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3000 d 1+ 1 0 0 o w Start VG
’0 l_@ P D87 3200 ¢ 1 1 0 0 1 A.A A A A A|W|D D D DB D D D D Latch EA address/data
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The NMI (non-maskable interrupt) counter causes an interrupt O = [_@ 1 3l ol 4| m gggg g : : : : ? 1011 D 3'09.22 c(::;::g:t:se .
at the NMI input of the MPU every 4 msec. The interrupt is derived oel23 B . o € of & w000 — gn
by dividing 3 KHz by a factor of 12 through counter C4. The inter- HEV —4—4—4 = 4100 F- O - O A
i i j N NUMBERS N PAREN — actor RA
rupt occurs when pin 6 of inverter B4 ?oes low. During power-up, CoR *#’HSE sgpsi IF BOARD CONTAINS Q |4800 10 0 1 R Vector ROM
<:l Denotes a test point the NMI counter is disabled by RESET. During Seif-Test, the NMI NOTE: 00000G . AMB304 B INSTEAD OF 74L524%. @« m : t1) {1} g : \;ect?;:ORgM
is disabled by TEST. 1 = rog
! Either a 74LS245 or an AMB304B may be used at = & (530 11 0 R Program ROM
location E2. Pin numbers not enclosed in paren- o [7000 i1 10 R Program ROM
theses are for 74L5245. Pin numbers in paren- 7800 11 11 R Program ROM
theses are tor an AMB3048B.
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The state machine is the “master controlier” of the vector- The microcomputer outputs an address that results in a cn = L2 o £ 0 o0, Y
generator circuitry. It receives instructions from the game DMAGO signal that causes HALT to go high, and clears:the LI o 2 o=yl
MPU, via the vector generator RAM. it carries out these instruc-  vector-generator data latches. This makes TIMERO thru o2 oc o —JFe  rene—Sawy S
tions by accessing the appropriate sections of the vector-gen- TIMERS signalis all low. The state machine now begins exe- TN ) TR unuac T L
erator ROM memory, using the. vectorgenerator program cuting instructions, starting at vector memory location 0. veto
counter to do s0. The state machine reads the vector-generator ) . Bvre - ] SR e
ROM data (via Timer 0-3) and decodes this information to deter- - When the state machine receives the oFeration code for a Y
mine how it should use this data: 1) to draw a vector; 2) to move HALT instruction, it outputs a low HAL , setting the yay ware 42z M " o -
: it itor di . i i - i N . L RS S f54% 141 533585 53%% PR
the monitor beam to a new position gg the n?c;mtor display; 3) HALT fiip-flop A9, and suspending state machine operation. The purpose of the vector timer is to time out the length of time it §283 $§5% 233 1333 2:4% 13
to “jump” to a new vector memory address; 4) to return {0 a : : takes 1o “draw” an actual vector on the monitor display. During the R 3333 5353 1333 11318 13:
previous vector memory address; or 5) to tell the game MPU The GO signals load and enabie the vector timer and the X interval when the X- and Y-position counters are actually drawing 254% 5333
?hat it has completed its current instructions, and is waiting for and Y position counters and'tell the ROM that thg vegtor the vector, STOP is high. This prevents the vector-generator state
its next command. generator is now actively drawing a vector. The HALT input to

The state machine consisis of input gates B8 and E5, ROM
C8, latch D8, clock circuitry A6, and decoder EB. 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 AQ thru A3
from latch D8 tells the BOM 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
aperations.

During initial power-up of the game, the HALT signal is pre-
set low. The microcomputer reads the high HALT signal
through its switch input pont (sel/mux L10) on data line DBY.
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, clocked
through fatch D8, results in a tow BLANK to the Z-axis output.

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 a low GOSTROBE is clocked through A9, the vec-
tor timer and X- and Y-position counters begin to operate from
the GO, GO and GO* signals. When STOP is clocked ‘h"OUGQD
A9, the vector timer has reached its maximum count, and GO
goes high. This means the vector has been drawn.

The VGCK input to the clock circuitry is a buffered 1.5-MHz
clock signal from the microcomputer. This is the same fre-
quency used to clock the MPU of the microcomputer. The
signal clocks latch D8 unless the microcomputer is addressing
the vector RAM or ROM rmemories (when goes low).
Then the clock input to latch DB goes high and stays high until
VMEM goes high.

machine from advancing to its next state until the vector currently
being drawn is completed. As soon as the vector has been drawn,
STOP goes low, allowing the state machine to advance to the next
state in its intended sequence.

The vector timer consists of multiplexer F5, decoder EB, latch M6,
adder M5, and counters B6, C6, and DB. M6 contains a scale factor
which is added in M5 to the four timer signals. If TIMERO thru
TIMER3 inputs are any state but all high, decoder E6 directly
decodes the sum and loads the decoded low into one of the count-
ers. 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 E6. 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),
downiup counters (C3, D3 and E8), multiplexers (C10, D/E10, E10), latch
(F10), and associated gates (B8 and H10). The output of the down/up
counters is a 12-bit binary number that represents the horizomtal loca-
tion 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 ca-
pable 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 differant
number from their previous contents. This will cause the beam to
“jump” to a new location on the monitor screen instantanecusly, i.e.,
for drawing a new vector from a ditferent starting position than where
the previous vector ended. While the beam is “jumping” to this new
position, the beam itself is tumed off to prevent unwanted lines from
appoaring on the screen. To Ereset this new position into the counters,
the state generator causes to go low. At this time, a new

12-hit number (DVX0-11) is loaded into the counters from the vector
generator memory data latches. :

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 bearn movement, the bearm is turnad on with the desired in-
tensity. 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 position is deter
mined by DVX0-11 (from the vector generator memory data latches).
This data contains information that determines how many clock
pulses 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 tha desired vector. This insures that vectors of different lengths
will still be displayed with the same relative beam intensity. DVX10 and
11 are loaded directly intc the counters. DVX10 determines whether
the counters count up or down. DVX11 determines the quadrant of the
vector being drawn.

The UNMDACX1 thru UNMDACX10 (X-axis unmultiplexed digital-to-
analog converter signals) are transferred and stored at the output of
the multipiexers 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 converiers (DACs) in the X video output.

The DACX1 and DACX10 outputs represent the physical placement
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 t0
be cutput from the multiplexers to the DACs, forcing all zeros or all
ones, and thus keeping the beam on the appropriate side on the
screen, instead of allowing it to wraparound.

The XVLD and YVLD (X and Y valid) outputs from the X- and
Y-position counter multiplexers are latched (F10} and gated together to
enable the Z axis output, BVLD (beam valld).
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INPUTS OUTPUTS LAMP, LED, AND COIN COUNTER OUTPUT
PLAYER INPUT CIRCUITRY ' This circuit consists of coin counter drivers Q8,
YRR I © s 3 . Q9, Q10 and data latch M10, clocked by the micro-
$3388 e2 computer's address decoder. When the input to a
m ax [ TEST [ DIAG STEP (diagnostic step), - driver is clocked high, its collector goes low, ground-
[ TTT =™ > fo Ju 3 KHz, SELF-TEST SLAM, HALT, ing the return of the coin counter in the coin door.
72 5p ' A, ) 2NG&O44 . !
SO Ao - 1] izl 84 FIRE, and SHIELDS inputs are R55 RI L {D]uerT com When START1 or START2 is clocked low, it grounds
Floo 3 read by the MPU when SINFO ¢ 4 ] CENTER COIN TART LEDs in the control panei.
BiAC :::: : 'W\',Wvgml 4 z: (switchyinput zero enable) is low. 3.9K a: . _ % RIGHT COIN the S P
Fine [T AL 15f5e ©10 Switches to be read are selected _ - 1N6osa = A éllg- LR
sHELDs fio —NEIL ps “225! by ABO thru AB2 from the MPU. _’. RAE cl v J, o_: L e
L L] nauT — 2oz 2ot All inputs are read on DB7. W | ore (L | '
Py ez ——2p % wpt——o87  Switch inputs are active whefi . 5 3 __*T-‘TTET;I ¥ 1
41ro e pulled to ground. DIAG STEP, 3 - A Ne0ds - -
M- - - 3= KHz, and SELF-TEST are signals 1ok arfe R4
Sk d e read by the MPU to initiate and E"Plos"o—l 20510 e el Y _ o o . - .
control the game’s self-test pro- R85 ne7 —2lo mio 95 10 ’ The video-output circuit consists of three mdlwduallcurcmts:_Xjaxls, Y-axis, and Z-axis.
cedure. SLAM is a signal read by S atx ap2 —3c L5259 Gal2— RAMSEL = oV The X-axis and Y-axis video-output circuits each consist of a digital-to-analog converter
the MPU to indicate the status AB) —236 T ol 7 oeTHRBTEN +ISV a5 w2 roes (DAC), current-to-voltage converter, two sgmple and holds, and amplifier. The Z-axis
of the anti-slam switch mounted The Gustom Audio chip M7/8 _R%e ABD ——{a Qe — oo i NG ae PLAY R video-output circuit consists of a shift register and a summer.
§52% Nedld $a 8 on the coin door. The MPU reads generates most of the sounds SHPSME T 5k QN 0Tl TS STARTR  RAMsEL —SfBo A X and ¥ Outouts
R MNERRY ee2 HALT to determine the state of for Asteroids Deluxe™. at 120 FE1ER g STARTS R sy P o
‘-L_m the vector generator. s [ The DACs (D11 and B11) each receive binary numbers f_rom the vector generator's posi-
720 A70% SPL TTTT are TTTT $ Jinn a0k tion counter outputs. These numbers represent the location of the beam on the monitor.
= =07 § i, & A i i RESEY For the non-inverted X axis, the numbers range from 0 to 1023, where 0 is at the far left of
RoT LEFT 19 Ay =108 ale The coin dc_Jor and some con the monitor screen, 512 is at the center, and 1023 is at the far right. For the non-inverted Y
RoT RIGHT |15 AN b trol panel switches are read by . . -
THRUST AN 14l the MPU when SINP1 (switch _ axis, the numbers range from 128 to 996, where 128 is at the bottom of the monitor
STARY 2 }T 17> 15}p, T input one enable) is low R/W determines the direc- _ screen, 512 is at the center, and 996 is at the top. When the X axis and Y axis are inverted,
ST:RT ; i—; P11 g W22 Sintches to be read aré tion of data flow (DB0-DB7) as AB3Y: =T N 120 the monitor picture is turned upside down. This is used for a two-player cocktail game.
e M 210y DATA selected by ABO thru AB2 from addressed by ABO-AB3, When a2 - - ;; | [Elaune | |
cowne [N A RO 3o MUY wpt—DBT pha MPU. All inputs are read on R/W is high, the MPU reads the ABI ffm M7/8 I '-»-O;L. w324 The DACs convert these tglnary number inputs to current outputs. The DACSs’ current
conw o] —— AN lO3 4le v data line DB7. Switch inputs input data from DIP switch L8, ABO ‘j AD — outputs are applied to the pin-6 inputs of current-to-voltage converters C12 and A12.
— ST are nonu when pu"ed : to When F”W IS. |Ow,. the M.PU lee —_— L ) . ) L
§ wex j round writes the audio /O instruction r ] From the current-to-voltage converters, the signal is fed to two sample-and-hold circuits:
SINFT — 9 . for an output. P72 f,—*r'? irz VI DEO OUTPUTS One is non-inverted and the other is inverted. The non-inverted sample and hold consists
Y i REE A ; P o0 ! of one stage of analog switch D12 and capacitor C89 for the X axis, and B12 and C109 for the
gaoamyr o L <omc] , - he MPU is §2 32 RS o1 Y axis. The inverting sample and hold consists of inverter E12, one stage of analog switch
Hesc@w & .- § thg 23:;{%‘;”;23&;; forthe 087 —Sp7  eal® 2! ::"_ﬁi‘" D12, and capacitor C88 for the X axis and BIC12, B12 and C110 for the Y axis.
1 = [0 e 4
<staeti] audio /0 chip and sets the tim-  2%% e 0 ol s o ] o
@E |r|g for data bus lines DBO-DBY. 3 4 P 2l B lt5 r— ——————————— ! The sample-aﬂd‘hOId circuits are Contro”ed. by SHCON (Sample anq hold COntrO|).
B4 A2 2 Pla - 0o oo el - +5VDAL | SHCON is derived by gating 3 MHz from the microcomputer clock circuitry and VGCK*
D83 40 o2 5 i 1 boee ! I —i= ! L1z, 7Lo8! from the vector generator's state generator. The result of these inputs insures that the
< "] Denotes a test point B2 R . S | g-Pos ! = i 4 _I Ty non-inverted and inverted analog signals that are applied to the analog switches have suf-
3 2 10K * BPL |°'P sH I She r - Eveass ’ CAPS ficiently stabilized before being applied to the sample-and-hold capacitors.
PkyDCD —Y LI I s[# - N 2.2% i CioEgens
When PKYDCD, AB10, and g wlelejalelaeel o ' w 4 The output swing of SHCON is —8 to +8 VDC. When SHCON is high, the voltage
OPTIONS INPUT CIRCUITRY AB11 are high and ABG is low, 5,0 8 ' |_z_ o . Daly Dl charges or discharges the sample-and-hold capacitors to the X and Y analog voltage
+sv -~ a chip select pulse is gated to ves ‘ |, i i value. The voltages are then applied to the inputs of the second analog switch. These
R s 8 the audio 1/O chip. This pulse i O |~ [* Ié?"? s switches select either the non-inverted or inverted X-axis and Y-axis outputs. The outputs
2% prepares the audio 1/O for = | acxze— 5 | sacon 4 IRevx are then amplified by the second stages of C12 and A12 for an impedance-matched out-
KX < § The game option switches Operation. ABS oA xan—tlg | =3 = put to the X and Y inputs to the monitor. Since the monitor doesn’t have field-adjustable
— L2 he are read by the MPU when I ' &) ol 1 L oien X and Y gains, the gains are adjustable by variable resistors R120 and R126.
2t oz s i 13 OPTS (option switch enable) is & EAREAD | 8 I =
‘ r__4_1_¢/6° 3 2] e . low. Switch toggles to be read ne EAREA | g:z:i: "] : o o | I‘C‘%?‘ Z Output
el o hu Wiy 2 be! are selected by ABQ and AB1 <:, Denotes a test poi [ 0 ' T NIWVX - ; . .
- P : point DACKTE— 4 | The Z-axis video output receives six inputs. BVLD (beam valid), from the output of the
ol - s 1 > from the MPU. Switch toggies l I : e d g
T 5| CoLs2ss 1.3 5and 7 d on data T DACKB# {3 [ & vector generator's position counters, tells the Z axis to draw the line. BLANK {vector line
T o B lir "DBS" d tare Irea2 3"6 and ' | Dacxge—22 l blank), from the vector generator’s state machine, tells the Z axis to stop drawing a line.
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DIP Sw e e | When BVLD and BLCANK are both high, a high is clocked through shift register K8 that
5573 . +3 °‘“""‘|% RS0 turns transistor Q3 off. This allows the scale inputs to be passed through transistor Q2.
2o 4 = $'°K ; When BLANK goes low, a low is clocked through K9, transistor Q3 turns on, and the
pacxwe —Zse (o2 b B signal IS grounded at the base of transisior Q2.
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DacKsY . 7 o 2.2k The scale inputs at the base of transistor Q1 determine Q1’s emitter voltage, during the
Dack 5% — op VY o &Y line draw period. The SCALEO thru SCALE3 resistors R36 thru R39, resistor R35, and
gi::ﬁ* PR g; e/on - el = resistor R40 result in a range of about + 1.0 VDC when all are low and + 4.0 VDC when all
mhexpn —ops 32 1 are high. The emitter of Q1 follows at about + 1.7 to 4.7 VDC, while the emitter of tran-
BACKS ¥ oy WAL =pal P sistor Q2 follows at about + 1.0 to 4.0 VDC. This output is applied to the Z input of the
DAcxia 2lp2 Raz SO [ monitor. Since there are brightness and contrast controls in the monitor, there are no ad-
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The EXPLODE sound is heard e R72 =
when any object explodes. Nojise is 8.2V c ™ Ix
sampled at a frequency determined 7
by P7, and control bits EXPIFCHO oo DMA RESET
and EXPITCH1. Changing the sampl- | +5VOAC ,
ing rate changes the pitch of the ex- | ol
I2KHZ T plosion. The noise is amplitude-
oL 2 modulated in R6 by EXPAUDO- ! a2
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The x- and y-video inverter circuits are identical; there- 28 L g QB:_ i 228
fore, only the x-video inverter circuit is explained. For in- - Q¢ -;5-- . e | L
vertered video operation, pin 19 is grounded which tums Lsies Ofo ,_3,654 00:0— J 1%
on transistor Q13 and turns off transistor Q12. In this QEE Qe *?“’ gy } acyin 8 ;" 612 1ot
state INV is + 8.2 VDC and NONINV is -8.2 VDC. f: 2 g: 2 Qrse A l : oACYze—Sls o ;;'Jr'éf @
. . . anf2 GH Ik Jﬁ | pacvze—Ys BY2ass
For a noninverted video output, pin 19 is unconnected 4 < _ RGO " R cams co4
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and floats. In cocktail games, pins 19 and 7 are shorted ROTSTRESET 1'9 T-" o 12K I | Dacvse—8e a0 | | owame' Commumeations Compans
and have a potential of + 5 VDC. This causes transistor 5 woree 2h S ol o = | bACYes s apsaiT it Rizd R1=)
Q13 to be cut off and transistor @12 to be turned on. INV L5Bb e [ trav ) i R161 ct9 : D“Y“_'If: . ; 8.2x -
is then -8.2 VDC and NONINV is approximately + 8.2 VDC. 4068 ©.8K A ML DALYB 2 g »
At A5 : DACTS > ': 2 ,A Sheet 2, Slde B
I
In upright games, only the x-video inverter is used. In oK | PACTION—2) ! ™
cocktail games both x- and y-video inverters are used, and ; f i e Y : ASTEROIDS DELUXE
in cabaret games video inversion is not necessary, so _ , SHESND | _1_—"1"—" = . .
neither is used. RN D e A 1 Switch Inputs, Coin Counter,
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R8 and P8 generate random noise. This ¥ Sheond 172 ?1” Pini 7 e -8.2v = LED and AUle OUtPUtS
noise is filiered by P11 and produces the ; Pt ds4a 2y
rumble sound heard when the ship is
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