delective PLA buffer amplifiers, shorts and opens.

The AID1 modue has bult-in noise immunity. 1t leoks for len consecutve ‘hits” before it makes & el
decigion that a pulse is present. It therefore ignores random noise pulses I

The AIDY mpdule can be used Lo detect adjacent lina shorta. i two adjacent lines are shorted (ax: U110
PaD and PAT), the AID1T modube will detect a retumn pulse twice as long as nomal. B will not allow the e
LED & the MPU module o light when ether line is probed.
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BALLY KIT NO. 485

AlID KIT
FOR USE WITH PROCEDURES F.O. 560 4
OPERATING INSTRUCTIONS

- 1 C—

The AID KIT consists of three items:

1] AID1 PROM MODULE (AS-2892)
3) AIDZ BLIS FALLT MODULE (AS-2882-1)
3) TEST PROBE ASSEMBLY (AS-2910)

The AID KIT |s designed to lecalize intermodule faults and helps to make servicing of Bally Electronic Pinball
games quick & afficlent.

S

The AID1 Module and test probe permit digital continuity checks 1o be made between the output ports of in-
tegrated circuits U10 and LU11 on the MPU module, A4, and the destination of the data generated by those
ports. For example, digital continuty can be checked between U1 1, pin 10 on the MPU module A4 and U2, pin
23 an the Solencid Driver Module A3, The LED on A4 lights when U2, pin 23, A3 iz probed and the game is In
the AID mode. The AID mode is antered as follows:

!

1) Turn off game power at tha ON-OFF switch.
2} Connect AD1 to MPU connector JS.
3y Connect the test probe to TR en the AID module.
4} Turm an the power.
"B} Enter the game self-test mode by pressing the red Self-Test button inside the cabinet door.
8) Press 333 on the MPU module. The game |s now in the AID mode. Procedure F.O. 580 gives
detailed information on the use of the A1 module Introuble shoeoting.

ﬁ
Tk

The AIDZ madule is used to localize address, data or read Swiile bus ine faults on the MPU module. Lines
that are “stuck’ high or low, shorted together, or that are open can be found by the use of the AMD2 module
and a Simpsan 260 volt sohm mater (20,000 ohm/vott). The AIDZ module is Installed as follows:

11 Turm off power at the ON-0OFF switch,
2} Connect AID2 to MPU connector JS.
3} Turm an the power.

AID2 is now ready for use in kcalizing bus line faults,
NOTE: After servicing is complate, turn off power BEFORE disconnecting AID1 or AlD2 modules.
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The AlD1 modula hes built-in Figh woltage protection. Towching the 1 95VAC or 234V AC lines in the
game cannot damage the modula.

The 8102 module = usad to locate faulis on address and data nes. B makes use of the fact that if the
HLT [HALT) ling on the G000 MPLU chip is grounded, the MPLU relinguishes control of the address and
data lirsers on the MPL module, The AID2 modube can then be used fo tast these lines on a static basis.

Detailed procedures for using the 01 and AID2 modules are given in F.O.560.

4) MISCELLANEOQUS:

aj SOLENOID DRIVER MODULE

1} The MPU chip energizes continuous duty solenaids (cain lock-out, Hipper enable relay coil] by
means of dedicated linas PB4 thru PET, PIA UT1. For example, to energize the coin lock-out
ol ihe MPU chip, thru the program, causes PBS, U1 1, o go low, This pulls down the base of
the transiator connected to pin 13 in chio U4 on the solenold driver module. The collechor, pin
14, goes high and 189 is turned on, thereby comaleting the coln lock-sut solencid return to
ground, When the MPLU chip allows PBS, U11 1o go high, the process is reversed and 1he coin
lock-put is deenargized.

It i& o be noted that esch sclencid in the game has one [@ad connecled to the + 43VDC com-
men. The other lead I3 controlled by a transistor (C1 thru ©19] The transistor whan fumed on,
complates the clrewt fo ground and tuens the solenoid “on’. The dicdes across the solenoids
short any voltage nduced by the collapsing alectromagnetic field on turn-off, preventing tran-
siant vottage spikes rom damaging the gamaa,

#1 Mamearntary salanceds are cortralled by mearns of linas PBO thru PE3, U1 1. The MPU chip, thru
the program, must generate the address of the sclencid to be energized, and presant it to U2
on the sclencid driver module. Mote that four lines confrol the selection of any ona of fitteen
solenoids by means of this decoder chep (L2}

The schematic shows that if all four decoder input lines (PBG thru PB3) ara low, the output of
L2, pin 1 will go low and the aolenald driven by frenslstor Q2 will be erergiced. An address
1111 causes the decoder U2 to make gin 17 low. This is the rest addiess — @ fillesn
solanoids are ‘ofl” for this condition.

) All solencads are controlled by identical driver circuits. Fifteen of these circuts work with ona
decoder chip L2 — the other four are driven directly from PEA LITA

41 The 90VOGC regulator s a smple feed back amplifier/series reguiator arrangemeant. The potan-
fiameter BT 8 adiusted infially 20 that the voltage at TP2 is 1900WDC. At that point, the base-
emitter voltage of D23 s about + VDG, the collecta is al 193V0DE. The base-smitter voltage
across Q22 i aboul + 1.5V0DE, across Q2. an additional + 1.5V0C. If the input valtage is

+ 230 at this tima, the cofactor amitter-voltage drop across the senss requlator Q21 is
40V, across the control amplifier 322, + 37V0C,

IF the input volage were to increase to + 240000, 023 would conduct mers, the voltage at
fhe colootor af Q23 woudd decrease alightly, + SOVDO woidd be drepped across the series
regulater G121 and the nel resull would be that the gutpul voltage al TP2 is still approximately
+ 190vDG,

If ther inaut voltage were to decrease to + 220WD0C, Q2 3 would conduct less, the valtage at the
collectar of Q23 would increase slighily, 4+ 30VCD would be dropped acrass the seras
regulator 021 and the net result woulkd be that the output voltage at TP2 is still approximately
+ 190vD0E
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b} NON-VOLATILE MEMORY

i

11 UR on the MPU module is used to store data avarnight when the power to the game i3 discon-
nected, The battaries BT1, 2 & 3 at the upper right hand cornaer of the schamatic are charged
thru CRS anytime the gams is on. These batteries are connectad to U8 only. They supply the
very amall amaunt of pewer reguired by U8 whenever the gama i off. The batterias, when fully
charged, can maintain the bookkeeping and score threshold information stored in U8 for many
mantha. U8 is a CMOS RAM. It draws about .7 microamps in the stand-by mode, This results in
a power consumption, typically of only 2.5 microwatts!

[
14

If the batterias were be fall, or if the charging diode, CRS were leaky, memory retention woulkd
b affecten. Also, if the MPLU wera o jump out of the program, the result could be loss of the
data stored in LS.

c) NOISE:

Before you buy, a good test for any electronic game (s to shutfie your feet as you cross a nylon
carpet on a dry winter's day. Hold a key in your hand to eliminate the pain, and discharge the
stalic electricity vou picked up into various, player-accessible metal parts of the game. If the
game jumps out of the program o is actually damaged on thie distributor’s floor, the same thing
ior worse) will happen on location. Put your monay alsewhers!

1

Belly went thru an extensive period of design to achieve nolee immunity. Every playar-
accessible, extemal metal part legs, door, cabinet trim, ete.) i grounded theu the third kead on
tha power plug. The back box has 8 metal liner, also grounded, to keep high frequency pulses
aul of the electronic circuitry, Every ling into or out of the MPLU module is decoupled by means
of a resistar or capacitor. Finally, the line cord ends at an EMI [eleciromagnetic interference|
filtar designed to keep noise pulsas on the power line out of the game.

The net result is Bally Electronic games work on locations where other manufacturers” edec-
fronic games become problems, Tha third lead n the power plug must be connected to conduit
ground in the location before thesa results can be achieved, however. Owner-oparators must
ne educated thal this I8 & nacessary condition for reliable operation of any electronic game. -

REFEREMCE: MEBOO MICROCOMPUTER SYSTEM DESIGN DATA
MOTOROLA SEMICONDUCTOR PRODUCTS, INC, a

BOx 20812
FPHOEHNIX, ARIZONA B5038
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Al: DISPLAY DRIVER MODULE
Ul: LATCH/DECODER DRIVER

3 O L L | .
BCD-TO-SEVEM SEGMENT LATCH/DECODER/DRAIVER 16— & B N O
for LIOUID CRYSTALS re—C t—ar -L x
& o— 0 #f—m17 -
& — P ¥ —a1a
¥ i fFl—a wpp=Fe1a
Thia 145438 BCO-tc-ssven pegient  Bich Jdecodarsdivar @ | - g VEg =P
i dasgnad jor uss with Bguid cryssal repdounk, B I8 conguchad aith
] parrgdamriory MOS | avnencamanl modae dasices. The cacohl
. prereicbea tha funoliors of & £-bA shorsge lwich ard an A421 BCO-bs. CrrirL & Y |
e RPNt decoder ond driver. The devce hee the capatility 16 in- | | = = =
| wirl 1ha boghe lavels of tha output combinalion. The phass (Phi, bianking D _.I!I|_E_ J_ELLLbIEJ llE__q!
| A, aeed ligch disable [LD] npuls are vsed bo reverse tha irofh tabla B 1 ¥ 3 & & B F ®m B
| phass_Biaak M display, anoshore 1 BED Gooe, rasmes iy

& Leghs Cireull Qusscant Cument = B Oro/package bpical B 5 vic
& Latch Storecs of Coda
+ Blanking o TRUTH TABLE
# Faoadout Blarking on Al llagsl iepd Combiralians — - T
e DCiract LED |Commen Ancss or Calhiida ) DFteineg Capaelry r -
s Bupaly Yellsge Fanges = 2.0 dc 1o 16 Yo e
& Capabis ol Dising Two Low-pownr TTL Losds. Cne Low-poaesr w il om Jewwalo g8 bad i|me=
Seherliky TTL Load ar Twsa HTL Loags Jver the Pated Tempaniune L L T "g‘i.' e [T R LR e
Fasga 1 da]l e |laer el s e a2
1 Ja] e Jawraralrariman] a
T 6] F |[T1F 8T 7160
1 L] 3 Frdafrdridara]l s
i |a] & Bovddfr B9 4
i L] i § 2 4 ide s v 6§ ] F
i L) L] O ) ]
ol e e e s o
i a [ Bl i gfd B B dd e
1 E 1 i1 goa g
RIS EANN A R R R
1 |af e [rop1jaaseaa pfem
< 1 Al e |sv1oaas A a |k
L el e o alaerean ofue
m |t | o |==a8 =T =¥
i * i 1 i i D | G
- i
Ao
= s D' iwe
ior Bpwe Gambara s
L e —————
Fur perrmas skl LED mekei el F s O
Bas e drae LED bl sl m s 1
7T = Oy ey g D B el oy i igdond el LD 5 7




A3: SOLENOID DRIVER MODULE
U2 4-LINE-TO-16-LINE DECODER

Each of these monolithic, 4-Ene-lo-18-ine decoders utilizes TTL circuitry to decade four binary-coded inputs
into ane of sivtesn mutusily exclusiva outputs when both the strobe inpuls, G1 and G2, are ow
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AS: LAMP DRIVER MODULE
U1-U4: DECODER SCR DRIVER
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“1'aand O's

BIT

BINARY

BYTE

CHIP

MPLU CHIP
MPL SYSTEM

GLOSSARY OF TERMS

For the G800 MPU chip, a *1' is defined as + 24VDC or greater, a "0 s
04D or less.

A BIT is one data element, Thie bit may be eithera '1'ora *0'.

The representation of a system of numbers hawing 2 as its base. Tha num-
biers are represented as '17's or '0's.

EX: ol My
Q000 Q00 = i
Q000 001 = 1
Qo000 0210 = 2
Qoo0 0o11 = 3

Eight bits arranged as in axample shown in BINARY above.

Integrated circuit. An MPU chip is amang the most complex integrated cir-
cuils avallable.

Micro-processor unit — "small” computer on a chip,

Micro-processor o unit, memory banks, input ‘output circults — complete
'‘amall” compuder,

|




F.Q. 6011
SUPPLEMENT TO
THEORY OF ﬂ'PEFIA'I:IQH, BALLY ELECTRONIC PINBALL GAMES

GEMERAL

The sound module accepts addrass signals from the MPL to salect one of the notes stored in 1S
tane memory (U3}, Depending on its operating mode (A or B), determined by whether "A™ or "B™
jumpers are Installed on the sound module PC board, the module will either decode the address
infermalion and generate its own trigger, ar it accepts a trigger signal from the MPU via tha sole-
noid bank salect [ine. The trigger staris an exponentially decaying envelope which results in sound
output at a frequency determined by the addressed note, If the rate of addressing/triggering is low,
the sound has a chime like quality. Increasing this rate produces special effect sounds [noisas).
Address and triggefing data information and the rate of data transmisslon are under MPU program
control.

Operating mode B is the standard configuration and fully utilizes the sound module capability to
produce chime and special etfect sounds. Opearating mode A is intended as a replacement of the
alectro-mechanical four chime unit with four equivalent electronic chime sounds where chime
volume control is desired. No special elfect sounds are feasible in the A operating mode, howawver,
when 50 configured the sound module can be interfaced directly with MPU modules programmed for
alactro-mechanical chime games.

OPERATING MODE B

Operating mode 8 Is selected when all four "B” jumpers on sound module P.C. board are installed
and nane of the "A" jumpers are in place, In addition, sound module tone memory U3, Bally PIN
E-729-1B must be used.

in this configuration the sound module may be viewed as a bank of 30 crumes, tuned to cover a
chromatic scale of two and half octaves from C through F2, Setaction of a paricular chime de-
pends on the address data present at the tone mamaory (U3} address inputs &, B, C, D and E. Strik-
ing of the selected chima accurs when solenoid bank select signal makes a low ta high transition. In
addition to the 30 chime nobtes there are two nulls, corresponding to address locations 15 and 31,
When struck, the null chime frequency (s outside the audio range and thus no sound is produced.
Detalls of the signal flow are discussed In the following paragraphs.

Address data A, B, G, D recaived from the MPU are shared with the momentary sclenoid address bus.
However, since auxiliary solencid bank % salected (solenoid bank select signal high) Immediately
preceding and during sound address transmission, the momentary solenoids are not addressad at
this time. Conversely, when primary solenoid bank is selected (bank select signal low) to operate
mamentary solenolds, the sound module is not addressed,

The solancid bank select signal is capacitively coupled 1o the tone trigger generator one-shot UT,
which is started when the signal makes & low to high transition. When iriggered, UT autput goes
positive for about 5 milliseconda, This pulse is applied to the clock input of the address dala lateh
U2, With l15 clock input positive, the latch becomes transparent. The address data are inverted at the
lateh oulputs and applied 1o the four buffer-inverters LA, LMD, UME and LAF which drive the tonea
memaory U3 address inputs A, B, C and D, Due to the double inversion, the address data at the tone
memaory are the same as tha address data input 1o tha latch at this time. When at the end of the one-
shot pulse the clock input goes low, the address data are latched by U2 and held frozen wntil the
cycle repeals when the next trigger action takes place,

Address signal E is dedicated 10 the sound module and is held at the required laval by the MPL,

The address inputs A, B, C, D and E applied to the tone memory U3 [32X38 PROM) selact one of 32
possible 8-bit comblinations at its data cutputs DKM through DOB. Tha eight bits represent the binary
code for a divisor N and are applied to the programmable frequency divider consisting of U4 and U5,
DOB is the Jeast significant bit, D01 the mogt significant,




A sguare wave signal at a typical frequency f, =500 KHZ is produced by the clock frequency
generator U18 and U1C, and applied to the frequency divider. The output of the frequency divider is a
saries of 1 microsecond pulses at a frequency f, delermined by the divisor M. such that f; =fy + N.
The frequency divider output is further divided by 2 and by 8 in the 4-bit binary counter U11 to
produce two square wave signals at U11, pins 2 and 11. The sguare wave at pin 9 has a fraquency
fy =1, +2=fy + 2N, while the squara-wave at pin 11 has a frequency fy=f; +8=14 = BM. The two

sguare wave signals are shaped and combined in the low pass filter, formed by RZ, R3, R4, C3 and.

C4. Thae filter output is a simulated chime waveform at a fundamental frequency fy, modulated by its
fourth harmonlc f,.

The divisors (N} for successive address locations (except addresses 15 and 31) are so chosen, that
chime frequencies are chromatically ascending. Thus If the lowes! chime note at address D is C, the
next note at address 1 is G sharp, the note at address 2 is D, etc. For addressas 15 and 31 the divisor
M = 1, therefore the fundamental chime frequency f; = S00KHZ = (B« 1) = §2.5KHZ. This is beyond
the range of human hearing, and furthermore the signal is completaly attenuated by the low pass
filter. These null addresses are used when an abrupt cut-oft of sound is desired, as in some of the
special effect nolse sequencas.

The low pass lilter signal is applied to UBA, configured as a veltage controlled attenuator. The output
of UBA is amplitude modulatad by the envelope shaping control voltage applied to pin 3. The control
voltage has a sharp attack and an exponentlal decay and is started by the lone trigger ganerator U7,
which In tumn is triggerad by the low to high transition of the solencid bank select, as discussed
abave. When Insiallad, sustain contral AT2 works like a DC pedestal on the envelope shaping control
valtage waveform. Turming AT2 clockwise raises the DC level of the control volltage baseline and
allows longer decay times before UBA is shut oft. IF AT2 Is turned loo far clockwise, the baseline DC
level bacomes high encugh ta tum on UBA continuously. When this happens, a suslained note Is
heard, urless a null address has been latched, Care tharefore should be exarcised 1o assure that RT2
is properly ad|usted for the desired chime decay.

CQutput of the voltage controlled attenuator UBA Is preamplified by U8 and applied to the audic am-
plifler U10, whosa output drives the loudspaakar.

OPERATING MODE A

ﬂpﬂmtlng moda A is selected when all four “A™ jumpers on the sound module PC board are installed
and the “B" jumpers arnz removed, Sound moduls tona mamaony U3, Bally PIM E-T25-22 must be used.

Operating inmade A |3 simllar to mode B, except lor tha following differences.

Solencld bank select and address E inputs from the MPU are not used. Tone memory U3 address in-
put E |s grounded and thus permanenily low. The lona memaory differs from that used in mode B in
that is has all null divisors |:l‘~l = 1), excapt at addrass locations 1, 2, 3 and 4. Tha divisors at thesa four
addresses are such that chime frequencies corresponding to the four mechanical chimes are
produced, The tene trigger generator is started aach time sale noid address D makes a high to low
trangition. This accurs whenever ong of the first 8 momentary solenoids is addressed by the MPLI,
However, since tone mamory contains null divisors in all locations except the four acocupied by the
chimes, sound is heard only when the MPU addresses a chime solenaid.




