QU ‘UBIY 1861

sindinQ oipny pue g3
“9juno) ulo) ‘sindu] youms

~IXNT3A SAIOHILSY
g 3pIS ‘T 199YS

AUBAWOD) SUCIEHUNWILOT) JBUIBM v 0

JAVLV

‘WONRISIOD Y| WOI| UOISSILLIST USIUM 10 YIm
Juswaaibe uapum AQ SSa|UN JEIAY] JBHEW Jaelqns eyl
s pajurib 21 Busesp s 8onpoddas 01 1B ou tasusm|
GBI S UDNEICHICS Byl ISPUR SINIOBINUBW JOy pue
ol LRV JO SIOpUSA AQ SUN)IEINUEW 10 [J80X] 108y}
ued Aue 1o Buwmelp siyl 2nposdss o) bBu Aue dou
‘UOBISYY UMO LS UOIIBLLLOUL (EDIUYD3) 10 ubisap Aue 10 By
-MEND Y| |0 IS 12E/GNE Syl 'BEN 0] Bsusm| 10 'u) bl
AU £i8/8URI) JO SIFUOD JOSITYL UCIEESES0d JoU Jdadel
lgyysu pue ‘panss AJEuol}|puos Ajuo st Gumesp syl
‘W) B[BAALUNG DL CHE1Y O UCISEHWIAT uRlium M10eds
ay} noypm USpPIqIoy uononpoidey TTYILNIQIINGD
DHIMYHA StHL BNIAIIDIY SNOSHId 17V 0L FJILON

TOEEMNT
el

MS+

S‘I,-_ 13838 wwg

Ae'E
Qprd

A 2
% &
ZI‘Jo
*Q "’o'esa..'us‘
- "OG‘ C! 9187
o —abt
2 3]
—;-m:
T —,‘,io ‘aa—c'mg
GVO AN wWhelg
w3
sl
ol ZHWE
*ITNVIS
G
' wev
b—AVy———— 131w D§
==
we'e
"V T ETY IS
P-4
e

——A A EIIYVE

$

ey

Ag+

UADND SIYY W sjusluisn|

-pe Ou aJe 8i8y] I0HUCW 3} U] S|0IIUO0D JSBIJUOD pue ssaulybuq ase aiay) 8ouIg 10} uow
ay} Jo indu| Z 8y} 0} paydde s1 Indino siyL "OdA Ot 01 0'L + INOQE Je SMmO||0) 2D 10)sIS
-Ue.} JO JBIWS 8yl 8|ium ‘OAA v 01 'L+ Inoge 1B smo||0) LD JO Janiwe ay) "ybiy ase
[[e uayM DA O'F + PUB MO| BJE |8 usym DA 0°L + 1noge jo abuel e ul |nsa) gpY Jo)sisal
pue ‘GEY JOISISS) ‘GEH NJIYL 9EY SIOISISaI €31YDS NI 0F VOIS dUL ‘poued melp auj|
oy} Buninp ‘aie}joa Jailwe s, LD sujuilalep LB Jolsisuel] JO aseq ay) Je sindu| ajess ay )

ay] pue ‘uo suin) gp Joisisuely ‘g ybnoiyl pexyo0jd SI Mo B ‘Mo| S300 HYNYTE USUM

2D Joisisuei Jo aseq auyy 1e papunosb s| jeubis

~=m I meielen uBnoiul nassed ad o1 cindul 2182 aUl SMOlIE SIU T Lo &N JOISISURI] SLUIN)

[ILLTS *.J

NG5G
AZ'9-
(=23
St
P
NOINS
3900l
FOSENT L
Ho (E—;
—
Piani
.
SuY
AT S+
W
9



AT B g
ATE-S L fag
R T=T A -1

)‘GJ'ZQ.HI

ALP-

£33
t1g

dooy

A2 2
2Ny

wrodsee sajousg [ >

uoISIA8) pajeaIpul AQ 8BUBYD SajoUsp

A ATIN =
oZZI OGS
2 -
s’éﬂmtg r _-h_m-_ __”__—:
T8 | = 't‘—j: | GRSAHS
IO HE | | g‘ | r=? [
' |
[_i_ 1 Her—*Q1n3ve |
2 e | H—+ékova :
1 Ty !
[ 14 2 3 v LA
. wz'g 1 L4 _OF L ADvd 4
AV I
Tl 1] £mesav 5 P2 *9,.2wqQ I
; 18 al—asiavg :
T e I
S S i [ i el 2N ) Y] i
TSIV 1 8lg——~trdvq
ATir sty 1T I .
A1 v b Mg | € S “zaova :
190 L ZIvg Sl Camb R L {
o ¥Sfay ;
o83 |
) |
Wt |
A A I
' T
| N |
| -
| ey ! [
i IVOAS + * ]
b ___J |

]
: —EPADYG
#6A0vQ
; #EADYQ
- _ ra 3 L Joea
L - ‘;'3 hajy L= :9:3%:1
) ~te3] | i S A v
L2rzl e ASI o T A Py L AbhIwa
i S~ I 4> MiG—¥aova
ZQIQ aa Nem—— *¥2A>wa
v + T o1 34 EX #1hIva
201 = |. [~ d
_ ZTed i
= . PET svas+
I
=D
ovaAsS+

‘110 pue Lig suorisod je Z10g Hyq 10} Ayno
-3 jeuondo s| seu) PaNIOP eyl uiyHM A1INDND By

¥PINIwD
& Exva
*Fxova
*ix2¥q
HAXIva
#5%7va
FeAIVER

Lhw

i

ONSOTdX3 —




g1 diys ay} uaym pieay g
al} seanpoid pue |14 Aq pe
$1] "esIou Wwopues sjeiaus

"y
8910%
(AG+) 6957 995n

IG— ISION ———4

p——== NILSAHHLIHS
H#D
p ol %!
[ 55y Fd] 98 _‘Z_I &
J | —da2 —f4®
NG+ n !
AG+ —52° +2157 3P *
——.-,—GO Sd —900
—] 20 -3 k1o
—790 Elz—-qb -—-,-QD
"©aNYdx3 q° . =,
-0ANvdx3 AQ o4 ul pejenpow T
apnyidwe ) ssiou gyl -uoisold ‘ _]
-X9 ay} Jo youd sy} sabueys ajel Bui
-fdwies ay) Buibueyd *LHOL1dX3 pue
OHOLIdX3 sig jonuod pue ‘id Aq
peulwalap Aousnbay) e je pejdures
S| 9SI0N 'sapojdxe 1039Iqo Aue usym
pJesy s punos 3Q0TdX3 UL
ANTL LZY Y
1 Tdex
12 canvdxa LL )2 ™ .
2 29 99 30 ¥vo
+os7 ¥ILNNOSD )I:'z THNY
~ 2300Vdx? ; a1y 26 a7
[ LZ4'y ¢ v B 'gzl—*Lde
= 1 Qnwdx? €l R
T 2031 :
|- @& anvgax3 32 w_g-:” 1 1 z LIS Bl
Fa.]
Py K4 §1° o R F7
O‘T ISION

LZTHY

TONYIXT T L1
2Aq0vdXY T ]
1 anYdn3 —]b

P INYIAHT {¥
L




bunguud pig  Zo-g9L-df
g opIs ‘T 1e3y;

‘Bunsniyy
punos sjquiny
218)|1} S1 @siou

f g4 pue

8y

S

1353¥
IEE

=

] c:|;—-—- 990

9 3 2 09;—— (B0

e w37 Qg 5 29d

¢ P= Gco = £49

] C‘ZT__--- $ad

S OSte 590
%2 N

! Gl
31001d4Xx3

"PISN 81 Joyyeu
058 ‘A1esse0au Jou S| UOISIaAUl o8pla sawed jeleqes ul
pue ‘pasn aJe SIOLIBAU) 09PIA-A pue -X 4jog saweb [lepooo
U] Pasn SI JaleAU) 0OPIA-X By) Ajuo ‘seweb Jybudn uy

"00A 2’8 + Aiview|xoidde s| ANINON pue DaA Z'g- Usyl s)
AN| "UC paluny 8q 0] 2L J0iSISUBY PUB O N2 8Q 0) €LY
loisisuell S9SNED SIY) "OQA S + JO [elluajod e aaely pue
papoys ale ;4 pue g suld ‘ssweb 121009 v "steoy pue
pajoauuosun 51 gL wid ‘Indino 0spiA palBAUIUCU & 104

"O0A 2°8- 8| ANINON PuUe OQA Z2'8 + S| AN) alels
SIY} Ul 21D JOISISUBIL JJO SWIN) puB gLy JOISisuel} uo
Suny Yoiym pepunoiB sy gL uid ‘uonelado oapia polousa
-Ul J0- "paule|dxa §1 JINJIID JOMSAU| O8PIA-X BU} AJUO 810}
-QI2U} ([E0NUSPI BJE S1INDIID ISBAU| OBPIA-A PUR -X 81])

ATE~

29
i3

XANIN

ALe
Arge Sl !LI

Met

Y31H3ANI O3AIA

o lw [zL!T: h&s —




INPUTS

PLAYER INPUT CIRCUITRY
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DIAG STEP (diagnostic step),
3 KHz, SELF-TEST SLAM, HALT
FIRE, and SHIELDS inputs arg
read by the MPU when SINPY
(switch input zero enable} is low.
Switches to be read are selected
by ABC thru AB2 from the MPLL
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 pre-
cedure. SLAM is a signal read by
the MPU to indicate the status
of the anti-slam switch mounted
on the coin door. The MPU reads
HALT to determine the state of
the vector generator.

The coin door and some con-
trol panel switches are read by
the MPU when SINP1 (switch
input one enable) is low.
Switches 10 be read are
selected by ABO thru AB2 from
the MPU. All inputs are read on
data line DB7. Switch inputs
are “on” when pulled to
ground.

The game option switches
are read by the MPU when
OPTS (option switch enable) is
low. Switch toggles to be read
are selected by ABO and AB1
from the MPU. Switch toggles
1, 3, 5 and 7 are read on data
line DBO and toggles 2, 4, 6 and
8 are read on DB1. Toggle in-
puts are “on’ when pulled to
ground.




OUTPUTS

R/W determines the direc-
tion of data flow {DB0O-DB7) as
addressed by ABO-AB3. When
R/W is high, the MPU reads the
input data from DIP switch L8.
When R/W is low, the MPU
writes the audio I/Q instruction
for an output.

The ¢2 input from the MPU is
the operating frequency for the
audio 1O chip and sets the tim-
ing for data bus lines DBO-DBY.

When PKYDCD, AB10, and
AB11 are high and ABS6 is low,
a chip select pulse is gated to
the audio IfO chip. This pulse
prepares the audic /O for
operation.
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LAMP, LED, AND COIN COUNTER OUTPUT
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This circuit consists of coin counter drivers Q8,
Q9, Q10 and data latch M10, clocked by the micro-
computer's address decoder. When the input to a
driver is clocked high, its collector goes low, ground-
ing the return of the coin counter in the coin door.
When START1 or STARTZ2 is clocked low, it grounds
the START LEDs in the control panel.
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The videc-output circuit consists of three individual circuits: X-axis, Y-axis, and Z-axis.
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 hoids, and ampilifier. The Z-axis
video-output circuit consists of a shift register and a summer.

X and Y Qutputs

The DACs (D11 and B11) each receive binary numbers from the vector generator's posi-
tion counter 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 ¥
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 circuits:
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 C89 for the X axis, and B12 and C109 for the
Y axis. The inverting sample and hold consists of inverter E12, one stage of analog switch
D12, and capacitor C88 for the X axis and B/C12, B12 and C110 for the 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.
SCALEQ thru SCALE3 (grey-level shading scale), from the output of the vecter generator’s
data latch, tells the Z axis the grey-level shading of the line that is being drawn on the
maonitor,

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 groumagoat




