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source power transistor Q3 and Q3’s bias transistor Q2. The
regulator accurately regulates the logic power input to the
game PCB by monitoring the voltage through! high im-
pedance inputs +SENSE and —SENSE. The mputs are
directly from the +5 VDC and ground inputs to the game
PCB. Therefore, the regulator regulates the voltage on the
game PCB. This eliminates a reduced voltage due to IR
buildup on the wire harness 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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1. Connect a voltmeter between + 5 V and GND test points he { E@} 5V RN
of the game PCB.

N 2. Adijust variable resistor R8 on the Regulator/Audio PCB =
for +5 VDC reading on the voltmeter.

3. Connect a voltmeter between +5 V REG and GND on 7 Ris Lo ~
the Regulator/Audio PCB. Voltage reading shall not be oo 1 10 ) , o
greater than +5.5 VDC. If greater, try cleaning edge [?j a7 l Q5>____._| }__4 SPKR 1

”5 connectors on both the game PCB and the e N —47
BN | . ub1o
Regulator/Audio PCB. [+ 20024V R12 (5

DISABLE
! 4. If cleaning PCB edge connectors doesn’t decrease a8 N> o0 .01
' . voltage difference, connect minus lead of voitmeter to 304 T o0l Jcs MW
| GND test point of Regulator/Audio PCB and plus lead to T 470 R
3P ! . GND test point of game PCB. Note the voltage. Now
LIGHTING 12 (’—‘-——f R connect minus lead of voltmeter to +5 REG test point
= L T on Regulator/Audio PCB and plus lead to +5 V test
, point on game PCB. From this you can see which
harness circuit is dropping the voltage. Troubleshoot
the appropriate harness wire or harness connector.
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CLOCK CIRCUIT

MPU CIRCUITRY

ADDRESS DECODING CIRCUITRY

<: denotes a test poimt
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POWER INPUT

This circuitry consists of the PGB
inputs and outputs for the +5VDC
logic power and 36 VAC input to the
on board regulators. The +5VDC In-
puts and outputs are discussed on
Sheet 1, Side A of this schematic
sat.

The 36 VAC Inputs are recelved by
two full wave rectifiers. Diodes CRI9

and CR10 rectify the negative cycle
of the Input and the 7915 regulates
the voltage at —15 VDC. Diodes
CR11 and CR12 rectify the positive
pulse of the 38 VAC input and the
7815 regulates the voltage at +15

dicde CR14 supplies the +8.2 VDC
for the sample and hold circuit. The
+22V (unregulated) is used to
power operational ampliliers P11
and LB in the audio output.
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FROM SWITCH INPUTS

SHEET 2, SIDE B

ROM/PROM CIRCUITRY

Program Memory for the Asterolds game is con-
tained in PROMs for the 01 version of the PCB or
ROMs for the 02 version of the PCB. One ROM is
equivalent to four PROMs. All PROMS connected to
a commen enable must be removed before replac-
ing with a ROM, For example, remove PROMs at
locations F2, H1, L2 and L1 before replacing with
ROM at location F1.
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NOTE:

All reference designations in red are for the 05
and 08 PCB assemblies only. For example, the
B316E ROM above is at location F1 on the 01 thru
04 PCB, but is at location J2 on a -05 and -06 PCB,

The reference designations, used in the circuit
descriptions, refer to the -01 thru -04 PCB assem-

blies onl:

y.

RAM CIRCUITRY

The RAM s the temporary s far

the MPU and Is enabled when
Page enable) is low. When RWE (from the
MPU) is low, the RAM storas the data byte in-

put (DBO thru DBT) at the location addressed
by the MPU address bus (ABO thru ABT). When
R/WB is high, the MPU reads the stored data
byte at the addressed location,

The signal RAMSEL, when low, has the ef-
fect of swapping pages 2 and 3 within the

FLAM. This allows greater p Tharx-
Ibility.
03 P.C. Boards Altemate 03 P.C. Boards 04 P.C. Boards <05 and 06 P.C. Boards
(PROMs) (PROMS) (ROMSs) (ROMs)
o302 J2
03515002 J2
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e = ATARI
03515302 K1
03513802 N1
03513302 M2 [ T -
03515702 H2
03513402 M2
03514402 OVE1 03514402 H2 sm‘ 1, m B
0513802
03515402 N
e ASTEROIDS
03513502 F2 S e ‘
1 -
o0z 12 Section of 0349860 04
e i 03514502 F1 03514502 J2 D' 1 mm H
ey 03498605 and 06 B
03515502 L1
oasez02 L
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its next command. :

The state machine consists of input gates B8 and E6, ROM
C8, latch D8, clock circuitry A7, and decoder E8. Four bit input
TIMERO thru TIMERS is the operation code input to the state
machine. The A4 thru A6 address input to ROM C8 tells the
ROM which instructions to perform. Address inputs A0 thru A3
from latch D8 tells the ROM which state was last performed.
The address A7 input GO tells the ROM that the position
counters are presently drawing a vector. The HALT input to A7
tells the ROM that the vector generator has completed its
operations.

During initial power-up of the game, the HALT signal is
preset low. The microcomputer reads the high HALT signal
through its switch input port (buffer M10) on data line DBO.
This tells the microcomputer that the vector generator is
halted and waiting for an instruction. To ensure that the beam
is off when the state machine is halted, the high HALT, clock-

&

The GO signals load and enable the vector timer'and the X
and Y position counters and tell the ROM that %e vector
generator is now actively drawing a vector. The HALI input to
GO flip-flop A9 sets the outputs to ensure that the vector timer
and position counters are not active when the state machine is
halted. When alow is clocked through &, the vec-
tor timer and X and Y position counters begin to opérate from
the GO, GO and GO™ signals. When STOP is clocket] through
A9, the vector timer has reached its maximum courg§, and lng
goes high. This means the vector has been drawn. :

signal clocks latch D8 unless the microcomputer is 4
the vector RAM or ROM memories (when VMEM ¢
Then the clock input to latch D8 goes high and stays
VMEM goes high.

goes low, allowing the state machine to advance to the next
state in its intended sequence.

The vector timer consists of muitiplexer F6, decoder E7, LATCH
M7, ADDER M6, and counters B7, C7, and D7. M7 contains a scale
factor which is added in M6 to the four timer signals. If TIMERO thru
TIMERS inputs are any state but all high, decoder E7 directly
decodes the sum and loads the decoded low into one of the
counters. When GO goes low, the counters count from the loaded
count until the counters all reach their maximum count. This count
is a maximum length of 1024. At this time STOP goes low and clears
the GO flip-flop of the state machine.

If the TIMER signals are all high, ALPHANUM goes low and data
signals DVX11 and DVY11 are decoded by decoder E7. This is added
to the scale factor and loaded into the counters.

The X and Y position counters are two identical circuits.
Therefore, the following description discusses only the X position
counters.

The X position counters contain rate multipliers (J8 and K8),
down/up counters (C9, D9 and E9), multiplexers (D10, E10, and F10),
and associated gates (B8 and H10). The output of the down/up
counters is a 12-bit binary number that represents the horizontal
location of the beam on the monitor screen (or X axis), with 0 being
the far left side of the screen and 1023 being the far right side of the
screen. Increasing or decreasing this binary number output will
cause the beam to move to the right or left, respectively. The vector
generator state machine decodes instructions from its memory,
and then is capable of using that data to alter the binary count of
these counters in one of two ways.

The state machine can preset these counters to an entirely dif-
ferent number from their previous contents. This will cause the
beam to “jump” to a new location on the monitor screen instan-
taneously, i.e., for drawing a new vector from a different starting
position than where the previous vector ended. While the beam is

new Eosition into the counters, the state generator causes

L BE to go low. At this time, a new 12-bit number (DVX0-11) is
loaded into the counters from the vector generator memory data
latches. S .

The state machine can also instruct these counters to count up
or down any specific number of counts. This will cause the beam to
move to the left or to the right a specific distance relative to where
it was. During this beam movement, the beam is turned on with the
desired intensity. This is the procedure used to draw a vector on the
monitor screen. The direction (to the left or right) and length (0 to
1023) of the vector to be drawn relative to the beam’s current posi-
tion is determined by DVX0-11 (from the vector generator memory
data latches). This data contains information that determines how
many clock puises the counters will receive and whether the
counters will count up or down.

DVX0-9 memory data is loaded into rate multipliers J8 and K8.
The function of these devices is to space the desired number of
counter clock pulses at equal intervals over the time period that it
will take to draw the desired vector. This insures that vectors of dif-
ferent lengths will still be displayed with the same relative beam in-
tensity. DVX10 and 11 are loaded directly into the counters. DVX10
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' generator what it should do next. The address selector can then allow the vector e S R D ST
: generator program counter and state machine to access this same area of RAM also, and ; ey +5v :
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STATE MACHINE : ¢ Sy comm T are for the -05 and -06 PCB assemb-
o i COUNTER Lsi9) | lies only. For example, the LS174
The state machine is the “master controller’ of the vector  ed through latch D8, results in a low BLANK to the Z axis out- " o on ac oo e N I.C. above is at location F10 on a
generator circuitry. It receives instructions from the game put. i SR ENEACK 01 thru -04 PCB, but is at location
MPU, via the vector generator RAM. it carries out these instruc- . pvxio " F11 on a -05 and -06 PCB.
tions by accessing the appropriate sections of the vector The microcomputer outputs an address that results in a OUNMDACXTZ e LS gwseemm . .
generator ROM memory, using the vector generator program  DMAGO signal that causes HALT to go high, and clears the : os The reference designations,
counter to do so. The state machine reads the vector generator  vector generator data latches. This makes TIMERO thru TEE tere g2z ene 3B camy pec o oo used in the circuit descriptions,
: o PP . . . N J v u Yo v oo ME Q > r ¥ . Yy r r r =z -
ROM data (via Timer 0-3) and decodes this information to deter-  TIMERS signals all low. The state machine now begins exe- The purpose of the vector timer is to time out the length of time it sio 13313 §441 154 ACerase 12 ot — TETROBE 13313 $1%% 733 gi_fer to tlhe -01 thru -04 PCB assem
mine how it should use this data: 1) to draw a vector; 2)tomove  cuting instructions, starting at vector memory location 0. takes to “draw” an actual vector on the monitor display. During the 3311 1333 132 5533 5353 53¢ ies only.
:he‘ mom}’o: beam to a new position on the mtimtor display; 3) : interval when the X and Y position counters are actually drawing the TP c22e c7ee >
0 “jum ; i i i is hi i . . . . .
jump” to a new vector memc?ry address; 4) to return to a Whep the s'fate machme receives the operation _coqe for a vectoy, STOP is hlgt}. This prevents the vqctor generator state “jumping” to this new position, the beam itself is turned off to pre- determines whether the counters count up or down. DVX11 is used
previous vector memory addres§, or 5) _to tell thg game MPU HALT |qstruct|on, it outputs a Ipw HALTSTROBE, getting the machine from advancing to its next state until the vector currently vent unwanted lines from appearing on the screen. To preset this to control the select input of muitiplexers D10, £10, and F10.
that it has completed its current instructions, and is waiting for  HALT flip-flop A9, and suspending state machine operation. being drawn is completed. As soon as the vector has been drawn, The UNMDACX1 thru UNMDACX10 (X axis unmultiplexed digital-

to-analog converter signals) are transferred to the output of the
multiplexers and stored at the outputs of the latches on each rising
edge of the 6 MHz clock (from the microcomputer clock circuitry).
The DACX1* thru DACX10* signals are sent to the digital-to-analog
converters (DACs) in the X video output.

The DACX1* thru DACX10* outputs represent the physical place-
ment of the beam on the monitor. The far left of the monitor screen
is 0, the center is 512, and the far right is 1023. Therefore, if the
DACX1* thru DACX10* signal was greater than 1023, the monitor
beam would go off the right side of the screen and start again on
the left side of the screen, a “wraparound” condition. To prevent a
wraparound, the multiplexers’ select input from UNMDACX11 goes
high when the count is greater than 1023 or less than 0. This selects
UNMDACX12 to be output from the multipiexers to the DACs, forc-
ing all zeros or all ones, and thus keeping the beam on the ap-
propriate side on the screen, instead of allowing it to wraparound.

The XVLD and YVLD (X and Y valid) outputs from the X and Y posi-
tion counter multiplexers are latched and gated together to enable
the Z axis output, BVLD (beam valid).
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PLAYER INPUT CIRCUITRY
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SLAM |9

DIAG STEP|[K
FIRE|T
HYPER\IO

ln

B,DEF

O——— bB7

1 The coin door and

DIAG STEP (diagnostic
step), 3 KHz, SELF-TEST
SLAM, HALT, FIRE and
HYPER inputs are read b
the MPU when QW'%”
(switch input zero enable)
is low, Switches to be
read are selected by ABO
thru AB2 from the MPU.
All inputs are read on
DB7. Switch inputs are’
active when pulled to
ground. DIAG STEP, 3
KHz, and SELF-TEST are'
signals read by the MPU'
to initiate and control the:
game’s self-test pro-
cedure. SLAM is a signal
read by the MPU to in-
dicate the status of the
antislam switch mounted
on the coin door. The
MPU reads HALT to deter-
mine the state of the vec-
tor generator.

ROT LEFT |I15
ROT RIGHT

Le IS

Liz
L
LS

COINR
cowe [12
COINL

wpe— [o]:-¥)

some control panel
switches are read by the
MPU when SINP1 (switch:
input one enable) is low.|
Switches to be read are;
selected by ABO thru AB2,
from the MPU. All inputs
Y& are read on data line DB7.
Switch inputs are “on™

S
SINPI

| cotwe p——r

oL )

OPTIONS INPUT CIRCUITRY
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R20
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dficz MUX |,
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R19
R\
R23
R26

+5V

when pulled to ground.

denotes change by indicated revision

VIDEO INVERTER

The video inverter circuitry is only used in a cocktail
game. In an upright game, pin 19 is unconnected and
therefore floats. When pin 19 floats, transistor Q16 is
turned off and transistor Q17 is turned on. Therefore, INV
is —8.2 VDC and NONINYV is about +8.2 VDC. The result
is a non-inverted X-axis and Y-axis output.

In a cocktail game, the wiring harness shorts connec-
tor J20’s output pin 7 input pin 19. When the video of
player 1 is being displayed, pins 7 and 19 are +5 VDC.
This results in a non-inverted video output. When the
video for player 2 is being displayed, pins 7 and 19 are
grounded. This causes transistor Q16 to be turned on and
Q17 to be turned off. Therefore, INV is +8.2 VDC and
NONINV is —8.2 VDC. The result is an inverted X-axis
and Y-axis output, causing the monitor's display to be up-
side down.

OUTPUTS

. 3 +5V
The THUMP sound is heard throughout play. 33K
The 555 is connected as an oscillator, enabled THUMPSND
by N7 pin 2. The frequency is determined by = et
the current coming out of Q2. This depends on l ' T
its base voltage, which is derived from the four- =
bit code in N7. LAMP, LED, AND COIN COUNTER OUTPUT
+5v This circuit consists of coin counter drivers Q11,
The SAUCER sound is heard when an enemy ‘ Cos ais 2weoas | Q12, Q13 and data latch N11, clocked by the
saucer appears. The 566 isa voItagepontro_lled A 'B I R .'.' | Rior ol IQ Pt microcomputer’'s address decoder. When the input
oscillator. Its modulating voltage is derived . [ kol = A | to a driver is clocked high, its collector goes low,
fromn the 5%? T':? 555 is a |<r>; frequen%y :‘: R | Kl grounding the retumn of the coin counter in the coin
oscillator. The effect is a warbling sound. 555 3 door. When START1 or START2 is clocked low, it
- 2 . ’
SAUCRSEL changes some component values, Rog  Re9 TR"“C‘V‘“ T ] Emasupag L grounds the START LEDs in the control panel.
in order to provide for 2 different saucer  *%V  q{isk i tox TF 2 (o woad ‘
sounds. oleB | ¢ss v oss —2l3p  1a) Rios o an meodtlc L, u —{o]err cow
+12V) - + Ay 10 Bl
8 .0 % ¢ 4|cas I-°' 2w "’;:_4‘ :: an ¥4 AN | : e {4]cevrer com
< I\O,TANT - R0 Ls176 | IKI R » Y EE\«HY coin
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N9 e [ < Q12 2N6044
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A b MYL
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M10 latches control signals to
enable different sounds.
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+SV

AUDIO OUTPUT

THUMPSND —R83_ A ATK
SAUCRSND —R7T_Ann 22K &UDI
LIFESND —R18 AaA2TKQ R86
R8I - 100K W 1

R74

—‘E| x—z SAUCRSEL

SAVCRFIRESND ——————AAAN—9
SHPFIRESND —AAAN—9

All sounds are mixed in ¥ of P11. This is
Audio 1. The signal is then inverted by another
14 of P11 and becomes Audio 2. These out-of-
phase signals provide a push-puli output to the
audio section of the Regulator/Audio PCB.

J20

R84 100K

[5] Aupiot

RO

34 EX?LOSNDM‘ P2,
p—— A
1 sHPSND —RIOZ AN ST, 9 cu3 R
- 10 + .
+SV M | TANT 10K

10K

Pz J20
e >4 4 [€] auooe
+ 7 1LM324

PART OF REGULATOR/AUDIO PCB

NOTE:

AUDIO AMPLIFIER IS PART OF REGULATOR/AUDIO

PCB AND IS REPEATED ON SHEET 1, SIDE A.

Audio inputs AUDIO 1 and AUDIO 2
receive out of phase signals for push-pull
operation. AUDIO DISABLE is perma-
nently grounded for continuous audio
amplification.
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denotes a test point
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The Fire sounds for the Saucer and the  *'*V LIFE sound is heard wh?n anhextr;a h':e 1
Space Ships are generated by two iden- e gag:\ed. It is merely 3 KHz from the clock cir-
tical circuits. Each contain a 555 Yoo R4 Se cuitry.
operating as a voltage-controlled ¥ R4
oscillator. The Saucer Firesound is in- [ 2 \?
itiated by SAUCRFIREEN, and the Space s p 1 (P ae Mio mio
Ship Fire sound is initiated by > se /08,0, M2, WY M
SHPFIREEN. Each of the 555s is con- RS3  2N3906 4[FW]5 R60 L’“"“’ 8
figured in such a way that when they are K T 10K LT
enabled, they output a signal of a specific 1 c38 |+ :’9‘" B 6
frequency and _amplitt_zde. This §ignal - 1O, TANT SAUCREIREEN “{>c\o s
begins to decay immediately, both in fre- = 5V o6
quency and amplitude, due to the dis- .
charge of the control capacitors (C38 & 8 ‘* CRo ase
The game option 39 for Saucer Fire Sound; C47 & 48 for o LM32A 2ois 19 o[2 T w4
switches are read by the Ship Fire Sound). 57 o™ _sss W L cavcariresno " 4| cas
MPU when OPTS (option -9 ot TR TR Io, TaNT
swi'tch enable) is low. = TS =
Switch toggles to be read vy Jas £ [ese
are selected by ABO and 2 o I"TA"} IOI
AB1 from the MPU. \o L L
Switch toggles 1, 3, 5, and == M ] )
7 are read on data line vi2v Hay
DBO and toggles 2, 4, 6
and 8 are read on DB Rss +22v R65
Toggle inputs are “on” - il 3.3
when pulled to ground. 2l
13 4 -
14 2V mio
12} -8 0 as e sy +5V Mg
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— A aad EA aa> The EXPLODE sound is heard
s as}® +3s asfd when any object explodes. Noise is
Ri© o —:— pio oc—i— sampled at a frequency determined
RY a2 P9 @l by P8, and control bits EXPITCHO
Ls1bs 0 LS4 10 +Svy .
Qef ef© and EXPITCH1. Changing the sampl-
SH/REG " SH/REG.__ |1 +s5V . e [P .
ol ol l ing rate changes the pitch of the ex-
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NOTE:

All reference designations in red are for the
-05 and -06 PCB assemblies only. For example,
the AD561J 1.C. above is at location D11 on a
-01 thru -04 PCB, but is at location D12 on a -05
and -06 PCB.

The reference designations, used in the cir-
cuit descriptions, refer to the -01 thru -04 PCB
assemblies only.
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X and Y Outputs

The video output circuit consists of three individual circuits; X axis, Y axis, and Z axis
video output circuits. The X axis and Y axis video output circuits each consist of a digital-
to-analog converter (DAC), current-to-voltage converter, two sample and holds, and
amplifier. The Z axis video output circuit consists of a shift register and a summer.

The DACs (D11 and B11) each receive binary numbers from the vector generator’s posi-
tion counters outputs. These numbers represent the location of the beam on the monitor.
For the non-inverted X axis, the numbers range from 0 to 1023, where 0 is at the far left of
the monitor screen, 512 is at the center, and 1023 is at the far right. For the non-inverted Y
axis, the numbers range from 128 to 996, where 128 is at the bottom of the monitor
screen, 512 is at the center, and 996 is at the top. When the X axis and Y axis are inverted,
the monitor picture is turned upside down. This is used for a two-player cocktail game.

The DACs convert these binary number inputs to current outputs. The DACs’ current
outputs are applied to the pin 6 inputs of current-to-voltage converters C12 and A12.

From the current-to-voltage converters, the signal is fed to two sample-and-hold cir-
cuits: One is non-inverted and the other is inverted. The non-inverted sample and hold
consists of one stage of analog switch D12 and capacitor C98 for the X axis, and B12 and
C106 for the Y axis. The inverting sample and hold consists of inverter E12, one stage of
analog switch D12, and capacitor C119 for the X axis and B/C12, B12 and C118 forthe Y

axis.

The sample and hold circuits are controlled by SHCON (sample and hold control).
SHCON is derived by gating 3 MHz from the microcomputer clock circuitry and VGCK*
from the vector generator’s state generator. The result of these inputs insures that the
non-inverted and inverted analog signals that are applied to the analog switches have suf-
ficiently stabilized before being applied to the sample and hold capacitors.

The output swing of SHCON is —8 to +8 VDC. When SHCON is high, the voltage
charges or discharges the sample-and-hold capacitors to the X and Y analog voltage
value. The voltages are then applied to the inputs of the second analog switch. These
switches select either the non-inverted or inverted X-axis and Y-axis outputs. The outputs
are then amplified by the second stages of C12 and A12 for an impedance-matched out-
put to the X and Y inputs to the monitor. Since the monitor doesn’t have field-adjustable
X and Y gains, the gains are adjustable by variable resistors R120 and R126.

Z Output

The Z axis video output receives six inputs. BVLD (beam valid), from the output of the
vector generator’'s position counters, tells the Z axis to draw the line. BLANK (vector line
blank), from the vector generator’s state machine, tells the Z axis to stop drawing a line.
SCALEOQ thru SCALES3 (grey level shading scale), from the output of the vector generator’s
data latch, tells the Z axis the grey level shading of the line that is being drawn on the

monitor.

m Y ovT

When BVLD and BLANK are both high, a high is clocked through shift register K9 that
turns transistor Q3 off. This allows the scale inputs to be passed through transistor Q2.
When BLANK goes low, a low is clocked through K9, transistor Q3 turns on, and the
signal is grounded at the base of transistor Q2.

The scale inputs at the base of transistor Q1 determine Q1’s emitter voltage, during the
line draw period. The SCALEO thru SCALES resistors R36 thru R39, resistor R35, and
resistor R40 result in a range of about + 1.0 VDC when all are low and + 4.0 VDC when all

are high. The emitter of Q1 follows at about + 1.7 to 4.7 VDC, while the emitter of tran-
sistor Q2 follows at about + 1.0 to 4.0 VDC. This output is applied to the Z input of the
monitor. Since there are brightness and contrast controls in the monitor, there are no ad-

justments in this circuit.
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