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. Introduction

1.1 PHYSICAL DESCRIPTION OF GAME

Atari’s Jet Fighter is a video action game in which
players pilot two airplanes across the sky in a fast-moving
duel. The game is packaged in its own upright cabinet that
rests directly on the floor. (Drawing number A002602 in
Section VII of this manual shows an external view of the
cabinet.) A 19%inch black-and-white TV monitor is
mounted at the top front of the cabinet and players stand
in front, facing the screen. A realistic sky effect is provided
by the distinctively-styled cloud graphics that surround a
square-shaped playfield on the TV screen.

The player-operated controls, mounted on a horizontal
flat panel near the bottom of the TV screen, consist of two
joysticks and two backlighted push button switches.
(Drawing number A002624 shows an external view of this
panel.) A coin assembly with two identical coin mecha-
nisms is located below the player-operated controls. The
mechanisms accept quarters only, and coins deposited in
either one can initiate play. The Jet Fighter game features
an owner/operator-adjustable option that permits on-site
game structuring for either 1 player/coin or 2 players/coin.
The cash box is located behind the access door to the coin
assembly.

Two speakers mounted inside the cabinet, one on each
-side of the coin assembly, add to the game excitement by
producing jet engine, gunfire and explosion sounds during
play.

1.2 BRIEF DESCRIPTION OF PLAY

In the jet Fighter game two delta-winged fighters—one
white plane and one black plane—fly across the TV screen,
each plane trying to hit the other with its shells. Jet Fighter
can be played by either one or two players: with one
player the white plane is piloted by the player and the
black plane by the game’s internal computer, and with two
players each plane is piloted by a player. The player con-
trols his plane’s speed and direction by moving his front
panel joystick lever, and fires a shell by depressing a push
button on top of that lever.

The player’s objective is to fire as many shells as
possible into the opponent’s plane, while at the same time
maneuvering his own plane to avoid shells fired by the
opponent. After coin deposit the duel begins when a start
button is depressed. A plane can fire only one shell at a
time and the shell explodes when it hits the opponent’s
plane, or when it has tsaveled over a distance equal to about
three-fourths of the width of the playfield. If a player’s
shell hits the opponent’s plane, that plane explodes and
spins around very rapidly. After a few seconds the hit plane
recovers and flies off in some randomly chosen direction,
and the duel resumes.

One point is added to a player’s score each time the
sheli from his plane hits the other plane. The accumulated
scores for both planes are displayed continuously on the
TV screen.

Along with this video action, the following sounds are
heard during play. The speaker on the left side of the cabi-
net produces the black plane’s engine roar, and the speaker
on the right produces the white plane’s roar, continuously
during play. The engine sound is at low pitch when the
plane’s speed is slow, at medium pitch when speed is
medium, and at high pitch when speed is fast. In addition,
both speakers produce a blast noise whenever either plane
fires a shell and whenever any shell explodes by itself. An
explosion noise, twice as loud and twice as long as the
previous noise, is produced by both speakers whenever a
shell hits a plane.

Play ends when the game timer elapses (the Jet Fighter
game features an owner/operator-adjustable option that
permits on-site structuring of the game time). At this poing,
the planes continue to fly, but maintain the speeds and
directions they held at the moment the game ended. The
final scores continue to be displayed, but there is no sound
and the joysticks are inoperative. A player depositing a coin
will initiate a new play sequence.



Il. Specifications

2.1 GENERAL
Cabinet Dimensions:

Cabinet Weight:
TV Monitor:

Coin Mechanisms:

Cash Box:

Power Cord:

2.2 ELECTRICAL

Power Requirement:

Fusing:

Power Interrupt Switch:

Height 60% inches, Width 25%
inches, Depth 23% inches

227 1bs.

Motorola XM501, black and
white, with 19-inch screen.

Two identical mechanisms that
accept quarters only; coins
deposited in either one can initi-
ate play.

Removable, located behind
focked access door to coin
mechanism assembly.
Approximately 6 ft. long, ex-
tending from rear of cabinet and
having grounded three-prong
plug for conventional wall out-
lets.

Uses conventional wall outlet
providing 60-cycle AC (60-Hz,
single-phase) at 110 volts; power
consumption rated at 120 watts.
All fuses located inside cabinet;
TV monitor has two 1-amp fuses
and remainder of game is pro-
tected by a single 1.25-amp fuse.
This is a safety switch located in-
side the game cabinet. It inter-
rupts AC power to the game
whenever the rear panel service
access door is unlocked and
opened.

2.3 ENVIRONMENTAL

Operating and Storage
Temperature Range:
Relative Humidity:

from 320F to 120°F (ambient
temperature)

from 0% to 80% without con-
densation

2.4 OWNER/OPERATOR OPTIONS FOR
STRUCTURING OF PLAY

e Choice of 1 player per coin or 2 players per coin

® | ength of game time:

adjustable from about 45 sec-
onds to about 140 seconds.

12.5 ACCESSORIES AVAILABLE ON

SEPARATE ORDER

Video Probe:
Universal Test Fixture:

order from Atari
order from Atari, catalog no.
TF101



lIl. Theory of Operation

3.1 FUNCTIONAL DESCRIPTION OF GAME

The block diagram in Figure 3-1 shows the major
functional parts of the Jet Fighter game and how they are
interconnected. The TV monitor is a self-contained unit
housed in its own chassis inside the game cabinet. In the
game control circuitry the synchronization, blanking and
picture information are combined and then sent on a single
composite video signal to the monitor. The game’s sounds,
however, are produced by two speakers which are separate
from and not connected to the monitor.

The joystick on the left side of the cabinet provides
player controls for the black plane, and the speaker on the
left side produces the black plane’s engine roar and the
other game sounds. The joystick and speaker on the right
operate in a similar way for the white plane.

3.2 GENERAL INFORMATION

The general information about Jet Fighter given here
provides a background for understanding the Installation
Instructions in Section IV of this manual, and the descrip-
tions of game operation in paragraphs 3.3 and 3.4.

3.2.1 ENERGIZING THE GAME: The Jet Fighter game
does not have an external “power on”’ switch. Instead the
game is energized as soon as the power cord is plugged into
an active AC wall outlet. This outlet must provide the AC
power listed in the Specifications (Section Il of this
manual).

3.2.2 TV MONITOR: The game’s TV monitor is a self-
contained transistorized television monitor supplied to
Atari by Motorola. Because the composite video signal
supplied to the monitor by the game control circuitry dif-
fers in certain important respects from the signal derived
from commercial TV broadcasts, the picture appearing on
the screen is unlike that of a home TV set and the monitor
does not produce any sound.

3.23 PICTURE ON TV SCREEN: The game’s com-
posite video signal is constructed to produce only three
video levels—white, medium white, and black—instead of
the more or less continuous shades of gray (between the
extremes of black and white) seen on a home TV screen.
Also the horizontal scan lines on the screen will be more
noticeable than those on a home TV. A commercial TV
broadcast signal produces a picture having 525 lines, with
interlace, from top to bottom on a TV screen. But the
game’s composite video signal contains synchronization in-
formation that produces only about half as many lines,
without interlace, on the game’s screen.

Video levels of the images shown in the TV picture are
as follows: the background “sky” is medium white level;
one plane, shell, and score are at the white video level; the
other plane, shell, and score are at the black video level.

As soon as a plane or a shell travels off any edge of the
TV screen, it immediately reappears at the opposite edge
and starts across the screen again, retracing its previous
flight path until commanded to change. This “wrap-
around’ effect makes it more challenging for the player to
follow the flight paths and also makes it possible for a plane
to fire a shell at a pursuing plane.

A plane cannot fire a new shell until after the previous
shell has exploded, and a plane cannot be hit by its own
shell. Planes and shells can pass through the score display
regions on the screen without any interaction with the
numerals, and there is also no interaction should the two
planes (or two shelis) touch or overfap one another during
flight. Planes are never allowed to crash.

3.3 GAME SEQUENCE

3.3.1 OPERATING MODES: During use the Jet Fighter
game can be described as operating in either of two modes,
attract or play. Plugging the power cord into an active AC
outlet energizes the game and it starts out in the attract
mode. The game remains in the attract mode until a player
deposits a coin, the coin clears the coin mechanism, and the
appropriate start button is pushed, at which point a signal
derived from the start button causes the game to go into
the play mode. The game remains in the play mode until
the game timer elapses, at which time the game reverts back
to the attract mode.

3.3.2 ATTRACT MODE: During this mode the two
planes fly across the TV screen, each retracing the same
flight path over and over again, but do not fire any shells.
The speakers do not produce any sound and all player con-
trols are inoperative. Just after the game is energized, each
plane flies along its own randomly-chosen, straight-line
direction, and some random numerals will be showing in
the score display regions at the top of the screen. After
completion of a previous play mode, each plane will be
flying in a straight-line direction derived from its heading at
the final moment of the play mode, and the final scores
from the play mode will remain showing. Both planes fly at
medium speed during the attract mode.

3.3.3 GAME SEQUENCE IN PLAY MODE: A player
enables the game to change over from the attract to the
play mode when depositing a coin that clears either coin
mechanism. A signal sent from the mechanism then causes
the game control circuitry to respond as follows: If the
game is structured for 1 player/coin, the right-hand push
button switch (engraved with the words ONE PLAYER
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START) will light up. Under this structuring, a second coin
must be deposited if two players wish to play. When this
second coin clears, the game control circuitry responds by
extinguishing the backlighting on the right-hand switch and
lighting up the left-hand switch (engraved with the words
TWO PLAYER START). If the game is structured for 2
players/coin, both push button switches will light up as
soon as one coin clears the coin mechanism.

To begin the duel, the player must now depress the
appropriate lighted push-button switch—the right-hand
switch for a one-player game and the left-hand switch for a
two-player game. After he does this, the game control cir-
cuitry responds as follows:

(a) The appropriate switch backlighting is removed
(in the 2 players/coin structure).

(b) Both speakers begin to produce the game sounds.

{(c) On the TV screen the scores are both reset to zero
(numerals ““0” are displayed), and plane motion is
changed over to parallel paths moving from the
bottom of the screen toward the score numerals
at the top, with the black plane at the left and the
white plane at the right.

(d) In a two-player game each plane is allowed to
obey the joystick commands. In a one-player
game, only the white plane is allowed to obey its
joystick commands; the left joystick remains in-
operative and the black plane begins to receive
commands from the game’s internal computer.

During a duel the player uses the joystick to control his
plane as follows:

(a) Plane speed. Pulling the joystick lever all the way
back causes the plane to fly at its slow speed;
pushing the lever all the way forward commands
the fast speed; and leaving the lever in the mid-
way position commands the medium speed. The
pitch of the engine roar sound produced by the
plane’s speaker will also change each time the
lever position is changed.

(b) Plane direction. Moving the lever over all the way
to the left causes the plane to begin turning in a
counterclockwise direction on the TV screen.
Moving the lever to the right causes the plane to
begin turning in a clockwise direction on the TV
screen. This turning will appear to be very
smooth, closely resembling the slipping motion of
an actual jet fighter plane while making a turn—
due to a quarter-second delay in the plane’s direc-
tion of motion with respect to the actual video
displa}yed. The turn continues until the player
moves the lever back to the central position, at
which time the plane’s flight path changes to a
straight line along that particular angular orienta-

tion.

(c) Firing shells. The push-button switch mounted
on top of the joystick lever serves as a trigger
control for firing shells. A plane can only fire one
shell at a time, and the previous shell must
explode—either by hitting the opponent’s plane
or by traveling to the end of its “range” (three-
fourths of the width of the TV screen)—before a
new shell can be fired. Shells always travel in
straight lines and at twice the speed of the plane
firing the shell. A player has a choice of either
pressing and releasing the trigger each time he
wants to fire a shell, or of continuously holding
down the trigger switch so that a new shell will be
fired automatically as soon as the previous shell
has exploded. However, he will have more control
over the time of firing if he releases the trigger
each time. There is no limit on the number of
shells that can be fired. A blast noise is produced
by both speakers whenever either plane fires a
shell and whenever any shell explodes.

Each time a shell hits a plane the game control circuitry
responds as follows:

(a) Both speakers produce an explosion noise that is
twice as loud and twice as long as the explosion
caused by firing a shell or by a shell reaching the
end of its range.

(b) The score displayed for the plane that fired the
shell will be increased by one. If 15, the maxi-
mum value, has been showing, the score will be
“wrapped around” to zero.

(c) The video for the fired-upon plane will momen-
tarily “invert.” If, for example, the white plane is
hit, it will change to black video enclosed in a
small white video rectangle. Also the plane will
immediately begin to rotate very rapidly. How-
ever, this plane continues to be able to fire a shell
during this time, provided that its previous shell
has exploded. This sequence lasts for one second,
after which the plane’s video returns to normal
and it starts to fly away in a straight line along
some random direction.

In a one-player game the black plane, under control of
the internal computer, automatically tracks the player’s
white plane. The black plane can automatically fire at the
white plane whenever it crosses in front of the black plane’s
line of fire. But, like the white plane, the black plane can
still fire only one shell at a time.

The duel continues as described until three-fourths of
the game time has elapsed, at which time the numerals in
both score displays begin to blink. The numerals continue
to blink for the remaining one-fourth of the game time,
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warning players that play is about to end. When all the
game time has elapsed, the game reverts to the attract
mode. At that point the blinking stops and the final scores
remain showing, each plane continues to fly along its own
straight-line path determined by the direction it held at the
moment the play ended, and both speakers cease to pro-
duce sounds. Both planes are made to fly at medium speed.

3.3.4 OWNER/OPERATOR OPTIONS: The Jet Fighter
game features two 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. Both of these
options are simple manual adjustments.

The 1 player/coin—2 players/coin option consists of a
two-position slide-type switch mounted on the printed
circuit board inside the game cabinet. When the slide is set
in one position, the game is structured for one player for
one coin, two players for two coins. When the slide is in the
other position, structuring is such that, upon deposit of one
coin, the choice of a one- or two-player game is left up to
the player. Para. 4.3.1 in Section IV of this manual gives
instructions for making this adjustment.

The second option, length of game time, consists of a
potentiometer (Trimpot) also mounted on the PCB inside
the cabinet. A stud projecting from the top of the potenti-
ometer body can be moved manually so that game time will
increase or decrease within the minimum and maximum
limits listed in the Specifications in Section Il. Para. 4.3.2
gives instructions for making this adjustment.

3.4 DETAILED TECHNICAL DESCRIPTION OF
OPERATION

3.41 GENERAL COMMENTS: This paragraph 3.4 gives
a component-level technical description of the game’s elec-
tronic circuitry. The following drawings supplement the
text included here. Drawing number 004254 (in four
sheets) is a schematic diagram of the circuitry located on
the printed circuit board; drawing number A004254 is an
assembly diagram showing locations of components
mounted on the PCB; and drawing number 004279 is a
schematic of the harness wiring. These drawings, along with
a schematic diagram of the TV monitor’s circuitry, are in-
cluded in Section VI 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.

On all documentation the black plane is referred to as
“JET 1” and the white plane as “JET 2.” Also, the speaker
on the left side of the cabinet (the black plane’s speaker) is
referred to as “SPEAKER 1,” and the speaker on the right
side (the white plane’s speaker) as “SPEAKER 2.”

342 TV SYNCHRONIZATION INFORMATION AND
BLANKING (REFER TO PCB SCHEMATIC, SHEET 1,
ZONES D 5 THROUGH 8): The 12-MHz crystal-controlled
oscillator’s output at gate R1 pin 6 is applied to flip-flop
D2, which divides down the frequency by 2. The CLOCK
signal produced at D2 pin 15 drives the horizontal sync
chain formed by flip-flop F1 and counters A2 and B2. This
sync chain divides down the frequency of the CLOCK
signal by 384. The timing diagram in Figure 3-2 illustrates
the dividing-down of the 12-MHz signal to produce the
CLOCK signal, and the dividing-down of the CLOCK signal
(in the first stage of the sync chain) to produce the 1H
signal.

Certain outputs from the sync chain applied to flip-flop
B3 produce the H SYNC signal at B3 pin 8 and H BLANK
at B3 pin 6. The H SYNC signal serves as the timing basis
for the horizontal synchronization information contained
in the composite video signal sent to the TV monitor. The
line scan rate (horizontal sweep frequency) is 15.75 KHz.
The H BLANK signal sets the width of the playfield on tie
TV screen at 252 clock pulses (see Figure 3-3).

The H SYNC signal drives the vertical sync chain
formed by flip-flop D3 and counters B4 and C4. This sync
chain divides down by 272; certain of its outputs applied to
flip-flop B6 produce the V SYNC signal at B6 pin 6 and V
BLANK at B6 pin 8. The V SYNC signal serves as the basis
for the vertical synchronization information sent to the TV
monitor; the frame rate or vertical sweep frequency is
about 58 Hz. The V BLANK signal sets the height of the
playfield on the TV screen at 252 horizontal scan lines (see
Figure 3-4). In other words, the electron beam inside the
TV tube makes 252 horizontal line scans during its travel
from the top left corner of the TV screen down to the
lower right corner during each picture frame.

The V SYNC signal, generated once each frame, is
applied at C8 pin 11 to drive the frame counter formed by
flip-flop C8 and counter P3. The frame signals 1F, 2F, etc.,
produced by the frame counter are used in the jet and shell
motion circuits.
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3.4.3 JOYSTICK SIGNALS (SHEET 3, ZONES C,D 5
THROUGH 8): The harness schematic, drawing number
004279, shows the connections made to the five switches—
two for direction, two for speed, and one to fire a shell—
mounted on the underside of each joystick. The “common”
contacts of all switches are tied to ground, and the
normally-open contacts are each brought separately to the
PCB edge connector (at pins 8 thru 13, K, M, N and P).
When a player’s movement of the joystick lever causes a
switch to close, that switch’s edge connector pin is forced
to ground.

The type-9322 device in location |8 gates signals from
Joystick 1 (the one on the left, for the black plane) and
corresponding signals generated by the game’s internal com-
puter. The binary state of the 1 PLAY signal applied at ]8
pin 1 will determine whether Jet 1 (the black plane) will be
controlled by the game’s internal computer (a -player
game), or by commands from Joystick 1 (a 2-player game).

The type-74153 dual 4-input multiplexer device in loca-
tion M8 provides plane speed control by examining the
SLOW and FAST joystick signals once every frame, and
producing a GO signal that determines how often a plane
will move. At slow speed the plane makes a “unit” move
during 2 out of every 4 frames; at medium speed during 3
out of every 4; and at fast speed during every frame. The
timing diagram in Figure 3-5 illustrates the speed control
for Jet 2 (the white plane). Paragraph 3.4.6 describes how
these GO signals are used to generate the jet speed codes.

3.4.4 JET ROTATION (SHEET 3, ZONES C, C 4
THROUGH 6): The turning motion of each plane, either
toward the left (counterclockwise rotation) or toward the
right (clockwise rotation), is under control of a rotation
counter. The type-74193 counter in location H6 plus part
of flip-flop F6 form the Jet 1 rotation counter for the black
plane. The type-74193 counter in J7 plus part of flip-flop
F6 form the Jet 2 rotation counter for the white plane.
Each rotation counter is a 5-bit, up/down type of binary
counter, and each is driven by the identically-designed
decoding logic implemented by gates K8, F7 and H7. This
decoding logic determines whether or not the respective
plane is to be turned, and if so, whether toward the right
{via count-up inputs H6 pin 5 and }J7 pin 5) or toward the
left (count-down inputs H6 pin 4 and )7 pin 4). Note the
joystick signals LEFT 1, RIGHT 1 and LEFT 2, RIGHT 2
applied as inputs to the decoding logic.

Each rotation counter produces a 5-bit rotation code—
the J1RO thru J1R4 signals for the black plane and the
J2RO thru J2R4 signals for the white plane. This 5-bit code
is used to describe which of the plane’s 32 discrete angular
orientations will be displayed on the TV screen during a
given frame.

3.4.5 JET HORIZONTAL AND VERTICAL MOTION
COUNTERS (SHEET 2, ZONES A, B, C, D 6 THROUGH
8): The actual movement of the two planes across the TV
screen is under control of two identically designed pairs of
motion counters—one pair of horizontal motion counters

2F \ (from Frame Counter)
1F L (from Frame Counter)
———Four frames ————o—p»
[ ] 1 PR
For Slow speed: GO 2 — (signal at Low during 2 out of 4 frames)
———
For Medium speed: GO 2 (signal at Low during 3 out of 4 frames)
For Fast speed: GO 2 (signal at Low during 4 out of 4 frames)

Figure 3-5 Timing Diagram Showing Speed Control For Jet 2
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and one pair of vertical motion counters. The type-9316
counters in locations P7 and P6 form the Jet 1 horizontal
motion counter, and the type-9316 counters in N6 and N5
form the Jet 1 vertical motion counter. Similarly, the
type-9316 counters in locations L7 and L6 form the Jet 2
horizontal motion counter, and the type-9316 counters in
M6 and M5 form the Jet 2 vertical motion counter.

These pairs of motion counters count in parallel with
the horizontal and vertical sync chains (see paragraph
3.4.2). For example, in order to move the white plane
vertically—either up or down—on the TV screen, that
plane’s vertical motion counter, M6 and M5, is forced either
to count short (causing upward plane motion) or to count
long (causing downward plane motion), with respect to the
vertical sync counter. Similarly, to move the white plane
horizontally—either towards the left or to the right—the
horizontal motion counter (L7 and L6} is forced to either
count short {causing motion towards the left), or to count
long (causing motion towards the right) with respect to the
horizontal sync counter.

For the horizontal motion counters the long or short
count is limited to one line per frame by gating (at gate N7)
of the V RESET signal with the plane’s 2-bit horizontal
speed code (J1CO and J1C1 for the black plane, and J2C0
and J2C1 for the white plane). Generation of the plane
speed codes is described in paragraph 3.4.6. The H CLOCK
signal, obtained by gating out the basic system clock (6
MHz rate) during H BLANK time, clocks each horizontal
motion counter and limits the number of clocking pulses to
252 per horizontal line scan across the TV screen.

In the vertical motion counters the long or short count
is also limited to one count per frame. The V CLOCK
signal, which is representative of the line rate {H SYNC) but
has been gated out during V BLANK time, is applied to
both vertical motion counters and limits their vertical
motion clocking to 252 pulses per frame. The plane’s 2-bit
vertical speed code (] 1C2 and J1C3 for the black plane, and
J2C2 and ]2C3 for the white plane) is applied directly to
the preset inputs of the first stage of each vertical motion
counter (counter N6 for the black plane and M6 for the
white plane).

3.4.6 PLANE SPEED CODES (SHEET 1, ZONES A, B4
THROUGH 6 FOR JET 1 AND ZONES B, C 1 THROUGH
3 FOR JET 2): The four signals J1CO through J1C3 pro-
duced by the 64-bit RAM (random-access memory) device
in location N8 contain speed code information for the
black plane. Similarly, the four signals J2CO0 thru J2C3 pro-
duced by the RAM in location M8 contain this information
for the white plane. During each frame that a plane’s GO
signal—-GO 1 for the black plane and GO 2 for the white
plane—is low, the plane’s horizontal and vertical motion
counters are made to move in the direction specified by its

respective speed code signals. Paragraph 3.4.3 describes the
generation of the GO signals. Following is a description of
the circuitry that drives the two RAM:s.

Type-7493 4-bit binary counters, in location N9 for Jet
1 and location M9 for Jet 2, address each RAM. Each
counter is clocked by the same signal that determines the
read/write status of its RAM. Type-74153 dual 4-input
multiplexers, in location M4 for Jet 1 and in location L4
for Jet 2, produce the data inputs to the RAMs. The inputs
to both multiplexers are the set of eight signals ROM 0
through ROM 7, (ROM 0 through ROM 3 for vertical data
and ROM 4 through ROM 7 for horizontal data).

The ROM 0 through ROM 7 signals come from 4000
bits of ROM (read-only memory) capacity provided by
either a single 4K ROM in location F5, or by a pair of 2K
ROM devices in location K5 and K6. The game’s printed
circuit board is laid out in such a way that during assembly
at the factory a choice can be made whether to install a
single 4K ROM device or to install a pair of 2K ROM
devices. Permanently stored in the 4000 bits of ROM
capacity are 32 unique categories of information—one for
each of the planes’ 32 angular orientations. Each category
contains plane video information, as well as plane and shell
speed code data associated with that particular rotation.

The two type-9322 multiplexer devices in locations |6
and K6 produce the signals that address the ROM or ROM:s.
These addressing signals represent the plane’s present rota-
tion and the line information. The input signals to multi-
plexers J6 and K6 are: J1RO through J1R4 and J2RO
through J2R4 (coming from the rotation counters, para.
3.4.4), and )1V1 through J1V4 and J2V1 through J2V4
(coming from the vertical motion counters, paragraph
3.4.5).

The dual flip-flop devices in locations N4 and P4 form
2-bit Grey code counters. For the black plane {Jet 1) Grey
code counter N4 selects which of the four vertical ROM
data signals {(ROM O through ROM 3) and which of the four
horizontal ROM data signals (ROM 4 through ROM 7) that
the type-74153 multiplexer M4 will look at. Likewise, for
the white plane (Jet 2) Grey code counter P4 selects which
of the four vertical and which of the four horizontal ROM
data signals that multiplexer L4 will look at. These respec-
tive ROM outputs determine, out of every four frames that
the plane is moving, whether the plane is to move hori-
zontally, vertically or both. However, these eight ROM
signals only designate fow often a respective plane moves
vertically or horizontally on the TV screen; the direction of
a plane’s movement vertically or horizontally is determined
by certain signals generated by the rotation counters (see
para. 3.4.4). For example, the direction in which the white
plane moves vertically on the TV screen is determined by
the condition of the J2R4 + J2R3 signal (at gate P8 pin
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10); the direction of movement Aorizontally is determined
by the J2R4 signal (at gate P8 pin 13).

3.4.7 GENERATION OF LOAD SIGNALS (SHEET 1,
ZONE A, B 2 THROUGH 4): Because the game’s 4000 bits
of ROM storage has been permanently programmed with
three types of data (plane pictures, plane speed, and shell
speed) all three types will appear on the ROM outputs (the
signals ROM O thru ROM 7). In order to separate types of
data during read-out, the four timing signals LOAD 0O thru
LOAD 3 are produced by gate C1. These LOAD signals are
used to time the loading of plane and shell speed data as
follows: LOAD 1 at C1 pin 8 for Jet 1 (the black plane),
LOAD 3 at C1 pin 3 for Jet 2 (the white plane), LOAD 0 at
C1 pin 11 for Shell 1 (black plane’s shell), and LOAD 2 at
C1 pin 6 for Shell 2 (white plane’s shell). LOAD 0 through
LOAD 3 are also used to time the loading of plane video
information: LOAD 0 and LOAD 1 for Jet 1, and LOAD 2
and LOAD 3 for Jet 2.

The inputs to Gate C1 are provided by logic circuitry
that is driven by the H SYNC and certain other timing
signals generated in the horizontal sync chain (see para-
graph 3.4.2). This circuitry is also driven by the plane
horizontal window signals J1 H WINDO (for the black
plane) and J2 H WINDO (for the white plane), these signals
being generated in the plane horizontal motion counters,
paragraph 3.4.5.

The LOAD signals are non-coincidental and normally
occur during H SYNC time. However, when a plane is
traveling through H SYNC time (a condition detected by
the type-74175 device in location D3) the LOAD signals are
made to occur near the center of the screen. The exact
location is determined at gate E1 pin 12. This change is
made in order to avoid any “race” timing problems.

3.4.8 PROCESSING OF ROM VIDEO INFORMATION
AND GENERATION OF PLANE VIDEO SIGNALS
(SHEET 2, ZONE C, D 5 AND 6): Line, column, and rota-
tion information are used to address the game’s 4000 bits
of ROM data storage; see para. 3.4.6. ROM data output
{the signals ROM 0 thru ROM 7) is applied to the parallel
inputs of two 8-bit parallel-to-serial converters. The pair of
type-74165 devices in locations F4 and H4 form the black
plane’s converter, and the pair in locations j4 and K4 form
the white plane’s converter.

The LOAD 0 and LOAD 1 signals described in para.
3.4.7 are used to load the first and second bytes of ROM
video information into the black plane’s parallel-to-serial
converter. Byte is a generic term used to indicate a measur-
able group of consecutive binary digits. Likewise, LOAD 2
and LOAD 3 are used to load this ROM video information
into the white plane’s parallel-to-serial converter. Note that
the same ROM data are shared by both converters.

Each converter shifts out 16 bits or two bytes of ROM
data when it is enabled by the signal applied at its “E”
inputs {pin 15 on each type-74165 device). This enables
signal is obtained at gate D4 pin 6 for the black plane by
gating the J1 H WINDO (Jet 1 horizontal window) signal
with the H BLANK signal. It is also obtained at gate L1 pin
8 for the white plane by gating the J]2 H WINDO signal with
H BLANK.

The serial information appearing at the converter out-
puts (at H4 pin 7 for the black plane and at K4 pin 7 for
the white plane) is gated with the respective plane hori-
zontal and vertical window signals. Two final plane video
signals are produced: JET 1 at gate E2 pin 6 and JET 2 at
gate E2 pin 8. With this arrangement, each plane’s video
signal is placed inside its video window. On the TV screen
each piane video window takes up seven vertical lines, with
each line having 16 bits of horizontal information.

349 SHELL SPEED CODES, SHELL MOTION
COUNTERS, AND SHELL VIDEO: The circuitry that pro-
duces shell motion on the TV screen is very similar in
design to the circuitry that produces plane motion. The
black shell (fired by the black plane) and the white shell
{fired by the white plane) each have their own horizontal
and vertical motion counters. And these shell counters are
clocked by the same signals that clock the respective plane
counters. However, the shell motion counters can be preset
to cause motion at a maximum rate of four unit moves per
frame, while plane motion is limited to one unit move per
frame. This feature of the design enables the shell to move
across the TV screen at a rate exactly twice as fast as the
plane rate. The shell motion counters are held in their reset
mode until a shell is fired. A “timed enable” feature causes
the shell to emerge from the center of its plane picture on
the TV screen when a shell is fired.

Two 256-bit PROMs (programmable read-only memo-
ries) provide the shell video, one PROM for the black shell
and one for the white shell. Each PROM has three shell
pictures—one unexploded picture and two different
explosion pictures. When a shell either reaches the end of
its range, or else hits the opponent plane, the two explosion
pictures alternately appear at a stationary location on the
TV screen.

During travel across the TV screen a shell’s motion is
under control of a set of shell speed code signals.

(a) Shell Speed Codes (sheet 1, zones B 5 and 6). The
black shell’s speed codes, the signals STCO thru S1C7, are
produced by the type-74116 8-bit latch in location L3.
Those for the white shell, S2CO thru S2C7, are produced by
the type-74116 device in location }J3. These type-74116
devices recover the shell speed and rotation data that are
included in the information programmed in the game’s
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4000 bits of ROM storage capacity (see para. 3.4.6). When
a shell is fired, the FIRE signal (FIRE 1 at L3 pins 3 and 15
for the black shell, and FIRE 2 at }3 pins 3 and 15 for the
white shell) goes high. This causes the respective latch (L3
for the black shell and J3 for the white shell) to sample the
ROM data (signals ROM O thru ROM 7) at a time desig-
nated by the rising edge of the signal applied at the latch’s
pins 2 and 14. For as long as the FIRE signal remains high,
the speed code information held in the latch remains avail-
able on the latch output pins, becoming the legitimate shell
speed code signals.

These speed code signals are used to preset the shell
horizontal and vertical motion counters.

(b) Shell Motion Counters (sheet 2, zones A, B, C, D
2 through 4). The type-9316 devices in locations N2 and P2
form the horizontal motion counter for Shell 1 (the black
plane’s shell), and those in locations M2 and L2 form the
vertical motion counter. Likewise, the type-9316 devices in
locations H2 and F2 form the Shell 2 horizontal motion
counter and those in J2 and K2 form its vertical motion
counter. If no shell has been fired, all counters are held in
their reset mode. A low state at flip-flop P1 pin 9 holds the
Shell 1 counters at reset, and a low state at flip-flop P1 pin
5 holds the Shell 2 counters at reset.

Once a shell is fired, the reset is removed. This enables
the respective pair of shell counters to begin counting at a
time equivalent to their piane’s location on the TV screen,
as determined by the respective flip-flop “clock” input (P1
pin 3 for Shell 1 and P1 pin 11 for Shell 2). This “timed
enable” feature causes a shell to be fired from the center of
its plane.

Certain shell speed code signals (see para. (a) above) are
used to preset the shell motion counters. For example,
when the S2CO through S2C3 signals preset Shell 2’s hori-
zontal motion counter H2, they cause one of the fol-
fowing: a short count (producing horizontal shell
movement from right to left on the TV screen), or a long
count (producing horizontal shell movement from left to
right), or a normal count (which does not produce any
horizontal movement).

The shell horizontal motion counters are limited to one
“motion preset” per frame because both Shell 1’s speed
code 'signals S1CO through S1C3 and Shell 2’s speed code
signals S2CO through S2C3 are gated with the V RESET
signal.

The presetting of Shell 1’s vertical motion counter by
shell speed code signals S1C4 through S1C7, and the pre-
setting of Shell 2's vertical motion counter by shell speed
code signals S2C4 thru S2C7, is carried out in the same
manner as the presetting just described for the horizontal
counters.

(c) Shell Video (sheet 2, zones B, C, D 2 and 3). The
terminal count outputs from each pair of shell motion
counters are ANDed with the respective FIRE signals to
produce a shell “window” timing signal for each shell. Shell
1’s window is produced at gate R2 pin 12, and Shell 2’s
window is produced at gate F3 pin 6. Each shell window
signal enables a type-9312 8-bit multiplexer device (in loca-
tion N1 for Shell 1 and in H1 for Shell 2). The multiplexers
receive data from 256-bit PROM devices (in location M1 for
Shell 1 and J1 for Shell 2) that have been programmed with
the shell pictures. The multiplexers convert the PROM
parallel output data into serial video information at N1 pin
14 for Shell 1 and at H1 pin 14 for Shell 2. After clocking,
the final video signals SHELL 1 and SHELL 2 are produced
at N1 pin 14 and H1 pin 14, respectively. On the TV screen
each shell video window takes up 8 vertical lines, with each
line having 8 bits of horizontal information.

No shell pictures appear on the TV screen until a shell is
fired. The unexploded shell picture appears at the moment
of firing and moves across the TV screen until it either
reaches the end of its range, or hits the opponent plane. At
that moment it is replaced by the explosion pictures. For
Shell 1 this change-over time is determined at gate H3 pin 6
(sheet 1, zone B6) and for Shell 2 at gate N3 pin 8. Also the
respective speed code latch (L3 for Shell 1 and |3 for Shell
2) is cleared at this change-over time, forcing all the sheli’s
speed code signals (S1CO thru S1C7 for Shell 1 or S2C0
thru S2C7 for Shell 2) to their low states. When a shell’s
speed code signals are all low, its motion counters are
always preset to their normal count sequence, and so the
shell’s position remains stationary on the TV screen.

Also the respective EXPL signal (EXPL 1 at M1 pin 14
for the black shell and EXPL 2 at J1 pin 14 for the white
shell) goes low whenever a shell either reaches the end of its
range or else hits the opponent plane, causing its PROM to
change over from the unexploded picture to the two
explosion pictures. The signal 3F, generated by the frame
counter (see paragraph 3.4.2) and applied at pin 13 of each
PROM, causes the respective PROM to present the two
explosion pictures alternately at the PROM outputs, at a
rate of 3 frames per picture. The explosion pictures con-
tinue to appear, alternately, for as long as the FIRE signal
remains high.

. After FIRE goes low, the shells’ motion counters are
returned to their reset mode and the shell pictures dis-
appear until a new fire sequence is initiated.

3.4.10 GENERATION OF FIRE, EXPLOSION, HIT,
AND BLOW-UP SIGNALS (SHEET 2, ZONES A 4
THROUGH 8):

{a) Fire and Explosion Signals. The type-9316 device
in location E6 forms a digital timer for Shell 1 {the black
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shell), and the type-9316 device in D7 forms an identical
timer for Shell 2 (the white shell). The 3F signal from the
frame counter described in paragraph 3.4.2 clocks each
timer at E6 pin 2 and D7 pin 2. The operation of each
timer is identical; the following description applies to the
white plane’s timer.

If the game is in the play mode, and provided that a
previous white shell is not appearing on the TV screen, a
pulse is produced at gate E5 pin 6 when a player depresses
the trigger button on top of the white plane’s joystick. This
pulse passes through gate E4 and reaches pin 9 of digital
timer D7. This pulse presets the timer to count 0, causing
the FIRE 2 signal (at D7 pin 15) to go low and the FIRE 2
signal (at C7 pin 10) to go high. The FIRE 2 at low blocks
additional fire commands, and the FIRE 2 signal at high
enables the Shell 2 multiplexer (in location H1 in zone B2)
to pass shell video from the PROM (in location J1). The
white shell picture appears and begins to move across the
TV screen.

The Shell 2 timer reaches a count of 8 approximately
0.8 second after the player has depressed the fire push
button, causing the output at D7 pin 11 to go high and the
EXPL 2 signal (at D8 pin 8) to go low. The EXPL 2 signal
at low causes the Shell 2 speed code latch (the type-74116
device in location )3, sheet 1 zone B5) to reset the Shell 2
speed code signals S2C0 through S2C7. These speed code
signals then hold the Shell 2 motion counters at normal
counts, so that the shell remains in a stationary position on
the TV screen. The EXPL 2 signal at low also addresses
Shell 2’s PROM (at ] 1 pin 14), and the PROM changes its
output data from the unexploded picture to the explosion
pictures. The explosion pictures appear on the TV screen
while the Shell 2 timer is advancing from count 8 up to
count 15.

When the Shell 2 timer reaches 15, its terminal count,
the FIRE 2 signal (at D7 pin 15) goes high, causing the
FIRE 2 signal (at C7 pin 10) to go low. The FIRE 2 signal
at low keeps the Shell 2 pictures off the TV screen, causing
the EXPL 2 signal to go high, and at D7 pin 10 prevents the
timer from any further counting until a new fire sequence is
initiated.

In a two-player game the FIRE 1 and EXPL 1 signals
are produced in the same way as the FIRE 2 and EXPL 2
signals. In a one-player game the only difference is that the
FIRE COM 1 signal (applied at gate ES pin 13} is derived
from the game’s internal computer, rather than from the
black plane’s joystick signal (see paragraph 3.4.11).

(b) Hit and Blow-up Signals. A hit occurs whenever
either a moving (unexploded) shell or stationary (explod-
ing) shell coincides on the TV screen with the opponent
plane, provided that the plane is not already in a hit

sequence. For Shell 1 (the black shell, the ANDing of the
SHELL 1, JET 2 and BLO UP 2 signals produces a pulse at
gate E1 pin 6 that resets flip-flop E7, causing the HIT 1
signal at E7 pin 5 to go low. Likewise, for Shell 2 (the
white shell), the ANDing of the SHELL 2, JET 1 and BLO
UP 1 signals produces a pulse at gate E1 pin 8 that resets
flip-flop E7, causing the HIT 2 signal at E7 pin 9 to go low.

Shell motion immediately stops when a moving (un-
exploded) shell collides with the opponent plane, even
though the shell’s timer (in location E6 for Shell 1 and D7
for Shell 2) may have not yet reached the count of 8. The
ORing of the HIT signal (at E4 pin 12 for HIT 1 and at E4
pin 2 for HIT 2) in the preset gating causes the timer to be
prematurely preset to a count of 8—see (a} above.

The HIT signals also connect to the score counters; see
paragraph 3.4.12.

The BLO UP signals are produced by the type-74279
R-S Latch device in location E8. For Shell 1 the falling edge
of the HIT 1 signal sets a latch, causing the BLO UP 2 signal
at E8 pin 7 to go low. The BLO UP 2 signal remains low
until the falling edge of the FIRE 1 signal resets the latch.
Likewise for Shell 2, the falling edge of HIT 2 sets a latch,
causing BLO UP 1 (at E8 pin 9) to go low, where it remains
until the falling edge of FIRE 2 resets the latch.

The BLO UP signal is a 1-second pulse used to invert
the plane video at a rate determined by the 3F signal from
the frame counter. For the black plane the inversion signal
is produced at gate K8 pin 8 (zone D5); for the white plane
at gate K8 pin 6 (zone B5). The BLO UP signal also forces
the hit plane to rotate rapidly during its hit sequence. This
rapid rotation is accomplished by ANDing the BLO UP
signal with the TF signal from the frame counter, and then
using the resultant signal to drive the plane’s rotation
counter. For Shell 1 the resultant signal at gate K8 pin 3
{sheet 3, zone C6) passes through gate H7 and on to the
white plane’s rotation counter in location J7. For Shell 2
the resultant signal at gate K8 pin 11 (sheet 3, zone D6)
passes through gate H7 and on to the b/ack plane’s rotation
counter in location H6.

3.4.11 CIRCUITRY FOR 1-PLAYER GAME (SHEET 3,
ZONES D6 AND 7): During a two-player game each plane
responds to commands from its joystick, but in a one-
player game the black plane, Jet 1, receives its left turn,
right turn, and fire commands from the game’s internal
computer circuitry. These internally-generated commands
to the black plane will be functions of the black plane’s
position on the TV screen with respect to the white plane’s
position. This feature of the game’s design enables the black
plane to make “intelligent’” turning and firing decisions
while tracking the white plane’s movement on the TV
screen.
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The type-74175 quad “D’ memory device in location
P5 stores the states of the J1V64, J1V128, J1H64, and
JTH128 signals (generated by the black plane’s vertical and
horizontal motion counters, see paragraph 3.4.5) each time
that the white plane’s JET 2 video signal (applied at P5 pin
9) goes from low to high. The four outputs from the
type-74175 device are applied to the Aq thru Ay address
inputs of the 256-bit PROM in location R5, and the J1R4
signal (from the black plane’s rotation counter, para. 3.4.4)
is applied at the Ag address input {at RS pin 10).

The PROM’s eight data outputs are applied to the
type-74153 dual 4-to-1 multiplexer in location R6; the
signals JTR2 and J1R3 (from the black plane’s rotation
counter} are applied to the multiplexer’s two address inputs
{at R6 pins 2 and 14). The PROM has been programmed so
that the data appearing at the multiplexer’s two outputs
(R6 pins 7 and 9) will have the values shown in Table 3-1.

MULTIPLEXER OUTPUTS VALUE
R6 pin 7 R6 pin 9
1 0 Black plane to turn left
0 1 Black plane to turn right
1 1 Black plane to continue
straight
0 0 Black plane to slow down
and fire

Table 3-1 Single-Player Control Commands For Jet 1

The decoding logic consisting of inverters M7 and gates
R7 converts the multiplexer’s pair of output signals into the
three single-player signals SP LEFT 1 (at R7 pin 13), SP
FIRE COM 1 (at R7 pin 4) and SP RIGHT 1 (at R7 pin
10). These three signals, together with the corresponding
signals from the black plane’s joystick (LEFT 1*, RIGHT
1* and FIRE COM 1%} are applied to the type-9322 multi-
plexer device in location 8. The state of the 1 PLAY signal
(coming from the start circuit, paragraph 3.4.14), applied at
J8 pin 1, determines whether the multiplexer selects the set
of joystick signals or the set of signals from the internal
computer just described.

Multiplexer J8’s SLOW 1 output signal (at J8 pin 7) is
used for plane speed control (see paragraph 3.4.3). LEFT 1
and RIGHT 1 (at J8 pins 9 and 12} are used in the black
plane’s rotation counter circuit (paragraph 3.4.4). The
FIRE COM 1 signal (at )8 pin 4) is used in the circuit that
generates the FIRE 1 signal—see paragraph 3.4.10 (a).

3.4.12 SCORE COUNTERS AND SCORE VIDEO:

(a) Score Counters (sheet 2, zones C 5 and 6). The

type-7493 device in location A6 is the black plane's score
counter, and the type-7493 device in B5 is the white plane’s
score counter. The counters are driven by the respective
HIT signals (HIT 1 at A6 pin 14 and HIT 2 at B5 pin 14);a
counter is advanced by one count each time the plane’s
shell hits the opponent plane, up to a maximum count of
15. Both counters are reset to zero by a START signal pulse
at the beginning of each new game. The counters are not
reset during the attract mode, so that the final scores from
the previous game remain showing during the subsequent
attract mode.

(b) Generation of Score Video (sheet 1, zones C 6
through 8). The outputs from each score counter (see (a)
above), J1S1 through J1S8 and )2S1 through J2S8, are
applied to a type-9322 multiplexer device in location AS.
The 128H signal {coming from the Sync Chain, see para.
3.4.2) is applied at AS pin 1 and causes the multiplexer to
pass the black plane’s score count during the first half of
each horizontal scan line of the TV screen, and to pass the
white plane’s score count during the second half. The multi-
plexer’s outputs are applied to the A4 through A7 address
inputs of the TK-bit PROM in location A4; certain other
signals from the sync chain are applied to the A through
A3 address inputs.

The PROM has been programmed with appropriate
numeral pictures to correspond with each count from the
score counters. The PROM output data (at A4 pins 9 thru
12) are connected to the type-74153 4-to-1 multiplexer
device in location A3. The three timing signals—8H and
16H (coming from the sync chain) and the score window
signal coming from gate C6 pin 8—applied at A3 pins 14, 2
and 15, respectively, cause the multiplexer to produce serial
score information at A3 pin 9. The signal produced at Gate
C6 pin 8 provides the timing for the score windows on the
TV screen. The GNE signal, applied at gate E4 pin 10 in the
decoding logic that precedes gate C6, comes from the game
timer circuit (see para. 3.4.15). This signal causes both
scores on the TV screen to blink during the {ast one-fourth
of the game time, indicating to players the game is nearing
its end.

After clocking through flip-flop F1, the serial score in-
formation is separated by gate C3 as follows:

ANDing with the 32H timing signal from the sync chain
produces the SCORE 1 signal (at C3 pin 11) that will
determine which numerals appear in the black plane’s
score window in the upper left of the TV screen; and

ANDing with the 128H signal produces the SCORE 2
signal (at C3 pin 3) that will determine which numerals
appear in the white plane’s score window in the upper
right.
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The two SCORE signals are connected to the video
summing circuit (see paragraph 3.4.14).

3.4.13 GAME SOUNDS: No game sounds are produced
during the attract mode. During the play mode two
independently-driven speakers—one mounted at the left
front of the cabinet (Speaker 1) and one at the right front
(Speaker 2)—produce the following sounds. Speaker 1 pro-
duces the engine roar sounds for the black plane, Speaker 2
produces them for the white plane; and both speakers
simultaneously produce a blast noise (whenever either plane
fires a shell or a shell explodes by itself) and an explosion
noise {whenever a shell hits a plane). A noise signal
produced by a transistor noise generator modulates all the
sound signals that are applied to each speaker’s final output
drive stage.

(a) Noise Generator (sheet 3, zones B, C 1 and 2).
Transistor Q6 is an NPN specially-selected for noise charac-
teristics. The noise developed at its emitter passes through
two stages of amplification (provided by the dual LM324
amplifier in location B9); the NOISE analog signal is
produced at BY pin 7.

(b) Engine Roar Circuit (sheet 3, zone D 3 and 4 and
C 3 and 4). The type-556 device in location F9 forms two
independent VCOs (voltage-controlled oscillators), one
VCO for each plane’s engine sound circuit. The VCO with
output at F9 pin 5 receives the FAST 1 and SLOW digital
signals derived from the black plane’s joystick commands
(in a two-player game) or from the game’s internal com-
puter (in a one-player game). See paragraphs 3.4.3 and
3.4.11. After a D-to-A (digital-to-analog) conversion is
made by an R-C network (R35, R36 and C18), the resulting
analog signal applied at F9 pin 3 controls the VCO’s output
frequency. The FAST 2 and SLOW 2 derived from the
white plane’s joystick commands are processed in a similar
fashion to control the other VCO’s output frequency also.

The type-7474 dual flip-flops in locations B7 and B8
each form a 2-bit grey code counter that divides its respec-
tive VCO output frequency by 4. Various combinations of
each counter’s digital output signals are ANDed (in gate A7
for the black plane circuit, and in gate A8 for the white
plane circuit); then the two sets of gate outputs are coupled
through series capacitors to produce the JET SOUND 1 and
JET SOUND 2 analog signals. Noise modulation is added by
connecting in the NOISE analog signal—via R67 to the
common capacitor point for JET SOUND 1, and via R68
for JET SOUND 2. Each JET SOUND analog signal is then
applied to its respective speaker output drive stage (see
paragraph (d) below).

(c) Shot and Boom Synthesizer (sheet 3, zones B 1
and 2). The SHOT & BOOM analog signal produced at the
junction of resistor R77 and capacitor C45 is obtained by

mixing the following three separate analog signal contribu-
tions:

(1) A noise modulation contribution made at the
collector of transistor Q9. This transistor ampli-
fies the NOISE analog signal applied at its base
through resistor R58.

(2) A “shot” contribution made by coupling ampli-
fier B9’s output at pin 1 through resistor R62.
This amplifier stage is configured as a “triggered
integrator.” Whenever the EXPL 1 TRIG or
EXPL 2 TRIG digital signals go high, transistor
Q8 temporarily goes into conduction, decreasing
the voltage level at the LM324 amplifier’s in-
verting input (B9 pin 2). This input signal causes
the analog signal produced at B9 pin 1 to initially
swing high, and then to slowly integrate back
down under the influence of the capacitance-
coupled negative feedback loop provided by
capacitor C29 (see upper waveform in Figure
3-6). The EXPL TRIG signals come from the sheil
digital timers; see paragraph 3.4.10 (a).

(3) A “boom” contribution made by coupling ampli-
fier output B9 pin 14 through resistor R76. This
amplifier stage is also configured as a “triggered
integrator’” so that whenever the HIT 1 or HIT 2
digital signals go high, the analog signal produced
at B9 pin 14 initially swings high and then slowly
integrates back down; see lower waveform in
Figure 3-6. However, this analog signal comes
back down more slowly than the one at B9 pin 1,
because capacitor C44 (0.22 microfarads) is twice
as large as C29 (0.1 microfarads) and because R76
is only half as large as R62. This difference
explains why the sound produced when a shell
hits the opponent plane is twice as loud and twice
as long as the sound produced when a shell is
fired or when a shell explodes by itself. The HIT
signals come from the HIT flip-flops; see para-
graph 3.4.10 (b).

Potentiometer R62 provides a volume adjustment for
SHOT & BOOM that is separate from the respective speaker
volume adjustments, (see (d) below).

(d) Speaker Output Drive Stages (sheet 4, zones B3
through 7). The LM380 amplifier in location D10 serves as
the output drive stage for Speaker 1 and the LM380in B10
serves as the output drive stage for Speaker 2. The signals
that drive each stage are produced by mixing the respective
JET SOUND and SHOT & BOOM signals. The signal pro-
duced at the junction of R53 and R54 is coupled through
C26 and potentiometer R52 to drive amplifier D10. Like-
wise, the signal produced at the junction of R71 and R72is
coupled through C34 and potentiometer R70 to drive
amplifier B10.
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Figure 3-6 Audio Integrator Trigger and Output

Transistor Q1 prevents amplifier D10 from producing
an output signal during the attract mode, and transistor Q2
does the same for amplifier B10. The potentiometers R52
and R70 provide individual volume adjustments for each
speaker.

3.4.14 VIDEO SUMMING (SHEET 1, ZONES C4 AND
5): The junction of resistors R39 thru R42 forms the video
summing point. The multi-level signal formed at this point
is sent out, via edge connector pin 15, as the composite
video signal to the TV monitor. The signal produced at R7
pin 1 and added through R40 is the synchronization in-
formation contribution. The signal produced at C5 pin 12
and added through R42 is the blanking contribution. The
signal at D4 pin 3 and added through R39 is the contribu-
tion for the black plane, black shell and black score
numerals. The signal at E4 pin 6 and added through R41 is
the contribution for the white plane, white shell, and white
score numerals.

3.4.15 COIN AND CREDIT (SHEET 3, ZONES A, B, C 3
THROUGH 8):

(a) Coin Recognition Circuit. Each coin mechanism
has an SPDT switch that is activated momentarily whenever
a coin passes through the coin mechanism and on into the
coin box. The switch contacts are wired as shown on the
harness schematic, drawing number 004279, with both C
(“common”’) terminals tied to ground and each NC and NO
contact connected through the harness to an individual pin
on the PCB edge connector. Inverter latches ‘“‘debounce”
the switch closure signals from the coin switches and pro-
duce the CP1 and CP2 signals. The output from each latch
is applied to a dual stage of flip-flops (formed by flip-flop
P9 for signals from Coin Switch No. 1 and by flip-flop R9

for those from Coin Switch No. 2). One dual stage is
clocked by the 128V and the other by the 256V signal,
both coming from the sync chain (see paragraph 3.4.3).

Any inverter latch’s output signal that is at least as wide
as two cycles of the clocking signal (approximately 30
milliseconds) will cause the appropriate dual-stage flip-flop
to produce an output pulse {at P9 pin 5 for Coin Switch
No. 1 signals, and at R9 pin 5 for Coin Switch No. 2
signals). This pulse will pass through gate C5 to produce a
COIN signal pulse (at C5 pin 6) and through inverter C7 to
produce a COIN signal pulse (at C7 pin 2). The COIN signal
will set the “Q” latch, formed by discrete transistors Q3
and Q5, through Diode D6, causing the Q signal (at F8 pin
6 ) to go high and remain high. See paragraph (d) below for
a description of the “Q” latch.

The “common” contact of Switch S1, a two-position
slide switch mounted on the PCB, connects to the “Set”
input (pin 4) of flip-flop C8. Switch S1 provides the game’s
1 player/coin—2 players/coin option feature.

The owner/operator manually places this switch in the
“50¢” position to structure the game for 1 player/coin,
and in the “25¢ " position for 2 players/coin. When S1 is in
the “25¢ " position, the flip-flop’s “Set” input (pin 4) is
connected through the switch contacts to ground. This
grounding forces the flip-flop output (at pin 5), the 2
CREDIT signal, to steady high regardless of the states of
signals applied at the flip-flop’s clocking and “D’" inputs
(C8 pins 3 and 12). When S1 is in the “50¢"” position, a
momentary low can be applied to the flip-flop’s “Set” in-
put only by the gate D4 output at pin 11; this low only is
produced if two players should by chance deposit two coins
simultaneously, one in each coin mechanism.
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Disregarding this case of simultaneous deposit of two
coins, when S1 is in the “50¢” position the flip-flop’s 2
CREDIT signal will go high only if the Q signal (applied at
the “D" input, pin 2) is high at the time that the COIN
signal goes from low to high. The “Q” latch’s turn-on delay
insures that the Q signal will not have reached high by the
time the COIN pulse produced by the first coin deposit has
clocked the flip-flop (at C8 pin 3). Therefore a second
COIN pulse (initiated by a player depositing a second coin)
will be needed in order to cause the 2 CREDIT signal to go
high. In the “50¢” mode, the 1 CREDIT signal (at D8 pin
6) will be high only when 2 CREDIT is low. In the “25¢ "
mode, 1 CREDIT will be high continually, regardless of the
state of 2 CREDIT.

The 1 CREDIT and 2 CREDIT signals are applied to the
inputs of a type-74153 multiplexer in location L9. The
multiplexer has two outputs that each connect through a
resistor to the gate terminal of an SCR. SCR T1 drives the
lamps that provide backlighting for the “‘one player start”
push-button switch on the front panel, and SCR T2 like-
wise provides backlighting for the “two player start”
switch.

The ATTRACT signal applied at pin 2 of multiplexer
L9 insures that neither push-button switch will be lighted
during the attract mode. The T PLAY signal, applied at L9
pin 14, is high for a one-player game and low for a two-
player game. After a coin is deposited, the multiplexer
responds to the states of the T CREDIT, 2 CREDIT and 1
PLAY signals by producing signals at outputs L9 pins 7 and
9 that cause the SCRs to backlight the appropriate push-
button switch or switches, in conformance with the game
structuring at Switch ST1.

Any pulse to high by the COIN signal will bring power
transistor Q11 into conduction and its collector current
pulse will increment the coin counter by one count. The
coin counter is mounted on the coin assembly access door.

(b) Generation of START signal. As shown on the
harness schematic, drawing number 004279, the normally
closed contact of each front panel push-button switch is
wired to ground, and each common contact is connected to
the PCB via the harness. On the PCB each switch’s signal
connects to a junction point formed by a resistor, a
capacitor and an input to gate D9. Because the Q signal is
low until a coin has been deposited, the application of this
signal at inputs to gate D9 insures that the game will not
respond to a player depressing either push button during
the attract mode.

Once a coin has been deposited, Q goes high and
START circuitry reacts in one of two ways, depending on
the setting of switch S1. If S1 is in the “50¢ " position, the
first coin will enable the 1-player start switch (1 CREDIT is

high), and disable the 2-player start switch (2 CREDIT is
low). If a second coin is deposited, it will then disable the
1-player start switch (1 CREDIT is low) and enable the
2-player start switch (2 CREDIT is high).

If ST is in the “25¢" position, the first coin entered
will enable both the 1-player and 2-player start switches,
since both 1 CREDIT and 2 CREDIT are high. The appro-
priate backlighting of the switches indicates whether the
1-player and/or 2-player start switch is enabled, once the
coin(s) has been entered.

If a player now depresses the lighted 1-player start
switch, gate D9 pin 1 will go high, causing the output at
gate D9 pin 6 to go low. The gate D8 pin 3 output will go
high, and a START pulse approximately 63.5 microseconds
wide will be produced at D3 pin 15.

Likewise, a STAR