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The Regulator/Audio PCB has the dual functions of - § l,‘,;‘ b sam s
regulating the +5 VDC logic power to the game PCB and 5] o ve
amplifying the audio from the game PCB. / 2| conram com wanour con
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The regulator consists of voltage regulator Q1, current 4 ;,‘2“. o ETRR

o bV, o

source power transistor Q3 and QJ's bias transistor Q2. The
regulator accurately regulates the loglc pawer input to the

ame PCB by monitoring the voltage through high im-
pedance inputs +SENSE and —SENSE. The inputs are
directly from the +5 VDC and ground inputs to the game
PCB. Therefore, the regulator regulates the voitage on the
game PCB. This eliminates a reduced voltage due to IR
buildup on the wire hamess between the regulator and the
game PCB. Variable resistor R8 is adjusted for the +5 VDC
on the game PCB. Once adjusted, the voltage at the input of
the game PCB will remain constant at this voltage.
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Ragulator Adjustment
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1. Connact a voltmeter between + 5 V and GND test points
of the game X

2. Adjust variable resistor R8 on the Regulator/Audio PCB
for +5 VDC reading on the voltmster.

3. Connect a voltmeter betwesn +5 V REG and GND on
the Regulator/Audio PCB. Voltage reading shall not be
greater than +5.5 VDC. |f greater, try cleaning edge
connectors on both the game PCB and the
Regulator/Audio PCB.

4. if cleaning PCB edge connectors doesn’t decrease
voltage difference, connect minus lead of voltmeter to
GND test point of RegulatorfAudio PCB and plus lead to
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GND test point of game PCB. Note the voltage. Now
connect minus lead of voltmeter to +5 REG test point
on RegulatorfAudio PCB and plus fead to +5 V test

point on game PCB. From this you can see which P ———— e — _l
hamess circuit is dropping the voltage. Troubleshoot _ -
the appropriate harness wire or harness connector. I PWR sum;;ﬁﬂ* SIT POWN ONLY I
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The audio circuit contains two independent audio By BT | i R : preve— | ” _.I i
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1. Set salf-test switch to on FENEE AdE 123 o5 z_Ties
position. Note: entering self- FEEEEELEE R R “ax
test will set the HIGH P P |
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2. Press alpha base fire but- A convergence pattern appears on the monitor screen. The background can be many Rieu
ton and slam switch simulte  possible colors. If you are going to converge the monitor, black s the color you want. To wsansE o) [RAY |
neously. Release slam switch  change background color, press sither START button. Do not sttempt any convergence oV Reg |2 ROV
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Address Decoding

GSELD (Program Memory Select 0)- Address decode ANDed
with PROGSEL1 that enables the data buffers of ane section of

Microprocessor Circui

Program Memory.
‘*I‘ AR A PROGSELI (Program Memory Sefect 1)- Address decode ANDed
31t s lw? I3 jals bh. o with PROGSELQ that enables the data buffers of one section of
Lrs o= Lpriess var Program Memory.
2 o] s ol
e pe ) z9) 20 PROGSEL? (Program Memory Select 2) - Address decode that
So _: F10 :“ *"“: FL‘Z.ATT‘:L ZSO@@ N s enables the data buffers of one section of Program Memory.
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FLIP (Video verse Enatie) - Microprocessorgneratad slgral o 23 e ] < _ o
clocked by Address Decode QUTG, used in Missile Gommand . o o e I NI - Address decode ORed with FIEAD that enables inputs of
Gocktall game only. High FLIP reverses count output of vertical w s u f PROGSEZ Trak Ball, and all switch inputs excluding DIP switch RS.
sync signal and relocates VSYNC signal, inverting Cockiail Y 2 2| P e 5
game video plcture. Cocktall game must have -02 of later Pro- 1H " Py P L2
gram Msmory installed. ] i A s " ) PR
N 1 B Bau 2 S FAM (Warking RAM readiwrite enable) - Enables DRAM Write
l———@ 2 2 vaw e Enable circuil when microprocessor is writing working RAM
Py é ‘ L @ 2 ishe A2 —T5wa  data Into DRAM. Enables Microprocessar Data Input Interface
@@C o] [ - [ 5 “3p—=msw  whan microprocessor Is reading working RAM data from DRAM.
SARL D—n e 2y b .be oo Seo Sheet 2, Side A.
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POKEY - Address decade that enables POKEY /O chip NIP& for
VSYRC audic output andfor DIP switch R8 input.
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5 - o EEYS
FROM QUTPUT cirzuiT bea
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VBLANK )s w
Lsli Lolsdu Isli holo it NG (input 1 enabie) - See Shest 2, Side B, Inputs.
AR ~ REEY iNT i
DA LIRS ™S B ewpl IN1 {inpurt 1 enabie) - See Sheet 2, Side B, Inputs.
[, comrenyle TS oo, le TNZ (input 2 enable) - See Sheet 2, Side B, Inputs
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+sv READ - Address decode ORed with NIFO thet enables inputs of
lzo N Trak Ball, and all switch inputs excluding DIP switch R8.
ESET - Instructlon to microprocessor stating that either power oo 2 B
e S e i I B CRmora xgomute o et coren
During initial powerup RC time constant of resistor R3 and " o £ e P prec
capacitor C26 hoids FESET low unil + 5V stabilzes. During Aor. 04| wilo
mal operatioh counter D4 Is reset by WDOG Address Decode az o 15 waETe
bafore D4 regches count of 8. A Ry B2 ; 2 Lszae o —
i D
18FLIP - See FLIP signal description. A bl 2 w—:i;“
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IRQ (intemupt Request} - Sync-generated signal clocked by L °“
microprocessor SYNC pulse output. OEEEED Bag ————————— 3
s LTS .
.;.v PR SYNG.. Signals generated directy from the mioroprocessor that i i
v cat = —_—
. n Is fetching and L COLRAM (Color RAM Enable) - See Sheet 2, Side A, Color RAM
®X (Phase X) - Sync-generated signal equivalent to 2H (1.25 MHz) - circuit.
il i e axcept during the last 32 scan lines (cities area) of the videa ~
v e Ane 3 display. At thls time X (0.625 MHZ) pulses high on every other ) OUTO (Qutput 0 enable) - Soe Sheet 2, Side B, Outputs
i 2 L_[g-o_— high pulse of 2H. © To SHEET 2., SIDE A GUT2 (Output 2 enable) - See Sheet 2, Side B, Outputs
= c SEXTENDED (Ciock Extend) - Microprocessor-generated signal ol AND SHEET i: SI0E B
that, when high, delays the 90 ciock Input (holds @0 high) to the
microprocessor while sync I In control of the DRAM during the ey
last 32 scan lines (cities area) of the video display. b < ‘ »
=l TS/ FROM
. I . @0 (Microprocessor clock input) - Sync-generated signal, con- =) SHEET 2,
3INH (Third-color bit Inhibit) - Sync generated signal that, when trolled by the microprocessar and sync, that is the besic clock @ OO @@@@ 1D
high, prohibits a 3rd-color bit output from the Picturs Bit Con- input to the microprocessor.

wverter circult in the video output. 3INH goes low during the last
32 scan lines (cities area) of the video display.

RAS (Row-Address Strobe) - See Dynarhic RAM (DRAM} Sheet 2,
Side A.

Program Memory

DEADSEL (Address Select) - See Dynamic RAM (DRAM) Sheet 2, FEE 7
Side A for descrition of signal. EEE -
. <8
CAS (Column-Address Strobs) - See Dynamic RAM (DRAM) e ok “ T o
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IRQH (Hardware Interrupt) - Signal that disables the DRAM Ad-
dress Controller from putting out a high MADSEL signal.

3rd Color Bit Select

SEXTEND (Clock Extend) - Microprocessor-generated signal that,
when high, delays the 90 clock input {holds ®0 higy) to the

while the mi accesses the 3rd-
color bit region of the DRAM.

DRAM Picture Output Enable

TO SHEET I,

Errens

WREEe

X (Phase X) - Sync-generated signal equivalent to 2H (125 MH2),
axcept durlng the last 32 scan lines {cities ares) of the video
display. At this time®X puises high on every other high pulse of
2H (0.625 MHz).

Clook Input) - Sy d signal, con-
troliad by the microprocessor and sync tha( is the beslc Clock In-
put to the microprocessor.

2

Picture Bit Converter

MADSEL (Multiplexed Addrass Select) -

Microprocessar-

SYNC - Signal generated directly from the microprocessor that
occura at the beginning of an Instruction read cycle and lasts
one cycle of microprocessor $2 clock. Five 40 cycles later,
MADSEL goes high.

genemled signal that, when high, enables the microprocessor to
writo of read 2 or 3<alor bit data into or out of the DRAM.
MADSEL and MUSHROOM together select the address inputs,
the data inputs and the actual DRAM chips ta be written to or
read from. MADSEL also, along with high MUSHROOM and ¢X
enables the latching of 2-color bit data in the Microprocessor
Data Input Interface circuit. See tables in DRAM Write Enabla

and DRAM Data input Selector circuits.

o

MUSHROOM
Low
HIGH

Low
HIGH

DRAM Data Input Selector

MADSEL MDO MD1 MD2 MD3 MD4 MD5 MDB MD7
Low D7 D8 D2 D1 DO
LowW Invalld sme
HIGH Dz D7 DB D6 D8 D8
HIGH D5 DS DS D5 D5 D5 D5 DS

MADSEL

cLouD14 e, permitting sync to
cess lhs Aig-color bit Inlom\aﬂon In lhe low address area of the
DRAI
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SINM (Thirg-color bit Inhibit) - Sync-generated signal that, when
high, prohibits & 3rd-coior bit output from ihe Picture Bit Con-
verter circult. 3INH goes low during the last 32 scan lines (clties
area) of tha video display.

SIDE &
& EXTEND-—w= MICROPROCESSOR. CIRCLIT

LD2COL (Load 2-Color picture bits} - Sync-generated signal that,
when high, loads 2-color parallel picture bits COLX Into shifters
M8 and N7 of the Picture Bit Converter Circuit. This signal oc-
curs at twice tha rate of LD3COL.

LD3COL (Load 3rd Color picture bits) - Sync-generated signat
that, when high (3INH must be low) loads 3rd-Color parallel pic-
ture blts DRAMO thru DRAM?Y into shifter Pé of the Picture Bit
Converter Circuit. This signal occurs at one-half the rate of
LD2COoL

COLRAM (Color RAM writs enable) - Color RAM write enble
generated by the Address Deceding Circuit. During the vertical
Sianking banod (VELANK pariod) GOLRAN typicatly 0ot Iow:
Microprocessor addresses color RAM L7 with BAG thru BA2 and
writes data into the color RAM on data lines BOO thru BD3.

COLxx (2-Color bits) - Parallel screen bit outputs, from the Pic-
ture Bit Converter Circuitry, to shift registers M6 and N7. Bits are
latched at output of N6 and loaded Into shift resisters M8 and N7
when LD2COL goes low. When LD2COL goes high, serial color
bits are clocked out at SMHz rate.

VBLANK (Vertical Bianking) - Sync-generated signal that permits.
the microprocessor to access the Color RAM and write color
commands during the vertical blanking period of the monitor
display.

YaLANK:
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UNLBLUE (Unlatched Biue color signal) - Unlatched biue color
signal output of Golor RAM.
UNLGREEN (Uniatched Green color signal) - Unlatched green
color signal output of Golor RAM.
UNLRED (Unlatched Red color signal) - Unlatched red color
signal output of Golor RAM.
TO SHEET |, SIDE B

Microprocessor Data Input Interface

MUSHROOM (Not an acronym}

Data Input Interface clrcuit.

Ds#

ADDRESS DECODING CIRCUT

- Microprocessor-generated
signal that when high, along with high MADSEL and oX signals,
enables the latching of 2-color bit data in the Microprocessor
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Address Input Wﬁl Wh WF2 Wr3 WPa WP5 wps WP?
BRW (Butfsred Read/Writs) - Microprocessor-generated signal 015 ¢ 0 0 0 0 0
that, when low (see RAM and MADSEL), enables the DRAM Wite 16 o 11 1 0 1 1 1
Enable Cireuit to output high write pulses WPX to the DRAM. 17 1 (1] 1 1 1 0 1 1
When high, along with a high MADSELDEL enables picture data 18 t 1 0 1 1 1 0 1 2<olor
to be read from Microprocessor Data Input Interface on data 19 1 1 1 o 1 1 1 ) bit
lines D5, D6 and D7. 20 o 1 1 1t 0 1 1 A9 data
21 10 1 1 1 0 1 1
2 11 0 1 1 1 0 1
2 1% 1 0 1 1 1 0
MUSHROOM (Not an acronym) - Micropracessor-generated 24 0 1 1 1 1 1 1 1
signal that, when high, enables the microprocessor to write or 25 1 Q 1 1 1 1 1 1
read the 3rd-color bit data into the DRAM. MUSHROOM and 2% 11 0 1 1 1 1 1 3rd-cok
MADSEL together select the address inputs, the data Inputs and 7 11 1 0 1 1 1 1 prad
the actual DRAM chips to be written to or be read from, See 28 11 1 1 0 1 1 1 data
tables in DRAM Write Enable and DRAM Data Input Selector cir- 2 1 1 1 1 1 [ 1 1 o
auits. 30 11 1 1 1 1 0 1
3 11 1 1 1 1 1 0
WPx (Write enable Pulses) - MICroprocessor-genarated signals
that select eight DRAM chips In the worklnquAM areaagi the MDx (Multiplexed Data) - Data ling to the DRAM from the
DRAM, select one palr of DRAM chips In the 2-color bit reglon of microprocessor, selected by MADSEL and MUSHROOM signal.
the DRAM, or one DRAM chip In the 3rd-colcor bit region of the Tabls DRAM Data Input Selector Circuit defines source, can-
CAS (Column Address Strobe) - Sync-generated strobe that, DRAM. trolled by MADSEL and MUSHROOM signals.
along with RAS and DEADSEL, sets up the addrass Input to the
RAM. FAS sets up the seven row-address bits and latches the
o inputs for the DRAM row address. GAS sets up the seven v
column-address bits and latches the bt Inputs for the DRAM col- »
umn address. DEADSEL selects the origin of the seven address- DRAM Write Enable N B 82 o) / \
bit inputs. i T
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DEADSEL Addrags Selscy- Syncganorated strobe that, alon D et i =
with RAB ang TAS, sets up the adross Input of the DRAM. d EADSEL, sets up tha addiess Input to the DRAM. L 1z - J 2y e
strobes the DRAM to latch the row-address Inputs. TAS strobes RA sets up the seven new address blts and latches the bit in- 83 v e a7 T
the DRAM to latch the column-address inputs. When high, puts for the DRAM row addrass. CAS sets up the seven column- aze e LI, (R
DEADSEL eelects the row-address inputs. When low, DEADSEL address bits and latches the bit inputs for the DRAM column ad- o % 21 S i
selects the column-address inputs. dress. DEADSEL selects the origin of the seven address bit in- =
Pputs. = R
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Zuauta W Ao MADx (Multiplexed Address) - Address lines from micropro- 2 "9, f
Baiz i cessor selected by MADSEL signal. When MADSEL Is low, the &= "
MADx signals address the working RAM section of the DRAM perve—L2 .
with address lines BAO thiu BA13, When MADSEL is high, the . bean s —12 g
MADX signals address the 2- or 3-color bit region of the DRAM. jeseguar b
s e
g prasz —= H
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saie *  wave  3COLSEL (Three Color Select) - Syncgencrated signal that can—tee 3 I o | 0o
3 switches the addrass of th) DRAM from the 2-color bit region to wpoRvas 220 = o S T (3 T
the 3rd-color bit region of the DRAM during the last 32 scan lines b3 l [
(cities area) of tha video display. o M e » 3 -
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Brs Y RN, - DEADx {DRAM Address,) - Colum- and row-address inputs to the DRAMX (DRAM data output bits) - Data output bits from the
er3 — s wwrorzEs DRAM selected by DEADSEL and ¢X. When DEADSEL is high, DRAM. The DRAMx signals are converted to serlal data by the
Bag By o - sz - DEADX slgnals are row-address inputs to DRAM. When Pictura Bit cenverter Clrcult, then address the Color RAM. The
CLOUDx (Ne e s DEADSEL is low, DEADX signals are column-address inputs to microprocessor reads working RAM data DRAMO thru DRAM7
)x (Not address g,y S R = (2 veaot DRAM. When ®X is low, DEADX address inputs are from Sync through P5_in the Microprocessor Data Input Interface when
lines from the Input of "o DRAM e Input Select creult. o, She ;™| VAPORIZE: {not an acronym) - Multiplexed sync lines at the in- Circuit. When X is high, DEADX address Inputs are from RAM and BRW are low. The microprocessor reads selected plc-
Whan MUSHROGM is low, CLOUDX signals address the 2.6olar  c.ouce P FEN — put of the GRAM Address Input Selector lroult. When 3COLSEL microprocessor address lines. {ure data bits when BRAW and MADSELDEL are high on data
D oo O R OO e uan, SLOUDX  wss 2o *E Is low, VAFORIZEX signals address the 2-color bit region of the linas D5, DB and D7.
signals address the 3rd-color bit region of the DRAM. Grou ﬁ‘f—f DRAM. Wh:n 3COLSEL Is high, VAPORIZEX signals address the o2 oesoe
CLOUD13 and CLOUD*4 inputs locate the 3rd-color bit Inlorma- rd-color b region of the DRAM. Grounded VAPORIZE11 and H
tlon Into a law address area of the DRAM. VAPORZEI2 coincide wilh the grounded CLOLDTS and S

MADSELDEL (Muitiplexed Address Select Delayed) -Micropro-
cassor-generated signal delayed one pulse of 5MHz from
NADSEL signal. When MADSELDEL Is high, along with high
BA/W, microprocessor reads DRAM data output through
Microprocessor Data Input Interface. MADSELDEL also disables
Microprocessor Address Decoding Clrcult.

BRW (Buffered

readiwrite signal used, along with RAM, to enable data port P5.
‘When snabied, the microprocessor reads the working RAM arsa
of the DRAM on data lines DO thru D7.
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Input Circuits . . -
Memory Map for Address Decoding Circuit, Output Circuits
Sheet 1, Side B
CTRLD (Counter foad enable} - Latched microprocessor output
that, when low, permits microprocessor to read switch data
through counters K8 and K9 when data buffer L9 is enabled with
low INO. When GTRID is high, counters K8 and K9 count up or
5 down by the rate of mavement indicated by Trek Ball.
'EEE
4
am
an MEMORY MAP oz =
. - ADDRESS DATA . al, w2 W fo] ees
el | HEXIDECIMAL [A15 A14 A13 A12 A11 A10 A8 A7 A8 A5 A4 A3 A2 A1 AO|RW|D7 DS DS D4 D3 D2 D1 D| FUNCTION e . T
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VC (Trak Balf Vertical Clock) - Clock output of multiplexer D that
originates in the vertical steering PCB of the Trak Ball, used to
clack fllp-flop J8 and counter KB. If VC leads VD, then K8 counts
down. If It lags HD, then K8 counts up.

YD (Trak Ball Vertical Direction ) - Direction output of muttiplexer
D9 that originates in vertical steering PCB of Trak Ball. See V!

VTB CLKX (Vertical Trak Ball Clock) - Player 1 or player 2 vertical
Trak Ball clock Input to game PCB from vertical steering PCB of
Trak Ball. Player 2 input Is used only in Cocktall game, and game
PCB must have -02 or higher Program Memory Installed.

VTB DIRX (Vertical Trak Ball Direction) - Player 1 or player 2 ver-

OUTD - Address decode that, when it goes low, latches
microprocessor-buffered data bits DBO thru DBE at the output of
latch FB.

tical Trak Ball direction |nput 1o game PCB from vertical steering
FCB of Trak Ball. Player 2 input is used only in Cockiail game,
and game PCB must have -02 or higher Program Memary Installed.

description.

HC (Trak Bail Horizontal Ciack) - Clock autput muliplexer DG
et orinaes i the horzontal toarng PC8 of th Trak Ball m;m“tg""m dacode that, whar low, enables uor L8 for data
lock microprocessor of J
Gt den o 20 48 and countar K. 1t HG leads HD, then K9 Player 2 FIRE swihs;for Gocktll game ony) o Trek Sall ate
of turn Information. is low, data is from switches. If

high, Data is Trak Ball Imormltlun
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HD (Trak Ball Horizontal Direction) - Directlon output of

i multi - .
:‘ u l pluxur D8 that or:nlnmes in horlzontal steering PCB of Trak ,L Ty [;—‘_'chTEL comn
>~ v
VB QK2 HTBGLKX (Horizontal Trak Ball Clock) - Player 1 or player 2 4{3*\‘-“" com
| horizontal Trak Ball clock Input to game PGB from horizontal
! steering PCB of Trak Ball. Player 2 input Is used oniy In a =
Gockiail game, and game PCB must have 02 or higher Program RestT =
Memory Instatled.

HTBDIRX (Horlzontal Trak Bafi Direction) - Player 1 or player
horlzontal Trak Ball direction input to game PGB from horizontal
steering PCB of Trak Ball. Player 2 input is used only in a
Cacktall game, and pame PCB must hava -02 or higher Program
Memory installed.

wsv
I
, BOREY (POKEY chip enable) - Address decode that, when low, oo
L enables custom /O POKEY chip N/P8/8 for data input or output.
Th ‘chip works In conjunction with the microprocessor.
1t I3 the Input port for DIP switch R8 and the audio output port. IL'“’
— <5 BRIW determines the direction of data flow es addressed by BAO T
v thru BA3.
o o o 4 ok
== FEEEE
TeST 4t % 2.
seu VBLAY W -
— ey BR/W (Buffered ReadWrite) - Microprocessor-gensrated signal
Jesr RI26 that, when high, allows microprocessor to read POKEY input
oA L T data from DIP switch RB. When low, allows microprocessor to
' e write to POKEY output.
e o =
FREL |4 RIS
FiRER ” N

s s [

TOCKTAIL. [4] T 3
N - Address decode that, when low, enables buffer M9 for data = bsv
input to the microprocessor of TEST, SLAM, FIRE switches, and
Trak Ball vertical and horizontal rate of tum.

TNZ - Address decode that, when low, enablea bufer P10 for data
Input to the microprocessor of switch settings of DIP switch 2
R10. HE
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