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1. TARG Audio Description of Qperation
A. Introduction

The TARG audic PCB is comprised of the following functionally
distinct sections:

Address Decoding and Input Data Latches
Clock divider

Tone sequence generator

White noise generator

Explosion/Crash sound generator

Shoot sound generator

Special Target (SPECTAR) sound generator
Summing Amplifier and Integrator

Audio Amplifier

B. Address Decoding and Input Data Latches

A two-to-four line decoder IC at location 1D detects the
combination of the audio board select signal ABSEL and the
WRITE signal. The HRITE signal is derived from the CPU
read/write signal R/W, logically AND'ed with CPU <clock g2
{phase Ltwo).

Address line A0 (Address Zero) is wused Lto route the incoming
data byte from the Logic PCB to one of two B-bit latches, where
data are held until new data are written to the same latch. If
A0 is a logical zero at the time of a write to the audio PCB,
the latech at leocation 2C will receive the data byte. If 40 1is
a logical one at this time, the latch at locatien 2D will
receive the data byte instead.

The bits that comprise these data bytes are directly wused as
enables for the various sound gevation circuits,

C. Clock Divider

The c¢lock divider simply divides the ﬁz (phase two)} «¢lock
frequency downward approximately near 706 Khz to zpproximately
10 Khz. This puts the clock frequency in the proper range to
generate the musical tone sequence used for the player (Wummel}
image movement.

The clock divider consists of counters lA and 1B, whose preload
combination divides the g2 clock by 71.



. Tone Sequence Generatbtor

This generates the musical tone sequence used for the player
(WUMMEL)} image movement. The !0 Khz cleock provided by counters
1A and 1B is further divided by counters 3A and 3B to a
frequency determined by their prelcad supplied by PROM 2B,

PROM 2B is programmed to supply the necessary preloads, 1imn
sequence by address, to generate a half-cycle of desired tones.
The addresses of the PROM are incremented by counter 24, which
counts once each time signal NOTE is set to a high (logical
one} state., Setting NOTE high also enables the flip~flop
segment 5D which receives the terminal count of the counters
{(from counter 3B). This terminal <count is of shert duration,
so flip flop 5D simultanecusly divides the frequency by two and
creates a 50 ¥ duty cycle (high time = low time) which is
pleasant to the ear. The tone will continue until NOTE is set
once again to a low (logical zero) state.

PROM 2B is programmed to supply two different tone sequences,
One sequence begins the game and continues until the CPU sets
signal UPPER to a high state. This causes the PROM toc issue
the preloads for the secend of the two tonme sequences. The
second sequence is used when the CPU decides that a sufficient
state of tension now exists in the play of the game.

E. White Noise Generator

This generates the white ncise (noise across a wide bandwidth)
that Ls used by the explosion/crash sound generator circuit.

This noise 1is created by amplifying electron agitation
generated in a transistor junction (Q4) which is reverse biased
to a degree that causes the junction to "break down".

Transistor Q5 forms 2 low impedance output source for this
noise.

F. Explesion/Crash Sound Cenerator

The crash/explosion sound is generated by active-filtering the
white mnoise, and gating 1t through to the summing amp at the
selected time. The trailing edge of the crash/explosion sound
is allowed to dissipate slowly (rather thanm an abrupt halt) due
to the discharge of capacitors €35, C36 through resistor R24.
The circuit is enabled by signal CRASH, and the trailing edge
length of decay can be changed by the use of signal LONG., In
this case, however, (TARG), LONG remains in an enabled state
throughout the game.



G. Shoot Sound Generator

The SHOOT sound 1is actually a combination of a triangular wave
tone and white noise.

The tone is created by VC0O 4B. Its oscillating range is set by
pot R10. When signal SHOOT is held low (logic zero state)},
transistor @l is turned on, developing a voltbage across its
emitter resistor R2. This voltage, applied to the control
input of amplitude modulator 44, inhibits the output of
amplitude modulator 44,

When SHOOT is set high, transistor Ql turns off, enabling the
Amplitude Modulator output, This also puts a virtual ground on
one side of capacitor €29 and results in dragging the control
voltage 1input of VCO 4B low, raising its frequency of
oscillation,

The virtual ground at the control voltage input of VCO 4B lasts
only as long as it takes C29 to charge wup again, so the
frequency out of VCO sweeps from high to low.

The tone is given the "hissing™ sound by applying a small white
noise signal te the base of transistoer Ql, whiech varies the
output amplitude.

When SHOOT is again set low, the output amplitude {out of 4A)
decreases at a rate determined by the charge rate of capacitor
Cla.

H. Spectar (Special Target} Sound Generator

Consists of two halves of a 556 timer IC (5A), both configured
in 2 free-running state.

Signal 58PEC, when set low, enables both oscillators. The
charge/discharge ramp at the THRESHOLD input of the first stage
is coupled to the CONTROL VOLTAGE input of the second stage to
provide a frequency varying tone out of the second stage.
Signal SWARN, when set high, provides a slowly varying
frequency output, and when set low provides a rapidly wvarying
frequency output,

Trs Summing Amplifier and Integrator

Two segments of an LM324 operational amplifier are wused here.
The first 1is configured as a summing amplifier. It is the
common point at which all the various sounds are algebraically
added to become one signal which is the composite of all
individually developed sounds. Thus this is also the location
of the MASTER VOLUME control (R22),



The second LM324 segment iLs configured as an INTEGRATOR., 1Its
purpose is to eliminate some of the higher frequencies, in
order to make a more pleasant sound and also to aid in the
prevention of oscillation due to those higher frequencies.

J. Audio Amplifier

The final audio amplifer 1s a single 1C (6A) which 1is
configured as a bridge amplifier. The composite audio signal
is applied to the input of one of the two internal segments and
the output swings in accordance with the input signral. The
feedback on this segment is not only fed back to the inverting
input of the same segment, but is also applied to the inverting
input of the other segment. This creates a condition wherein
one segment swings positive, and the other segment
simultaneously swings 1in & negative direction, creating an
output twice the voltage of 2 single segment,

Note that three types of audio amplifier IC's may be found im
this position. They are all identical except for total power
output and pinout. They are: LM377 DUAL 2W, LM378 Dual 4W, and
LM 379 Dual 6W.



II. LOGIC DESCRLPTION AND OPERATION
TARG uses a 6502 MICROPROCESSOR, For more detailed information
on this processor, refer to MOSTEK publication #6500-10A, MCS
Microcomputer Family Hardware Manual,

The memory in this system is mapped as follows:

000D-00FF Base Page RAM

Q0l00-01FF Stack

020G-03FF Scratch Pad RAM

1300-3FFF Program ROM

4000-43FF Screen RAM

4800-4FFF Character Generator RAM

5000-503F Wummel Image Horizontal Position

5040-507F Wummel Image Vertical Position

5100 On Board Dip Switch (Read)

5100 Wummel Image Rotation Latch

5101 Switch Register

5103 Interrupt Register

5200 Audio Board Register

5201 Audio Board Register

FFF7-FFFF Interrupt & BReset vectors
Note that this ©processor does not have a2 separate 1/0
structure. Rather, it ctreats I/0 as if it were memory. Base

page RAM is wused for storage of dynamic wvariables during
program execution. The processor uses stack RAM to hold return
addresses and important data during subroutine execution. The
program ROM is where the non-variable, actual game program 1is
stored.

The screen RAM consists of 1K bytes which, when not accessed by
the ©processor, are scanned by main timing ¢te display 1024
squares 1in a matrix of 32 = 32, The data stored in the screen
RAM then selects one of 256 (8-element-wide by 8-line-high)
images in the character generator RAM. These 8 x 8 bit blocks
fit together to form the playfield 1imagery. (Alphanumeric
characters take one block each to be displayed), The Wummel
and its missiles are each positicned by two sets of counters
{horizontal and vertical}). The actual imagery for these is
generated by feeding the outputs of the counters, along with
data from a special rotatiom latch, to the hardware moving
object ROM. That ROM then places the correct image in the
correct place on the screen. The processor controls this
operation by preloading the counters and writing to the
rotation latch during vertical retrace,

The processor reads data from the control or option switches by
gating the data from the appropriate port onte the bus when the
correct address is selected.
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The processor controls the operation of the audio board by
writing data onto the bus when the address for the audioc board
bus buffer i1s selected.

Interrupts can come from three different sources. The first is
a synchronous hardware generated interrupt. This vCouUrs
regularly at the vertical rate and can be detected by reading
the 5L256 bit on the interrupt condition latch. This interrupt
is important for providing the processor with a known real time
interval wused to update the screen, time counters, image
velocity rates, etc, The remalning event causing interrupts is
the presence of a coin signal on either of the twe coin inputs.
These are obviocusly asynchronous and are discernable from each
other and from the wvertical rate interrupt by testing their
respective bits on the interrupt condition latch,

Main address decoding is accomplished by wusing AlS through A5
inputs te a PROM. The 5 ocutputs of the PROM are further
decoded inte "blocks" in minimum increments of 2X. The signals
associated with these blocks are enables for other address
deceding circuits that "break up” those blocks, By wusing lower
order address bits, the blocks break into smaller pieces giving
peripheral devieces a gpecific, unigue address., This 1is
accomplished by loading data from the screen RAM, character
generator RAM and moving object ROM into parallel-ian/serial-out
data at 256 times the horizontal rate. This is the sereen
element vrate. It therefore follows that 256 elements = 1
horizontal line and 256 horizontal lines make a full screen.



ADDRESS

DECCDING

T

NeuTs \ /2 ?

MICRO
PROCESSOR

AUDID
QUTPUTS

WUMMEL /MISSLE
POSITION IMAGE

COUNTERS . ROM —‘

S
-«

SCREEN CHARACTER
VIDED

RAM > GEN IMAGES

PAGE RAM

O&1 RAM

/

TIMING AND
ROM SYNC GEMERATION
LINES

Figure 1:
LOGIC BOARD BLOCK DIAGRAM
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III. AUDIC ADJUSTMENTS

The following is a diagram of the audio board adjustments.

TARG AUDIO PCB POT CONFIGURATION

(ADJUSTMENTS)

Q Q
FIRE
AUDID AMP m \'oLum.s
HEATSINK uzi
MASTER [g Tgfggjmcv
VOLUME [g
(R27)
AUDID SmTay e
SPECTAR MUSIC
CRASH /EXPNSION VOL 379 VOLUME
VOLUME (®35) TONE GENERATOR (RZ23)
VOLUME (R3%)
=
o o]

Front {(component) side

Figure 2, Audio Board Adjustments



Iv. POWER SUPPLY ADJUSTMENTS

1. Connect a voltmeter to the +3 and ground traces on the
logic board.

2. Adjust the power supply potentiometer for +5.0 + .1
VDo,

Moniter Isolation
Transformer

+12% -12vV -5V 5V Power Supply

Power Supply

Figure 3. Power Supply Adjustment
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V. MECRANICAL ASSEMEBLIES
A, Control Panel
To service the Control Panel do the following:
1., Unplug the power cord.
2. Open and remove the back door.

3, From 1inside the <cabinet, remove the upper three
contrel panel nuts.

4. Open the coin door,
5. From the front of the cabinet, swing the control
panel out and doewn; let it rest on the open coin

door.

6. Check all terminal connections to the pushbuttons
and the four-way centreol.
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Figure 4: Control Panel
1 Carriage bolt 4 Control panel
2 Start buttons 5 Four-way joystick

3 Fire butten 6 Control harness
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B. To Service the Four-way Joy Stick

The four-way joy stick is assembled with four long screws and
spacers. Four pairs of spring steel cup washers surround the
control stick, between the control panel and the top plate (see
Figure 4). These cup washers bear against a disk welded to
the contral stick, and push the stick towards its center (rest)
position. Four leaf switches on the bottom plate (activated by
the control stick) signal lane changes to the logic board.

Figure 4: Four-way Joy Stick

flat head screws
control stick
upper plate
carriage bolt
flar washer
control panel
cup washer
spacer, short
kep nut

10 lower disk

11 spacer, long

12 switch plate {bottom plate)
13 kep nut

l4 leaf switch

15 phillips screw

Lo R B e TR, B o PR
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Do the following to service the Four-way Joy Stick:
1. Unplug the power cord.

2. Open the control panel by removing 3 black
carriage bolts,

3. Check the harness connectors to each leaf switch.

4. Check the throw of each microswitch; the control
stick should activate, but not bottom-out against,
each switch,

5. If microswitches are broken or switch actuator
bent, replace only with Exidy authorized parts. Do
not used substitutian,

C. To Remove the Monitor do the follewing:
i. Unplug the power cord.

2., Open and remove the back door or monitor access
panel.

3. Unplug the harness connector from the monitor and
the Monitor Power {onnector.

4, Remove the four bolts from the monitor chassis
flange mounts,

5. Lift the monitor wup and slide it out of the
cabinet,
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AC Line Cord Harness Assembly

PART # DESCRIPTION

71-2070 AC line cord

60-6020 fuse holder

60-6001 fuse 3AMP slow ble

61-8048 3 pin molex recept

61-8055 individual female pias

88-4002 small tie wrap

61-8051 fast-on push on terminals.8175"
61-8072 TFB butt splice

wire list attached

TARG Audio Assembly

48-2132] 741LS139

48-2314 74L5374

48-2071 7415112

48-2308 74L5161

48-2210 72748 (TI)

48-2342 LM324

48-2215 NESHE

48-2212 NES5SS56

48-2221 MC3340

48-2211 LM379 (Dual 6 w audio AMP)
48-2015 T&407

48-2302 741504

47-3005 ZN3904

46-3030 INGASSH

59-5110 2.2 K resistor l/4w 5%
59-5100 3.3 K resistor 1/4w 5%
54-5021 100K potentiometer
S4-5019 10K potentiometer
58-5070 22K resistar 1/4
59-51125 1¥ resistor 1/4 w 5%
59-5163 820K resistor l/4w 5%
59-5025 Imeg ohm resistor
59-5055 47 resistor 1/4w 5%
59-5080 10K resistor 1/4w
59-5140 100 ohm resistor 174w 5%
59-5086 6.8K resistor l/4w 5%
59-5069 120K resistor 1/4w 5%
59-5050 68K resistor 1/4w 5%
59-5120 1,2K resistor l/&4w 5%
59-5095 4.7K resistor 1/4w 5%
59-5045 100K resistor l/&4w 5%

56-5040 150K resistor 1l/é&w

1/4w

5%

REFERENCE LOCATION

PL1
Fl
Fl
J1
J1

E1-E2
E3

5]

2¢,20

3D

1A,2A,1B,3B,34

6D

58

4B

SA

4A

6A

4¢

IC 3¢

Q1,Q2,Q3,Q4,Q5

CR2,CR3,CR4,CR1

R7

RL4

R3S
R1,R10,R22,R23,

R29,R38

R20,R30,R19,

R31,R36,R37

R33,R40,R45,R13

R4
R9-R16,R17,R42,

R&7, R50

R43
R8,R12,R34,R4],

R4 8

R&44

R11

R4, R24,

R3

R2,R25,R5

R21,R49,R6

R28 ,R15

R26



AC Line Cord Harness Assembly, cont.

PART # DESCRIPTION

59-5030 560K resistor 1/4w 5%

59-5065 33K resistor 1/4w 5%

23-4030 .22uf ceramic disk capacitor

23-4035 «luf ceramic disk capacitor

21-4015 6.8uf dipped tantalum capacitor
25v

21-4020 2.2uf dipped tantalum capacitor
15v

23-4070 22pf ceramic disk capacitor

23-4060 .001luf ceramic disk capacitor

23-4050 .01f ceramic disk capacitor

21-4010 33uf dipped tantalum capacitor
25v

22-4025 -47uf dipped tantalum capacitor
25v

618042 10 pin female connector

68-3041 thermalloy 6072 heat sink

74-2506 4-40 x 1/4" machine screw

72-3025 dip package shunt-16 pin
amp p-n 435704-8

74-5065 y:32 x 5/8" nylon standoff

or

74-5075 6-32 x 1/2" nylon standoff

77-3371 TARG audio {bare] PCB

47-3505 6~-32 x V4 machine screw

23-54040 .047uf ceramic disec cap

48-9124-01 6331 PROM [MMI] program
#HRA 2B-1

Universal Power Supply PCB

REFERENCE LOCATION

R27
R18,R39

C4l,Ché
€9,¢12,Cc17,€31,C32
C34,C37,C42,C43
€14,¢21,022,C36
C40,C46,C47,C50

C48,C49

C45

cll,¢13
c1,C2,03,C4,C6,C7,
C8,Cl6,C24,C25,C27
£23,C30,C33,C38,
c39

€l19,c20,C028,C5,C29

Cl5,C104,C35
32,13
6A for use only
with LM379
6A heatsink

6B
between logic and
audio PCB's

board mounting
c7é
2B

77-3190 printed circuit board

20-4000 4000 uf 50v axial lead capacitor
21-4010 33uf 35v dip tantalum capacitor
21-4015 6.8uf 35v dip tantalum capacitor
46-3016 b0SI diocde

47-3004 MDA 970-1 bridge rectifier

47-3041 2H3055 transistor

47-3011 2N6246 transistor

48-2317 7905T negative 5v LM320T-5 regulator
48-2217 7912T negative 12v LM320T~12 regulator
48-2338 7812T positive 12v LM340T-12 regulator
68-3041 thermalloy 6072 heat sink



Universal Power Supply PCH, cont.

PART #

68-2038
61-8010
74-2514
74-5216
74-5191

DESCRIPTION REFERENCE LOCATION

thermalloy 6015 heat sink

12 pin male molex

4-40 x 3/8 phillips pan head machine screw
#4 flat metal washer

#4-40 kep nut

Monitor Isoclation Transformer Assembly

FR 63-4029

61-8058
61-8054
61-8057
61-8055

isolation transformer midwest

773P7

molex connector 03-09-2032 AC input P22

male molex pins 02-09-2118 P22

molex connector 03-09-1023 AC ro monitor J23
femazle molex pins 02-09-~1118 J23

6502 Game Logic PCB Assembly

48-2000
48-2005
48-2010
48-2015
48-2020
48-2332
48-20235
48-2316
48-2045
48-2055
48-2067
48-2071
48-2307
48-2321
48-2090
48-2095
48-2100

48-2115
48-2328
48-2350
48-2314
48-6502
48-2334
48-9125-01

48-9099~-01

I1¢ 7400 3p 15H

IC 7402 1H 6H 8F

1¢ 75404 ID 3F 4D 1QF 11F

I1C 7407 2C

IC 7408 5E

I1¢ 74LS11 3H

IC 7420 2F

IC 74L521 12F 15E

IC 7427 7F 2H

IC 7432 6F

IC 7474 IC 5H

I¢C 74LS112 2E 6E

1¢ 74LS5138 5B 5D

I¢ 74LS139 73 16H

I1¢ 74157 l4A 14E

I 74161 1E 20 4F S5F

IC 74166 128 120 13D 14D
L5D

1€ 74193 10E 12E 13F 1SF
14F 16F 11E 13E

IC 74L8241 8C 1A 3A 3B 4H 6B
7D 9B 9E 154

IC 74L% 245 3C 4C 6C 1583 L3B

IC 74LS 374 1F 148 7C 8E

6502 microprocessor 24

2114 [1Kx4] RAM 44 S5A 7B 8B 11C
12¢ 13€C 1l4¢C

2708 EPROM [1Kx8] HRL 110-1 11D [use w/ hdwe

moving objects]
6331 PROM {32x8] 6D



5502 Game Logic PCB Assembly, cont,

PART #
48-90%99-02

48-9099-04
46-3025
59-5135
58-5120
59-3113
59-5110
39-5105
59-5095
59-5080
51-0003

51-0002
51-0001
51-0004
23-4033
23-4035
20-4011

20-4014

20-4005
72-3025
72-3042
45-3036
61-8041
61-8062
77-336l-14
61-8045

61-8035

61~3060

48-9126-04
48-90126-03
48-9126-02
48-9126-01
48-9126-05

DESCRIPTION
6331 PROM |

6301 PROM [
IN4002 diod

32x8]

256x4]

ES

47¢ ohm resistor vé4w 5%

1.2K
1,38K
2,2K
2.7K ohm
4.7 ohm
10K 1/4W

ohnm
ohm
ohm

re
re
re
TS
Te

5%

1/4w
1fbw
14w

sistor
sistor
sistor
sistor 1l/4w
sistor 1/ 4w
resistor

2200hm 1/4 w 5% 8 pin resistor

sip

2.2K 1/4w 5% 8 pin
4,.7K 1/4w 5% 8 pin
6.8K 1/4w 5% 8 pin
.01lmf ceramic disc

resistor sip
resistor sip
resistor sip
capacitor

.lmf ceramic disc capacitor

6.8uf dipped tanta

lum capacitor

25v

33uf dipped tantalum capacitor

25v

470uf 10v electrolytic capacitor

dip shunt j

umper paks

8pos dip switch

11.289 mhz

crystal

16 pin

10 pin male molex connector
16 pin low profile dip sockets

printed cir
24 pin low

40 pin low
14 pin low
2716 EPROM
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6502 Color Adapter PCB Assembly

PART # DESCRIPTION REFERENCE LOCATION
48-2080 IC 74151 54 3B 5C
48-2305 IC 74L874 14
48-2321 IC 74L5139 24
48-2079 IC 74148 2B
48-2341 IC 74L886 1C 64
48-2333 IC 74L8174 6B
20-4011 6,8uf dipped tantalum capacitor Cl
59-5136 resistor 330 ohm 1/4w 5% RITHRU RID
59-5103 9 pin sip resistor pak lKohm 34 3B 3cC
23-4033 .0luf ceramic disc capacitor C2 C4 C5 C6
61-8203 10 pin male molex connector P2

+156 center
61-8127 14 pin socket stan-profile J1

w/loek

17-33713 printed c¢ircuit beard



