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Il. Specifications

2.1 GENERAL

Cabinet Dimensions: Height 61 inches, width 31%2in
Depth 302 inches.

Cabinet Weight: 289 Ibs.

TV Menior: Motorola XM701, black and white, with
23-inch screen.

Coin Mechanisms: Two identical mechanisms that
accept quarters only; coins inay
be deposited in either mech
anism to initiate play.

Cash Box: Removable, located behind locked access
door to coin assembly.

Power Cord: Approximately 6 ft. long, extending
from rear of cabinet and having
grounded three-prong plug for
conventional wall outlet.

2.2 ELECTRICAL

Power Requirement: Uses conventional wall outlet
providing 60-cycle AC (60-Hz,
single-phase) at 110 volts; power
consumption rated at 94 watts.

Fusing: All fuses located inside cabinet; TV monitor
has two 1-amp fuses and remain-
der of game is protected by a
1.25-amp fuse.

Power Interrupt

Switch: This is a safety switch located inside the game
cabinet. It interrupts AC power
to the game whenever the rear
panel service access door is
unlocked and opened.

2.3 ENVIRONMENTAL

Operating and Storage Temperature Range:
from 32°F to 120°F (ambient
temperaturej.

Relative Humidity: from 0% to 80% without
condensation.

2.4 OWNER/OPERATOR OPTIONS FOR
STRUCTURING OF PLAY

® Coin Credit adjustable for either 1 credit/coin or
2 credits/coin.

® Length of Game Time adjustable (from approx-
imately 20 secs. to 2 mins. 50
secs.)

® Bonus Credit either not allowed, or given for
achievement of aspecified score

level (selectable in 10-point
increments, from 10 up to a max
imum of 90}.

2.5 ACCESSORIES AVAILABLE

ON SEPARATE ORDER
Video Probe: order from ATARI
Universal Test Fixture:

order from ATARI, catalog no.
TF101
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in order to initiate game play. The game timer then
begins to count down, and play ends when all the
game time has elapsed. Details of the game sequence
are given below.

{a) Credit Accumulator. The Crash ’N Score game
features an internal electronic credit accumulator that
can store as many as 15 credits. If one or more credits
are remaining in this accumulator when game time
elapses at the end of a play sequence, then the game
stays in the play mode rather than changing over to
the attract mode. To initiate a new play sequence, the
player need only depress a lighted start push button.
However, if no credits are remaining in the credit
accumulator, then the game changes over to the
attract mode as soon as game time elapses. A player
must then deposit money in order to enter creditinto
the credit accumulator.

(b) Obtaining Credits. To change the game over
from the attract mode to play mode, a player has to
deposit one or more coins into a coin mechanism so
that credit will be entered into the credit accumu-
lator. Coins depaosited at any time are recognized, but
the credit accumulator is not able to store more than
15 credits at any one time. Under 1 credit/coin game
structuring, one credit is entered into the coin
accumulator each time a player deposits a coin and it
clears the coin mechanism; under 2 credits/coin
game structuring two credits are entered.

Provided that the game is structured to allow
bonus credits, when in the play mode players also can
obtain credits by earning scores that reach or exceed
certain levels, One credit will be added into the credit
accumulator when a player’s score reaches the score
achievement level set up in the game structuring (for
example, 10 points, 20 points, etc.). Ina 2-player game
each player can earn a bonus credit; this means that a
maximum of two bonus credits could be given during
a single play sequence in a 2-player game.

{c} Start Push Buttons and Barriers Push Button.
Neither start push button will be lighted during a play
sequence. At other times a start button is lighted only
when credit remains in the credit accumulator. The
left-of-center push button (engraved with the words
ONE PLAYER START) is lighted if one or more credits
remain in the credit accumulator, and the right-of-
center push button {engraved TWO PLAYER START)
also is lighted if two or more credits remain.

Whenever at least one start push button is
lighted, the unlighted barriers push button is made
operative. If barriers are visible on the TV screen,
depressing the barriers push button will cause themto
disappear. Conversely, if they are not visible, then
depressing the barriers push button will cause them
to appear. The barriers push button is only operative
when one or both start push buttons are lighted; itis
not operative during the attract mode or while the
game timer is counting down.

When a player depresses a lighted start push
button, the game timer begins to count down and the
game responds as follows:

(1) Both score displays are reset to zero.

(2) The steering wheel and gas pedal controls
are made operative.

(3) The position of the white car (Car |) is
changed; it will appear at the left edge of the
screen, halfway between the top and bot-
tom, with the car pointing toward the center
of the screen. In a1-player game the grey car
(Car II) disappears. In a 2-player game the
grey car’s position is changed to the right
edge of the screen, halfway between the top
and bottom, also with the car pointing
toward the center of the screen.

(4) Each car’s engine sound starts to be pro-
duced by its speaker. In a 1-player game
Speaker 2, the right-hand speaker, does not
produce any sound because Car Il is not
appearing on the TV screen.

(5} The start push buttons cease to be lighted.

(d) Car Motion. Car speed and direction are
under player control except for a few seconds after a
car runs into an obstacle or into the opponent car.
A car goes into a skid whenever it either runsinto an
oil slick or collides with the opponent car; the amount
of car rotation and the distance traveled during a skid
both are magnified in direct proportion to the car’s
speed. Therefore a fast-moving car’s motion is more
affected than is the motion of aslow-moving car. A car
stops for a few seconds whenever it runs into either
an unlighted flag or a barrier. If a car runs off the edge
of the screen it disappears, but after a few seconds
reappears at the opposite edge of the screen and
resumes its travel on the playfield. A car’s motion is
unaffected when it moves through a lighted flag or if it
should happen to cross into either score display
region on the TV screen.

{e) Game Sounds. Sounds begin to be produced
as soon as a lighted start push button has been de-
pressed, and cease after the game time elapses.
Throughout play the engine souns are heard sepa-
rately for each car, with Car I's engine sound being
produced by Speaker 1 (on the left side of the cabinet)
and Car Il's sound by Speaker 2 (on the right). The
engine sound will vary from “idle” speed, when the
car is motionless and the player is not depressing the
gas pedal, up through progressively higher-speed
engine sounds as the car responds to gas pedal com-
mands by moving faster and faster on the playfield.
Other sounds produced separately for each car at
various times during play can include the tire screech

sound and the crunch sound.
The tire screech sound is produced whenever the

car runs into an oil slick obstacle and whenever a car
collides with the opponent car. The crunch sound is
produced whenever a car runs into either an un-
lighted flag obstacle or a barrier obstacle. Two
additional game sounds can be produced by Speaker
1 only: a brief buzzing sound and a beeping sound.
The buzzingsound is heard each time a point isscored
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by either car. For example, if Car |l drove through a
lighted flag having a numeral “3”, then Speaker 1
would produce three brief buzzing sounds. If the
game is structured to allow earning bonus credits,
then Speaker 1 will produce a beeping sound as soon
as either car’s score reaches the preselected achieve-
ment level (for example, 10 points, 20 points, etc.).

(f} End of Play. When the game timer finishes
counting down, play ends. The final scores from the
just-completed play sequence continue to be dis-
played, but player controls are disabled and no
sounds are produced. Car motion continues, how-
ever, and interactions with obstacles and with the
opponent car are unaffected. But no additional score
points will be added and the scores will not be reset
until a new play sequence is initiated. If at least one
credit remains in the credit accumulator, then the
ONE PLAY START push button will light up; if two or
more credits remain, then the TWO PLAYER START
push button will light up also.

3.3.4 OWNER/OPERATOR OPTIONS: The Crash’N
Score game features three options that allow
the owner/operator to structure the game play—that
is, change some of the rules or alter the game time—
at the game site. All three options are simple manual
adjustments and are physically located on the printed
circuit board inside the game cabinet.

{a) Coin Credit Option. The 1 credit/coin—
2 credits/coin option consists of a two-position, slide
switch. When the slide is put in one position, the game
is structured to enter one credit into the credit ac-
cumulator each time a coin is deposited and clears
either coin mechanism. When the slide is put in the
other position, two credits are entered into the credit
accumulator for each coin deposit. Subparagraph
4.3.1 in Section 1V of this manual gives instructions
for making this adjustment.

(b) Length of Game Time Option. This option
consists of a potentioneter (Trimpot) that has a stud
projecting out from the top. This stud can be moved
with the finger and then left in a new position that

~+ causes the game time to increase or decrease (within

the minimum and maximum limits listed in the
Specifications in Section 11}, as desired. Subparagraph
4.3.2 gives instructions for making this adjustment.

(c) Bonus Credit Option. This option consists of
a miniature switch assembly that has four in-
dependent, side-by-side 2-position switches. When
all four switches are set in their “off” positions, no
bonus credits are awarded. When one or more
switches are set in the “‘on” position, bonus credits
will be given as soon as a player’s score reaches the
achievement level programmed by that switch code,
{for example, at 10 points, or at 20 points, etc.),
Subparagraph 4.3.3 gives instructions for making
this adjustment.

3.4 DETAILED TECHNICAL DESCRIPTION OF
OPERATION

3.4.1 GENERAL COMMENTS: This paragraph 3.4
gives a component-level technical description of the
game-s electronic circuitry, and the following draw-
ings supplement the text: drawing number 004256 (in
four sheets) is a schematic diagram of the circuitry
located on the printed circuit board; drawing number
A004256 is an assembly diagram showing locations of
components mounted on the PCB; and drawing
number 004218 is a schematic of the harness wiring.
These drawings, along with a schematic diagram of
the TV monitor’s circuitry, are included in Section VII
of this manual.

On the PCB and on its schematic each integrated
circuit device location is identified by a column letter
designation (A thru R} and by a row number
designation (1 thru 10).

On the PCB schematic the symbol “P” {which
appears at various inputs to logic gates and other
integrated circuits) indicates a connection to +5 volts
through a pull-up resistor.

The design of the car control circuitry is virtually
identical for both cars; sheet 3 of the PCB schematic
covers Car | and sheet 4 covers Car Il. The main dif-
ferences between these two sheets are:

(a) The signals 2 PLAYER and 2 PLAYER appear
on sheet 4 (in zone C4). During a 1-player
game these signals prevent Car Il from ap-
pearing on the TV screen and disabie
Speaker 2.

(b) The signals FREE GAME TONE and SCORE
TONE appear on sheet 3 {in zone B3). They
cause Speaker 1 to produce the beeping
sound and the buzzing sound. Speaker 2
does not produce either of these sounds.

3.4.2 TV SYNCHRONIZATION INFORMATION
(REFER TO PCB SCHEMATIC, SHEET 1 ZONES C,D 6
THROUGH 8): The cutput of a 14.3-MHz crystal-
controlled oscillator is passed through an inverter to
produce the system CLOCK signal at A1 pin 2. This
signal is applied to the horizontal countdown chain
formed by the type-9316 devices in locations A2, C2
and B2. Here the frequency is divided by 908 for each
video scan line on the TV screen (a horizontal sweep
frequency of 15.76 KHz). In the vertical countdown.
formed by the type-7493 devices in locations E1 and
D1 and the type-74107 flip-flop FH1, the line rate is
further divided by 263 for a video frame rate (vertical
sweep frequency)} of 60 Hz. This dividing-down in the
countdown chains is done as follows.

The horizontal countdown chain starts at a count
of 116 {binary 0001110100) and advances to a count of
1024 (binary 1111111111). The H SYNC signal (horizon-
tal sync pulse) begins at count 256 and is 64 clock
pulses wide (4.47 microseconds). H SYNC s produced
at pin 9 of flip-flop B3, where the rising edge of the
256H signal clocks a low through to the flip-flop’s Q



output pin. The Q output is set back to high by the 64H
signal that later passes through gate A3 at pin 6.

The vertical countdown chain starts at a count of
zero {(binary 000000000) and advances to a count of 262
(binary 100000110}, at which time a low appears at pin
12 of gate D3. This low is clocked through flip-flop B3
(with Q output at pin 5) at the next rising edge of the
512H signal. The V RESET signal then resets the vertical
countdown chain to zero. The counting cycle re-
sumes after the V RESET signal is cleared again one
horizontal scan line later. the V SYNC signal (vertical
sync pulse) is produced at F1 pin 10 by the R/S flip-
flop formed by gate F1. The pulse begins with vV RESET
and is 41 scan lines long (290 microseconds).

The H SYNC and V SYNC signals serve as the basis
for the synchronization information sent to the TV
monitor on the composite video signal.

3.4.3 PLAYFIELD GENERATION (SHEET 1 ZONES
B, C 5 THROUGH 8): The stationary objects appearing
on the TV screen—flags, oil slicks and barriers—ori-
ginate in contributions to the composite video signal
derived from the PROMs (programmable read-only
memories) in locations D2 and E2. Various signals
coming from the horizontal and vertical countdown
chains are applied to the A, thru A; address inputs
to the PROM in location D2, and cause D2 to produce
the set of signals OBJ 0 thru OB 3. These four signals
are applied 1o the Asthru A; address inputs of PROM
£2, and certain other signals from the countdown
chains are applied to the A° thru A; address inputs.
The four signals produced at this PROM’s By thru B,
outputs are applied to a type-74153 multiplexer
device that produces a serial output at F2 pin 7. After
clocking with the 1H signal at flip-flop K3, the SHAPES
signal is produced at K3 pin 9.

Certain combinations of the OB] 1, OBJ2 and
OBJ 3 signals are then gated with the SHAPES signal
to produce the following signals: FLAGS at H3 pin 6,
SLICKS at H3 pin 3, and BARRIERS at H3 pin 11. The
FLAGS signal goes to the white/black flag generator
circuit (see subparagraph 3.4.12), which produces the
white flag and black flag contribution to the com-
posite video signal. The SLICKS signal serves as the
oil slicks’ contribution to the composite video signal.
The BARRIERS signal is gated at F3 pin 2 with the Q
output from pin 9 of flip-flop 17. After further gating
at F4 pin 6 and one inversion stage, the BARRIER
VIDEO signal is produced at R3 pin 12. This signal
serves as the barriers’ contribution to the composite
video signal.

Note that the Q output (pin 8) of flip-flop |7 is
connected back to the “d” input (pin 12), forming a
simple binary flip-flop. Provided the ATTRACT signal
is high (meaning that the game is not in the attract
mode), and that the “Q” Latch is in its “‘reset” state
(see subparagraph 3.4.6), the output at L8 pin 10 will
be high. Signals applied at )8 pin 13 can then pass
through the gate and clock flip-flop J7. The signals

applied at J8 pin 13 come from the latch formed by
inverter ]9. This latch “debounces” the signals pro-
duced by the front panel barriers push button and
that reach the PCB via edge connector pins K and 10.
This circuit arrangement insures that the barriers
switch is disabled both during the attract mode and
while the game timer is counting down.

3.4.4 COIN VALIDATION (SHEET 2 ZONES C, D
6 THROUGH 8): Each coin mechanism has an SPDT
(single-pole, double-throw) switch that is activated
momentarily whenever a coin passes through the coin
mechanism and on into the coin box. Drawing
number 004218, the harness schematic, shows how
these are wired and how they connect to the PCB
edge connector. On the PCB two inverter latches (at
19 pins 10 and 12 for coin switch #1, and at C10 pins 8
and 10 for coin switch #2), debounce the coin switch
signals. The outputs from each latch are applied to a
dual stage of flip-flops {formed by A7 for Coin Switch
#1 signals, and by A8 for Coin Switch #2 signals).
These dual stages are clocked by the 64V and 64V
timing signals, respectively, and any latch output
signal that is at least as wide as two cycles of the
clocking signal will cause the second flip-flop stage
to produce a pulse (COIN #1 at A7 pin 9, and COIN #2
at A8 pin 9). These pulses are used to setthe “Q" Latch
(see subparagraph 3.4.6) and to drive the coin counter
(see subparagraph 3.4.5).

The Q outputs from each second flip-flop stage
are applied to individual flip-flop latch configura-
tions, and both configurations are clocked by the 16V
timing signal. If the owner/operator has set Switch $1
(the 1 credit/coin—2 credits/coin option switch) for
1 credit/coin structuring, pins 2 and 11 of gate P2 are
connected via the switch contacts to +5 volts (through
resistor R2). One pulse will be produced at P2 pin 12
each time a coin passes through Coin Switch #1, and at
P2 pin 8 each time a coin passes through Coin
Switch #2.

If the owner/operator has set Switch $1 for 2
credits/coin structuring, however, the 4V timing
signal (instead of +5 volts through resistor R2) is
connected via the switch contacts to pins 2 and 11 of
gate P2. With this arrangement two pulses will be pro-
duced at P2 pin 12 each time a coin passes through
Coin Switch #1, and at P2 pin 8 for a coin through
Coin Switch #2.

The above pulses are ORed to produce the COIN
signal at gate P3 pin 8. The COIN signal is one of the
two inputs that drive the credit accumulator to count
up (see subparagraph 3.4.8).

3.4.5 COIN COUNTER CIRCUIT (SHEET 2 ZONES
A6 AND 7: The coin counter is an electromechanical
counter that is mounted on the coin assembly access
door. Drawing number 004218, the harness schematic,
shows how this counter is connected to the PCB edge
connector. the COIN #1 and COIN #2 signals pro-




duced in the coin validation circuit (see subparagraph
3.4.4) are applied to pins 10 and 9 of gate MN1 so that
a pulse is produced at MN1 pin 8 each time that a coin
passes through either coin mechanism and into the
coin box. This pulse passes through inverter R3 and
resistor R31 to the gate terminal of an SCR, bringing
the SCR into conduction. The SCR current causes the
coin counter to advance by one count each time
that the SCR goes into conduction.

3.4.6 “Q” LATCH (SHEET 2ZONES D5AND6): Tran-
sistors Q8 and Q9 form a discrete component latch.
Note that they are complementary—Q8 is NPN and
Q9 is PNP. The two stable states of this latch are:

(a) Latch reset, with neither transistor conduct-
ing, meaning that the game is in the
attract mode.

{b) Latch set, with both transistors conducting,
meaning that the game is in the play made:
game timer is counting down or else game
time has elapsed but one or more credits
are remaining in the credit accumulator.

The signal Q, produced at pin 10 of inverter E10, is
high when transistor Q8 is conducting, and is low
when Q8 is not conducting.

The “Q@” Latch is set either when diode D25 is
forward-biased by a COIN #1 signal pulse to low, or
when diode D26 is forward-biased by a COIN #2 signal
pulse to low. These two signals are produced by the
coin validation circuit when players deposit coins
{see subparagraph 3.4.4). Normally the “Q” Latch is
reset when pin 3 of Gate B35 is low, because this low
interrupts the flow of base current to transistor Q8,
causing it to go out of conduction. The low at B5 pin 3
is produced when the END GAME signal is high
(meaning that game time has elapsed) at the same
time that the 1 or 2 CREDIT signal is high (meaning
that no credits are remaining in the credit
accumulator).

The “Q" Latch can also be reset should transistor
Q7 go into conduction, also interrupting the base
current flow to Q8. However, the antennawire is con-
nected directly to the base of transistor Q7 and a
signal can be produced on this wire only by static
discharge current flow.

3.4.7 “START” PUSH BUTTON SWITCHES (SHEET 2
ZONES A, B 6 THROUGH 8): The harness schematic
drawing number 004218, shows how these switches
are wired and how they connect to the PCB edge
connector. Anytime that a player depresses either
push button, ground is connected through the
switch’s contacts to the input of an inverter (atJ9pin 3
via edge connector pin 8 for the ONE PLAYER START
push button, and at J9 pin 1 via edge connector pin?7
for the TWO PLAYER START. Each inverter output
connects to the “D” input of a flip-flop (at K4 pin 12
for the ONE PLAYER START and at K4 pin 2 for the

TWO PLAYER START). The 64V timing signal is applied
to the “clock” inputs of each flip-flop. However, the
signal applied at the “D” input of the flip-flop will be
ignored if a low is being applied at the flip-flop's
“Clear” input (K4 pin 13 and K4 pin 1).

With the gating arrangement at L4 pins 12 and 11.
a player depressing the ONE PLAYER START push
button is ignored unless the 1 OR 2 CREDIT signal
(applied at gate L4 pin 12) is low {meaning at least one
credit is remaining in the credit accumulator), at the
same time that the ATTRACT signal (applied at Gate L4
pin 11} is also low {meaning that either the Q" Latch
is reset or the game timer is not counting). Likewise,
with the gating arrangement at L4 pins 3and 2, a player
depressing the TWO PLAYER START push button is
ignored unless the ATTRACT signal {applied at gate 1 4
pin 3) is low at the same time that latch MN2 (applicd
at gate L4 pin 2) has been set (meaning that at least two
credits are remaining in the credit accumulator).

The 1 CR START signal (from pin 8 of flip-flop K4]
and the 2 CR START signal (from pin 6 of flip-flop K4
are gated to produce the START signal at gate K5 pin 3.
The 1 CR START and 2 CR START signals are also used
to reduce the credit count in the credit accumulator
(see subparagraph 3.4.8). The START signal is applied
to the “D” input of the start flip-flop (at J7 pin 2i.
Clocking for this flip-flop is provided by ANDing the
32V timing signal with the flip-flop’s Q output. Note
that the flip-flop can respond to clocking only when
the signal applied to the ““Clear” input (J7 pin 1} is
high (meaning thatthe “Q” Latch has been set andthe
game timer is not counting down).

3.4.83 CREDIT ACCUMULATOR AND LAMP
DRIVERS FOR “START” PUSH BUTTONS (SHEET 2
ONES C, D 2 THROUGH 4): The type-74193 device in
location P4 serves as a binary up/down counter that
operates between count ¢ and count 15. Clock pulses
applied at P4 pin 5 will cause the counter to countup;
the “up” pulses are produced at Gate N4 pin 1 by
ORing the COIN signal (coming from the coin valida-
tion circuit, see subparagraph 3.4.4) with the BONUS
COIN signal (coming from the bonus credit circuit,
see subparagraph 3.4.11). Clock pulses applied at P4
pin 4 will cause the counter to count down; the
“down”” pulses are produced at gate MN1 pin 3 by
ANDing the 1 CR START signal and the signal result-
ing from ORing the 8V timing signal with the 2 CR
START signal. With this clocking arrangement, credits
are entered into the coin accumulator when coinsare
deposited into the game and when players earn bonus
credits, and credits are removed when players depress
the start switches.

The connection from P4 pin 12 to P4 pin 17 pre-
vents the type-74193 counter from “wrappirg
around” to zero, should additional credits happen:o
be entered after count 15 has been reached.

The counter data outputs (P4 pins 3, 2,6 and 71.re
decoded to produce the 2 CREDIT signal ai inveiier
R3 pin 2, and the 1 OR 2CREDIT signal at gate Pipies



The 2 CREDIT signal connects via resistor R65 to the
gate terminal of the SCR that drives the backlighting
lamps behind the TWO PLAYER START push button.
Likewise, the 1 OR 2 CREDIT signal connects via
resistor R71 to the gate terminal of the SCR that drives
the backlighting lamps behind the ONE PLAYER
START push button.

3.4.9 GAME TIMER (SHEET 2 ZONES C5 AND 6): The
type-555 device in location R10 and the type-7490
divide-by-10 decade counter in location P10 form
the game timer. The type-555 device is connected as
a very low frequency oscillator, but the END GAME
signal (applied at R10 pin 4) prevents it from produc-
ing an output unti! a play sequence is initiated. The
START signal applied at P10 pins 2 and 3 resets the
type-7490 counter to count0 after a player depresses
a lighted start push button. This count 0 pulls the END
GAME signal (produced at P10 pin 11) low.

The type-555 device’s output at R10 pin 3 is used
to clock the type-7490 counter; each oscillation from
the type-555 device causes the counter to advance
by one count. When the counter reaches a count of
6, the 8FI timing signal (applied at F10 pin 11} is al-
lowed to pass through the gating to produce the
FLASH signal (at F10 pin 8). This FLASH signal connects
to the score display circuit (see subparagraph 3.4.10)
and causes the score numerals to blink during the
last one-eighth of the game time.

When the counter reaches a count of 8, the END
GAME signal is brought high and the END GAME
signal {produced at inverter N10 pin 10) goes low.
The END GAME at low prevents the type-555 device
from producing an output. The END GAME signal is
used in the start push button circuit (see sub-
paragraph 3.4.7} as one of the conditions for clearing
the attract flip-flop.

The potentiometer R4 provides the game time
option. By manually adjusting this potentiometer, the
owner/operator increases or decreases the type-555
device’s oscillation frequency, with the result that
the total game time is shortened or lengthened.

3.4.10 SCORE REGISTERS AND SCORE DISPLAY
(SHEET 1 ZONES D 2 THROUGH 5): The type-7490
decade counter devices in locations L1 and L2 form
Car I's score register, and the type-7490 decade
counter devices in M1 and M2 form Car Il’s score
register, Both registers are reset to zero when the
START signal goes high. Clocking for Car U's score
register is provided at L1 pin 14 by the SA signal
(coming from the Hit 1 detector, see subparagraph
3.4.12), and clocking for Car Il's score register is
provided at M1 pin 14 by the SB signal (coming from
the Hit 2 detector).

The four most significant data bit outputs from
each register—the signals 1E through 1H from Car 1’s
register, and 2E through 2H from Car I[I’s register—
are connected to the bonus credit circuit (see sub-
paragraph 3.4.11). All 16 data outputs from the score

registers—the signals 1A through 1H and 2A through
2H—are connected to two type-74153 multiplexer
devices in locations K1 and K2. The timing signals
32H and 256H are applied to the multiplexer address
inputs (K1 and K2 pins 14 and 2).

The four multiplexer outputs are applied to a
type-7448 BCD-to-7-segment decoder device in
location J1, and the FLASH signal is applied at the
blanking input {J1 pin 4). With this arrangement, the
score numerals appearing on the TV screen are made
to blink when the FLASH signal changes back and
forth from low to high at a very slow rate.

The 7-segment decoder’s outputs—the signals a
through g—are applied to a pair of type-9312 devices
in locations J2 and H1. Various timing signals fromthe
horizontal and vertical countdown chains are also
applied to these devices, and their two outputs (at
J2 pin 15 and H1 pin 15) are ORed to produce a seri-
alized score signal (at Gate H2 pin 13). After synchro-
nization with the 1H timing signal in flip-flop K3 and
gating with the 256H signal, the WHITE SCORE signal
is separated out at gate H2 pin 4 and the BLACK
SCORE signal is separated out at H3 pin 8. Note that
when the SCORE WINDOW signal, applied at the
“Clear” input of the flip-flop (K3 pin 4) is low, the
serialized score signal will not be clocked through the
flip-flop. The SCORE WINDOW signal is produced at
gate F1 pin 1 by decoding various timing signals com-
ing from the horizontal and vertical countdown
chains.

The WHITE SCORE and BLACK SCORE signals
serve as the score contribution to the composite video
signal sent to the TV monitor (see subparagraph
3.4.19),

3.4.11 BONUS CREDIT CIRCUITRY(SHEET 2 ZONES
A, B 3 THROUGH 5): The type-7486 exclusive-OR
gates in location L3 pair up the four most significant
data bit outputs from Car I’s score register (the signals
1E, 1F, 1G and TH), with the corresponding four switch
contacts from S2, the bonus credit option switch.
When the state set up by a switch—either a low pro-
duced by connecting ground through the switch
contacts, or else a high produced by +5 volts coupled
through a resistor—matches the state of the respec-
tive score register output, the exclusive OR gate will
produce a low at its output. For example, when input
pin 4 of gate L3 is connected to ground because switch
Ay is closed, a low will be produced at output L3 pin 6
only if the 1E signal is also low. Conversely, when a
high is applied through R128 to the input pin 4 of gate
13 because switch A, is open, a low will be produced
at output L3 pin 6 only if the 1E signal is also high.
if the score in Car I’s score register reaches the
achievement level set up in switch S2, then asignal is
produced at gate N3 pin 8 that sets latch N2 at pin 1.
The latch output at N2 pin 4 goes high and clocks the
type-74107 J/K flip-flop at P1 pin 12, causing the flip-
flop’s Q output {at P1 pin 2) to go low. When the
H RESET signal {(applied at the “clear” input, P1pin 13)
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goes low, the Q output is forced back high. This
change of state from high to low to high again pro-
duces a pulse at the output of gate P3, pin 6, the
BONUS COIN signal. This signal causes the credit
accumulator to count up by one count {(see
subparagraph 3.4.8).

The design for sensing the Car Il scoreis identical
to that for Car . The type-7486 exclusive OR gates in
location M3 pair up the four most significant data bit
outputs from Car II's score register (the signals 2E, 2F,
2G and 2H), with the corresponding four switch con-
tacts from S2. if the Car 1l score reaches the achieve-
ment level, then a signal is produced at gate N3 pin é
that sets latch N2 at pin 10. The latch output at N2 pin
9 goes high and clocks flip-flop P1 at pin 9, causing
P1 pin 6 to go low. When H RESET goes low, P1 pin 6
is forced back high. This change of state produces a
BONUS COIN pulse.

The BONUS COIN signal also connects to pin 12
of the type-9602 retrigerable multivibrator {one-shot)
in location R1. A pulse transition at pin 12 causes the
device to produce an output pulse whose width is
determined by the R-C combination R1and C4. After
gating with the 4V timing signal, the FREE GAME
TONE signal is produced at gate MN1 pin 6. This
signal is the beeping sound contribution to the sound
summing circuit (see subparagraph 3.4.23).

3.4.12 WHITE/BLACK FLAG GENERATOR, HIT
DETECTORS AND SCORING SIGNAL CIRCUIT
(SHEET 1 ZONES C, D 3 THROUGH 5):

(a) White/Black Flag Generator. The type-7493
binary counter in location A4 and the type-7485 4-bit
magnitude comparator in location B4 form the circuit
that selects which of the flags on the TV screen is to
be lighted (that is, to blink). When the type-555 one-
shot C1, Q output pin 3, applied at the pin 9input of
gate E4 is low, the CLOCK signal (applied at E4 pin 10}
is blocked and a steady high is produced at E4 pin 8.
This steady high is applied at A4 pin 14, insuring that
counter A4 will not change state while HIT is low.

In the type-7485 comparator B4 the counter’s
four output signals are compared with the four 128H,
256H, 64V and 128V signals from the countdown
chains (see subparagraph 3.4.2). The signal produced
at the comparator’'s output at B4 pin 6 goes high
whenever the four pairs of signals applied to the com-
parator are all equal. The gating of the comparator’s
output signal with the FLAGS signal produces the
WHITE FLAG signal at gate A3 pin 11; gating with the
FLAGS signal produces the BLACK FLAGS signal at
gate N4 pin 13. The FLAGS and FLAGS signals come
from the playfield generation circuit: see
subparagraph 3.4.3.

(b) Hit Detectors. If Car | drives through the
lighted blinking flag, a signal is produced at gate J4
pin 6 that triggers the type-9602 retriggerable multi-
vibrator (one-shot) in location H4, causing it to
produce the HIT 1 signal at H4 pin 6 and HIT 1 at H4

pin 7, for the duration of the multivibrator out
pulse. Likewise, if Car tl drives through the ligh
flag a signal is produced at J4 pin 8 that trigge:
second multivibrator in location H4, causing it
produce the HIT 2 signal at H4 pin 10 and HIT Zat.
pin 9, for the duration of the multivibrator out;.i’
pulse.

The HIT 1 and HIT 2 signals are applied to -t
inputs of exclusive OR gate D4 and the HIT signi-: -
produced at D4 pin 6. The HIT signal goes to hoon
whenever either multivibrator is triggered by a . .-
driving through a lighted flag (see above paragraj !
The HIT signal going high clocks device DE1. Q -
negative-going puise with a dual function: 1) a [t
pulse for score counter E3, and 2) a trigger for 1hi
type-555 one-shot C1. The one-shot C1 signal at Fieh
allows the MFI signal to pass through gate F4 ..
drive counter A4 at pin 14, causing the counter
count at the MFI rate until the multivibrator pti -
time elapses. This counting interval leaves cour
A4 at some new, randomized state, causing scr
random flag on the TV screen to light up.

(c) Scoring Signal Circuit. The type-74192 dec..c:-
up/down counter device in location E3 provides 1~
means for generating a series of score pulses i1
correspond to the numeral showing in the lighitedd
flag. For example, if a car drives through a ligh 1o
flag having a numeral 5, this counter clockedatZ1!-
rate will produce a series of five pulses at its outp:il
E3 pin 3. The counter’s output signal is gated wi*h «
signal produced at E4 pin 11, where the TFI sivrii
(applied at E4 pin 12) is gated with the produc’ o
ANDing GT, and GT, from the game timer (see 1 b
paragraph 3.4.9). The GT, and GT; signals are i
high only during the last one-eighth of the game t::-~.
This means that the 1F1 signal (which originatesir. C.ir
I’s frame counter, see subparagraph 3.4.13), pi -
through gate E4 only during the last one-eighti- v
the game time. The result of the gating at F3 pii - 1’
and 12 is that the signal produced at F3 pin 11 0.
represent normal (undoubled) score points dui g
the first seven-eighths of the game time, and dou: /!
points during the last one-eighth of the game tinie.

This signal produced at F3 pin 11 is ANDed «.i1h
the 8V signal to produce the SCORETONE signal " 1}
pin 8) that serves as the buzzing sound contribiirion
to the sound produced by Speaker 1. The signal ;10
duced at F3 pin 11 also is gated with HIT 1 to pro<uce
the SA signal (at E4 pin 3) that clocks Car I's ccoie
register, and with the HIT 2 signal to produce th 56
signal (at E4 pin 6) that clocks Car IUs score regiici
(see subparagraph 3.4.10).

When the ATTRACT signal, applied at Counter
E3’s “up count” clock input {E3 pin 5), is held low  the
counter is prevented from counting. This mean~ it
no points can be scored during the attract mode, ¢en
if a car should happen to drive through a lightec ¢
When ATTRACT is high, the counter is free to respond
to the signal applied at the “down count” clock input



(E3 pin 4). The “D” input (pin 12) of flip-flop DE1 is
tied to +5 volts through a resistor. When a car drives
through a lighted flag, the HIT signal (applied at the
clock input (pin 11) of flip-flop DE1) goes from low to
high, causing a low to appear at the “Q” output (DE1
pin 8). This low is applied to pin 11 of Counter E3 and
causes it to preset to an initial counter state set up by
the GND, OBJ 0, OBJ 1 and OB] 2 signals applied at E3
pins 15,11, 10and 9, respectively. The Counter E3 then
counts down, at a rate determined by the 4F| signal
(applied at E3 pin 4), until counter state 0 is reached,
at which time a low is produced at the counter’s
“borrow’ output (E3 pin 13). The borrow signal is tied
back to gate F3 pin 5, and when low it blocks the 4FI
‘clocking signal. Also, the borrow signal is passed
through inverter 13, to reset flip-flop DE1 via the
“clear” input (DE1 pin 13). With this circuit design
the number of pulses produced at E3 pin 3 while the
counter is counting down corresponds to the numeral
in the lighted flag.

3.4.13 GAS PEDAL SIGNALS AND PROCESSING OF
ACCELERATION SIGNALS (SHEET 3 ZONES B, C 6
THROUGH 8 FOR CAR I; SAME ZONES ON SHEET 4
FOR CAR II):

(a) Gas Pedal Signals. A SPDT switch is mounted
on each gas pedal. The harness schematic, drawing
number 004218, shows how these switches are wired
and how they connect to the PCB edge connector
at pin U for Car I’s gas pedal and at pin 17 for Car II's
gas pedal. When a player depresses the gas pedal, the
respective edge connector pin is connected to
ground through the switch contacts.

(b) Processing of Acceleration Signals. The fol-
lowing description applies to Car |; the design for Car
Il is identical. The type-74193 up/down binary
counter device in location E9, together with gate C9
and flip-flop C7 (“Q” output at pin 3), form the accel-
eration counter for Car |. The count-up signal consists
of the acceleration pulses produced atgate F10pin 12,
and the count-down signal consists of the decel-
eration pulses produced at gate C9 pin 3. The
acceleration counter’s outputs are the signals SPEED
11, SPEED 21, SPEED 31 and SPEED 4! (produced at E9
pins 3,26 and 7, respectively), and SPEED 5! (produced
at C7 pin 3). These give signals are called the speed
code. The STOP | signal produced at gate C9 pin 6
goes high if the counter is at speed 0, if in the attract
mode, or after Car | has run into an unlighted flag or
a barrier (CRASH 1 signal is low). The STOP signal at
high resets the counter outputs to zero.

The type-7493 binary counter device in location
D8 and flip-flop C7 {“Q” output at pin 5) form a frame
counter, The type-7485 4-bit magnitude comparator
device in location D9 and gate C9 (with output at pin
11) form an acceleration comparator that compares
the speed code—the five signals SPEED 1! through
SPEED 5l—against the frame count bits—the five
signals 1FI through 16F1. The result of this comparison
is the GOI signal produced at D9 pin 5.

e

When the gas pedal is depressed the car will
accelerate at the rate of one unit per 8 frames; when
it is not depressed the car will decelerate at the same
rate. The acceleration counter E9 counts these accel-
eration units. At speed 30 (counter binary output
11110), a signal produced at gate E8 pin 6 biocks out
further acceleration pulses and the car will attain a
maximum speed. Figure 3-3 shows the time relation-
ship between the frame counter’s output signals (1F
through 16F) and waveforms of the GOI signal at all
speeds from 0 (stop) through 30 (full speed).
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3.4.14 CAR STEERING SIGNALS AND STEERING
PROCESSORS (SHEET 3 ZONES C, D 6 THROUGH 8
FOR CAR I; SAME ZONES ON SHEET 4 FOR CAR II}:

(a) Steering Signals. These signals originate on
two small printed circuit boards—one for each steer-
ing wheel—that plug into the steering wheel
assemblies mounted on the backside of the front
panel (see item 7 on drawing number AD00598-XX).
The steering PCB remains stationary when a player
turns a steering wheel. A slotted hub is bolted onto
the end of each steering wheel shaft and the hub’s
teeth move through a curved gap onthe steering PCB
as a player turns the steering wheel. A pair of LED
(light-emitting diode) light sources is positioned on
one side of this gap, and directly opposite on the
other side is a corresponding pair of phototransistors.
Sheet 1 of drawing number A000607 shows mech-
anical details and the component layout on the
Steering PCB.

Anytime a player rotates a steering wheel in
either direction, the circuitry on that steering PCB
optically senses the hub slots and teeth as light emis-
sions to the phototransistors are alternately blocked
and cleared. Each steering PCB produces a pair of
signals in quadrature; these signals are sent to the
main game PCB via edge connector pins S and 15 for
Car I, and via pins T and 16 for Car Il. The wiring
connections are shown on the harness schematic,
drawing number 004218. On the main PCB, steering
processors—one for each car—decode each pair of
quadrature signals into car rate and direction of
rotation information.

(b) Steering Processors. The following descrip-
tion applies to schematic sheet 3 {for Car ). The design
for Car I, shown on sheet 4, is nearly identical. The
type-74193 up/down binary counter devices in
locations F8 and H8 form the steering processor for
Car 1. The type-7474 dual flip-flop device in location
H9 and gate F9 decode the two clocking signals that
drive this steering processor. The VTC | signal and
its complement VTC 1 serve as maximum turning rate
signals. When Car | goes into a skid—either because
it ran into an oil slick or into Car ll—the signal pro-
duced at gate F9 pin 8 forces the car to be turned at
the maximum turning rate for the duration of the
SKID ! signal. This can happen both in the attract
mode and the play mode.

While the ATTRACT | signal is high, the signals
coming from the steering PCB are ignored, meaning
that player steering control is disabled. However,
during the play sequence the ATTRACT ! signal
remains low, and the decoder circuit (flip-flop H9and
gate F9) can then translate the quadrature signal pair
(coming from the left steering wheel) into direction
and rate of turn information. The sample wave-forms
shown in Figure 3-2 illustrate this translation. Diodes
D13 and D14 are red LEDs that serve as visual in-
dicators of the operation of the quadrature signal
pair; these LEDs have no effect on the game and are

provided as servicing aids only.

The “right clock” signal (applied at F§ pin 5}
causes the steering processor to count up, and the
“left clock” (applied at F8 pin 4) causes it to count
down. The type-74193 devices divide down the clock
signals by 128.

The output signals ROI (at F8 pin 6), R1l (at F8 pin
7}, and R2I, R31 and R4l (at H8 pins 3,2 and 6, respec-
tively), are the last five bits of the division by 128.
These signals are called the rotation data and they
form a rotation code that represents a total of 32
specific car orientations. For example, binary code
00000 represents the orientation with Car | pointing
straight up. The code continues clockwise through 32
consecutive orientations up to binary 11111, which
is just to the left of straight up.

The type-7475 quad latch device in location H7
serves as the skid latch, and its four cutputs D1
through D4t (at H7 pins 16, 15, 10 and 9, respectively)
are called the direction code. When the SKID | signal
is high, the skid latch’s outputs follows its inputs—
the rotation code signals R1l through R4l coming
from the steering processor. This direction code
differs from the rotation code only when the car is
in a skid.

When the SKID I signal goes low {meaning that
Car | is in a skid), the skid latch’s outputs are pre-
vented from changing; instead the latch holds the
most recent data from the steering processor. There-
fore, during a skid the rotation code (signals ROI
through R4l) tells in which direction the car is
pointed, and the signal ROl plus the direction code
{signals D11 through D4l) tell the direction along
which the car moves while it is spinning or
rotating rapidly.

Note that the connections of the CAR RESET 1
signal to Car I’s steering processor (F8 and HB8) are
not the same as those of the CAR RESET Hl signal to
Car II's steering processor (P8 and R8 on sheet 4 of
schematic). This difference causes Car | and Car Il
to appear in opposite orientations on the TV screen
at the beginning of a game play sequence.

3.4.15 MOTION CODE PROM (SHEET 3ZONESC,D
5 AND 6 FOR CAR I; SAME ZONES ON SHEET 4 FOR
CAR II): The GOl signal—produced by processing
acceleration/decelaration commands from the gas
pedal (see subparagraph 3.4.13)—is applied to the
“enable” input (pin 15) of the PROM in location 7.
And the direction code data—the five signals ROl
and D11 through D4l (see subparagraph 3.4.14)—are
applied at the A, through A, address inputs of this
PROM.The B, through B, PROM outputs—produced
at 7 pins 1 through 9—are called the motion
code data.

The PROM is enabled whenever the GOl signal is
high. The motion code data then go to Car I's hori-
zontal and vertical motion counters (see subpara-
graph 3.4.16). The four B, through B, signals of the
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STEERING 1 (EC pin S)

STEERING 1 (EC bin 15}

VIC I (H9 pin 1)

RATE (H9 pin 6)

DIRECTION (H9 pin 9)

RIGHT CLOCK (F9 pin 3) -

U U

LEFT CLOCK (F9 pin 6)
Figure 3-2

motion code data pass throughinverter stages andare
applied to the “preset” inputs of the vertical motion
counter’s first stage {at D6 pins 3 through 6). The four
B, through B signals are gated with the V RESET |
signal in gate E6, and the four gate outputs are applied
to the “preset” inputs of the horizontal motion
counter’s first stage (at E5 pins 3 through 6}.

Table 3-1 shows the data applied at the preset
inputs of the horizontal and vertical motion counters
for each of the 32 directions in the direction code
(the five signals ROl and D1l through D4l).

3.4.16  HORIZONTAL AND VERTICAL MOTION
COUNTERS (SHEET 3 ZONESC,D 3 THROUGHS5FOR
CAR 1; SAME ZONES ON SHEET 4 FOR CAR ll): The
type-9316 presettable binary counter devices in loca-
tions E5, D5 and C5 form Car I's horizontal motion
counter, and the type-9316 devices in locations D6
and C6 and flip-flop F5 (with “Q” output at pin 5)
form its vertical motion counter. The CAR RESET |
signal, produced at A6 pin 2 by inverting the CAR
RESET I* signal (see subparagraph 3.4.17), resets both
counters {at pin 1 of ail type-9316 devices and at F5
pin 10). The CLOCK | signal, produced at A6 pin 8
{zone Dé) by inverting the CLOCK signal, drives the
clock inputs of all horizontal motion counter stages.
The signal produced at A6 pin4 by inverting V CLOCK
drives the clock inputs of all vertical motion counter
stages. '

The motion counters operate on the principle of
Atari’s “slipping counter” method of moving objects
on a raster scan display (patent number 3,793,483).
Both motion counters count in parailel with the syn-
chronization countdown chains, (see subparagraph
3.4.2). To move an object in a vertical direction on
the TV screen, the vertical motion counter is forced

u U

Sample Waveforms in Steering Decoder Circuit for Car |

to count short (for upward movement) or fo C
long (for downward movement), with respect tc
horizontal countdown chain. Similarly, to mov
object in a horizontal direction on the TV screer
horizontal motion counter is forced to count
(for movement toward the left) or to count long
movement to the right), with respect to the ve
countdown chain.

The motion counters make a unit move it "~

direction specified by the direction code—thesi
ROI and D11 through Dal—during each frame th:
GO! signal is high and enables the motion
PROM (in location F7, see subparagraph 3.4.15)
signal CLOCK 1, which clocks the horizontal m
counter, is at the system clock rate of 14.3 MHz
signal at A6 pin 4, which clocks the vertical m
counter, is two pulses per line and is gated out d
vertical sync time, so that the vertical motion co
requires one less stage. This signal maintains the
amount of motion resolution in the vertical dire
as in the horizontal direction.

Certain outputs from the horizontal and v«
motion counters are gated to produce the
WINDOW | signal at gate B6 pin 8. The dimensi:
the car window on the TV screen are 16 clock |
wide by 8 lines high. Certain outputs from the vi
motion counter are gated to produce the VTCl
(vertical terminal count) at B6 pin 6. This sig
used in the car steering processor circuit, (se
paragraph 3.4.14). The vertical motion counter’
stage produces the 128CVI signal atF5 pin5; this
drives the frame counter (see subparagraph 3.



PRESENT INPUTS TO

PRESENT INPUTS TO

DIRECTION CODE* HORIZONTAL COUNTER** VERTICAL COUNTER***
D4-D1, RO DCBA DCBA
00000 0100 1100
gooo1 0011 1100
00010 0011 1011
00011 0010 1011
00100 0001 1011
00101 0001 1010
00110 0001 1001
00111 0000 1001
61000 0000 1000
01001 0000 6111
01010 0001 0111
01011 0001 0110
01100 0001 0101
01101 0010 0101
01110 0011 0101
01111 0011 0100
10000 0100 0100
10001 0101 01090
10010 0101 0101
10011 0110 0101
'. 10100 0111 0101
10101 0111 0110
10110 01711 0111
10111 1000 0111
11000 1000 1000
11001 1000 1001
117010 0111 1001
11011 0111 1010
11100 0111 1011
11101 0110 1011
117110 0101 1011
11111 0101 1100
STOP CODE 0100 1000

Table 3-1

**At E5 pins 6, 5, 4, 3 for Car 1; at N5 pins 6, 5, 4, 3 for Car II

*%*At D6 pins 6, 5, 4, 3 for Car I; at M6 pins 6, 5, 4, 3 for Car lI

Unit Motion Codes Into Motion Counters

*At H7 pins 9, 10, 15, 16 and F8 pin 6 for Car 1; at R7 pins 9, 10, 15, 16 and P8 pin 7 for Car 1




3.4.17 CAR RESET CIRCUIT (SHEET 1 ZONE B4, FOR
BOTH CAR 1 AND CAR If): This circuit produces two
signals; CAR RESET I* and CAR RESET I1*. At zone B5
on sheet 3 the inverter A6 produces the CAR RESET |
signal at pin 2; when low this signal resets Car I's
horizontal and vertical motion counters and steering
processor. Likewise, at zone B5 onsheet4the inverter
J6 produces the CAR RESET Il signal at pin 2; when
low this signal resets Car Il's horizontal and vertical
motion counters and steering processor.

The CAR RESET I* signal is produced at the “Q”
output (pin 5) of the type-7474 flip-flop in location
M4. The CAR RESET I1* signal is produced at gate N4
pin 10 by gating the flip-flop’s “Q” output with a
signal derived from certain signals from the horizon-
tal countdown chain (see subparagraph 3.4.2).

Flip-flop M4 is under control of its clock and “D”’
inputs only while the START signal (applied at M4 pin
4) is high. Note that the flip-flop’s “D” input (pin 2)
is tied to ground; this means that only binary 0 can
ever be clocked into the flip-flop each time that the
256V timing signal (applied at the clock input, M4
pin 3} changes from low to high.

While the START signal briefly goes low (after a
player has depressed a lighted start push button), the
flip-flop ignores the clock signal and instead is forced
to change to the state with the “Q" output {M4 pin 5)
at high and the “Q” output (M4 pin 6) at low. Assoon
as the START signal goes back to high, the flip-flop is
again allowed to clock in a low (from the “D” input
tied to ground) during the next [ow-to-high transition
of the 256V signal.

This circuit design insures that the CAR RESET I*
and CAR RESET I1* signals briefly go high only once
per play sequence, at the beginning just after a player
depresses a lighted start push button,

3.4.18 CAR VIDEO PROCESSORS (SHEET 3 ZONEC2
FOR CAR I; SAME ZONE ON SHEET 4 FOR CAR ll):
The type-9312 device in location H5 and the 4K ROM
in location Fé form the video processor for Car I. In-
puts to the ROM include rotation information (the
signals RO1 through R41 rotation code from the steer-
ing processor, see subparagraph 3.4.14), line informa-
tion (the signals LO1 through L21 from the vertical
motion counter), and column information (the signals
C31 and C41 from the horizontal motion counter, see
subparagraph 3.4.16). The ROM’s eight output signals,
along with additional column information (the signals
CO0l through C2I from the horizontal motion counter),
are applied to the type-9312 device to multiplex the
ROM data serially onto the complementary pair of
signals produced at H5 pins 14 and 15. The CAR
WINDOW I signal is applied to the “enable” input at
H5 pin 10.

After clocking through flip-flop F5—to remove
edge effects and to avoid race problems—the CAR |
signal is produced at F5 pin 3. This signal serves as
the car video contribution to the composite video

signal sent to the TV monitor.

3.4.19 VIDEO SUMMING CIRCUIT (SHEET 1 ZONEB
3 AND 4): The composite video signal is formed .
the junction of resistors R23, R24, R33 and the anoc
of diode D12. The diode couples the synchroniratic
information contribution produced at gate Ct pir ™
by gating the V SYNC and H SYNC signals ¢invir
from the countdown chains (see subparagraph 3.-4.:
The medium white (grey) video level contriburicn
produced at gate C4 pin 6 by gating the CAR 2 (.
Il video), BLACK SCORE (Car Il's score nuri il
BLACK FLAGS (unlighted flags) and SLICKS (oi! slicks:
signals. The white (bright white) video level contri-
bution is produced at gate P2 pin 6 by gating the
BARRIER VIDEO signal, the signal obtained by
combining the WHITE FLAG signal with the 8F| signal
{from Car I’s frame counter), and a signal derived
from the CAR | and WHITE SCORE signals. Resistor
R25is included for use as a test point when servicing
the game; no signal is applied at the “TEST” point
during normal game operation.

3.4.20 ENGINE SOUND SYNTHESIZERS (SHEET 3
ZONES B 5 AND 6 FOR CAR 1; SAME ZONES ON
SHEET 4 FOR CAR Il): The configuration of inverter-
resistor networks connecting to the base of transistor
Q10 performs a D-to-A (digital-to-analog) conversior
of the SPEED 11 through SPEED 4l and the SPit11 5!
signals. Transistor Q1 acts as a current sour ¢ th.
controls the oscillation frequency of the tyne-5t
Timer with output at D10 pin 3. The type-7492 ¢o.unte

devices in locations B9 and B8 divide down ti:: -
quency of D10’s output signal by both 6 and 4. ~iura -
representing various products of this divisic -
mixed together through resistors R115 through 211

the resulting signal, MOTOR 1, is the Car | «nuir

sound contribution to the sound producea |
Speaker 1.

3.4.21 CRASH AND SKID DETECTORS (SHEET 3
ZONES A 4 THROUGH 7 FOR CAR 1; SAME 7 ONES
ON SHEET 4 FOR CAR 1I):

(a) Crash Detector. Aslong as thesignal prodace:
at gate B5 pin 11 is high, the V RESET | signal applic:
at pin 3 of flip-flop A5 will clock in the stead: hig
applied at the “D” input (pin 2) via a connection t
+5 volts through a resistor. This will produce . b
at the “Q" output {pin 5); the V RESET | signal «
clock this high into the second “D” input (at A5 pi
12) during its subsequent low-to-high transit:on &
A5 pin 11). In this way both the CRASH SEQ | -iun:
(produced at A5 pin 9}, and the CRASH | sign.l ¢
duced at B5 pin 8), will be kept high.

The signal produced at gate B5 pin 11 g¢
whenever Car | drives into an unlighted fl;
barrier. This low, applied to flip-flop A5’s Cle: ;.
(pin 1), causes the flip-flop to change to the stz .+ +



the “Q” output (pin 6) at high and the “Q" output
(pin 5) at low. The high at A5 pin 6, together with the
high still remaining at A5 pin 9, causes the CRASH |
signal to go low. The CRASH | signal goes back high
just after the next low-to-high transition of the
V RESET | signal, because that signal transition will
have clocked a low into the flip-flop’s “Q” output
at A5 pin 9, the CRASH SEQ | signal.

The CRASH I signal at low causes the Car I motion
to stop (via the connection to gate C8 pins 11 and 12,
zone C6), and also causes the crunch sound to be
produced (via the connection to resistor R97 and
diode D24). This arrangement keeps the CRASHSEQI
signal low, preventing further crashes, until Car I no
longer is in contact with the unlighted flag or barrier.

(b) Skid Detector. If the CAR | signal is high at
the same time that the CRASH SEQ 1 signal is low
(meaning that Car | has not crashed), then the SKID1*
signal going high will bring gate B6 pin 12 low. This
causes the type-555 timer device in location B7 to
produce a one-half-second pulse at its output pin 3,
the SKID 1 signal. The complement of this signal—
SKID I— connects to the Car | skid latch at H7 pins
4 and 13 (zone C6) and prevents the latch from accept-
ing new data from the Car | steering processor (see
subparagraph 3.4.14). The SKID | signal also causes
the “tire screech” sound to be produced ({via the
connection to pin 13 of inverter L10 in zone B4}

3.4,22 SCREECH AND CRUNCH SOUND S5YN-
THESIZERS (SHEET 3 ZONES A, B3 AND 4 FOR CAR [;
SAME ZONES ON SHEET 4 FOR CAR Il):

(a) Noise Generator. Transistor Q2 is an NPN
specially selected for noise characteristics. The noise
developed at its emitter is amplified by the LM324
{(output at pin 1) in location C11.

(b} Screech Sound Synthesizer. The LM324 opera-
tional amplifier (with output at pin 14} in location C11
is configured as a free-running multivibrator that is
perturbed—via coupling through capacitor C51 and
resistor R106—by the noise originating from transistor
Q2. This noise imparts a “gritty” quality to the signal.
The SKID | signal applied atpin13 of inverter L10 turns
the amplifier on and off via the connection to C11 pin
13. The resulting signal that is coupled through R125
represents the Car “tire screech” contribution to the
sound produced by Speaker 1.

(c) Crunch Sound Synthesizer. When the
CRASH | signal—applied at the junction of resistor
R97 and the cathode of diode D24—goes low, the
discrete one-shot formed by transistor Q3 and the
LM324 amplifier (with outputat C11 pin7) is triggered.
Noise is imparted via resistor R100 and the resulting
signal coupled through resistor R110 represents the
Car | “crunch” contribution to the sound produced
by Speaker 1.

31.4.23 SOUND SUMMING CIRCUITS (SHEET 3
ZONES B 2 AND 3 FOR SPEAKER 1; SAME ZONES ON
SHEET 4 FOR SPEAKER 2):

(a) Speaker 1. The junction of resistors R110 and
R122 through R125 forms the sound summing point
where the following five analog signals are mixed:

(1} Car I's engine sound—the MOTOR | signal—
coupled through R122: see subparagraph
3.4.20.

{2) The “crunch” signal coupled through R110
whenever Car | drives into an unlighted flag
or a barrier: see subparagraph 3.4.20 (a).

{3) The “tire screech” signal coupled through
R125 whenever Car | goes into a skid: see sub-
paragraph 3.4.20 (b).

(4) The “beeping” signal—FREE CAME TONE—
coupled through R123 whenever either car’s
score reaches the preselected score achieve-
ment level: see subparagraph 3.4.11.

(5) The “buzzing” signal —SCORE TONE—
coupled through R124 whenever either car
drives through a lighted flag: see sub-
paragraph 3.4.12 {c).

The analog signal developed at this summing
point is coupled by capacitor C62 to the Speaker 1
audio amplifier stage formed by the LM324 with out-
put at C11 pin 8. The potentiometer R109 provides
the volume adjustment for the sound produced by
Speaker 1.

(b) Speaker 2. The junction of resistors R56, R58
and R63 forms the sound summing point where the
analog sound signal for Speaker 2 is developed. Note
that only three analog signal contributions are mixed
here: Car 1I's engine sound {MOTOR i), the
“crunch” signal for Car Il and the ‘tire screech”
signal for Car I1. The potentiometer R57 provides the
volume adjustment for the sound produced by
Speaker 2.

3.4.24 SPEAKER DRIVER STAGES {SHEET 3 ZONES
B 1 AND 2 FOR SPEAKER 1; SAME ZONES ON SHEET
4 FOR SPEAKER 2): The LM380 amplifier in location
B10 serves as the output driver stage for Speaker |
(via edge connector pin V). Resistor R105 couples the
audio amplifier’s output to the driver stage via
Capacitor C54. The ATTRACT signal applied at pin 11
of inverter L10 insures that Speaker 1 does not
produce any sound during the attract mode.

Likewise, the LM380 in location K10 serves as the
output driver stage for Speaker 2 (via edge connector
pin L). Resistor R46 couples the audio amplifier’s
output to the driver stage via capacitor C14. The
signal produced by inverter L10 at pin 4 insures that
Speaker 2 does not produce any sound either during
the attract mode, or during a one-player game.
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V. Installation Instructions

4.1 UNPACKING INSTRUCTIONS

4.1.1 EXAMINATION FOR SHIPPING DAMAGE:
Before shipment from the factory, components and
sub-assemblies of each game are carefully checked
for proper operation. However, during shipment
some adjustments may have changed or parts may
have been damaged. Upen initial removal of the
game from the shipping container, first examine the
exterior of the cabinet. Then open the rear panel
access door and also examine the interior. Any ship-
ping damage such as a dented, cracked or broken
cabinet, sub-assemblies broken loose, etc., should be
reported immediately to the shipper and to Atari, Inc.

Be sure to confirm that both steering wheelsturn

smoothly, both in the clockwise and counterclock-
wise directions. There are no limit stops; the wheels
are free to turn continuously in either direction. Also
operate both gas pedals and confirm that their move-
ment is smooth, and that the return springs force the
pedals back to their initial positions.

4.1.2 MECHANICAL INSPECTION: After determin-
ing that the game has been received in good
condition, carefully inspect the interior parts and
verify the following:

(a) Allslip-on and plug-in connectors are firmly
seated (particularly the PCB edge
connector. '

(b) The fuses are all seated in their holders

{c) No loose foreign objects are present (es-
pecially metal objects which could cause
electrical short circuits)

(d) No harness wires have become discon-
nected or pulled loose.

Do not go on to the remaining paragraphs in this

section until the above mechanical inspection has
been thoroughly performed.

4,2 ENERGIZING THE GAME

4.2.1 APPLICATION OF AC POWER: Close the rear
panel access door, making sure that it is completely
shut at the bottom, and remove the key fromthe lock.
Plug the power cord into an AC outlet providing the
AC power listed in the Specifications {Section {1 of
this manual). The wall outlet must accept a three-
prong plug and the receptacle must be connectedto a
good earth ground.

After the power cord has been plugged in, the
proper response from the game is that a picture will
appear on the TV screen. If there is no response at all
from the game, unplug the power cord and check the
AC wall outlet. A simple, safe way to check for pres-
ence of AC pawer at the wall outlet is to plug in an
appliance known to be working properly—such as a
table lamp, radio, or an electric clock. If the wall out-
let passes the check, then presume that the trouble is
with the game and refer to Section V1 of this manual.

CAUTION: No traubleshooting steps
should be attempted inside the cabinet by
anyone not familiar with safety measures
and repair procedures on electrical
equipment.

Do not go on to the remaining paragraphs in this
section until the proper response described above
has been observed.

4,22 CHECK ON OPERATION OF INTERLOCK
SWITCH: The interlock switch is a safety switch
mounted inside the cabinet, near the bottom edge of
the rear panel access door. At the factory this switch
is mechanically adjusted so that it will automatically
transfer to its “off”” position (switch contacts open)
whenever the rear panel access door is opened. When
the interlock switch is in its “off” position, the AC
power leading to the game’s power supply is inter-
rupted. When the access door is closed, the interrupt
switch is adjusted to be in the “on” position (switch
contacts closed) and AC power is allowedto reach the
game’s power supply, meaning that the game
can operate.

After application of AC power per paragraph
4.2.1 above, correct operation of the interlock switch
can be checked as follows: unlock the rear panel
access door and slowly open the door. The correct
response is that by the time the edge of the door has
moved about 2 to 3 inches away from the cabinet, the
TV screen should go dark, verifying that the interiock
switch has automatically transferred to “off”. While
opening the access door do not insert fingers inside
the cabinet, and do not allow foreign objects to fall
inside. If the TV screen continues to be lighted up
even after the door has been opened, immediately
close and lock the door, and unplug the power cord
from the wall outlet. Then refer to Section VI of this
manual to replace and/or adjust the interlock switch.

Do not go on to the remaining paragraphs in this
section until the operation of the interlock switch
has been checked and found to be correct.

4.3 GAME STRUCTURING

Before putting the game into operation at the
game site, the game structuring should be defined by
the owner/operator. The term “game structuring”’
refers to the game rules, the length of each game, and
other variable features. Paragraph 3.3.4 of Section Ill
in this manual covers the owner/operator options
featured in this game and describes how they affect
the game structuring.

In the Crash 'N Score game all three options are
simple manual adjustments: setting the position of a
slide switch; moving a stud on a potentiometer body;
and setting the positions of four side-by-side
2-position switches, All these adjustments are per-
formed on the printed circuit board inside the




22

game cabinet,

Before performing any adjustment, the game
should be de-energized or not operating. Further, it
is recommended that the power cord also be
unplugged beforehand.

Unlock and open the rear panel access door;
doing. this should cause the interlock switch to de-
energize the game, as described in paragraph 4.2.2.
If the switch fails to de-energize the game, immedi-
ately close and lock the door, unglug the power cord,
and refer to Section Vi1 of this manual to adjust and/or
replace the switch.

While being careful to avoid touching any parts
of the body against the TV chassis components or
other wiring connections inside the cabinet, find the
printed circuit board and examine its surface.

4,3,1 COIN CREDIT OPTION: Find the slide switch
mounted near the edge of the PCB. The switch’s ap-
proximate location is shown in Figure 4-1, and its exact
location is shown as $1 on drawing number A004256
in Section VIl of this manual. Note the words “1 PLAY”
and “2 PLAY” engraved on the PCB alongside the
switch body.

First, to structure the game for 1 credit/coin, slide
the stud on top of the switch all the way toward the
word “1 PLAY” engraved on the PCB. Tostruéture the
game for 2 credits/coin, slide the stud all the way
toward the word “2 PLAY”. Then cut out the “1” or

“2” from the Instruction Plate Card (provided with
this game) and using transparent tape, attach it to the
inside of the silk-screened plexiglass in the
appropriate area.

Second, cut outthe ‘“10” from this card and attach
it with transparent tape to the blank area in the silk-
screened phrase “Bonus score value doubles in last
seconds.” The period in each game during
which the player’s score blinks is not variable by
the operator.

After performing this adjustment, close and lock
the rear panel access door and energize the game.

4.3.2 LENGTH OF GAME TIME OPTION: Find the
potentiometer (Trimpot) mounted near the edge of
the board, not far from the large, black heat sink.
This potentiometer’s approximate location is shown
in Figure 4-1, and its exact location is shown as R4 on
drawing number A004256 in Section VIl of this
manual. Note the words “GAME TIME” engraved on
the PCB alongside the potentiometer body.

To shorten or lengthen the game time, movethe
stud on top of the potentiometer body in a direction
as shown in that figure,

After performing this adjustment, close and lock
the rear panel access door and energize the game.
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Approximate Locations of Owner/Operator Options on Crash ’N Score PCB




4.3.3 BONUS CREDIT OPTION: Find the miniature
switch assembly with four side-by-side switches that
is mounted near the end of the board farthest from
the edge connector. The switch’s approximate loca-
tion is shown in Figure 4-1, and its exact location is
shown as S2 on drawing number A004256 in Section
VIl of this manual. See also the detail below of this
switch, Figure 4-2,
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Figure 4-2

Each of the four 2-position switches can be in-
dependently set to either an “on” or an “off”’
position. A weighted value of score points is assigned

to each switch, namely as below:

Point value: 10 20 40 80
Lever Number: 1 2 3 4

Push forward on any of the levers, so the pointed
end of the lever faces down and that lever is in the
““on” position. Pushing one or more of the levers
“on’” will cause their respective values to be added
together, We suggest total values between 40 and 90
points. For example, to set the game for extended
play after 50 points, push forward on levers #1 and 3.
NOTE: On this switch, any values set for 100 or more
points means that no free game will be allowed.

Detailed View of Bonus Credit Switch

After choosing the desired number of points that
wifl initiate a bonus game, fill in the appropriate
number of points on the Free Play Card also provided
with this game. Place this card behind the smoked
plexiglass so it rests along the retainer at the plex’s
bottom edge.

4.3.4 ADJUSTMENT OF SPEAKER VOLUMES AND
PITCHES: Each speaker’s electronic drive circuit is
provided with a potentiometer (pot) that controls the
volume of sounds produced by the speaker, and
another controlling the pitch. These potentiometers
are independent of one another and each can be ad-
justed manually. All four pots are found near the
edge-connector end of the PCB. Their approximate
locations are shown in Figure 4-1 and their exact
locations are shown as R109 and R57 on drawing
number A004256 in Section VIl of this manual. Note
the designations VOL 1 and MTR 1 (for the left
speaker) and VOL 2 and MTR 2 (for the right speaker)
engraved on the PCB alongside the potentiometer
bodies.

To cause a speaker to produce louder or quieter
sounds, move the stud on top of the potentiometers
in the direction shown in Figure 4-1 for both speakers.
First adjust Speaker 1's volume for the desired level
of the score buzzing and bonus credit seunds; then
adjust Speaker 2 so that the volume of Car 2’s engine
sounds match those of Car 1. Then adjust the pitch in
a similar fashion with the MTR 1 and MTR 2 pots.

4.4 FUNCTIONAL CHECK OF GAME
OPERATION

The following procedure provides a simple
check that can be quickly performed at the game site
and that does not require external test equipment. If
at any point during this procedure the game’s
response is observed to be other than the response
called for herein, assume the game is not operating
correctly and refer to Section VI of this manual. If all
the responses are as described here, then all major
parts of the game can be assumed to be functioning
correctly.

After performing the adjustments described in
paragraph 4.3, Game Structuring, and in paragraph
4.2, Energizing the Game, the game should be operat-
ing in the attract mode, as per paragraph 3.3.2. The
speakers should not be producing any sound.
Observe the TV screen.

4.4.1 ATTRACT MODE:; Just after the game is
energized, near the top of the TV screen random
numerals may be appearing in one or possibly in both
score displays, or else both scores will be zero. Both
cars should be moving across the screen. The cars
should interact with any obstacles that they may en-
counter and also with each other. The various ob-
stacles described in subparagraph 3.2.3 (oil slicks,
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flags, and possibly barriers also) will be distributed
at various locations throughout the playfield.

l.ook at the front panel. Neither start push button
should be lighted. Confirm that all player controls
are disabled by depressing both start push buttons,
the barriers push button, both gas pedals, and by turn-
ing both steering wheels. None of these actions
should produce any response from the game.

4.4.2 OBTAINING CREDITS: Depress the coin re-
jector button on the coin mechanism of each coin
acceptor; make sure that each linkage is operating
smoothly. Deposit a coin in one coin mechanism; no
genuine coin should be rejected. If the game is
structured for 1 credit/coin, upon acceptance of this
first coin the game should respond by lighting up only
the ONE PLAYER START push button (meaning that
one credit has been entered into the credit accumu-
lator). If the game is structured for 2 credits/coin,
upon acceptance of this first coin both start push
buttons should light up (meaning that two credits
have been entered into the credit accumulator).

Deposit a second coin in the other coin mechan-
ism, If the game is structured for 1 credit/coin, doing
this should cause the TWQO PLAYER START push
button to also light up (meaning that a total of two
credits have now been entered into the credit accu-
mulator). If structuring is for 2 credits/coin, no visible
response to the second coin will be evident, but a total
of four credits will have been entered into the credit
accumulator. If the game is structured for 1 credit/-
coin, deposit a third and fourth coin so that a total of
four credits will have been entered into the credit
accumulator.

Observe the TV screen. If barriers are present,
depressing the barriers push button should cause
them to disappear. Conversely, if barriers are not
present, depressing the push button should cause
them to appear. After confirming correct operation
of this push button, make sure that the barriers are
added before continuing with this procedure. Note
that up to this point neither speaker should be
producing any sound.

4.4.3 FIRST PLAY SEQUENCE: Depress the TWO
PLAYER START push button. The game should
respond as follows:

{1} Both score displays should reset to zero.

{2) Engine sounds should begin to be produced
by each speaker. Initially both will be “idle”
speed sounds.

(3) On the TV screen the cars should change over
to their initial positions: white car at left edge
of screen (halfway from top to bottom, with
car pointed toward center of screen), and the
grey car at the right (also halfway from top to
bottom, with car pointing toward the center
of the screen).

(4) Both start push buttons should ceas.
be lighted.
(5) The barriers push button will be disabledi.

Depress the gas pedal on the left side of the
cabinet. The game should respond by causing the
engine sound from Speaker 1 to speed up, and by
causing the white car to begin to move toward the
center of the playfield. While keeping the gas pedal
depressed, turn the left-hand steering wheel in
clockwise direction. Doing this should cause the
white car to turn to the right. Next turn the steering
wheel in a counterclockwise direction; doing this
should cause the white car to turn to the left. Release
the gas pedal. The game should respond by causing
the white car to slow down, and by causing the engine
sound to also slow down, Eventually the car will come
to a stop and the engine sound will return to idle.

Next perform this same check for the grey car:
depress the gas pedal on the right side of the cabinet,
turn the right-hand steering wheel in each direction,
and release the gas pedal. Responses for the grey car
should be similar to those for the white car.

For the remaining game time maneuver each car
individually so that it interacts with the opponent car
and with each type of obstacle at least once. The skid,
crunch and scoring responses—both visual and
audible—should be as described in subparagraph
3.3.3, Game Sequence in Play Mode.

After correct operation has been verified sepa-
rately for each car, let the game time run out, During
the last one-eighth of game time the score numerals
should be blinking, and the number of points given
for driving through a lighted flag should be double
the numeral shown in the flag. When game time
finally runs out, both speakers should cease to pro-
duce any sound but the cars should continue moving,
starting from the positions they held at the moment
the game ended. Also the final scores should
remain showing.

4.4.4 GAME TIME ELAPSED, WITH CREDIT
REMAINING: Confirm that the player car controls
are now disabled: turning each steering wheel and
depressing each gas pedal produces no response on
the TV screen. But do not depress the barriers push
button or either of the start push buttons.

Lock at the start push buttons. Both should now
be lighted, because two credits had been left in the
credit accumulator when the previous game se-
quence ended. These two were part of the four credits
entered prior to commencing that game sequence.

While observing the TV screen, depress the
barriers push button. Deoing this should cause the
barriers to disappear.



4.4.5 SECOND PLAY SEQUENCE: Depress the ONE
PLAYER START push button. The game should
respond as follows:

(1} Car |, the white car, should change to a new
position at the left edge of the TV screen, half
way between the top and bottom, with the car
pointing toward the center of the screen, The
grey car should disappear.

(2) The idle engine sound for Car 1 should begin
to be produced by Speaker 1, but Speaker 2
will remain silent.

(3) The score for the white car should reset to
zero, and the score for the grey car should
disappear.

{4) Both start switches should cease to be lighted.
One credit still remains in the credit accumu-
lator, however,

If the game is not structured to allow awarding of
bonus credits, let the game time run out. When this
happens, the ONE PLAYER START push button will
light up.

If the game is structured to allow awarding of
bonus credits, then operate the steering wheel and
gas pedal of Car | in order to earn points. As soon as
the number of points in the white score reaches the
preselected achievement level set up in the game
structuring, the bonus credit beeping sound should
be produced by Speaker 1. NOTE: To facilitate check-
out of the bonus credit feature before depressing the
start push button, it may be desirable to temporarily
change the structuring to the lowest achievement
level (10 points); doing this makes it easier to earn a
bonus credit before the game time runs out. How-
ever, afterwards be sure to restore the structuring to
the original achievement level. Refer to subparagraph
4.3.3 for the procedure for changing achievement
fevel setting.

The bonus credit just awarded will be entered
into the credit accumulatar, meaning that a total of
two credits are remaining. When the game time runs
out, both start push buttons will then light up.
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V. Maintenance and Adjustments

5.1 ROUTINE MAINTENANCE

Due to its solid-state electronic circuitry, this
Atari game should require very little maintenance and
only occasional adjustment

5.1.1 CLEANING: Game cabinets and glass may be
cleaned with any non-abrasive household cleaner.
If desired, special coin machine cleaners that leave
no residue can be obtained from distributors.

5.1.2 LUBRICATION: About once every three
months lightly spray the rejector linkage portion of
the coin acceptor inside the coin mechanism. Use
WD-40® or similar lubricant, and avoid spraying
the entire coin acceptor.

5.2 ADJUSTMENTS ON TV MONITOR

The TV monitor need be adjusted only when the
picture is distorted, or if contrast or brightness seem
out of adjustment.

NOTE: The TV monitor is accessible only
from inside the game cabinet and these
adjustments have to be while the game is
energized. Therefare only persons familiar
with safety measures and repair pro-
cedures on electrical equipment should
perform these adjustments.

The TV monitor’s adjustments function like those
of a conventional commercial TV set, except that the
volume adjustment has no effect. The Crash 'N Score
game produces its sound in a speaker separate from
the TV monitor. Figure 5-1shows the location of these
adjustments on the rear of the TV monitor chassis.
The following are general guidelines to follow while
making these adjustments:

BRITE (Brightness)—This should be adjusted be-
fore the contrast. Adjust the
brightness so that the white
lines covering the screen just
barely disappear when the
brightness turned up.

CONT (Contrasti—Adjust so that the images are
as bright as possible against
the dark background with-
out being blurred.

HORIZ HOLD (Horizontal Hold)—Adjust if the
picture is slightly off-center
horizontally, if the images
appear warped, or if the pic-
ture is broken up into a
series of diagonal lines. Ad-
just for a stable, centered
picture.

VERT HOLD (Vertical Hold)—This needs adjust-
ment only if the picture
appears to be rolling up or
down the screen. Adjust for
a stable, centered picture.
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VI. Troubleshooting and Repair

6.1 GENERAL PROCEDURE

This section describes troubleshooting pro-
cedures in detail sufficient for a person with moderate
technical ability to understand. However, for those
interested in gaining more information on video
game technology, especially the electronics, we
recommend reading the Video Game Operator’s
Handbook, manual no. TM-043. This book is available
from Atari, Inc., attn. Customer Service Dept,
2175 Martin Avenue, Santa Clara, CA 95050, for $5.00
each, or from your distributor,

6.1.1 IDENTIFYING THE TROUBLE AREA: The first
troubleshooting step should be to note all observable
trouble symptoms, Examples of symptoms are:
depositing a coin produces no game response, no
sound coming out of the speaker at any time, no
picture on the TV screen. At the same time also note
the game features that still work. A systematic way
of checking game operation is to perform the func-
tional check given in Section IV of this manual.
Carefully train your eye to pick up all clues; by doing
this an experienced troubleshooter can often spot the
cause of a trouble even before he opens the cabinet.

Keeping these observations in mind, use the
understanding of game operation gained from the
Theory of Operation {Section Ill) and the schematic
drawings (Section VII). Next narrow down the sus-
pected cause of the trouble to a specific area or areas
of the game: the coin mechanism, TV monitor,
harness and front panel components (switches, lamps,
gas pedals, brake pedals, steering wheel), electronics
tray, printed circuit board, and power cord. Be careful
not to overlook possible trouble areas that may seem
too obvious: a power cord plug that has worked loose
from the wall outlet and is no longer fully seated in
the receptacle, or a rear panel access door that is not
fully closed (thus causing the interrupt switch to block
the AC power path to the game).

6.1.2 LOCATING THE TROUBLE CAUSE: Once a
problem has been narrowed down to one or more
areas, the next step is to perform various tests and
measurements to isolate a specific cause of the
trouble. . Remember that sometimes a very com-
plicated problem, such as erratic game operation,
can be traced to a simple cause—the printed circuit
board not being fully seated in its edge connector.
Start with the most suspect area and trace backwards
from the point where the trouble is first observable,
using a process of elimination to eventually locate
the faulty component, connection, etc. For example,
if no sound is audible during game play, first check
for a signal at the speaker leads. If no signal is present
there, go back through the wiring harness connec-
tions to the printed circuit board. If there is still
no signal, then systematically check back through the
various components of the sound generation circuit.

Substitution of parts is a legitimate and easy way
to isolate the cause. For instance, if the PCB is the
suspected trouble area, remove it and substitute a
known-to-be-good PCB. Then check for correct
game operation. Similarly, to check the TV meonitor,
connect the game to a known-to-be-good monitor.
The harness can often be checked by substitution
also. Substitute both a known-to-be-good PCB and
TV monitor. If the trouble still persists, the harness
must be at fault.

While locating the trouble cause, use the tech-
nical descriptions in Section 11l as guides for correct
circuit-level operations, and the schematic drawings
of Section VIl as roadmaps for tracing signal
flow paths.

The test equipment for use in troubleshooting is
discussed in paragraph 6.2, '

6.1.3 CORRECTING THE TROUBLE CAUSE: In prac-
tice, the steps required to correct troubles can range
from simple adjustments (fully seating the PCB in its
edge connector, changing the setting on a potentio-
meter, adjusting the picture controls on the TV
monitor) to repair of loose connections and replace-
ment of defective parts. Extreme care should be
exercised when removing integrated circuit devices
and discrete components. Use a 40-watt soldering
iron with a small tip designed especially for IC work.
To remove an IC device, follow this procedure:

Remove all solder from both sides of the PCB, first
melting it with the hot iron and then sucking up the
molten solder with a Soldapullt® solder sucker. After
all the solder is gone, remove the IC device by gently
prying up. Afterwards clean the area thoroughly,
using an approved PCB cleaning solution to remove
any traces of flux and dirt. Alcohol will do in a pinch,
if necessary.

Insert the new IC device using an IC insertion
tool, making sure that the reference notch is oriented
correctly and that the device’s leads are not bent
during insertion into the board. Afterwards, be sure
to solder each lead on both sides of the PCB, using as
little solder as possible. After soldering, clean the area
thoroughly to remove the flux.

Observe the same removal and insertion pro-
cedures when replacing discrete components. Trim
the leads as close as possible and be sure to orient
diodes and capacitors correctly.

6.1.4 VERIFYING CORRECT- GAME OPERATION:
After locating and correcting the cause of a trouble,
re-energize the game and perform a final check on
correct game operation. Doing this will verify that
your troubleshooting was correct. If the game opera-
tion is still not correct, go back and double-check
your work. Make sure that any replaced components
were installed correctly. If this was done properly,
then start the troubleshooting steps over again. Keep
in mind that there may be more than one trouble at
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a time, and that correcting one trouble can sometimes
bring previously undetectable troubles to light.

This verification is especially important when the
original trouble had been intermittent, that is, was
not happening all the time.

6.2 TEST EQUIPMENT

Electronic troubleshooting of a video game
essentially consists of checking for the presence of
various signals and of examining their condition. A
signal can be thought of as acting like a “messenger”’
that carries instructions from one unit or circuit to
another. Many different types of signals are produced
in a video game, and for this reason several unusual
and perhaps unfamiliar types of test instruments are
used during troubleshooting. Each instrument has its
own set of advantages and disadvantages for examin-
ing a given type of signal, and both the depth of the
intended troubleshooting capability and budget will
determine what instruments will be needed. Some
instruments are basic and essential, no matter what
size of service facility, while other optional instru-
ments are desirable because they make troubleshoot-
ing easier and quicker.

6.2.1 BASIC TEST EQUIPMENT:

(a) The Video Probe. This is a simple but invalu-
able instrument having two leads—a test-clip lead and
a test-probe lead. During troubleshooting of video
signals the test-clip lead is left connected to the game
side of the video coupling capacitor. On the Crash
’N Score game this point is the junction of resistors
R23, R24, R25 and R33 on the PCB,

When the test-probe lead is then connected to
any video developmental signal, that signal will be
coupled to the video signal going to the TV monitor
and a video probe picture will appear on the TV
screen. The shape and other characteristics of this
picture will give information about the signal being
probed. The video probe is suited for troubleshooting
synchronization and image signals, but will not be
useful for extremely fast signals (such as the clock)
or for very slow analog or digital signals.

A video probe can be constructed in a few
minutes from these common electrical components:
a length of 20 AWG (American Wire Gauge) rubber-
coated wire, a 4.7K-ohm, Vi-watt carbon resistor, and
two test leads. For the leads, use a single Mouser test
clip (Mouser #131C301 or 302) attached to one end
of the wire, and a test prod containing the resistor
on the other.

To assemble the video probe, proceed as follows:
Remove the cap from the test clip and strip 3/16 inch
off each end of the wire. Solder one end to the postin
the test clip, thread the other end through the hole in
the cap, and snap on the cap. Next unscrew the plastic
body of the test prod from the point and trim both

leads of the resistor to a 3/16-inch length. Solder one
resistor lead to the inside of the point. Thread the
other end of the wire through the hold in the body
and solder it to the other resistor lead; screw the body
back onto the point.

fb) The Logic Probe. This is a test instrument
designed for fast verification of digital IC outputs.
It is small, convenient to carry, easy to read, and refa-
tively inexpensive. The logic probe derives its power
from the system under test; it has two power leads,
one for connection to ground and the other to +5volts
DC. When the logic probe’s tip is held against a digital
signal point, three colored lamps in the tip will
indicate the signal’s condition or state, as follows:

® The red lamp lit indicates a high or logical level
1 (for TTL components, this is +2.4 to +5 volts;
@ The white lamp lit indicates a low or logiclevel0
{for TTL components, this is 0 to +0.8 volt)
® The blue lamp lit indicates that the signal is
changing states
® No lamps lit indicate the grey region between
0 and 1 (for TTL this is between +0.8 and +24
volts)
A circuit shorted to ground will illuminate the white
lamp and an open circuit will illuminate the red lamp.

The logic probe is readily available from electron-
ic supply sources; a commercial model found
satisfactory is the Kurz-Kasch model LP 520.

(c) The Logic Pulser. This test instrument s similar
in size and shape to the logic probe, and italso derives
its power from the system under test. When the logic
pulset’s tip is held against a digital signal point, the
source and sink capabilities of the pulser override
any 1C output and the point is driven to the opposite
logic level. If the point that the logic pulser is heid
against is low, pressing the switch on the side df the
pulser will introduce a high pulse. Conversely, pulsing
a high line will puil that line low momentarily.

During troubleshooting the logic pulser allows
stimulation of in-circuit 1Cs with a shaped digitl
pulse. For example, a certain feature of the game may
not be working and you suspect that a circuit is not
receiving the necessary signal. Use the pulser 1o
imitate that signal and if the circuit begins working,
you have proved that the signal was in fact missing
and you can begin tracking it down. This techniques
very similar to jumping coils in electromechanical
games such as pinball machines.

In addition to the regular “pulse” button, there
is another switch mounted on the logic pulser. When
this switch is set in the “rep” mode, the instrument
pulses the digital signal point at a 5-Hz rate or 5 timss
per second. This extremely low rate is slow enough
to allow watching events initiated by the pulser
Counter outputs, for example, are more easily ob-
served when the counter is pulsed or clocked &
this rate.

The logic pulser is also readily available from
electronic supply sources; acommercial model found




satisfactory is the Kurz-Kasch model HL 583.

(d) Oscilloscope. The most versatile test instru-
ment, and also the most expensive, is the oscilloscope.
The high-speed TTL integrated circuits used in video
games produce fast-rise-time signals. The oscillo-
scope should have a 50-MHz bandwidth, dual trace
and dual time base capability. These latter features
allow examination of both input and output signals
simultaneously, so that precise timing relationships
can be checked. The oscilloscope should also have
provision for internal or external sync.

Of the newer, solid-state oscilloscopes, a satis-
factory model is the Tektronix 465.

(e} VOM or Volt-Ohmmeter. This common
measuring instrument is extremely useful in video
game troubleshooting. It can be used to check line
voltage, transformer secondary windings, continuity,
resistance, power supply voltages, and to some extent
used for measurements in the analog circuitry.

One commercial model found satisfactory is
the Simpson 260.

6.2.2 OPTIONAL TEST EQUIPMENT:

(a) The Logic Comparator. This test instrument’s
main benefit is that it can be used to check the func-
tioning of an integrated circuit device while the
device is still in place on the printed circuit board. The
logic comparator performs the check by comparing
the suspect ICs functioning with that of an identical-
type reference IC mounted in the instrument itself.
Suppose that the functioning of a type-74193 device
on the PCB is suspected to be defective. First insert
a program card with a known-to-be-good 74193 into
the logic comparator, and then clip the comparator
test leads onto the leads of the suspect device. If there
are any logic state differences between the reference
IC and the suspect IC under test, then an LED on the
logic comparator will light up to indicate which out-
put is not functioning correctly. Once a defective |C
has been located, it should be replaced.

Logic comparators are readily available from
electronic supply sources.

(b) Atari Universal Test Fixture. In situations
where a large number of video games are being ser-
viced, investment in the Universal Test Fixture will be
justified. This item of test equipment forms a test
station for troubleshooting printed circuit boards
after they have been removed from the game cabinet.
The Universal Test Fixture has a full set of controls
for operating the game and also has its own TV
monitor. The game’s PCB is pluged into an edge con-
nector mounted on the side of the Fixture; with this
arrangement the PCB is positioned in a convenient
way for connecting probes and other testinstruments.

A program card inserted into a receptacle in the
top of Fixture takes the place of the game’s inter-
connect wires. The program card thus sets up the
Fixture for each particular game; the game’s name is

clearly printed on the program card itself.

With the Universal Test Fixture the method of
troubleshooting via substitution of known-to-be-
good parts is made fast and convenient. For example,
suppose that the TV picture in a game is completely
broken up and you want to determine whether the
game or monitor is causing the problem. Remove the
PCB and plug itinto the Fixture’s edge connector, and
also insert the correct program card for that game. If
the picture on the Fixture’s monitor is correct, then
you know that the problem lies in the game’s monitor.

6.3 SPECIFIC TROUBLESHOOTING
INFORMATION

The following subparagraphs give additional
troubleshooting information about certain areas of
the Crash 'N Score game.

6.3.1 ANTENNA STATIC MODIFICATION: This sub-
paragraph gives a procedure for modifying the anten-
na, a wire connecting via PCB edge-connector pin 18
to the base of transistor Q7. Anysignal on the antenna
that will bring Q7 into conduction causes the “Q”
Latch (formed by transistors Q8 and Q9) to be reset.
The operation of this circuit is described in detail in
subparagraph 3.4.6 of this manual.

The purpose of the static modification feature is
to prevent players from bringing the game into the
play mode without having deposited coins into the
game. Provided that the antenna wire has been ad-
justed to optimum length, this feature can make it
impossible for a player to obtain bonus credits by
inducing a static charge in the coin entrance plate or
any other metal part of the game.

The antenna wire is approximately one footlong,

with one end intentionally left not connected. When
a static discharge occurs, an electric current is in-
duced in this wire and an impulse is transmitted to
the Q latch circuit. This impulse resets the latch, turn-
ing off game credit and changing the game over to the
attract mode. To test the static modification feature,
touch the end of the antenna wire with your finger;
the body usually has enough capacitance to trigger
the circuitry. Sensitivity of the static modification
feature can be adjusted by changing the length of the
antenna wire. Lengthening the wire increases sensi-
tivity, so that a lesser charge will turn off game credit.
Cutting the wire shorter decreases sensitivity, so that
a larger charge is required for triggering the circuit.

If there are problems with static charges acci-
dentally shutting off the game credit, try cutting the
wire shorter in increments of ¥ inch at a time. Be
aware, however, that if the antenna wire is cut too
short, players may be able to obtain free game credit
(bonus games) by inducing a static charge in
the game.
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6.3.2 TV MONITOR: The TV monitor is a self-
contained unit housed in its own chassis. A trouble’s
cause may be narrowed down to the monitor—either
by the substitution method using a known-to-be-
good monitor, or by verifying presence of AC power
to the monitor power supply and presence of the
correct composite video signal. The entire monitor
can then be removed from the game cabinet. Doing
this facilitates troubleshooting steps, because all
monitor components will then be accessible.

A schematic diagram of the monitor circuitry is
included in Section Vil of this manual. After discon-
necting and removing the monitor from the game,
standard TV troubleshooting techniques are ade-
quate for locating causes of trouble. Additional
servicing information is available from the monitor
manufacturer (Motorola).

6.3.3 COIN MECHANISM: If a player inserts a coin
and the game does not respond, first check the coin
mechanism. If pressing the coin rejector button forces
the rejector mechanism to return the coin, then ex-
amine the coin to make sure that it is genuine. If it is,
then use a set of your own test coins (which should
include both very new and very old worn coins) to
determine whether or not the player’s coin is under-
size or underweight. If your test coins are also
returned, this indicates that servicing of the coin
acceptor portion of the coin mechanism is called for.
Generally the cause of this particular problem is an
improperly adjusted magnet gate.

Inside the coin mechanism a magnet is used to
test the metallic composition of the coin. Highly
magnetic coins, such as those made of steel oriron,
will be retained by the magnet and can bereturned by
actuating the wiper operating lever. Coins having
comparatively high magnetic properties will be
slowed down by the magnet, and will drop oftf the
end of the rail short of the “accept” entrance and
be returned. Coins having little or no magnetic
properties, such as brass or zinc coins, will pass
through the magnetic field so fast that they will over-
shoot the accept entrance and be returned.

A magnetic gate adjusted with too large a gap
may pass both genuine and counterfeit coins. An
adjustment with too small a gap can lead to rejection
of some or even all coins. Over a period of time, the
screw that adjusts the magnet gate has a tendency to
work loose, resulting in a gradual narrowing of the
gate. At first, only the thickest (newest) coins are
rejected. As time passes, more and more coins are
rejected until finally player complaints lead to the
calling of the game repairman,

If pressing the coin rejector button does not
cause the coin to be returned, and if the game stili
does not respond, then check the coin mechanism to
see if the coin is jammed inside.

If you are certain that the coin is genuine, and
that the coin passes through the coin mechanism and

into the cash box, then the lack of game respore s
probably due to some kind of electrical trou:s e
Check for signals at the electrical contacts of the  nin
mechanism before moving on to the harness and
other parts of the circuitry.



VI. Schematics, Drawings and Parts Lists
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Number Title
004172 Parts List, Top Assembly
A004172 Top Assembly
004174 Parts List, Foot Pedal Assembly
004175 Parts List, Control Panel Assembly
A004175 Control Panel Assembly
003094-xxx Parts List, Double Lite
Switch Assembly
A003094-xxx Double Lite Switch Assembly
000598-03 Parts List, Steering Wheel Assembly
AD000598-xx Steering Wheel Assembly
000607 Parts List, Steering Printed
Circuit Board
A000607 Steering Printed Circuit Board
004218 Harness Schematic
004215 Parts List, Electronics Tray Assembly
A004215 Electronics Tray Assembly
004256 Printed Circuit Board Schematic
004256 Parts List, Printed Circuit
Board Assembly
A004256 Printed Circuit Board Assembly
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CRASH 'N' SCORE
ASSEMBLY TITLE/ TOP ASSEMBLY P/Loo417
JI‘ PARTS LIST SPECIFICATION Page 1 of 2
Drawn
ATAR' Checked Mech. Eng.
Innovative Proj. Eng Elec. Eng
leisure
Rev, Description Date jApprv.] Rev. Description Date
a | PROD RtL 9/30/75
B Rev per ECN 1674 10/5/75
C Rev per ECN 1701 0/1d4/75
[tem Part Number Qty. DESCRIPTION
1 AQ04155 1 Cabinet Assembly
2 A004175 1 Control Panel Assenbly
3 A004215 1 Electyonics Tray Assembly
4 A004174 2 | Foot Pedal Assembly
5 004214 1 Playfield Plex Screen, Clear
6 003920-02 2 Plexiglass Retainers
7 004166 1 Bottom Plex Retainer
8 004171 1 ABS Bezel, Black
9 004216-XX 1 Instruction Plate, Number Card
10 000869 2 Speaker Grill
11 000531 2 Control Panel Mntg Bracket
12 AQ03637 1 |{ Coin Door Assembly
13 2004232 1 Decal Location Diagram
14 48-002 2 Speakers, 4" Motorola
15 22~-007 1 23" T.V. Monitor
16 71-2114 1 | Hudson Lock
17 72-6810 20 Screws, Self Tapping, #8 x 5/8 Phil Pan Hd
18 75-931 2 Wing Nuts, #10-24
19 75-5124N 10 | carriage Bolts, #10-24 x 1%
20 75-0108 20 #10 Flat Washer
21 75-040 22 #10 Lock Washer
22 75-911s5 20 #10-24 Hex Nuts
23 82-8116B 4 Socket Hex, Cap Screws, #10-24 x 1"
24 82-404 2 Eye Bolt, #%-20 x 3"
25 004212 1 R.H. Side Panel S/Screen
26 004213 1l I,.H. Side Panel S/Screen
27 A004217 1 Main Harness
28 004218 Ref | Wiring Diagram
29 004177 1 shipping Carton
30 TM-048 1 Technical Manual
31 004211 1 Plexiglas, Playfield, Smoked
32 75-9158 2 #%-20, Hex Nuts
33 75-0158 2 #4% Flat Washers
34 75-045 2 | #% Lock Washers
35 75-5120B 10 | carriage Bolts, #10-24 x 1%
36 73-77004 8 Rivets, 3/16 x .68
37 004355 1 Free Play Card
38 72-6620 6 Screws, Self Tap, #6 x 1% Pan Hd Phil
Cz) AQQ4278 1 Coin Mech Housing Harness
40 72-6616 1 Screw, Self Tap, #6 x 1" Pan H4 Phil
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ASSEMBLY TITLE

ARCADE CRASH 'N SCORE TOP ASSEMBLY P/L co4a172

PARTS LIST SPECIFICATION Page of
Item | Part Number Qty. DESCRIPTIQON
41 A004236 1 Fluorescent Light Mounting Assembly
42 AQQ04286-04 1 Final Assy - R.F. Shielding Enclosure
43
44
45 75-5132N 2 Carriage Bolts, #10-24 x 2"
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Drawn
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Innovative Proj. Eng. Elec, Eng REV.
leisure B
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B |Rev per ECN 1673 g2i
S
Ttem Part Number Qty. DESCRIPTION
1 A0Q03511 1 Single Foot Pedal Assembly
2 004164 Ref | Foot Pedal Board
3 ADQ04219-02 1 Foot Pedal Harness
4 002932 1 Front Mntg Bracket
5 002933 1 Rear Mntg Bracket
3]
7 65-071C 1 | switch, Cherry
8 002191 1 Brkt, Switch
9 72-1416S 2 | Mach Screw, 4-40 x 1™ Pan HAd Phil.
10 72-6810 3 | Self Tapping Sheet Metal Screw, #8 x 5/8 Ig
11 72-914s8 2 Hex Nut, #4
12 75-0108 4 Flat Washer, #10
13 75=-040 4 Lock Washer, #10
14 75-92118§ 4 Hex Nut, #10-24
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CRASH 'N' SCORE
ASSEMBLY TITLE // ~CONTROL PANEL ASSEMBLY P/L 004175
I PARTS LIST SPECIFICATION Page 1 of 1
ATAR| Checked Mech. Eng.
Innovative Proj. Eng. ) Elec. Eng REV.
leisure ' ' D
Rev. Dgsgription Date JApprv.] Rev. Description Date  Jpprv,
2 Sl < lerf =
B Rev per ECN 1671 2o
C Rev per ECN 1700 10,/14 /79
D Rev per ECN 1715 10/17/75
Item Part Number Qty. DESCRIPTTON
1l 004167 Ref | Control Panel - Bolt
2 004173 1 ABS Control Panel
K]
4 A000598-03 2 Steering Wheel Assembly
5 004233 1 | Panel, Control Plate
6 A004219~03 1 Control Panel Harness
7 000567 2 Bow, Washer
8 001856 1 | Bushing, Switch
2 62-009 1 Switch, LED
10 75-5124N 4 | carriage Bolts, #10-24 x 1%
11 75-010S 4 | Flat Washer, #10
12 75-040 4 | Lock Washer, #10
13 75-9118 4 | Hex Nutg, #10-24
14 72-1124sS 12| Mach Screw, #10-24 x 1% Pan HA Phil
15 72-6812 3 | Screws, Self Tapping, Sheet Metal, #8 X 3/4
16 A004304-07 1 Double Lite Switch Assy - One Player
17 n004304-08 1 Double Lite Switch Assy - Two Player
18 004168 Ref Control Panel - Backup
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UNIVERSAL
- ASSEMBLY TITLE / SWITCH, DOUBLE LITE ASSY P/Loo3o9u-- T
JI\ PARTS LIST SPECIFICATION Page 1 of 1
Drawn —
ATARI Checked Mech. Eng. :
Innovative Proj. Eng. Elec. Eng RV,
leisure -
Rev. Description Date {Apprv.] Rev. Description Date  Apprv,
A RO gl 1722775
B |Rev per ECN 1138 2/17/77
C  JRev per ECN 1221 3717775 ]
D ev per LCN 1268 5/17/75 i
E Rev per ECN 1456 5/30/751
F |SEE F/O ECN Wio W 17/75
L; — e it —ma
I[tem Part Number Qty. DESCRIPTION
1 003175 1 |Housing
2 AQ03840 1 Plunger, Lens Assembly
3
4 003178 1 Lock Ring
5 003177 1 |Switch Bracket
6 003176 FA/R |Contact
7 003180 1 |Spring
8 003173 1 JActuator
9 72-14 S 4 |Mntg. Screw, FPan Hd, y-u0 x Length ##p/R
10 65-021C 1 I(Cherry Switch, G-18
11 70-13328 FA/R [Lamp, #328 Chicago Min.
12 72-1403S *  |Screws, Pan Hd, 4-40 x 3f16" Lg
13 72-14128 2 |Screws, Pan Head, 4-40 x 3/4" Long
u 75-914S3 2 |Hex Nut. 4-40
15
16 70-50¥ FA/R |Lens Filter
& If "0" is not indicated in either column,
3 Contacts (003176), 3 Lamps (70-13328),
i and 3 additional Screws (7 5-14038) will
AOO30A4-%K XK be required. If "0" is indicated in one
column and a numeral in the other, 2 Con-
tacts, 2 Lamps, and 2 additional Screws
will be required.
[ 3
St | MT0, SREEW o s b
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INI

ARCADE CRASH SCORE

ASSEMBLY TTTLE//’STEERING WHEEL ASSEMBLY

N\

P/L000598—0 ;

PARTS LIST SPECIFICATION Page 1 of 1
Drawn
ATARI Checked Mech, Eng.

Innovative Proj. Eng. Elec. Eng REV.

leisure

H
Rev, Description Date JApprv.] Rev, Description Date AppTy.
H Rev per ECN 1591 8/26/75
Ttem Part Number Qty. DESCRTPTION

1 000598 Ref |Steering Wheel Assy (3201-3803)

2 000599 1 Cover

3 000605 1 Housing (3201-3545)

4 000606 1 Shaft (3201-3544)

5

6 72-7512 3 |Screw, Mach, Fil. Hd, Phil, #%-20 x 3/4" I1g.

7 A000607 1 Printed Circuit Assy

8

9 75-07002 2 |wWasher, Fender, %
10
11 76-042020 1 Bearing, Thompson {20L20-F)
12 76-041010 1 Bearing, Thompson (10L10-F)
13 78-40102 1 Steering Wheel, 10"
14 75-945N 1 Nut, #%-20, Nylon Lock
15 72-9580 1 |Screw, Mach, Truss Hd, Slotted, #%-20 x 5 Lg.
16 000616 1 Hub Light
17 75-055 1 Washer, %" Int. Tooth, Starlock
18 78-16002 A/R |Silicone Grease, Compound
19 73-1208 2 Mach Screw, .256 x % Pan H4 Phil
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Job Title pacETRAK STEERING PCB ASSY Dwe-p/ 000607

Sl ? £t oNn sheat 1 0f 1
FALAAT oS Sl s

Drawn 7 ]

Checked Mech. Eng. v,

ATARI |2
v

Rev. Description Apprv. |Rev. Description Apprng
H Redesigned 5-8-74
J Rev per ECN 397 5/128/74
K | Rev per ECN 457 6/3/7H
L Rev per ECN 601 7/35/7%
M Rev per ECN 1531
Item Part. No. Qty Description
1 000614 1 Printed Cikcuit Board (E)
2 001092 1 Light Nounit
3 001151 Ref Schematic Piagram
4 11750/10-5750 2 Reslistor, Comp., 75 ohm, % watt, 5%
5 11471/10-5471 4 Reslistdr, Comp, 470 ohm, % watt, 5%
6 11332/10-5332 | 2 Reslistdr, Comp, 3.3Kohm, % watt, 5%
7 34104 /27-101103 | 2 Capacitor,| Ceramic, .0luf
8 70006/ 38-2N5777 2 Transistor], 2N 5777 (Photo Darlington)
9 70000/ 34-2N3643 2 Transistor), 2N 3643
10 71008/38-ME7124 2 Li mitking Diode, I.R. ME 7124
11
12
13
14 80089 /79-58005 1 Co or,| 10 pin, PC Mount, Amp #1-380991
15 72-12125 1 Sc Madhine, Pan Head Phil, #2-56 x 3/4 Lg.
16 75=-042 1l ‘Wa split Lock #2
17 75-9128 1 Nu &x, [#2-56
18 003749 1 Retlai %r, Led Light Mount
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CRASH

'N SCORE

d_ASSEMBLY

TITLE/ ASSEMBLY, ELECTRONICS TRAY

P/L 004215

)l‘ PARTS LIST SPECIFICATTON Page | of 1
Drawn
ATARI Checked Mech, Eng.
Innovative Proj. Eng. Elec. Eng B
leisure
Rev. Description Date jApprv.} Rev. Description Date Wpp-.
a_| Paih PE o o]
— ——— e
Ttem Part Number Qty. DESCRIFTION
l 004176 1 Tray, Electronics
2 001551 1 Transformer
3 72-6608 14 Screw, Sht. Metal, Pan Hd., Phil., #6 x % Lg.
4 000622 1 Cover, Transformer
S 79-3201 1 Fuse Holder
6 46-201132 1 | Fuse, 1.25 Amp
7 90-3001 1 Filter, Power Line
8 68-001 1l A.C. Power Interlock Switch
9 000268 1 Bracket, Switch Mtg.
10 AO04244 l Power Cord Assembly, 8'
11 A002808-03 1 Interlock Switch Jumper
12 72-6812 4 Screw, SM, Pan Hd., Phil., #8 x 3/4 Lg.
13 004217 1 Harness
14 AQ01920 1 Harness, Voltage Selection
15 A001921-01 1 Shorting Block, 95V
16 A001921-02 1 Shorting Block, 110V
17 A001921-03 1l Shorting Block, 220V H
18 A001921-04 1 Shorting Block, 220V L
19 AQ03100-04 1 Fuse Jumper Harness
20 000871 1 Label
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CRASH ‘N SCORE

ASSEMBLY TITLE / ASSEMBLY, P.C. BOARD P/L 004256
‘ PARTS LIST SPECIFICATION Page 1 of 3
‘ Drawn
’ ATARI Checked Mech. Eng.

Innovative Proj. Eng. Elec. Eng REV.
leisure C
Rev. Description Date {Apprv.] Rev. Description Date  Wpprv.

1 10/13/75
A 10721/ 75
B Rev 1763,1764, 1i/TT/78
C |Rev Per ECN 1785,1786(12/2/75
I[tem Part Number Qty. DESCRIPTION
1 004257 1 ‘| Printed Circuit Board
2 37-7400 11 I.C. 7400 A3,B5,C9,E4,F9,H3,J4,K5,L9,P3
Pa
3 37-7402 9 I.C. 7402 C8,E6,F1,F4,H2,L4,L8,Na, N6
4 37-7404 12 | I.C. 7404 Al,A6,C3,C10,D7,E10,Jd3,J06,J9,
. M7,N10,R3
5 37-7406 1 I.C. 7406 L10
6 37-7408 3 |I.C. 7408 F3,J8,MN1
0 7 37-7410 5 |I.C. 7410 B6,D3,F10,K6,P2
8 37-7414 1 1.C. 7414 H10
9 37-7420 4 11.C. 7420 C4,E8,N3,N8
10 37-7430 1 I.C. 7430 Bl
11 37-7432 1 I1.C. 7432 R4
12 37-7448 1 I.C. 7448 J1
13 37-7474 14 |I.C. 7474 A5,A7,A8,B3,DE1,H9,05,d7,K3,
K4,M4 ,NT,RZ,R9
14 37-7475 2 |I.C. 7475 H7 ,R7
15 37-7485 3 |I.C. 7485 B4,D9,M9
16 37-7486 3 |I.C. 7486 D4,M3,L3
17 37-7490 7 |I1.C. 7490 B8,K8,L1,L2,M] ,M2,P10
18 37-7492 2 [1.C. 7492 B9,K9
19 37-7493 5 |I.C. 7493 A4,D1,D8,E1,M8
20 37-74107 6 {I.C. 74107 C7,F5,FH1,L7,P1,P5
21 37-74153 3 (1.C. 74153 F2,K1,K2
22 37-74192 1 I.C. 74192 E3
23 37-74193 7 |I.C. 74193 E9,F8,H8,N9,P4 ,P8,R8
24 37-74279 2 |I.C. 74279 MN2,N2
25 37-9312 4 |I.C. 9312 HT,H5,J2,R5
26 37-9316 13 |I.C. 9316 Az,82,C2,05,C6,05, D6,E5,L5,L6
M5,M6,N5
27 37-9602 2 |I.C. 9602 H4,R1
28 37-555 6 I[.C. 555 B7,D010,K7,M10,R10
29 37-LM323 1 Reg LM323 + 5V
30 37-LM324 2 |I1.C. LM324 OP AMP Cit,L11
31 37-1LM3407-15 1 Reg LM340T-15 +15V Q13
or 7815
32 37-LM380 2 |I.C. LM380 Audio AMP B10,K10
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ASSEMBLY TITLE CRASH 'N SCORE P.C. BOARD ASSEMBLY

P/L 004256 Rev ©

Part Number

PARTS LIST SPECIFICATION

DESCRIPTION

63
64

65

66
67

68

003186
003187
004248
004247

79-42424
79-42116

31-MR501
31-A14F
31-1N4001
31-1N914

33-2N3644
34-2N3643
34-2N3565
003629

35-MCR106

38-MV5013

21-500103
21-500104
24-160808
24-250105
24-250505
24-250106

24-250107
24-060257
24-250507

24-250478
27-250103

27-250104

28-101101
23-101391
10-5101
10-5151
10-5221

10-5331
10-5471

10-5102

—— —

I RO R N

o G = OO W

O o=—rRMN

o — W

23

16

Rom, RT8 Car Video
P-Rom, RT8, Car Motion Code

p-Rom, Crash 'N Score, Location Code

P-Rom, Crash 'N Score, Shape Code

24 pin I.C. Socket
16 pin 1.C. Socket

Diode MRE0O1 Power
Diode Al4F Power
Diode 1N4001 Power

Diode 1N914

Transistor PNP 2N3644
Transistor NPN 2N3643
Transistor NPN 2N3565
Selected NPN Noise Source 2N3643
SCR Transistor MCR106

Light Emitting Diode, Visible Red

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,

Capacitor,
Capacitor,
Capacitor,

Capacitor,
Capacitor,

Capacitor,

Capacitor,

Capacitor,

Mylar, .0%uf, 50V
Mylar, .Tuf, 50V
Elect. 8000uf 16V
Elect. luf 25V
Elect. 5Suf 25V
Elect. 10uf 25V

100uf 25V
Elect. 250uf 6V
Elect. 500uf 25V
Elect. 4700uf 25V
Ceramic .0luf 25V

Elect.

Ceramic .luf 25V

Mica 100pf 100V
Mica 390pf 100V

Resistor, Carbon, 5%, 1/44, 100 ohm
n "

Resistor,
Resistor,

Resistor,
Resistor,

Resistor,

R69,R70,R95,R103,R104,R120,R121,

. 150 ohm
220 ohm

330 ohm
470 ohm

1] n n '] K

F6,P6
F7,P7
D2
E2

D10,D11
D18,D19
D27,D28
D3,05-D9,D12,D018
D16,D17,D20-D26

Q1,Q4,Q9
Q7,08
Q3,06

Q2
Q10,Q011,Q12

4

D1,D2,D4,D13,014

c10,C49
€15,C52
C45

(14,016,C53,C54 o7
¢7,C18,C48,C59
¢5,C8,C9,012,023
c47,C56,067,C08,
€4,C38,C39

C57
€3,C11,C19,C36,
€37,C41,C42,C50
€60 ,C69
€13,C21,C22,C24,
£26-C35,C43,C444
€51,C55,C62,C63
{65, C70
¢2,C17,C20,C40,
€58,C61,C64
£6,C46

R75,R77,K79
R9,R10,R73,R74

R14,R32,R33,R66,
R72,R76
R78,R118,R119
R24,R31,R65,R71

R3,R7,R8,R25,R3
R43,R54,R55,R64
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69
70
71

72

80
81
82
83

85
86
88

89
90

91
92
93
94
95
96

97
99

100
101
102

10-5272
10-5152
10-5472

10-5103

10-5123
10-5153
10-5333
10-5563
10-5683
10-5393
10-5104

10-5224
10-5474
10-5105

10-5225
10-5475

17-54P0

19-311103
19-311254
19-311105

66-024P1T
69-001

72-1406C
75-016C
75-914C
75-054
75-056
75-916C

78-06004
78-16005
90-10i

72-1610C
10-5273
10-5333

4
1
16

15

RO —=wMN N

PN N RN — Ll AN o ] - NN b=

—

—_— ™

Resistor, Carbon, 5%, 1/4W, 2.7K R126-R129

Resistor, " " " 1.6K R23

Resistor, " i " 4.7K R15-R22 ,R80-R87

Resistor, " " " 10K R2,R12,R37,R46,
R56,R58,R59,R60,
R93,R98,R105,
R110,R111,R112,
R122

Resistor, " i " 12K R62,R114

Resistor, “ " " 15K R38,R99

Resistor, " " e 33K R1,R48,R107

Resistor, " " " 56K Ri23

Resistor, " " " 68K R34 ,R96

Resistor, " " " 39K R50,R108

Resistor, " " " 100K R5,R11,R39,R47,

. R47,R51,R52,R53,

R61,R100,R102,
R106,R113,R115,
R116,R117,R124

Resistor, * " " 220K R30,R35,R92,R97

Resistor, " " " 470K R29, R91,RI01

Resistor, " " " T Meg R26,R63,R88,R125

jResistor, " " " 2.2M R28,R90

Resistor, " " " 4.7M R27,R89

Resistor, WW, 5%, 10W, 4 ohm RS

Trim Pot, 10K ohm R57,R109

Trim Pot, 250K ohm R13,R94

Trim Pot, 1M ohm R4

Dip Switch, 4SPST S2

Switch, DPDT St

Screw, Mach, Pan Hd, Phil 4-40 x 3/8 , CRES
Washer, Flat #6, CRES

Nut, Hex 4-40, CRES

Lockwasher, Int Star #4

Lockwasher, Int Star #6

Nut, Mach, Hex, 6-32, CRES

|[Heat Sink, Wakefield #680-.75A
Silpad, Wafer, Insulator, To-3
Crystal 14.31818 Yl

Screw, Mach, Pan Hd, Phil, 6-32 x 5/8", CRES
Resistor, Carbon, 5%, 1/4 W, 27K R67,R68
Resistor, Carbon., 5%, 1/4 W, 330K R130
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