6803 Control Board Theory of Operation

POWER SUPPLIES

The Conlrol Board requires a regulated +5¥DC for its logic circuit operation. In addition, the
Power Module provides an unregulated +14 10+18YDC, the phase A and phase B voltages
(11YAC).and +43YDC to the Control board. The +1410+18YDC is uzed in the Valid power deteclor
circuits; the phase A & B voltages are used for the Zero Crossing detector circuits and the
+43YDC is required on the board exclusively for the flipper enable relay. Besides supplying
these voltages 1o the Control Board and other sections of the game, the Power module siso
provides a regulated +190YDC to the displays and 6.3VAC for general ilumination.

RESET CIRCUIT

On power up the pP {microprocessor) requires +5YDC+ 25VDC be applied for 100 milliseconds
before the RESET line is allowed to swing from 0 to +4.8YDC. The RESET circuit on the Control
Board works with the unregulated+14t0+18VDC 1o prevent the RESET line from going high unil
the +5VDC supply has had time to stabilize after power on. The zener diode D1 and transisiors
(2 and Q3 with R2 through RY form a Yalid power deteclor circuit that monitors the input yoliage
to the regulator {coming from the Power Module). This regulator requires a minimum of +7.5YDC
input before i provides a +5YDC output. When this condition has been met diode D? afiows C1 to
charge through R11.This RC fime constant provides the iniial 100 millisecond delay to allow the
P osciliator to stabilize. The voltage across Ci is monitored hy Q14, G5, U4, D5 and R12 through
R16. When it has reached about +2.5YDC the RESET line snaps high to allow the pP to start
program execution. inthe event the output of D1 drops below +7.5YDC for an instant, the Valid
power detector quickiy discharges C1 through RS and D2 to re-prime the RC time constant and
insure 3 correct RESET cycle when power is re-applied.

The RESET signal is applied to the pP (U1) and the PlAs {1L178&8). Through the switch of Q6 it
prevents false dats from entering the CMOS RAM (U4) during power-up and utilizing D3, R35,
U11 & U12 it sets the mode of operstion for the microprocesser. The circuitry forces a 010 code
on P20, P21, and P22 of the pP during RESET causing it to come up in an internal RAM external
ROM, multiplexed address/data mode.

MICROPROCESSOR BUS DEMUX ADDRESS DECODE AND PROGRAM BOM

The Control Module uses a single chip microcomputer the MCB803 as s PP (U133 This uP
provides two 10 ports, 128 bytes of RAM, a multifunction timer and external ROM capibility. A bus
cycie begins on the MC5803 with the Address/Dais and R/W lines changing to a known state.
shortly afier they are stable the Address strobe clock is oulput. This is used to latch the low order
sddress lines AD-A7 from the ADO-AD7 bus via UG. After the Address strobe goes low the ADB-
AD7 lines become the DO-D7 data bus. One hali of a bus cycle later the E {enahle} clock oulput
goes high. The addressed device on the bus places dsta on the ADD-AD7 {R/W high) or takes its
tata from ADU-AD7 (R/W low) during the E clock . The bus cycle terminates when E goes low .
Addresses are decoded by US & U10 to determine which exdernal bus device the MOBB03 is
accessing. The E clock is used to qualify the decoding in timing the data transfer. U5 is an octal
bus transceiver which controls the direction of data fransmission utilizing the R/W fine from the
pracessor chip. The program is provided by U2 & U3 ROMs. These 28 pin sites accept a 128Knit
ROM giving the board a maximum of 32Khytes of program slorsge.
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1. Control Board Self Test

The Conlrol Board has as part of its program (U2 &U3) a subroutine designed to check the
module each time the power is turned on. No action is required on the operator's part to initiate
the test. The program causes the MPU chip to test itself, the program contained in integrated
circuits U2 & U3, the MPU's internal scratch pad memaory, the CMOS memory {4}, the 1/O chips
(peripherai inlerface adadaptors-PlAs) U7 & UB, and the display and zero crossing interupt
circuits. if the Control Module finds fault during the course of the self-test, it stops at that point in
the test and will not allow game play. It should be noted that the early games using this system did
not require U2 for game features and therefore the test for that chip was omifled. These games
consisied of Eight Ball Chamyp ,Beat the Clock and Lady Luck.

A) istFlash

After reset the Control Module tests its pP and on chip RAM. It attempts to write -then read back
all 256 patterns (0000 000010 1111 1111} in each of the 128 on-chip localions. if at any point in this
test the piP fails to correctly read back a pattern it has written, it is deemed defeclive and the pP
will not aliow the game o come up. If the uP compietes the test sucessiully, it fiashes the LED and
procedes to the next test.

Bi Z2nd Flash
Next the MPU (UT1) sitempts to testthe ROM U2, it does a vertical checksum of the ROM conients

and checks for an all ones result. If the computed checksum is not accurate, the partis deemed
defeclive and the yP will not allow game play. if the checksumis 1111 1111 the pP fiashes the LED
and procedes o the next test,

)} 3rd Flazh

An identical testis now performed on ROM U3, |t does a vertical checksum of the ROM contents
and checks for an ail ones resuli. If the computed checksum is not accurate, the partis deemed
defective and the pP will not allow game play. lf the checksum is 1111 1111 the pP flashes the LED
and procedes to the next test

D3 4ih Flash

The MPLU chip accesses the CMOS RAM U4 {read-wrile memory). tmakes a copy of the
conients of the first half of U4. This is necessary because U4 is the hattery supplied, non- vaolilile
memory localion where the bookkeeping funclions and game set-up are stored. ltthen erases
the contents of the first byte of U4 (U4 contains ZKbytes of “scratch pad” memory). ittrys o read
hack the word 0000 0000. if it can be read back, it adds "1" o the previous word (new word
D000 6007}, i continues to write and read until it reads the word 1111 1111. When this has been
done successfully, it repeats the process on the nexd byte and the following bytes thereafter until
it compleies the test on byte 1024 . it then restores the memory to the first half of the RAM and
saves the contents of the second hslf. it repeals the process for each of the remaining 1024 bytes
one hyte at a time and then restores the memory to the second half of RAM. If the MPU, al the end
of these tests has read back correclly each of the words it has wrilten, the MPU causes the LED fo
flash the fourth time.

£} 5ih Fiash

The uP now tests the PIA US. ittests each of the two full byte port initialization registers with a Z56
pattern test {0000 G000 to 1111 1111). kiests each of the two full hyte 1/O registers, PAD-PA7 and
PBE-PB7 with a 256 pattern est. it ihen iests the CAZ and CBZ ports. These are initialized as
oulpuls then wrilen into to see if they will slore 2 1" and a3 "0". When both these poris are found
good, the yP fiashes the LED and proceeds to the next test.....




F: 6ih Flash
The MPU chips repeats the same procedure it did for the fifth flash excent this time # checks PIA
U7. i no faults are found i procedes lo the nexitest.

G} 7th Flash

The MPU now monitors its internal "clock”. This clock is ulilized as a Display interrupt Generator,
creating a pulse once every 1.2 miliiseconds. i this interrupt pulse is not detected in U1, the
Program will not allow game play until the fault is corrected.

Please nole: Jumper JW7, when connecied, will disabie the Dispiay interrupt Generator in the
MBI chip. This option is provided exclusively for froubieshooting with an oscilloscope.

H} 8th Flash

The MPU chip now monitors PIA port CB1 UB. if ransifions from high fo jow are detecied the MPU
tecides that the Phase B Zero Crossing deteclor is working. # then causes the LED to flash the
gth tima.

fLU12,C15,0r DS fails and the CB1 line is stuck high or low the program will not aliow game piay
until the problem is corrected. itis o be noied that this Zero Crossing input is the Phase B
switched iliumination supply. i the fuse in that line {F5 on the power module) is biown when the
power is turned on, the program will not allow game play until the fault on the Phase Biine is
correcied.

I} §th Fiash

To complete the power up sequence, the MPU now monitors its P20 port U1 pin 8. If transifions
from low to high are detected the MPU decides that the Phase A Zero Crossing deteclor is
working. it Then causes the LED o flash the ninth time.

HUT1, 112, G186, or D11 fails and the P20 fine is stuck high or iow the nrogram wili not allow game
piay untl the problem is correcied. This particular line is the Phase A swilched iliumination
supply. it the fuse on thatline {F4 on the Power Module) is biown when the power is turned on, the
program will not allow game play until the fauli on the Phase A line is corected.

J} Game Initialization

The MPU chip, through the program, now initializes the two PlAs, U7 and U8, assigning to each
portits role as either an input or output, as required.

itthen verifies the integrety of the CMOS RAM U4 information by checking certain bytes to
determine if Ballery failure has occured or if possibly the +5¥DC suppiy was interupted during a
previous write operation to RAM. Should an error be detected the program sets specific
registers to factory default conditions.

The game now enters a selective Stuck Switch test o display to the Operator any switches that
may effect normal game operation which sheuld be open but are not. it also Resets Drop targets
that may be down and kicks out balls remaining in Saucers from the lastfime the game was
played.

The game now enters an aftract mode - flashing lights, showing the score thresholds and current
credits on the displays. and menitoring the coin and credit swilches for closure.

2. Game Piay
After completing the self test, or in between games, the MPU spends approximately 40% of its

time moniioring the memory record of the momeniary swiiches on ihe piayfieid and in ihe
cabinetl. The other fime is divided between servicing the display update interrupis and the
solenoid, lamp momentary swifch scanning, and lamp updale interrupts.
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AlNarmal Mode:

The momentary switches are arranged in a "malrix “.The MPU chip. through the program,
examines a memory record of the mairix, looking for valid swilch clasures. If it finds a valid
closure, it decodes the address associated with fhe closure and jumps to the appropiaie
subroutine.

For example: f the game is in a game over stalus and the MPU finds that the ieft coin swiich has a
yalid ciosure in memaory, i jumps to the coin /credif handling routine in the program. Thiz routine
reviews the memory record in bookeeping lo determine if the maximum credits heve been
reached. If they have, the coin will not be acknowledged. TheMPU goes backto monitoring the
record of switch closures. If the maximum credils have not been reached, the memory record in
bookkeeping is reviewed fo determine how many credifs are {0 be awarded per coin.These
cradits are added o the credit register in memaory. The record of the number of coins through the
left chute are increasad by one .

The MPLI chip, through the program, now returns fo its task of monitoring the memory racord of
valid switch closures, ready to jump io the appropiate subroutines thal deal with the player
pressing the credit bution, etc.

The memary record of valid switch closures is a qualified memory record. The MPU as discussed
under “Inferupts”, looks at each switch several imes before it makes a decision a3 to whether or
not a closure is valid. This multiple-look is 2 debounce mechanizm that prevents the game points
on noise pulses or stuck swilches. The debounce criteria is: When the MPU chip reviews ne
history of a switch to determine if a closure is valid, it must see an "open” in the "eldest” record.
There must be & "closed" in an "old” record and a "closed” in the current reading. Only when
this criteria iz salisfied wili it make an entry in the memory record of valid closures that a swilch is
closed If it saw & "ciosed”, "closed"”, "closed”, the MPU would assume a stuck swiich and to
nothing ."Open®, “closed”, “open”or “cloged”, "open”, "open”, are likewize rejected.

The momentry switches in the malrix are the "eyes" and "ears" of the MPULItis only by means of
sensing closures, and reacting to valid closures {during normal operation) that the MBLLthrough

the program, knows what o do next.

Tasiss

B} inferrupis:

An interrupt is a signal fo the MPU chip to siop what itis doing and do something else.When the
MPU senses an interrupt from the PiA-U8,CA1 or CB1 or from the peripheral port on the pR-U1,
P2, it completes the instruction it is working on, and makes a memory record of its contenis and
itz place in the program so that it can get back to what it was doing before it jumps io service fhe
interrupt ‘When the interrupt is compieted, control is refinguished {o normai operation. The MPL
goes to the memory record of its pre-interrupt contents and methodically refilis itself. kthen goes
ahpoutits business as if it had never been inferupted.

Interrupts are used for two types of aclivity in the Bally game. The firstis the periodic lamp,
solencid, and momentary swiich siaius update UB, CB1 & U1, P20 and the Display updaie internai
to U1.The second is the signal to go into Self-Diagnostic tests U8, CAT

The periodic interrupts are generated by the Phase A & Phase B Zero Crossing getectors and the
Display interrupt generator on the Control module. The former occurs at a rate of 120 times pey
second or once each power line zero crossing (B0 for Phase A and 60 for Phase B). The second
pccurs internally in U1 at a rate of approximately 830 times per second.

1)Zero Crossing interrupts: 120 times per second, or once each &.3 milliseconds, the MPU chip
senses a zero crossing, fime deiayed by U12 just enough to allow a voliage to appear at the
anodes of the silicon controlled rectifiers that drive the feature jamps before that portion of the
interrupt routine begins.




Lamps are updaied near the zern Erossing to minimize the inrush current associated with a cold
filament and hence extend their fife.DC powered solenoids, likewise, exhibil a far smalier counier
EMF, if turned off near a zero crassing. This helps extend the life of the solenoid driver fransisiors
ant other circuit components by keeping large voltage spikes cut of the system.

At the start of this routine the MPU looks at the contents of several general purpose fimers, i it
finds them active, it subtracis "one" irom their remaining period. in passing thru, it adds "one” io
the random number generator used for the "Match feature” {unless the conlents are already
egual to nine, in which case, it recets the generator to zero). The random number generalor,
then, countz from 010 9, twelve times a secand. This makes it virually impossible fo cheat, angd
truly random.

The MPU examines the status of the solinoid period counter it is zero, it lurns off all momentary

[41]

solenoids, and branches o the fealure famp updste rouiine. f i iz not zer, if sybiracis "one”
from the contents of the counter in generai momentary solennide{fthumnear b j
eic) are energized for 3 zerp Crossings (26 milliseconds). Saucer Kickers ars

to make sure the hall clear: the zuCey,

= BATY : tare My foodiiss fomms
LE 5 gnters the fegiure ISR £

4 it w2 part of the program. Their are 90 single bif entries
in U4, the CMOE scraich pad memary. 45 bite corresponding fo Phase & and 45 Bits
corresponding to Phase B. This is uliized to form a memory "picture” amp mairix j of the siatug
{on or off } of each ieature famp in the game.

The MPU will now aguire the first 3 bits fram memory, combine it with an appropiate half byle
address and send this address and data to the tamp decoders via PiA UB, ports PAG thry PA7. The
low order poris carry the first decode address {0000) generated by the MPU chip thru the
program. The high order ports, PAS thru PA7 contain lamp data from the first 3 bits in memary.
The address (0000) goes to each of the three “one of sixteen” decoder chips in the famp driver
section via the lines labeled PACD, PAGT, PADZ. and PAD3 . This is the address of the "0" port (pin
11} of each of these chips. The data is routed to the chips by the foil on the printed circuit board,
i.e. PAR gossto 1115, PAR goes fo U16 and PA7 goes to U17.

itis io be noted that pin 11 of chip U15 drives SCR G123, U16 drives SCR GQi70, and U17 drives
SCR Q58. Conclusion: the first 3 bits in the famp mairix in memory chip U4is a picture of the status
of the lamps driven by these three SCRs.

The MPU chip, thru its program, now causes the strobe line {CBZ, PIA LI8) to go high and low,
thereby presenting the first 3 hits of updste information to the gates of SCAs (323, Gi70, and G355, A
iow (0) at the gate leaves the SCR and if's associated lamp "off * a high (1) furns it "on™. When an
SCRis turned on it will stay on for the remainder of the supply line aiternation (1/120 second) and
turn off at the next zero crossing. it wiil stay off unless the next update again drives the gate high.
The MPU fetches the second 3 hits from memary, generales en address (0001) and repeats the
process. Itis now addressing the gales of SCR (24, BCR Q41, and SCR 356 it causes the
sirobe to go high and then low, driving the gates of these SCRs and therehy updating their
corresponding lamps.

The MPU fetches the third 3 bits from Memory, generates an address (0010} etc. itis now
addressing the gates of SCR G125, SCR (242, and SCR Q7. i repeats the strobe ppulse and the
appropriate lamps are updated.

Twelve more quick passes thry the subroutine and each of the 45 SCRs in the lamp section are
updated. {Note that not all 45 SCRs are necessarily used in a given game.)The SCRs can be
thought of as a fype of memory or storage ‘When the MPU updates the SCH, ifitis turned on it will
stay on for the rest of the cycle (1/60 of & second).

The next step in the lamp update program is fo strobe an address {1111} into the chips U15, LI1g,
and U17. This is a "rest” address and irees the PAQD thru PA7 jines for other purposes. This
completes the sequence for updating Phase A lamps and now the whole process is repeated for
the Phase B lamps.
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The majority of lamps in the game each have one lead commoned to an 11YAC line {Phase A or
Phase B). In addition each lamp has a blocking diode fied in series with its phase line to preserve
the integrety of that phase. Since the common lines are 90 degrees out of phase, the “B"lamps
are all off when the "A" lamps are being updated and conversely the A" lamps are off when the
“B8" famp status is renewed. Since these updates occur so rapidly an observer could helieve that
both lamps appesr o be on at the same time. This procedure allows a single SCR 1o conirol the
state of two lamp circuits, one for each phase.
in games ulilizing the Phase C & D lines the same principles apply with the following rules
The Phase C line corresponds in timing to the Phase A line.

he Phase D line corresponds in timing to the Phase B line.
Each of these phases supply 24¥AC for the bright light circuits.
And only the large SCR drivers {MCPR. 106-1) may be used in firing these lamps.
The last porfion of the zero crossing interrupt routine is to read the momeniary swilcnes and look
for valid closures. PIA UB, ports PBO thru PBY are initialized as inputs, PAD thru PA7 as outputs. The
MPU chip, thru the program, sends a pulse down the 5T4 strobe line. if a switch is closed the
pulse will return the corresponding "I line. The MPU chip examines the past history (in memory)
of the switch and if it finds that the switch was “open”,"closed™ and is now "closed”, itmakes a
memory record of the valid closure. The reaction to this valid closure was discussed previotsly
under Normal Mode of operation.
it is to be noted that stuck switches, a "closed", "closed" and currently "closed” condition is
ignored and does not resultin a memory record of a valid closure. Thus the game ignores stuck
swilches. Also.noise conditions such as "open”, "ciosed” and currenily "open” do not salisfy the
valid clozure criteria, and are ignored.
The MPU chip sends a sirobe pulse down the ST3 line and monilors the "I iine for returns. it
repeats the process of evaluating the previous hislory of the swilches from memary and makes a
secord of any valid closures. The process is repeated for the 8T2, 8T1 and ST0 lines. Attheen
of the fime period, the entire switch matrix has been scaned and a memory record of the swilches
previous and current history is filed together with a record of valid switch closures.
it ic 10 be noted that this multiple reading of a switch takes fime, i.e., it must be done over several
zero crossings before a valid closure can be verified and recorded. This procedure wouid spoil
the response time to hit a thumper bumper or slingshot or any electromechanical device that
must react guickly. To overcome this difficuity, a special, quick reaction subrouting exists in the
program dealing with “normal operafion”. This routine takes place immediately after the memory
record of valid closures is reviewed. It consists of a review of the previous and current history of
jusi the solenoids that require a guick reaction. if an “open”, "closed” record is found, the
solenoid is energized. No scoring is invoived in this routine. The nelresultis slingshols and
thumper bumners rezpond “instantaneously”. They are not allowed to score until a valid closure
i= detected later. Because of this guick reaction subroutine, 3 noise pulse may cause a solenoid
to pull [very-very infrequent ). However, no points will be added to the players score. if the puli
and scoring ever ocour for no apparent reason, itis most probably because of improperly
adjusted switch conlacts.
The diodas in the swilch malrix are steering diodes that prevent sneak paths and subseguent
talee decodas. On Parly Animal, for example, if diodes were not usad: when the MPU sends the
group strobe pulse down the ST1 fine, and a coin is dropped through the right coin chute and
both hotiom and middle drop targeis are down the strobe pulse will be returned down the "I1"
fine. The game will assuma that a coin was dropped in both the left and right hand chutes and
award the appropriale credits.
The Zero Crossing Inferrupt is now compieted. The MPU chip goes into memory and replenishes
itaalf with its place in the program and the data it was processing priorio the interrupt. ftthen
begins and continues in the program as if it had never heen interrupted.




Z)Display Update inferrupt 830 fimes per second the MPU senses an internal tisplay update
interrupt. The MPU makes a memory record of its contents and then jumps to service the
interrupt.

There is aiso a memory record for each digit on each of the two dis slays in the CMOS memory,
U4, 14x 7=28 one hyte memory locations are reserved for retaining this data. Each byie is
capabie of storing 256 states, representing ali possibie combinations of he segments that may ke
it. Because many of these combinations would be unintelligihle, we use an ahbreviated version
of an ASCll lookup tabie fo represent the numbers 0 thru § and the ietlers A thru Z. When we refer
o this tabie we are able fo exiract exactly what bits should be turned on to illuminate the
correspending segments in a particular digit.

The dizplays in the Bally Finball are multipiexed. Thiz means that only ons digit per display is on
at a given pointin iime. ¥ a piciure of the backbox were faken with 3 high speed camers, the
resuit might show that at the time the shulter opened, the 46 digit was “on” in hoth display driver
modules.

The mulfiplex rate is fast enough that humans do not see the flicker. The advantage of
multiplexing is that it minimizes the number of ieads necessary fo coniroi the displays. For
example without multiplexing you would need 8 leads for each segmenton a digit, imes14 digits,
times 2 displays equais 224 ieads and thats not even inciuding commons or power leads.

The segment data lines (PA10-PA17) for both displays are commoned. The same is frue for each

of the Binary Digit Selectlines (PAD4-PAD7) and the blanking line. Only a separate display laich ; 7
strobe line is required for each of the display driver modules. i should also be noted that the
comma information is time shared with PA16 & PA17 for PlayersTand 2 and PA14 &PA15 for
Players 3 & 4.

The MPU begins the update by determining which digit was updated last. Assume that this was
digit 4. The MPU thru the program, adds one to this number and makes a memory record of this
fact for future reference. It causes the blanking line fo go high and Biank the displays. This keeps
each digit clean and crisp looking by preventing flicker during the update.

The MPU chip goes into memory and obiains the segment data for the fifth digit, for the Player 3 &
4 Display. It places this information on the PA10 thru PA17 lines and sirobes it into U1 on the
dgisplay module.

The MPLU goes back to memory, obtains the segment data for the fifth digit, for the Player 12 2
Display. it places this information on the PA10 thru PA17 lines and strobes itinte U1 on the Player
1 & Z display module at the same fime sending the Binary digit select for digit #5 into U2 of hoth
displays.

#fith this process complete, it removes the blanking pulse thereby enabling digit 5 and returns
from the interrupt to whatever it was doing previously.

ssume that the MPU chip is to enable digit #5. The Binary Digit select information 0101 {DCBA)
is sent to UZ on hath displays. When U2 is sirobed, the base of level shifter transistor Q11 is made
high. This causes the collector of Q11 to drop from a high, positive voitage {(+150 volis DC less
the leakage current drop across R31, 100k ohms) to the saturation voltage, approximately 3¥DC.
The voitage across R31 is now approximaiely 188YDC (190-.3(YCE SAT, G11)-.7¥DC (¥BE,
(123} ). The collector of Q23, which was clamped to the +B0¥D.C hus, now rises to approximately
183.7 YDC (180- 3(YCE SAT, Q23). Digit #5 is now enabled.
Assume that the fifth digit of the 15t & Znd Display module is to display the character "H". The
MPU chip looks in the ASCll table and obtains the segment data 0111 0110. ltthen places this
information into chip U1on the display via the PA10 thru PA17 lines. U1, when strobed, latches this
input, and as soon as the MPU chip removes the bianking puise, the bases of fransistors G13, G2,
(215, Q26 and (114 are made high by the outputs of U1. The emitter-collector voitage of these
transistors, previously at +80YDC due to the blanking pulse, now falls to YCE SAT, approximately
+.3YDC. The resultis the "h", "c”, "e", "f" and "g" segments in the display panel are enahled.
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Both of the actions of the previous example result in turning on the character "H" in the 5th digit
position on the Player 1 & 2 Display.

it is inlteresting to note that the G803 MPU is capable of being interrupted while it is servicing an
interrupt. Ali that is necessary when this happens is for ihe MPU chip to make a record of where it
was in the program and of its contents. It can then jump off and service the interrupt. Althe
completion of this task, it returns, compietes and finally returns to normal operation. An example
of this action is & zero crossing interrupt being interrupted by the Display interrupt Generator.
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