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A. INTRODUCTION

Sky Raider™ is a vne-player jet-fighter game de-
veloped by Atari. The game is contained in an upright
cabinet which is illustrated with brightly colored
graphics to enhance player appeal. A 23-inch black-
and-white TV monitor is mounted in the cabinet, with
the image reflected by a hali-silvered mirror.

LOCATION SETUP



A player control panel is mounled directly below
the TV monitor viewing screen on the front of the
game cabinet. The controls consist of a control yoke
and a 5TART button.

The player's objective is to shoot at and hit as
many targets as possible, within the time allowed.
Five different types of targets appear at random
places, as the player “flies’ over the countryside. A
more detailed game play description appears in
Chapter 2 of this manual.

As game play begins, the timer (located in the 10p
middle of the viewing screen) begins counting down
irom 99. One of four optional limes previously set
for game length determines the speed of this
countdown. See Table 1-2 for specifics on various
game lengths and operator options. Play ends when
the game time has run out (reached 0).

B. GAME INSPECTION

Your new Sky Raider game is manufactured by
Atari with the intent of being ready to play im-
mediately upon removal from the shipping carton.
Your cooperation is needed to supply the final touch
of gquality control, Please follow the procedures
below tu ensure that your game is in periect condi-
tion.

1. Examine all external parts of the game cabinet for
dents, chips, or broken parts.

2. After determiningthat the game has been received
in good condition, unlock and open the rear ac-
cess doar. Carefully inspect the exterior and verify
that;

* All plug-in connectors are firmly seated,

LINE VOLTAGE-CHANGING
VOLTAGE PLUG WIRE COLOR
95 VAC BLACK
110 VAC ORANGE
(installed at factory)
210 VAC GHEEN
220 VAC RED

NOTE:
Power supply in your game may not
include fuses F3, F4, and F5.

ON/OFF AND
[ ] mrentocx
SWITCH

JAmp, 250V,
Slow - blow

8 Amp, 125V,
[Fast—ﬂlow
@ ‘
PCB
EPowsr [
@ 2.5 Amp . 125 V.
Slow —nlow

Figure 1-1

Location of Voltage-Changing Plugs on

the Power Supply



¢ The fuses are all seated in their holders,
» No harness wires are disconnected.

¢ No loose foreign objects are present, especially
metal objects that could cause electrical prob-
lems.

Be sure all major assemblies are checked. Check
the game printed circuit board {PCB}, the trans-
former, the two coin mechanisms, the speaker, the
player controls, and the TV monitor chassis.

C. LOCATION OF SERIAL NUMBER

The serial number for Sky Raider is located on a
metallic label in the upper left-hand cornerin back of
the game cabinet. This serial number also appears in
the corner {common to both edge connectars) on the
back of the PCB, inside the game cabinet. See inside
front cover of this manual.

D. INSTALLATION
REQUIREMENTS

Power Requirements
and Line Voltage Selection

Sky Raider is shipped for operation at 110 VAC, 60
Hz. Power consumption is approximately 150 watts.
However, if your local current is not 110 volts, follow
this procedure. You must select one of four connec-
tors at the power supply and plug it into the voltage
selection socket. Figure 1-1 shows the four connec-
tors, with one of them plugged in. The plugs are
identified by wire color as listed in this figure. Note
that there are two basic operating voltages—110
VAC, 60 Hz and 220 VAC, 50 Hz, with provisions far
low line voltage in each case. To insure proper opera-
tion, measure line voltage. If voltage is consistently
below 100 ¥ (for 110 VAC lines) or befow 210V (for 220
VAC lines), use the low-voltage connections.

Temperature Range

Location and storage should not be below 0 de-
grees Celsius (32 degrees Fahrenheit), and no higher
than 49 degrees Celsius {120 degrees Fahrenheit).

Humidity Range
Relative humidity for location or storage should
be no mare than 95%.

Location Space Kequircments
Vertical Clearance—185 centimeters
{73 inches}
Width Clearance—75 centimeters (29.5 inches)
Depth Clearance—~391 centimeters (36 inches)

Type of Power Cord

Atari has added a strain relief power cord to
Sky Raider. The advantage of this type of power
cord is that, if pulled acctdentally, the strain relief will
hold the cord in place at the cabinet wall. The plastic
strain relief “cushions' the impact of the shock and
prevents the cord from pulling the wires out of the
harness connector.,

E. INTERLOCK AND POWER
ON/OFF SWITCHES

To minimize the hazard of electrical shock while
vouare workinginside the game cabinet, an interlock
switch has been installed at the rear access door. This
switch removes all power from the game while the
access door is open. To help you conserve energy, a
power on/off switch has been installed on the game
s0 that it can be turned off during closed periods.
Refer to Figure 1-2 for switch location.

Please check for proper operation of the rear
access door interlaock switch by performing the fol-
lowing steps:

1. Unlock and open the rear access door,

2. Plug the AC power cord into a 110-volt source. (If
the voltage is consistently less than 1T0 VAC, make
sure that vou change the voltage plug to the black

plug.})

3. Set the power on/off switch to the on position by
flipping the toggle switch toward the front of the
game cabinet.

4. Close the rear access door. Within approximately
30 seconds the TV montitor should display a pic-
ture.

W1

. Slowly open the rear access door until the TV
monitor picture disappears. The TV monitor pic-
ture should disappear when the rear access door is
opened less than one inch from the top.

6. If the results of Step 5 are satisfactory, the inter-
lock switch is operating properly. If the picture
does not disappear as described, check to see if
the switch is broken from its mounting or stuck in
the on position.

7. Ciose and lock the rear access door.

F. SELFE.TEST PROCEDURE
Sky Raider will test itself and provide data to



SELF-TEST SWITCH

VOLUME
CONTROL

X }ﬂ%r
\/"'}’

( ON/OFF
| POWER
: SWITCH

INTERLOCK SWITCH

Figure 1-2 Location of Power On/Off, Interlock,Self-Test and Volume Control Switches

demonstrate that the game’s circitry and controls
are working praperly. The self-test procedure uses
the TV monitor and the speakers; no additional
cquipment is required. We suggest that you run the
self-test procedure cach time the coin box fs
emptied. See Table 1-1 for specifics on the seli-test
procedure.

To start the self-test mode aver from the begin-
ning. sel the sel-test switch to off, then again to the

on position. This will return the self-test mode to Step
T, and can be done at any time during the procedure,

G. OPERATOR OPTIONS

Options of the Sky Raider game offer maximum
player appeal for each game location. These options
are listed in Table 1-2. They are preset for a certain
game structure during production. To determine
how the switches have been set for your game, com-



pare the TV menitor viewing screen during the self-
test mode with the information in Table 1-2.

To change the toggle positions of the switch as-
sembly and set the desired options, the printed cir-
cuit board (PCB) must be removed according to the
following procedure:

1. Unplug the game. Unlock and open the rear ac-
cess door,

2, Locate the radio frequency (RF) shield assembly
immediately inside the cabinet on the right. (It is
an aluminum box with small holes.} On one end of
the box is a printed circuit board with an edge
connector coming from the edge of the beard.

3. Remove the five pan-head Phillips screws from

each of the long sides (total of ten screws) of the RF
shield assembly.

IMFORTANT: To prevent damage to the ca-
pacitors on the rear side of the PCB, move the
board about Y-inch towards the edge connector
{same direction as the two arrows on the small
white label}. Then pull the RF board out toward
yourself. Never yank the RF board straight off of
the metal box. (See Figure 1-3 for caution label
identification.)

. Carefully remove the PCB from the RF shield

assembly,

IMPORTANT NOTE

s on.

Be certain that toggle 5 on the large DIP switch (located at posi-
tion L% on the PCRB) is OFF for normal operation of the Sky
Raider game. The game will not operate properly if this switch
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Table 1-2  Operator Options

Switch Settings on B-Toggle DIF Switch
{Located at Position L9 on PCB)

Optioh i 2] 3Tal 5 P 7 A Result
Game Instruc- | ON ON . English
tion Languape | ON OFF “EJ German
{as displayed | OFF ON & French
on TV screen) | OFF OFF 5 Spanish
c
Game Length ON ON| = 60 seconds
OFF ON E 80 seconds
ON QFF e 100 seconds
OFF OFF| = 120 seconds
; 3
Extended Play 5 |ON % Extended play (50% of regular game length) granted
S |OFF p No extended play granted
g z
Lower Level % ON If game length is setat . . .
of Extended z 60 secs. B0 secs. 100 secs. 120 secs.
Play = extended play granted for score of:
é 13,000 18,000 27,000 34,000 pts.
Higher Level = OFF If game length is set at . . .
of Extended £ 60 secs. B0 secs. 100 secs. 120 secs.
Play 2 extended play granted for score of:
22,000 29,000 36,000 43,000 pts.
Setting of 16-Position Rotary Switch,
Option Located at K10 on Came PCB Result
{5ettingis Displayed During Self-Test)
Coin Mode 0 2 coinsiplay, left and right coin mechanism
1 1 coin/play, left and right
2 2 playsicoin, left and right
3 3 playsicoin, left and right
4 st coin, one play. 2nd and extra coins, 2 playsicoin.
5 1st coin, 2 plays. 2nd and extra coins give 3 plays.
6 Left: 2 coins/play. Right: 1 coin/play.
7 Left: 1 coiniplay. Right 2 plays/coin.
8 Left: 2 playsicain. Right: 4 playsicoin.
9 Left: 1st cain = 1 play, 2nd and extra coins = 2 plays/coin.
Right: 1stcain = 3 plays, Znd and extra coins — 4 plays/coin
A Left: 1st coin = 2 plays, 2nd and extra coins = 3 plays.
Right: 1st coin — 5 plays, 2nd and extra coins = 6 plays.
B Left: 1st coin = 3 plays, 2nd and extra coins = 4 plays.
Right: 1st coin = 7 plays, 2nd and extra coins = 8 plays.
C Left: 3 coins/play. Right: 1 coin/play.
D Left: 1 coin/play. Right 3 playsicoin.
E Left: 1st coin = 3 plays, 2nd and extra coins = 3 plays.
Right: 1st coin = 6 plays, 2nd and extra coins = 6 plays.
F 4 playsicain, left and right,

Pressthe reset button, located on the main PCB, once after making any option changes with the rotary switch or
the DIP switch.




e o
| 4 caution 4|
| To aveid damaging capacilors |
| on back ot this PCB. move Ya
| laward arrows. Then pull to- |
| ward you. [
| Assy. No, |
Game S
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ROW 2
ROW 1
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88
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odo o
C C 123456 TR 16

Figure 1-3  Caution Label on Game PCB

5. Setthe switches for the desired options, as shown
in Table 1-2.

6. Reinstall the PCB following Steps 1 through 4 in
reverse order. Do not force or bend the printed
circuit board. Before reinstalling, always inspect
the printed circuit board for damage. Close and
lock the rear access door.

7. Plug in the game and verify option functions by
playing it

H. YOLUME CONTROL

If volume is incorrect far your location, open the
coin door and adjust the volume control. See Figure
1-2 tor location of volume control.



GAME PLAY

There are three modes of operation: attract
(power applied). ready-ta-play iceins accepted), and
play {(START button activated).

A. ATTRACT MODE

The attract mode begins when power is applicd
to the game and ends when the proper amount of
coing are accepted by the coin mechanism. The ap-
propriate coin and extended play messages appearin
the middle of the screen, according to the options
which have been selected. All controls and sounds
are inactive during this mode.




The TV monitor screen displays the view a
bamber pilot would have from the cockpit of a jet.
The landscape passes underneath the player. A
unigue featurc of this game (patents have becn
applied for) is the extreme compression of the land-
scape at the distant horizan, and the “stretching™ of
topography in the nearest areas. The zooming effect
of the landscape is very smooth, with the far distant
featurcs moving very slowly and the closest ones
increasing greatly in speed.

Throughout this mode, all controls are inactive.
Player score appears in the upper left corner of the
screen as five zeros. The highest score since power-
up appears in the upper right corner, alternating with
“BONUS FOR “({this represents the ex-
tended play level). Below this phrase GAME OVER
tlashes on and off.

B. READY-TO-PLAY MODE

This mode begins when the proper number of
coins are accepted (as required by the coin setting
determined by the operator) and ends when the
START pushbutton on the control panel is pressed.

During this mode, the TV monitor displays
exactly the same message as during the attract
made. The START button will flash on and off. Again,
throughout this mode, all player controls are inac-
tive,

12

C. PLAY MODE

This mode begins when the START pushbutton is
pressed and ends when the game runs out.
Throughout this mode, all players controls are active,
Immediately on pressing the START button, the high
score phrase disappears, and the CAME OVER mes-
sage is replaced with the game timer.

The control yoke operates just like in an airplane.
Right/left movement of the control yoke causes the
crosshair sight on the screen to maove cither ta the
right or left. As game play progresses and more points
are scored, this rocket sight moves slowly towards
the top of the screen, causing the player to see less far
ahead. With less time to anticipate the various
targets, the difficulty increases.

Up/down movement causes the landscape to
increase/decrease in speed. Pushing the firing button
onthe right yoke handle will release a single rocket ar
a stream of rockets (if depressed for more than a
moment) aimed at the sight.

The randomly appearing targets are rated as
follows:

Tower 350 points if hit
450 points if hit
Chy 450 points if hit
il Refinery 450 points if hit
800 points if hit

Bridge

Enemy Plane

Any target that the player hits will explode and
maomentarily display the point value scored.



Due to its solid-state electronic circuitry, this
Atari unit shouid require very little maintenance and
anly occasional adjustment, Information given in this
chapter and elsewhere in this manual is intended to
cover most servicing situations that may he
encountered at the game site. The procedures given
are in sufficient detail to be understood by a person
with moderate technical background.

NOTE

If reading through this manual does not
lead to solving a specific maintenance
problem, you can reach Atari's Customer
Service Department by telephone Monday
thraugh Friday, from 7:30 a.m. to 4 p.m.
Pacific Time. From California, Alaska and
Hawaii, call (408) 984-1900; from the re-
maining 47 states call (B00) 538-6892 toll-
free.

If you are interested in gaining more in-
formation on video game technology, es-
pecizlly the electronics, we recommend
reading the Video Game Operator's
Handbook, manual number TM-043, This
book is available from Atari, Inc., Attn.
Customer Scrvice Department, 2175 Mar-
tin Avenue, Santa Clara, CA 95050 for §3
each, or from vour distribuleor.

MAINTENANCE AND
ADJUSTMENTS




A. CLEANING

The exteriors of game cabinets and plex panels
may be cleaned with any non-abrasive household
cleaner. If desired, special coin machine cleaners that
leave no residue can be obtained from your dis-
tributor. Do not dry-wipe the plex panels because
any dust can scratch the surface and result in fogging
the piastic.

RB. COIN MECHANISM
Components On Coin Door

Figure 3-1 shows the back side of the coin door
assembly where the game’s two coin mechanisms are
mounted. Included is the lock-out coil assembly; the
lock-out wires are connected to this assembly but are
hidden behind the cain mechanisms. During the at-
tract mode the microcomputer energizes the lock-
out coil, causing the lock-out wires to retract far
enough to allow genuine coins to reach the coin box,
But during the ready-to-play mode when the LED is
lit, and during the play mode iand also when AC
power to the game has been turned oifl,the lock-out
coil is de-energized, causing the lock-out wires to
move out far enough to divert coins over to the return
chute.

Assembly

Lock-out
Coil

Lamp Holder

Directly below each coin mechanism i3 a sec-
ondary coin chute and a coin switch with a trip wire
extending out to the front edge of the chute. When
the trip wire is positioned correctly, a coin passing
down the secondary chute and into the coin box will
momentarily push the trip wire down and cause the
switch contacts to close.

Alsa shown in the photograph is a slam switch
assembly. It has been included to discourage any
players who might try to obtain free game plays by
violently pounding on the coin door to momentarily
close the contacts on a coin switch. The slam switch
contacts conncet to the microcomputer system,
which will ignore coin switch signals whenever the
slam switch contacts are closed.

Access to Coln Mechanisms

To remove jammed coins, and for maintenance
cleaning. cach magnet gate assembly can be hinged
open without remaving it from the door, as shown in
Figure 3-2. Or, if necessary, each coin mechanism can
be entirely removed from the door merely by pushing
down onarelcase lever and simultangously tilting the
mechanism back, then lifting it up and out. This is
shown in Figure 3-3.

Figure 3-1 Coin Door Assembly

14

Figure 3-2  Hinging Open the Magnet Gale Assembly



Figure 3-3  Removal of Coin Mechanism

Cleaning of Coin Paths

CAUTION
The use of an abrasive (such as steel wool
or a wire brush) or a lubrication on a coin
mechanism will resultin a rapid buildup of
residue.

By talking to many operators, we have jound that
the best method of cleaning a coin mechanism is by
using hot or boiling water and a mild detergent. A
toothbrush may be used for those stubborn buildups
of residue. After cleaning. flush thoroughly with hot
or boiling water, then blow out all water with com-
pressed air.

Figure 3-4 shows the surfaces to clean inside the
coin mechanism. These include the inside surface of

{Clean both surfaces where coin enters
the mechanism, as well as the magnet)

Figure 3-4  Surfaces to Clean Inside the Coin
Mechanism

the mainplate, and the carresponding surface of the
gate assembly. There may also be metal particles
clinging to the magnet itself. To remove these you
can guide the point oi a screwdriver or similar tool
along the edge of the magnet.

If coins are not traveling as far as the coin mecha-
nisms, you will need to clean the channel beneath the
coin slot. To gain access to this channel, use a ¥%-inch
wrench and remove all three nuts that secure the
cover plate [refer to Figure 3-3}. Removing the plate
will provide access to the entire channel.

Also clean the inside surfaces of the secondary
coin chutes, but when doing this be careful not to
damage or bend the trip wires on the coin switches.

Removal of Plate Covering Rear of Coin
Slot

Figure 3-5

Jubrication

Do not apply lubrication to the coin mecha-
nisms. The only points that may need lubrication {and
only rarely) are the shafts of the scavenger buttons
{coin rejection buttons) where they pass through the
coin door. Apply only one drop of light machine oil,
and be positive that no oil drops down onto a coin
mechanism. Figure 3-6 shows this lubrication point.

Adjustment of Coin Switch Trip Wire

In order for a coin switch 1o operate reliably
when a coin travels down the secondary coin chute,
the rest position of its trip wire should be as shown in
Figure 3-7. Use extreme care when handling or touch-
ing these wires.

15



Manuaily hold down rejection bution
and apply one drop here

Lack-out Wire

Figure 3-6 Close-Up View of Lubrication Point

Three problems can occur with trip wires—they
canbetoo long, too short, or become loosened and
fall off.

Correctly
adjusted
irip wire

Figure 3-7  Detail View of Coin Switch and Trip Wire
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CRIMP TOGETHER
MOUNTING STUD AT
2 ARROWS SHOWN

¢

Figure 3-8  Securing the Coin Switch Trip Wire

With a wire that is too long, you may have a
problem of it catching on the opening in the cash box
as a coin is accepted. You can cut off the end of the
wire in small increments, making sure it still extends
slightly through the V" of the coin chute.

[T the brip wire is too short (vither by wrong ad-
justment or by being cut off too much), coins may slip
by the wite without tripping it, and nro credits will be
given. The solutionis to carefully bend and straighten
wul the wire to lengthen it If you cannot straighten it
sufticiently, contact vour distributor to order another
trip wire.

If the wire is Jaose and falls oif its mounting stud,
it will also cause o credits to be given. Secure the
wire by crimping together both ends of the brass-
colored mounting stug with a pair of pliers tsee Fig-
ure 3-8} I vou shauld ever need to remove the trip
wire, the two halves oi the mounting stud can be
separated with a small screwdriver,

Mcechanical Adjustments on
Coln Mechanism

Coin mechanisms are adjusted prior to shipment
from the factory and normally will retain these ad-
justments for many months. |i, due to wear or other
causes, it becomes necessary to make new adjust-
ments, remove the coin mechanism from the coin
doar. Thentakeitto a clean well-lighted area where it
can be placed in a vertical position on a level surface
tsuch as a bench top). Besides a screwdriver, you will
need a set of several coins, including both new and
old, worn ones. Figure3-9shows an exploded view of
the mechanism and gives procedures for adjusting
the kicker, separator, and the magnet gate. These



ITEM IDENTIFICATIONS
Kicksr and Soparator Scrows
Washers

Klcker

Saparator

Gate Laver Spring
Gate Plvol Pin
Mzainplate Assembly
G washer

Rail

Gate Assembly
Cradle Assembly

-

N Se@m~Om e W

13 Upper Gaie Pivot Spring
14 1 ize Lever A LTl
15 Magnet Gate Assembly
16 Magnei Gate Adjuster

17 Rstaining Screwa

15 Coverplate Asaembly

19 Return Coverplate

¥

-

n
2)
3}
4)

20 Coverplate
27 Mounling Studs
22 Lower Gate Pivel Spring

i 23 Coin Rel L
Kickar and separator oin Release Lever

. Set the acceplor with the back ol the unil facing you in the test positian.
. Loosen the Kicker and separator screws (1) and move the kicker (3] and the separator (4)

as far to the right as they will go. Lightly tighten the screws.

. tnsert several 1es1 coins {bolh old and new} and note that some are returned by striking

the separator.

. Lonsen the separator screw and move the separator a slight amgunt to the left. Lightly

retighten the screw.

. Inser! the tesi coing again and, if some are still returned. repeat Step 4 until all the

cains are accepted.

. Loosen the kicker screw and move the kicker as far to the left as it will go. Lighily retighten

the screaw.

. tnsert the test coins and note that some are returned.
. Loosen the kicker screw and mave the klcker a slight amount to the right. Lightly refighten

the screw.

. Insert the Lest coins again and, if some are slill returned, repeat Step B until all the ¢oins

are accepted.

. Be sure that both screws are tight after the adjustments have been made.

Magnet gate

. et the acceptar with the front of the unit facing you in the test position.
. Tute the magnet gate adjusting screw {16} aut or counferclockwise until none of the coins

will fit through.

. With a coin resting in the acceptor entrance, turn the adjustet in or clockwise until the

coin barely passes through the magnet gate.

. Test this adjustment using several other ¢oins {both oid and new) and, if any fail to pass

through the magnet gate, repeat Step 3 until all the colns are accepted.

. Fix the magnet gate adjusting screw in this position with a drop of glue.

Additional Cleaning

Remove the transiar cradle {12) and the undersize lever {14),

Uae a pipe cleaner or similar effective cleaning tool to clean the bushings and pivot ping.
Aeplace the transfer cradle and the undersize laver.

To be certain the coin mechanlsm is completely tree of any residue, place the mechanism in
bolling water for several minutes. Carefully remove it and let it air-dry completely before
reinatalling in the door.

Figure 3-2  Adjustments on Coin Mechanism
17




adjustments should only be done by somecone who
has experience in servicing coin mechanisms and
who understands their operation.

General Troubleshooting Hints

The first action is to look for jammed coins, After
these have been removed, examine the coin path for
presence of foreign material orloose objects {such as
chewing gum, small metallic objects, paper wads,
etc.). In cases where game usage is heavy, it may be
necessary to clean the entire coin path pericdically,
in order to prevent build-up of contaminants that can
hinder the movement of coins through the
mechanisms. Also confirm that the trip wire on each
coin switch is intact, and is properly adjusted. If trou-
bles still persist, check the conditions and positions
of the lock-out wires, and the mechanical adjust-
ments on the coin mechanisms, befare suspecting
the efectronics. If a coin mechanism rejects genuing
cains, try 10 readjust it If this is not successtul. then
replace it with a working mechanism.

C. FUSE REPLACEMENT

Sky Raider contains seven fuses, five on the
power supply assembly in the lower part of the
cabinet and two on the TV monitor assembly. All
fuses are easily accessible through the rear access
door. Replace fuses only with the same type of fuse as
follows:

Motarofa M7000 Monitor:
3AG 0.8-amp quick-blow, 250 valts
Power Supply:
Fuses F1 and F2—3AG 3-amp slow-blow,
250 volts
Fuses F3 and F4—3AG 2.5-amp slow-blow,
125 volts

Fuse F5—3AG 8-amp fast-blow, 125 volts

D. TV MONITOR REMOVAL

(Refer to Fignre 3-10)

Remove three screws (button-head socket cap
#10-32) at the top edge of the cabinet and remove the
Plexiglasaretainer. Then remove the Plexiglas screen
and the cardboard bezel. Se sure to reconnect the
ground wire when removing the bezel. At the back of
the cabinet, remove the rear door which is secured by
four wood screws, Remove the four carriage bolts
which secure the monitor to the TV shelf assembly.
Disconnect the TV monitor harness and slide the
monitor out through the front of the cabinet.

18

E. TV MONITOR ADJUSTMENTS

——— CAUTION

For best results be sure the game has been
turned on for a while before making any
TV monitor adjustments,

NOTE

The TV monitor adjustments are accessible
through the rear door panel of the game
cabinet. These adjustments have to be
done while the game is energized. There-
tore, only persons familiar with safety
measures and repair procedures on elec-
trical equipment should perform them.

The TV monitor should be adjusted only when
the picture is distorted arif the contrast or brightness
seem out of adjustment.

The monitor's adjustments function like those of

a conventional, home television set, except that the

volume adjustment has no efiect. Instead, the game

produces its sound in circuits separate from the TV
monitor. Figure 3-11 shows the location of the ad-
justments on the TV monitor used by Atari.

When making adjustments, follow these general
guidelines:

BRITE (Brightness)—Perform this adjustiment before
the contrast. Adjust so that the white lines cover-
ing the screen just barely disappear, when the
brightness is turned up.

CONT (Contrast)—Adjust so that the images are as
bright as possible against the dark background
without heing blurred.

HORIZ OS5C (Horizontal Oscillator)—Adjust if the
picture is slightly off-center horizontally, if the
images appear warped, or if the picture is broken
up into & series of diagenal lines. Adjust for a
stable, centered picture.

F. LED START SWITCH

REPLACEMENT

(See Figure 3-12)

Unlock and open the coin door. Disconnect the
control panel cable connector and remove the four
hex nuts (two bottom and two top) securing the
control panel. Note that a ground wire is secured
under one of the lower hex nuts. The LED switches
are accessible when the panel has been removed.
Remove the wires from the suspected switchand turn
the switch counterclockwise while holding the



Step 2

Step 3

Step 4

Step 5

Remove Screw.

Remove wood screws,

Reach through coin door and remove two
secuting nuts (and screws) from front of
TV shelf assembly.

Unplug Molex connector from TV monitor
chassls.

Litt back of TV shelf assembly and slide out
of cabiinet,

Figure 3-10 Removal of TV Monitor



cone-shaped nut on the outside of the game cabinet.
Install a new switch using the reverse procedures.
Reconnect the harness wires. When reinstalling the
panel, be sure to secure the ground wire as before.

L
CONTRAST \ " aRIGHTNESS \
HORZ 50 - reruE

MOTOROLA
MOCEL M5S000/M?000

2 FU5ES « AEMDVE.
COVER TO REFLACE
CEOIN D8 A gtk B

to the cabinet. It is hard to communicate how to
check fortightness. The only thing we can sayis that if
the brackets are just a little loose, the Control Yoke
will feel sfoppy.

The best method of determining if the brackets
are loose is by removing the control panel and trying
to wiggle the brackets. Ii the brackets are loose, dis-
assemble the cantrol yoke as instructed in Figure 3-14
and tighten the bracket mounting screws to 20 (+ %,
—0) inch-pounds. Reassemble the control yoke as
instructed in the figure.

Figure 3-11  Locations of Adjustments on TV Chassis

. CONTROL YORE

Control Yoke Potentiometers

The control yoke has two potentiometers. These
potentiometers supply playcr steering information to
the game PCB. With a good amount of use, these
potentiometers may eventually become dirty and re-
quire cleaning. To clean, use a tuner cleaner. This
spray cleaner is available at most electronics supplies
stares. When you buy tuner cleaner, make sure that
you get the thin nozzle extension tube that comes
with the spray can.

For cleaning the potentiometers, remaove the
Control Panel Assembly {see Figure 3-13). Insert the
spray nozzle extension tube into each potentiome-
ter, spray, then work the control yoke to make the
potentiometers rotate.

The two potentiometers in the control yoke are
self-adjusting. Whencver the yoke is pushed to the
top/bottom or right/left limit (even during the attraci
mode), the microprocessor program senses these
points and automatically determines the center posi-
tion for bath directions of movement. Therefore, you
do not need to perform any calibration of the pots.

Checking Roll and Pitch Bracket Tightness
Make certain the Control Panel is firmly attached

20

START SWITCH

Unioch and open the Caln Door.

()

. Disconneet control panel cable connagior;
then remove lour hex nuta.

w

Remove wires lrom suspected switch,

Turn swiich counterclockwlize white halding
cone-shaped nut on cutaide of geme cahinet

Inatall new swlich using reverse procedurs,

Reconnecl harnass wires.

Figure 3-12 LED START Switch Replacement



AEPLACING THE BLACK LIGHT TUBE
Remove the Front Housing Assembly as follows:

1. With a 7/16-inch wrench, reach thraugh the coin
door and remove four %4-20 hex nuts, one at each
corner of the Control Panel Assembly.

2. Disconnect the harness connector from the
Control Panel Assembly, then remove the Contral
Panel Assembly.

3. With a 0.125" hex wrench, remave three #10-32 x 1- T
inch buttonhead screws and the metal seam cover ]
from the top of the Front Housing Assembly,
T METAL SEAM COVER

4. Lift off the Front Housing Assembly.

5. With a Philllps-head screwdriver, remove two
#8 x 1.5-inch wood screws from each side of the
Display Light Assembly.

6. Pull Display Light Assembly out of cabinet far
enough to remove the black light,

7. Re-assemble the cabinet, perfarming steps 1
through B in the reverse order.

DISPLAY PLEX -
GRAPHICS PANEL

R

iy ~. |l
ISPLAY LIGHT ASSEMBLY
"\.\ f 1

N\ 4——— FRONT HOUSING ASSEMBLY
“r N 7

REPLAC!NG THE FLUORESCENT TUBE
1. Remove the Display Plex Graphics Panel by using
a 0.125-inch hex wrench to unscrew tive
#10-32 x 1~inch socket head screws.

2. Aemove the fluorescent tube.

Figure 3-13 Removing the Cabinet Light Assembiby
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CONTROL YOKE HANDLE;

CONTROL
YOHE ROLL PIN
HOUSING

TIGHTEN T8 3
[-'. M INCH-POLUNDS

CONTAGL
PANEL
——

W

PITCH BRACKET 88—

| et
ROLL BRACKET —

TIGHTEN TO 20(-'3, O
INCH-POUNDE

CONTROL YOKE EHIFT—/

Wb

W

. REMOVE TWO MOUNTING SCREWS FROM

BOTH THE ROLL BRACKET AND PITCH
BRACKET #2.

. REMOYE ROLL PIN.
. PULL CONTROL YOKE SHAFT OUT OF

CONTROL YOKE HOUSING FAR ENQUGH TO
TIGHTEN PITCH BAACKET #1 MOUNTING
SCREWS TO SPECIFIED TORQUE.

. RE-INSERT CONTROL YOKE HANDLE INTO

CONTROL YOKE HOUSING AND INSERT ROLL
PIN.

. MOUNT PITCH BRACKET #2 AND ROLL

BRACKET, AND TORQUE SCREWS AS
SPECIFIED,

22

Figure 3-14 Rottom View of Control Yoke




THEORY OF

OPERATION

The block diagram in Figure 4-1 shows the major
parts of the Sky Raider Game.

The game’s television monitor is a self-contained
transistorized unit. The composite video signal sent
to the monitor differs in many respects from the
signal derived from commercial TV broadcasts. The
picture appearing on the screen, thereiore, is unlike
that of a home TV set and the monitor does not
produce any sound. See Chapter 6 for a schematic
diagram of the TY monitor.

The game's composite video signal produces
four video levels instead of the continuous shades of
grey seen on a home TV screen,
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Figure 4-1

On the game PCB schematic diagram, Figure 4.2,
the symbol “P” {appearing at various inputs of inte-
grated circuit devices) indicates a connection of 45
volts DC through a pullup resistor. For easy refer-
ence, the game PCB is divided into grid sections.
Along the short side of the board these sections are
identified by letters A through R {skipping letters G, |,
O and Q because they may be easily confused with

24

Game Block Diagram

the numbers 6, 10, and O respectively). Alongthefong
side ofthe board the numbers Tthrough 10are used.

Figure 4-3is a harness schematic of the entire Sky
Raider game. This figure illustrates how all electrical
and electronic assemblies are electrically connected
together.
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Figure 5-2 TV Tray Assembly
Parts List

Item Part Number Qty. Description
1 AQ30575-02 1 Assembly, Monitor Modification
2 008574-01 1 T.V. Tray
3 005594-01 4 Monitor Tie Down
4
g 72-6812 g Screws, 5.M., 3elf-Tapping #8 x 3/4"
&
7 006319-03 2 Copyright Decal (1278)
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Figure 5-4 Audio Amplifier Board

A0095734-01

ATARI

Itemn Part Number Qty. Description
i 009575-01 1 P.C. Board
2 10-51Fp 1 Res, Carbon, 5%, 1/4wW, 1 Ohm R3
3 10-5390 1 " " " T 39 2 R6
4 11-52p7 1 " " "o l/2wW, 2.7 00" R4
5 11-5121 1 " & " & 120 " R5
6 19-316103 1 Trimpot, 10K Chm R2
7 | 24-250106 1 | cap, Electrolytic, 25V, 10uf C12
2 24-250477 1 " " " 470uf 2
9 24-250108 1 y " " 10g0uf Ccl
10 24-250228 1 " " " 2200ut C5
11 27250103 1 ! Ceramic, 4 L01uf c3
12 | 27-250104 2 i " " Juf C4,11
13 31-MR7S O 2 Diode, MR750C CR1,2
14 31-1N4001 5 " 1N4001 CRB8~12
15 37-TDR2002V 1 Audio Amp, TDA2002V Ul
16 69-004 1 Switch, Slide SW1
17 | 78-58005 1 Connector, l0-Position
18 | 030184-cl 1 Heatsink
15 | 72-1604C 3 Screw, P.H., Phil, #6-32 x 1/4 1g , Cres
20 | 75-056 3 Washer, Lock, Int Star #6
21 | 78-16009 1 Silpad
22 | 10-5104 1 Res, Carbon, 5%, %w, 100K OHM R12
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Figure 3-5

Coin Door Assembly
Parts List

ltem Part Number Qty. Description
1 .:}0036_,3?—(}1 1 Frent. = Used maly on 01 Coin Door Assy.
AGOiE:-.'BT—ﬂ?. Ref.| Pront w - Used only on 02 Coin Door Bssy.
:\‘\00:'633—03 Ref. | Froat B chly on =03 Cuin ikor Assy.
h{m,ﬁ}i_u_l EEE' Front unly on =04 Coir ixwor assy.
t‘-OU‘a"‘J.j_.l’—L);J ref. Front iy on -UL Coie Door Assy,
ADO;E.)L’—{}() Ref.| w#rost voon =00 Jote Door fAssy.
ABGTOIT-4T Ref.| pront ¥oor =07 Coin Door Assy.
2 FE-916% 4 Nut f-37
3 LOOTE3I-01} 1 Cein Lock--ut
4 ADOTE40-C1 i Coin Pwiltch A
5 AONZARL-01 1 Coin Counter
[} ood3z0-01 1 Covin Door
& Coa3sl-01 i ary e
& 004 344-01 1 Key Loop
o 004340-01 2 SprceycEriann
10 004337-C1 2 Rracket, Wire Form
11 N 238-01 1 Tarckehlt, Wire Form, KoH.
1z Go4336-01 1 Lowk-Dut, Wire Form, LoH.
13 004 326-01 2 Hutlon, e
14 TR0 4 Lock washer . R
15 006RI0g =01 2 Spacer
16 Ga7350-01 1 Lacp Dotk
17 Fo-11-47 ]
18 s Mot Rt Traave 350824
19 o Self-Threading Kot Uinoermen $ETIHLO0L
20 4 Waulier ¥4
21 F5-00516 IR Feponut, Stwvle 642, St]., 6-32
22 a08629-01 V4 BpTiny
23 71-211a 1 Lock Ansembly, Hudson Lock
24 F1=1225%0 2 Coln Mevharise for Amerinn Juarier andy
71-125173 Ref,| wuwoin e 5 for Belgian 5 Fra
T1-1218 Bef.| Coin wecwusisn for Conoon Mare only
Fl-12188 Ref.| coin Mochassm for Swedish Krone Only
71-12100%] Ref.| Con Mechamsn for Japanese 100 Yen On
TL-12100E Ref.| coln Mechanise Zor Englisn 13 Ponoe Only
71-122000 Bef.| Coin Mechunise for sustralian 20-Cent Plece only
25 007753-01 1 Plate, Anti-Probe
26 AU076E 380 1 Switch hssemkly - Alam
27 AQQGY21-01 1 Harness Assembly

Q A barner Treenoar ahons Sampany
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ATARF

Figure 5-6  Power Supply Assembly

Parts List

Item Part Number Qty. Desecription
1 rO09266-01 i Power Supply Base Weldment Assembly
2 AO06886-01 1 Transformer Termination Assembly "Type B"
2 29-053 1 Cap., Sprague Electrolytic 26,000pf @ 15v
4 78-705015C 1 Brit., Cap. Mtg. Sprague #4586-48
g AOOE5E5-01 1 F.C. Board Rectifler
&
7 79-4411004 5 Fuse Holder, Panel Mounting
g 1=-2003 1 Filter, Power Line, S AMP
9 AQOES58-C1 L/R Valt Sel Block 95V
10 AOORYSR-N2Z Y Volt Sel Block 110V
11 A006958-03 s Volt Sel Block 205V
12 AOG6958-04 d Volt Sel Block 220V
13 78-2708 1 Grommet ,Plastic
14 72~18105 ] Screw Pan Ha., #8-32x 5/8"Lg.
15
la 75— 048 9 Washer, Split-Lock #8
17 75-918S a Nut Hex #8
18 75-0188 8 Washcr Flat #8
19 A007192-01 1 Powar Switch Tormination
20 A007444-01 1 Power In Harness
21 46-203801 1 Fuge, & AMP, 125V, 32 AG Fast-Acting
22 46-201251 2 Fuse, 2% AMP, 125V, Slow-Acting

@ A Warnem Lovnnunegahioes Uorsany
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Figure 5-7 R. F. Shield Board

A030491-01
ATARI
Item Part Number Qty. Description
1 006549-01 1 P.C. Board
2 79-517222 1 Connector, 44 Pin P.C. Mount
3 27-250104 4 Cap, Cer Disc, 0.luf, 25v
4 27-A250104 11 Cap, Cer Dise, 0.1uf, 25V (Small, Bottom Row)
5 41-3003 2 Inductor, 100uhk
3] 41-3004 11 Inductoxr, 100uh (Small, Bottom Row)
7 52-003 5 Jumper, .60 Centers
B 52-004 3 Jumper, .30 Centers
9 009468-01 1 Decal, R.F. Shield Label

b

@ A Warmer Communicalions Comparny
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ATARI

Fart Number Deseriptdon
SOEILO-CL [+ Tr.c. soara
PRCET R 3 Ros, Carban, Sw, WW, &7 0w, Ril3
19-5171 | = , 2 s g Rlla 117
PRELH H 1 - " R (- 22
A 1 2 ‘ - RSB
1 & ‘ M E 3 H
z H 7 330 [N
19 - * W FoadRg F3.77-77 BE-3],03.
Gz
R T T 13 s woo y RI5-16, 42, 4973
o 17-5881 2 - - N Rl
1t s0-5821 H o " noon y REX,BG. D
1z Lo=s1zz | . H ¥ =
25 10-8123 § - 5 ¥
14 Lo-3ise 4 " "
= 1o-5192 1 2 g i
18 Lo-srzz 3 ® E "
L7 1o-£372 4 o &5k i PR, 107 126,127
18 1G-5312 1 ] w8 I RIZ
12 10-539% F = 2 B * REL, BE
20 10-5472 z q L - B15,17
21 Lo-npd 1 " " o " AEz
22 1C-5i03 1 - " - - u.3,16,1E, 29, 52,R3,
104,165,312,11%
23 10=5221 g " & L = LT
24 10-54%3 tow o % AT ] Rc,102
25 10-3104 z & g = 2 E14.Rd5
T 1G-5154 (Y " % : a2
i L0524 _ 1 il = ! Rl
] 1L-5234 1 ) - " R0
o] 10-5474% 1 vowE i RLL
Y z - " RID.AL
al H 2 [ " RE7,25
iz 1 - o o RS
33 2 t 1t oA ¥ Rrear
" 5 g .- - 10 F24,80,

[ JESTIERIVSL WY

ST

] BESCRIITION
1 Carhor 3%, WK, 390 feM Rl1zi
12-3533) 1 " R L B HLZ¢
LT RELY 5] i Wizewound. 10N, 10W, 4 43M RET
Ja-rep2rt = vap, bler, GV, 22ouf ca1
24-255125 ¥ i 28, iuf o2
- 2EN4TS 1 4 3 "4l Tuf Ca4
£4-2501060 it - - v iour ChB&
24-263T 26 b [ 3 v zImg cag
24-28010% 1 " " " Tt ket ]
4-05DATE M b & T ATDnpaf e
i g
B
54
EE FM=25010T Tap., Cer. Zisso, 20%, O0Luf A6, 56,80
e IF-290478 3 - - J00d7uE CAG, AR
H 1250153 1 ¥ ¥ & .Olaf
a4 ET-250EAZ 3 = i . .o L0bBut CEY
3% IT-25i08 [:H i 2 s 5 W luf C1=38,40,47,43,
45,49, 52-87 &=
75.81-54.86,85,
L, 9396
e i - - - i .z3aF 79,80
oEl
B
EX 1 Mlea, 10 34, VORE Bl
R 1 * " sEDpC AT
is _
& i
&8 |
B |
n I1-A1dz 4 Digde h1iF
ki 31-1mEl4 4 Dngde 1KI14 CRL.2.4,5
EH
i 32-1RTILN E; Daigde 1KTLLA CRY
= 17- IN9E3E 1 Diods 1NOGIB CRE
7=
K II=INIBES 2 | Trarsistor JEIG44 Q4,3
iF T4-PHIEd Y 1|} Tramsistor NIB43 0l-1
T - 25042 1 Transister 200144 0.3}
73
BO
AL E1-T4L505 4 Integrabod  Caceweit F4LEOD E4,P5,D7,B%
Bz 3%-743,502 1 i 7ALEC2 E?
El 17-%as0d 1 5 ol T50a Ed
#i 17-T4i504 2 % ,. TALE04 C3, R4
&E 17=7406 2 g b TG 0g, P20

5-8 Sky Raider PCB Assembly

Figure

-01 version

Parts List
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Item | Part xomber gty | DESCRIFTTION ztex | Port Number JQer. DESCRIPTION
ss | 27- 74308 2t Intugrated  Cirsuit 74508 =9 L0 en-102 _ H crystal, 17,99% MHZ '
g 37-TALE0E 2 r = TaLshl ALRL RS i
28 7-7800 7 1 T 7408 b _
a3 37=7414 1 " - 14 e,
20 T-T4L814 2 E 5 aLsle L3, As 1 HiCTORTOGES50T B2
91 IT= TALEZC 2 - 5 F4LEZC B2,CE z BAM  21lik-4 FAHLHATL
o2 IT-T4LEA0 1 n = 5L 3 F4 1 FAM. MOS GHLD EZ
a3 37-4LEIT & i o JaLs 3z Fb
a4 37-74L542 H 3 - TALYAT H1,03.F3.La.FF
yg 3Tmva5Ta 1 = T48Ta FE . Syoc Proa ot |
2 17-74%87d # - T4L57a L5, 05,0708
at 37-T4L5d3R Fa L b TALZB 3N Lim:
E 37-74LGES z = 5 TaLTES R BT -1 0305R1-01 & Trapezoid, LSB hE
O I Py E " v 7aLsEE 23 ; $303E3-51 1 Traperaid, MSE BE.
1on | 37-74L592 L v e 751402 c D30584-01 1 rerair, SB z
101 ] AF-TeLElGE H : - 74LE10% i GMREES-0L % Terrain, MsE [
107 | 17-74LSLSY E; = i T4L8153 51C508-01 1 Mizsile, MEE ki
1| 31-74mmlen 3 - " FIESEY 05 HT-£] i Missila, 153 N3
10w T-UALELEL 14 = b T4uE161 2 | caceas-ol i Wz
N ; s L0 pn-0] I Tarmet
E ...n..m.«n S Do -] 1 arued
3 - THLSYOE A2 HALPS LB TR T | 1 ol
1 T4LELTS #%, T8, ke Lh LRCIHNET] 1 TOG
' - " 14817 T OG-0 1 100
: 4 to sl 0BG E-0] 1 Froau, 700U
2 o " 305 7a,Re @0 G- i Frong, TG0 B
u B 1 7415257 a5, E5 L1 (1 5h7=0] 1 Pram, 7400 zAz2
dimia
3 - i T451E4 H_ Trasirall Rl =
2 . - aTes 1 Fram, L0 Y2g4
1 " s plan 1 Procn, Tl ana=
1 Fequlator LH32E 1 Pram,. 7500 Bzl o
39rlMI2g F] Integratec Tirgarr  LA3E 1 = w 25
I-LM33% 3 L m Mg
37-LMIEE 1 - LHSSE
37-1MGER b LHSEE
ERE Loch i1 2 & HLBE
IP-MUSGIZ 1 _ LER HV5) 3 e
£2-001 1 i| switoch, SEET, HOM §=2r
&6-11BFIT 1 Switeh, SPST, %%, DIF {SW3) Le
BE-DI4PIT 1 h Switch, REX GIP [5¥2) Kt
136 ;
131 i
131 | 7relhoEs 3 Screw, Pan Hd. Phil. G=32 ¥ % L3, CRES
133 | 74=Cié = Wagher, Flat, &6
11 F-0EE a Washer, Leck, Int. Star, B
135§ 7a=916C H Hut, Hex, &v31Z, CRES
136§ Ta-EED0S 1 silpad
137 [ 7e-0600a 1 trasnt s Ank
138
i3y 79-42040 1 Socket, 44 Fin, Med Tnzertica B
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Item

Part Number E.nuﬂw

Descripton

RO

-

!
a

A09IL0-0]
10-3470
=511
1C-G1ar
16-5821
1neEnT)
13-%311
10-7a]

DEFETH]
10 474
F A
Ta=nry

19-522%
10-53713
17-ulng
1h-34h04
105724
10-635d
Ju-G9474
19-510%
10-715%
10=510%

1
1

P,

—

B L ]

-

1in

130
470

Hiiy
1K

Flus
RILg, 205

Re

14558

w32

Rt

R, =TT, HE=2], 0
1]

- N
Rl
S3oEL,

A=

b I P P

23, 81,74, 719404

Rial, ity

114,01

e, 197,126,127
Hrs

Bl A

RIS 17

Item art Kumber iy, DESCRTPIION
"
L1-%34]1 I ¢ Carban 5%, LW, 390 04 Rl
17-%331 1 - " | M, a0 o Bl24
JRISLWETET ) 1 ) Wirpwound, Q9% 10W, 4 CHIM RST
1
24-0F G227 L Eroul 41
2-250100 1 1uf
24250477 L " " Y4, TuE
Edm2NOT0E 1 * i "lnut
S4-DRR220 1 o ) Y2l
228011 1 g 1GCus
242308785 L - e *adnumf

PR o

bl el §

LE=17010)
E-1r1az]

Al=flal
F1-1naltd

M AU
i2- 1]

13- EE10G4
[ L
54-ZRE044

- T4LES
IT-T4H
TP-TaRN4
AT-TalE0E
Fr=1amd,

W o

i

[

[T
IDLusc

Dusdrn
i

Tran
Transi
Transi

Rlar
1R G

JEREIEN
1H9B3E

szor 2HIG44
Ly 23641
star 2NENdd

Lo24Y, row, Lngluf

€46, 50,00
LO04TuE Ak, an
R ITH (a3
NE3a?  HI
Cluf L-RLAU, 42,43,
47,43, S0
T, &L U, 56, R,
21,9590
JiIaE 0T9,AB
a7
TH?

Figure 53-8 Sky Raider PCB Assembly

~02 version

Parts List
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Item | Part Kumber Qty. NESCRIPTION Item | Part Musber t THCSCRIFTIDR

BE 37- 74509 1 [mtepratoe Cir €3 & . : :

b Chareia 2 4 i AL BRI, R4 wnm an- 102 1 Cryatal, 12.096 MAZ Tl
g8 | 3v-vao9 i - g A 142

i IT=T4L4 1 3 e il 141

fi I it 2 . o et i 142 | e0-60l0 1 || uieroproceasor B2

S i 143 | se-7019 2 rAM 2111A-4 EAHL HADL

| 374w t - T MLE ra 146 | so-7002 1 FAM. HOS BB1D F2
w3 | 3-74siz 1 - e L i et

G4 31-74i542 " .._.aw.m&w Hi JL,K1,L4, RS 148

a5 17-74574 1 14574 FR

96 | 3e-raLsta 3 __ s aLsTs 05,06,67,29 lga | eomsseoL 4 Syncslrom L
a7 IT=HLEBIA pg by T4LSE3IA Fu-z.w 141

s WWHHMN w Jarags MW._S 152 ) wiosaz-01 L Prom, Trapessld, LSg a6
G| 57594iza3 ; o 1sa| papsBI-OL 1 Prom, Traperoid, MEH B6
Tat'| Shedsicns ; i =5 154 QI05H4-DL 1 Pram, Terrain, L&H as
o 37-7ALELSS | i - M 155 Q305850 1 From, Terrain, Mse [+3
loa | 37evsrsise 3 . 3,04 156 | 0305960l 1 Trom, Missilo, MGH M4
3 : . 4.5 157 | 050597-0L 1 Prom, Missile, LEH H5
iea | 3v-w4Lslel 14 A B2, P N3.E1,0, B, 15| 020808-0L i e ' i

AR ER I 159 | 0305301 1 Roin, Turget /N7
e, FE, AR, BS 160

105 | 37-74L5164 [ B LR F L EATY ¥6. P, HT 3T, KT, L oy

LCE 37-TALS b6 1 3 s T4LELRE J2.HAES 163

w7 37=74L51 T4 E] " 74aLE174 M5, B, KH, LB 161

e 3= t4LELI TN 2 # Tarsl s D4, M 164

1ce 31-74L8191 kY " FALEL1 M4 J4, K45 165

110 e LELYS 2z * FaLsles T, RE 166

111 F1-T4L5257 3 " TaisEs? A RS, L1 1

112

113 17-745189 A " o T451R%9 ko, LZ,M2 WM”

114 | 27-R728 2 oL 73,83 T

115 | 11-eT93 1 " EZ R

116 | 37-LM223 1 Rogqulator i

117 3T-LM3:q 2 inteqrated Cirs BlO,ELC 173

ue i 2 i 174 | vagsad-0l 1 Mgk Rom, 7400

gzt lectngs 3 . ks 175 | 030595-01 L Mask Hom, 7000

121 | 37-004U66 L i (DADEE EH

Lzz

Lz3

124

120 | 38-HYSHLT i LED wvS0T 3 CRA

16

127 | &z-n0L L switeh, SPST, MO 2]

126 | GE=11BPLT L switeh, SPST, A8, DIP (SW3} Ly

1u9 | &R=DLAP2T 1 switch. HZX DIH 15WLh KLD

110

11

112 12- 1608 i Serew, Pan Hd. Phil. A-32 = & Lg, CHES

133 | 75-01s H Washer, Flat, W&

124 | 75-054% 2 washer, Logk, Ink, Star. #6

135 | 78-916C 2 Wut. Hex, £-32, CURES

136 | TE-16005 i silpad

137 TH-Q6001 L Heatsink

138

139 | 7o-a2040 1 socket, 40 Pin, Mgd Tnscrtion B2

Figure 5-8  Sky Raider PCB Assembly

-02 version

Parts List
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Figure 5-9 Front Housing Assembly
AD06676-02 A
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Figure 5-9  Front Housing Assembly

ADD6676-02

Item Part Number Qty. Deseription
1 006536-02 1 Formed Front Housing {Black}
2 009347-01 1 bisplay Plex with Graphics
3 82-8016 S Screw, Button Hd. Socket Cap, 10-32 x 1.00" lLg.
4 75-99090006 5 Well Wut, Blind Hole Fastener 10-32
5 000869 2 Grill, Speaker
& 73-77004 14 Rivets, 3/16" 0.D. x .68" Lg. .250-.500 Grip
7 B006675-01 2 Speaker Assy
B8 006660-02 s Shield, Plex
9 BO07147-01 1 Starship Speaker Harness
10 75-0205 [ Flat Washer, #10
11 75-07021 5 Washer, Black, Hylon, #10

@ A Warner Commuricahions Comparny
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Figure 5-10 Control Panel Assembly
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Figure 5-10 Control Panel Assembly

ADD9822-01

Item Part Number Qty, Description
1 DO9816-01 1 Control Panel with Graphics
2 008S70-0 1 Board, Control Panel Back-Up
3 AQ05347-02 1 Flight Control Assy
4 001856-01 1 Bushing, Aluminum
5
6 62-002 1 Led Switch
7 AQ09B18-01 1 Control Panel Harness
8 72-8810 d Screw, SM. Pan HA. Phil., #8 x 5/8" 1g.

o A Warner Commuricatons Compary
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Figure 3-11  Flight Control Assembly

AU05347-02

Ttem I Part ¥umber Qty. Description ]
1 004183-01 1 Cap Flight Control

2 00419001 1 dase rlight Control

3 A004194-01 1 Weldment Flight Control

L] T8-40201 i3 Handle Grip

5 62-003 L Swikch Push button

13 | 75-5524B 1 Bolt Carriage %-2D x 1sLg”

7 | 75-55328 z Bolt Carriage %-20 x 2" Lg i
8 L 153158 3 Nut, Hex (%-20) \
g . 75-045 7 Wasker, Lock (4} i
10 | ocosz10-01 1 fetaining Pin \
11 . 005%3Dp3 1 Pol Mount Machined

1z | a008997-4L 1 Spherical Ball and Busking hssembly

13 005212-01 1 Rukber Stop

14 l 005313-01 z Bracket, Bumper

15 005334-01 1 Plate, Backing

16 T2-5524N 4 Bolt, Hex HAd, {4-20 x 1% Lg,)

17 72-6B12 z Serew, Sm,, Pan HA. (48 x 344"

18 004202-02 1 Handle Grip

14 005315-01 1 Bracket, {enter Post

20 75-014s3 7 Washer, Flat #%

21 1B-ZO0103R b SHINE LET e oLl “

22 Tt SR Ble | sHRAM K TUSING . FuT-82) Y

23 72-18068 4 Serew Pan HAd, {8-32 x 3/8 Lg)

24 AQQ09525-01 1 Linkage Asm

25 75-048 5 ) Washer, Lock (#B}

26 AOQG526-01 1 ] Hub Mount Asm

27

28 DDE333-01 2 Hub

29 i 19-028 2 Special Potonbiometer

in 73-20812 1 Pin, Roll (1/8 Dia x 3/4 Lg.)

31 005314-01 1 Brzcket, Pot Linkagc

3z T5~-0285 2 Washer, Flat (48}

33 ADGT7257-01 1 Firing Switch Harness

34 75-4603 ) Screw, Set (46 x 31/16 Lg)

3; 723-3001 2 Retdining "L ming 14" Skaft)
i )
o Aareer oo calions Goroaryg
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Figure 5-12 Motorala Monitor Modification

Al30575-02

Ttem Part Nunher Qty, NESCRIPTION
1 90-032 1 T.¥. Motorola 23" (M-700-155)
yi 030576=02 1 Label, Modified Monitor (Motorola)
3 10-5332 1 Resistor, 3.3k (1 W}
i AQ30822-01 1 Assembly, Pot/Bracket
5 75-2406 2 Screw, Mach. P.H,C.R. 4-h0 3/8" Lg
[ 75-044 2 Washer, Split Lock #4 ’
7 75-9245 2

Nut, Mach., Hex #i-ho
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AD30575-02 A
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Figure 3-13 Pot Brackel Assembly
AD30822-01 A
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Figure 3-13 Pot Bracket Assembly

Parts List

Item Part Number Qty. Description
1 0306842-01 1 Bracket, Pot Mount
2 79-131021 1 Terminal Strip
3 16-5252 1 Resistor, 2.5K (5w)
4 19-9037 1 Potentiometer
5 A030841-01 1 Assy., Monitor Mod Harness
8 73-77001 1 Peop Rivet .125 Dia.

Q A'Warner Communications Company
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TV MONITOR SERVICING

INFORMATION

This chapter provides servicing information
taken from the Motorola service manual, This manual
has been reprinted by permission of the monitor
manufacturer.

IMPORTANT NOTE -—
The monitor in the Sky Raider game has
been madificd before being installed in
the cabinet. For information on how this
modification was periormed, and for a list
of parts used, see Figure 5-12 and Figure
5-13 in the previous chapter,




MODELS
MS5000-155.
M7000-155

MOTOROLA

Service Manual

CAUTION
No work should be attempted on any ex-
posed monitor chassis by anyone not
familiar with servicing procedures and
precautions.

A. GENERAL INFORMATION

This manual contains information on the
M5000/M7000 monitor series and the +5 volt logic
power supply. The M3000 uses a 1%-inch CRT and
the M7000 uses a 23-inch CRT. All CRTs are of the
magnetic deflection type with integral implosion pro-
tection.

All monitor power supplies are capable of pro-
ducing both +73 and +12 volts regulated from cither
115-volt or 230-volt AC input to the transtormer pri-
mary. All monitor variations described berein require
a composite video input signal.

SAFETY
CAUTION '
No work should be attempted on an ex-
posed monitor chassis by anyone not
familiar with servicing procedures and
precautions.

1. Safety procedures should be developed by habit
50 that technicians rushed with repair work auto-
matically take precautions.

2. A pood practice, when working on any unit, is to
first ground the chassis and to use only one hand
when testing circuitry. This will avoid the passibil-
ity aof carelessly putting one hand on chassis or
ground and the other on an electrical connection
which could cause a severe electrical shock.

3. Extreme care should be used in handiing the pic-
ture tube as rough handling may cause it to im-
plode due to atmospheric pressure (14.7 Ibs, per
sg. in.). Do not nick or scraich glass or subject it to
any undue pressure in removal or installation.

Input and output connections for the monitors
are made through a 12-pin connector plug located at
the rear of the chassis. [nputs consist of composite
video, audio, and 113220 volt AC throe-wire,

All monitors employ: four stages of video
amplification, a two-stage sync separator, a two-stage
vertical integrator, a four-stage horizontal sweep cir-
cuit, a three-stage vertical sweep circuit, a ane-stage
spot kill, a one stage blanking amplifier; and a regu-
lated, full-wave bridge power supply.

Madel Breakdown Chart

Madel Video [nput 19" CRT 23 CRT
M3000-155 Composite X
M7000-155 Compaosite X
WARNING

When handling, safety goggles and heavy gloves
should be worn for protection. Discharge picture
tube by shorting the anode connection to chassis
ground (net cabinet or other mounting parts).
When discharging, go from ground to anode or
use a well-insulated piece of wire, When servicing
or repairing the monitor, if the cathode ray tube is
replaced by a type of tube other than that specified
under the Motorola Part Number as original
equipment in this Service Manual, then avoid pro-
longed exposure at close range to unshielded
areas of the cathode ray tube. Possible danger of
personal injury from unnecessary exposure to
X-ray radiation may result.

4. An isofation transformer should always be used
during the servicing of a unit whose chassis is
connected to one side of the power line. Use a
transformer of adequate power rating as this pro-
tects the serviceman from accidents resulting in
personal injury from electrical shocks. It will also
protect the chassis and its components from being

|
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damaged by accidental shorts of the circuitry that
may be inadvertently introduced during the ser-
vice operation,

5. Always replace protective devices, such as
fishpaper, isolation resistors and capacitors and
shields after working on the unit.

6. Befare returning a serviced unif, the service tech-
nician must thoroughly test the unit to be certain
that it is completely safe to operate without danger
of electrical shock. Do not use a2 line isofation
transformer when making this test.

. 4__...-\ClClED-Cl)u—"H VOLT (OR HIGHER ACWOLTMEILR

HOTES { REVEAT BACH CHECK A1TH THE LINE 08D
REVIREEL IN THE FOWEH OUTLE
P METER AELCNG MUST WD ERCEED
FowOLTS AC

HOT™ LAl OF WE TFR To FACK
EXPUGSED PART 07 CAB NET,
A% WELL AS THE CAHINET

AC VOLTMETEA

GROUNG LEAD OF MLTLH 10 aNY LAHTH
GAUND SUCH AS A COL D WATER RIPE ‘\

1900-0HM 1A TT AFSISTOR
WELILAT0R

Voltmeter Hook-up for Safety Check

In additian to practicing the basic and fundamen-
tal electrical safety rules, the following test, which is
related to the minimum safety requirements of the
Underwriters Laboratories, should be pertormed by
the service technician before any unit which has been
serviced is installed in a game again.

A 1000-chm-per-volt AC voltmeter is prepared by
shunting it with a 1500-chm, 10-watt resistor. The
safety test is made by contacting one meter probe to
any portion of the unit exposed to the operator such
as the cabinet trim, hardware, controls, knobs, ete.,
while the other probe is held in contact with a good
“earth” ground such as a cold water pipe.

The AC voltage indicated by the meter must not
exceed 712 volts. A reading exceeding 7' volts indi-
tates that a potentially dangerous leakage path exists
between the exposed portion of the unit and earth
ground. Such a unit represents a potentially serious
shock hazard to the operator.

The abave test should be repeated with the
power plug reversed, when applicable.

Never reinstalf a mantor which does not pass
the safety test until the fault has been located and
corrected.

Table -1 Motorola Monitor Electrical Specifications

MODEL M35000-155

MODLL M7000-155

PICTURE TUBE

1147 dedlection angle; integral

19" measured diagonally (48.2 cm);
184 5q. inchviewingarea (1 188sq. cmy;

implosion protection: P4 phosphor

23" measured diagonally {584 cmi;
282 sq. inch viewing area (1820 5. cm?;
110° deflection angle: integral
implosion protection; P4 phosphor

standard standard
POWER INPLIT 115/230 VAC, 110 Warts (nominal); €0 Hz provision for 230 VAC, 50 Hz
FUSES MBE000-153, M7000-155—0.8A

+73 VOLT SUPPLY

Electronically regulated over AC inpults from 103 VAC to 130 VAC, or 260 VAC

to 260 VAC
VIDEO INPUT 0.5 Volts to 2.5 Volts P/P maximum, composite for 50V at CRT
RESOLUTION 500 lines at picture center
LINEARITY Within 3%, measured with standard EIA ball chart and dot pattern
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Table 6-1

Moilorola Monitor Electrical Specifications

HIGH VOLTAGE 17KV (nominal)

HORIZONTAL

BLANKING INTERVAL 11 microseconds typical (includes retrace and delay}

SCANNING
FREQUENCY

Horizontal: 15,7530 Hz 500 Hz; Vertical: 50/60 Hz

ENVIRDNMENT

Operating temperature: 10°C to 35°C (ambient)

Storage Temperature: --40°C to +65°C

Operating Altitude: 10,000 ft. maximum ({3048 meters)

Designed to comply with applicable DHEW rules on X-Radiation

CSA certified for use in coin-operated amusements in a combustible enclosure
UL listed under specification 1410 (electronic components)

TYPICAL

DIMENSIONS {358 x 46 x 376 cm}

T4.1T1"H, 18.18" W, 14.83" D

16.72" H, 21.56" W, 16.18" D
(42.4 x 54.7 x 41 cm})

Specifications subject to change withowt notice.

B. SERVICE NOTES

Circult Tracing

Component reference numbers are printed on
the top and bottom of the three circuit cards to ia-
cilitate circuit tracing. In addition, control names are
also shown and referenced on the schematic diagram
in this manual.

Transistor clements are identificd as dollows:
E—Emitter, B—Base, C—Collector.

Component Removal

Removing components from an etched circuit
card is facilitated by the fact that the circuitry (copper
foil) appears on one side of the circuit card only and
the component leads are inserted straight through
the holes and are not bent or crimped.

It is recommended that 2 solder extracting gun
be used to aid in component removal. An iron with a
temperature-controlled heating element would be
desirable since it would reduce the possibility of
damaging the circuit card foil due to over-heating.

The nozzle of the solder extracting gun is in-
serted directly over the component |ead and when
sufficiently heated, the solder is drawn away, leav-
ing the lead frec from the copper foil. This method is
particularly suitable in removing multi-terminal com-
ponents.

84

CRT Replacement

Use extreme care in handling the CRT, as rough
handling may cause it to implode due to high vacuum
pressure. Do not nick or scratch glass or subject it to
any undue pressure in removal or installation. Use
goggles and heavy gloves for protection. In addition,
be sure to disconnect the monitor from all external
voltage sources.

1. Discharge CRT by shorting 2nd anode to ground;
then remove the CRT socket, deflection voke and
2nd anode lead.

2, Remove CRT from the front of the chassis by
loosening and removing four screws, one in each
corner of the CRT.

Adjustments
A nan-metallic tool is recommended when per-
farming the following adjustments,

Regulator Adjustment

NOTE

Misadjustment of the +73 volt regulator or
the horizontal oscillator may result in
damage to the horizontal output transistor
or pulse-limiter dinde. The following pro-
cedure is recommended to insure reliable
operation,




1. Connect the monitor to an AC line supply; then
adjust supply to 120 volts (240 volts in some
applications),

2. Apply test signal to proper input. Signal shouid be
of same amplitude and sync rate as when monitor
is in service.

3. Adjust HOR. SET cail LT until display is stable,
4. Connect a DC digital voltmeter or equivalent

precision voltmeter to the emitter of the regulator
output transistor, (317, orany 1 73 volt test point.

w1

. Adjustthe 73V AD|UST. control, R93, for an output
of +73 volts. Do not rotate the control through its
entire range; damage to the monilor may result.

6. When adjustment is complete, the AC line supply
can be varied between 103 and 130 valts AC to
check for proper regulator operation. With the
regulator operating properly, changes in display
size should be negligible,

Horizontal Hold/Oscillator Adjustment

Adjust the core of HOR. 5ET cail L1 untl the
horizontal blanking lines are vertical or the CRT dis-
play is stable (synced.

Vertical Helght/Lincarity Adjustment
1. Connect a test generator whose output is similar
to the display signal normally used.

Maotorola Monitor Circuit Board in Service
Position

Figure 6-1

2. Rotate the vertical size control, R&60, until the
smallest display is obtained.

3. Adjust the vertical linearity contral, R64, until the
top and bottom of the test pattern is equally
spaced.

4. Readjust Ré0 until the desired display height is
obtained.

3. Readjust Rb4, if necessary, as in Step 2 above.

Focus Adjustment

The best overall focus of the display is obtained
by adjusting the focus control, R42, for bestfocus ata
point which is near the center and approximately 1/3
down from the top of the display.

Monitor Servicing

The manitor circuit board may be installed in a
service position to provide easier access to the circuit
fail when servicing the monitor (see Figure 6-1).

C. THEORY OF OPERATION
Power Sapply

The power supplies are transformer-operated,
full-wave, regulated supplies which maintain con-
stant output voltages for input line variations of 103
volts AC 1o 130 volts AC, or 206 volts AC to 260 volts
AC. Regulation of the oulput voltages is accom-
plished by using positive feedback through the inte-
grated circuit reference amplifier.

+73 Volt Supply {See Figures 6-3, 6-4)

When the +73 volt supply attempts to increase,
the voltage at pin 3 of 1C1 will increase, while the
voltage at pin 2 remains constant due to D20. The
increasing voltage at pin 3 will cause the output
voltage of the reference amplifier (pin 6) to increase
the forward bias of Q19. The collector voltage of 19,
forward bias of Q18, and the base current of Q17 will
all decrease. The resultant proportional increase of
Q17 collector-to-emitter vollage will cancel the at-
tempted output voltage increase.

When the +73 volt supply bus attempts to de-
crease; the voltage at pin 3 of |C1 will decrease while
the voltage at pin 2 remains constant. The decreasing
voliage at pin 3 will cause the reference amplifier
output voltage at pin 6 to decrease the forward bias of
Q19. The collector voltage of 19, the forward bias of
018 and the base current of (317 will increase. The
collector-to-emitter voltage of Q17, which is in series

a5
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Figure 6-3 473 Volt Supply Circuit

with the output, will decrease proportionally to the
attenpted decrease in the cutbut bus.

A
Resistor R84 shunts a portion of the output ;
currentaround Q17 so less power is dissipated within g
the device. Resistor K82 is the current-limiting resis-
tor for Q18, and R86 controls the leakage current of
Q17. Resistors R83 and R85 are the collector load for
C .

19, and R88 and R&7 provide an emitter voltage for
Q19 within the range of ICT's cutput voltage var-
iatfons. Capacitor C45 filters high frequency var-

PARABOLA
. FROM EMITTER
| OF Q17

EXISTING VERTICAL
SAWTOOTH WITHOUT
WERT.FARABOLA

. ADDED

PARABOLA PULSE AND
VERTICAL SAWTOOTH
ADDED TOGETHER,
HENCE PRODUCING THE
REQUIRED YERT,
DRIVING 5IGNAL

iations from the voltage at pin 7 of 1C7, and C49 is a
Miller-effect capacitor which eliminates instability.

86

Waveform

Figure 6-4 Motorola Monitor Vertical Drive
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Figure 6-3 Motorola Monitor Video Amplifiers and
Output Circuit

Capacitor C32A filters horizontal frequency var-
iations from the output bus,

Resistor RYT provides bias current for D20, and
the value of R99 presents an impedance from pin 2 of
IC1 to AC ground {through D20). Capacitor C46
couples high frequency voltage variations, which
occur at the output bus, back to pin 3—preventing
oscillations for proper operation of the reference
amplifier. Resistors R92, R93, and R94 provide voltage
division such that the adjustment of R93 can be set
equal to the voltage of pin 2 of ICT. Resistor RY3
pravides bias current for D21 and also provides the
+12 volt output. Diode D23 is necessary to
femperature-compensate for variations within D27,
Capacitar C328 filters AC variations from the output
of the full-wave bridge,

Video Amplifiers and Output
{Sce Figure 6.3)

The compuosite video signal is coupled to the
emitter-follower Q1 through the input connector PT
and capacitor C1. Transistor Q1 is a buffer stage
which matches the impedance of the signal scurce to
the video preamplifer and the sync separator stages.
Resistor RT is a terminating resistor for the video
signal source, and resistors RZ, R3, R4, and R5 form
the biasing network for the stage. Capacitor C2
bypasses higher video frequencies to ground. The

composite video sighal is coupled frorm the emitter of
(1 to the sync separator Q10 through C33 and to the
contrast control Ré through C47.

The contrast control varies the amplitude and
couples the composite video signal to the base of Q2
through capacitor C3. Transistors Q2 and Q3 are
complimentary, direct-coupled, common emitter
amplifiers. The voltage gain (approximately 12) of the
preamplifier stage is controlled by the feedback ar-
rangement of R9, R10, R11, and R12. Resistors R7 and
R& provide the base bias voltage for Q2. Capacitor
C48 ts used for high-frequency peaking.

The output of the videa preamplifier stage is
coupled to the video output stage through capacitor
€4. Diode D2 clamps the video signal to approxi-
mately 4 0.7 volts (DC restoration) when a sync pulse
turns on the sync amplifier (i1, The video output
stage is connected in a cascade configuration. Tran-
sistor Q4 is a common emitter amplifier and Q5 is
connected in a common base arrangement. Ca-
pacitors C7, €8, and resistor R16 are used for high-
frequency campensation, and resistor R18 controls
the gain of the stage to approximately 47, Diode D3
maintains the base of Q5 at -6.2 volis, while ca-
pacitor C5 filters the video signal variations from the
base voltage. Resistor R13 provides a DC bias path for
D2, and R19 and D4 are used to limit the current
through the CRT.

a7
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Figure 6-6 Motorola Monitor Horizontal Deflection Circuit

Capacitor C10 AC-couples the video from the
collectar of (35 to the cathade of the CRT if D4 turns
off due to high beam currents. Resistor R17 is the
collector load for Q3, and R15 provides the bias
current for the zener diode D3. Capacitors C9and C6
filter video frequencies from the —130 volt and —12
volt supplies. Resistar R14 and zener diade D are
used to supply =12 volts for Q1. (32, and Q3.

D. HORIZONTAL DEFLECTION
CIRCUITS (Sce Figure 6-6)
Phase Detector {See Flgure 6-7 )

The phase detector consists of two diodes (D3
and D&) in a keved clamp circuit. Two inputs are
required to generate the required output, one from
the horizantal sync amplifier, (311, and one from the
horizontal output circuit, Q% The required output
must be of the proper polarity and amplitude to cor-
rect phase differences between the input horizontal
sync pulses and the horizontal time base.

The horizontal output {(Q9 collector pulse is in-
tegrated into a sawtooth by R24 and (12, During
harizontal sync time, diodes D5 and D6 conduct,
which shorts C12 to ground. This effectively clamps
the sawtooth on C12 to ground at sync time, If the
horizontal time base is in phase with the sync
(waveform A), the sync pulse will occur when the
sawtooth is passing through its AC axis, and the net
charge on C12 will be zero (waveiorm Bl H the hori-
zontal time base is lagging the sync, the sawtooth on
C12 will be clamped to ground at a point negative
from the AC axis. This will result in a positive DC
charge on C12 (waveform C). The positive polarity

a8

causes the horizontal oscitlator to speed up and cor-
rect the phase lag. Likewise, i the horizontal time
hase is leading the sync, the sawtooth on C12 will be
clamped at a point positive from its AC axis. This
results in a net negative charge on C12 which is the
required pelarity to slow the horizontal oscillator
iwaverorm D),

Camponents R23, (015, R25 and C17 comprise the
phase detector filter. The bandpass of this filter is
<hosen o provide correction of harizontal oscillator
phase without ringing or hunting. Capacitor C13
times the phase detector for correct centering of the
picture on the raster.

Horizontel Oscillator

The horizontal oscillator employs the principles
of the Hartley-type oscillalar. Its operating frequency
is sensitive to its DC base input voltage, thus permit-
ling the frequency of the oscillator to be varied by the
oulput voltage of the phase detector. The main
frequency-determining components are L1, C19, and
R28. The oscillator operates as a switch being biased
alternately into saturation and cut-ofi. The initial for-
ward starting bias is supplied via R26.

Horizontal Pulse Shaper and Driver

The horizontal pulse shaper Q7 scrves as a buffer
stage between the horizontal oscillator and driver.
Capacitor C20 and resistor R30 combine to shape the
input waveform to the required duty cycle of 50%,
which is necessary to drive the horizonlal output
stage.
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Figure 6-7 Motorola Monitor Horizontal Deflection
Waveiorms

The harizontal driver Q8 operates as a switch ta
driving harizontal autput transistor Q9 thraugh T1.
Because of the low impedance drive and fast switch-
ing times, very little power is dissipated in (8.

Resistor R35 and capacitor C21 provide damping
to suppress ringing in the primary of T1 when Q8 goes
intercut-off, Resistor R3bis used forlimiting currentin
the collector of 8, and C22 iilters the horizontal
frequency variations from the DC side of the trans-
former primary.

Horizontal Qutput {See Figure 6.8)

The secendary of T1 provides the required low
drive impedance for Q9. Resistor R37 limits current in
the base of (09, while capacitor €23 provides ad-
ditional reverse bias to keep Q9 turned off during the
horizantal retrace pulse. Transistor Q9 operates as 2
switch which once each horizontal time period con-
nects the supply voltage across the parallel combina-
tion of the horizontal deflection yoke and the primary
of T2. The required sawtooth deflection current
through the horizontal yoke is formed by the L-R time
canstant of the yoke and output transtormer primary.
The harizontal retrace pulse charges C27 through D8
to provide operating voltage for G2 of the CRT.
Momentary transients at the collector of Q9, should
theyaccur, are limited to the voltage on C27, since D8
will conduct if the collectar voltage exceeds this
value,

The damper diode D7 conducts during the
peniod between retrace and turn-on of Q9to reduce
retrace overshoot; capaciter C28 is the retrace tuning
capacitor. Capacitor C25 blocks DC from deflection
yoke, Components R38 and C26 are damping com-
ponents for the width and linearity ¢oils. Capacitor
C320D is charged through D10, developing the video
output supply voltage.
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Figure 6-8 Matorala Monitor Horizontal Output Circuit
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Figure 6-9 Motorola Monitor Sync Circuil

Sync Circults (See Figure 6.9)

The video signal is coupled from the emitter of
Q1 to the base of Q10 through C33. The negative-
going sync tips turn on Q10 and are clamped to the
value of the base voltage duc to the base-emitter
diode junction. The video information within the
composite video signal, however, is less negative and
Q10 remains off between each sync tip, Therefore,
the waveform at the collector of Q10 will contain only
the composite sync pulse information.

Resistors R45 and R46 provide base bias lor Q11.
The compaosite sync pulses are amplified and inverted
by Q11 where they are coupled to the vertical sync

integrator (312, the horizontal phase detector, and
the video clamp diode D2. Resistors R47, R48, and
R49, are the collector lvad for Q11, and also provide
base bias far (312, Resistor R30 limits current through
the base-emitter junction of (312, and R51 is its collec-
tor load. Components R32, 34, R53, C35, and R54
form a dauble integratar which removes the horizon-
tal pulses from the composite sync signal, leaving the
vertical pulses to be amplified by (313 and coupled ta
the vertical oscillator.

Vertical Oscillator and Qutput
{See Figure 6-10)

The vertical oscillator is a relaxation oscillator
and operates at a free-running frequency that is set by
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Figure 6-10 Motorola Monitor Vertical Oscillator Circuit
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the value of resistars R56 and R57. The series combi-
nation of €37 and C38& charges through D14, R61, and
R60, until D12 turns on. This occurs when the anode
voltage of D12 exceeds the gate voltage by approxi-
mately 1.0 volt. When D12 conducts, C37 and (38 are
discharged to nearly zero volts; then D12 turns off
and the cycle repeats. The value of R61 and the setting
of Rel) determines the amplitude of the waveform.

Diode D14 provides a small incremental voltage
above ground to overcome the forward base-emitter
drop of Q14; D13 provides temperature compensa-
tion for the output stage. Resistor R96 provides a
constant oscillator load for variations in input impe-
dance of Q14. Transistor Q14 is an emitter-follower
used to transform the high impedance drive sawtooth
to a low impedance drive for (Q15.

The vertical choke L5 acts as a current source
during linear scan time and provides a high-voltage
pulse to aid retrace when 15 shuts off. To limit this
pulse to a safe value, a varistor, R&b, is connected
across the choke.

Since the impedance of the choke decreases
when the collector current of Q15 increases, severe
vertical non-linearity will result unless some com-
pensation is employed.

Resistors Rb4 and R62 couple the emitter voltage
of {15 to the junction of €37 and C38. This palh is
resistive, and the waveform coupled back will be
integrated by C38. This results in a pre-distortion of
the drive sawtooth. This is done to compensate for
the non-linear charging of C37, C38 and the changing
impedance of C5. An additional feedback path
through R63 and C39 serves to optimize the drive
waveshape for best linearity. Capacitor C40 couples
thesignal to the vertical yoke winding and blocks DC.

Spot Kill (See Figure -11)

The spot kill circuitry is used to reduce the effect
of the electron beam concentrating on one area of
the CRT after the monitor s turned off. The circuitryis
accomplished by raising the arm of potentiometer
R73 to the +150 volt level and, thercfore, increasing
the brightness to maximum to dissipate the high-
veltage charge that normally remains in the CRT.

When the monitor is operating, transistor (320 is
on and its collector is near zero volts. Capacitor C44
charges through the base-emitter junction of Q20
and R97. Resistor R72 provides the base bias voltage
required to keep Q20 on. When the monitor is turned

R73
BRIGHTNESS

YYYY

TOR7?
CRT. PIN 2

Figure 6-11  Motorola Monitor $pot Killer Circuit

off, the falling +~73 volts is coupled to the base of Q20
to turn off the transistor causing its collector voltage
to rise to approximately +150 volts, Diode D24
prevents the negative voltage swing at the base of
Q20 tfrom exceeding the reverse voltage rating of the
transistor.

Blanking Amplfier {sce Figure 6-13)

The blanking amplifier combines both the verti-
cal and horizontal retrace pulses to turn off the elec-
tran beam in the CRT once overy harizontal line and
once every vertical field.

Capacilor C41 couples the vertical retrace pulses
and capacitor €31 couples the horizontal retrace
pulses to the blanking amplifier. Resistar R68 deter-
mines the amplitude of the vertical pulses, while Re%
determines the amplitude of the horizontal pulses.
Capacitor C42 bypasses R6%to couple the leading and
trailing edges of the horizontal retrace pulses to the
amplifier. Resistor R70 allows €41 to discharge when
the retrace pulses swing below zero volts. Diode D15
prevents the retrace overshoot from exceeding the
reverse voltage rating of (Q20. Resistor R71 permits
Q20to turn off between retrace pulses, while R75 and
R7& provide the collector voltage for Q20. Capacitor
{43 couples the blanking pulses to the control grid of
the CRT.

Figure 6-12 Motorola Monitor Blanking Amplifier
Circuit

21
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Figure 6-13 Motorola Monitor Chassis Rear View —Component Location




Figure 6-14 Molorola Monitor Circuit Board Detail—Solder View 93




Figure 6-15 Motorola Monitor Schematic Diagram
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Table 6-2 Motorola Replacement Part Numbers

REF. PART REF. PART
NO. NUMBER DESCRIPTION NO. NUMBER DESCRIPTION
Capacitors: (o) 8510191898 07, T0%, 250V; Poly.
All values are in Microfarads unless otherwise noted. 32 23510255873 20/200, 400/125, 600100,
C1 23510255A27 47, 50V; Lytic 200i50; Lytic
C2 215135660 .05, +80-20, 75V, 50V; C33 8510141A31 033, 10%, 160V, Poly.
Cer. Disc. C34,C35  8510191A32 47, 10%, 250V; Poly.
C3,Ca 235187426 22, 25V; Lytic C36 21518060 .07, +80 20, Z5Y, 50V;
cs 215180F60 01, +B80-20; Z5V, 50v; Cer. Disc.
Cer. Disc, (37, 38,39 8510191867 0.22, 10%, 250V; Paly.
Ch 215135660 05, +80-20, 75V, 50V: C40 23510255A60 100, 63V, Lytic
Cor. Disc. C41 8510212816 0.1, 20%, 400V; Mtlz,
7 215131623 330pf,10%, X5F, 500V; Poly.
Cor. Dist: 42 215180082 0.33, 10%, N150, 500V;
B 215180B87 220pf, 10%, X5F, 300V; Cer. Disc.
Cer. Disc. C43 8510191867 .22, 10%, 250V; Poly.
<9 8510191899 015, 10%, 250V; Poly. Ca4 13510255828 4.7, 100V; Lytic
C10 8510212818 0.22, 10%, 400V, ' C45 84510191890 {033, 10%:, 250V Poly.
Milz. Poly. Cah 215132492 .01, —R0-20, Z5V, 100V;
1 21131625 330pf, 10%, X5F, 500V; Shtelizg:
Cer. Disc. C47 23510255863 100, 10V; Lytic
12 215180C41 .0027, 10%, Z5F, 500V, Ca 215180D36 47pf, 10%, N750. 100V;
Cer. Disc. Cer. Disc,
Ci3 215180C02 10pf, T0%, N150, 300V, Cag 215180851 601, 10%, X5F, 500V;
Cer. Disc. Cer. Disc.
Cl4 215180034 003, 20%, Z5F, 1KV, ]
Cer. Uisc. Diodes:
15 235102:29A32 1.0, 16V, Lytic D1 48510813A03 Diode, Silicon, Zener;
17 8510191R90 033, 10%, 250V: Poly, IN5242
c18 8510299828 .07, 10%, 100V; Polycarb. | D2 48D67120A13  Diode; A13
C19 8510299829 0082, 10%, 100V D3 48510813A01 Dinde, Silicon, Zener;
Polycarb. IN3234B
C20 8510191898 .01, 10%, 250¥; Poly. D4 485191A02 Rectifier, Silicon: 91A02
C21 215180851 .001, 10%, X5F, 500V; D5,D6  4BD67120A11  Diode; AT
Cer. Dise. D7 485134921 Diode, Damper; 1D
22 8510191R98 .01, 10%, 250V Poly. D8 455134978 Diode, Pulse Lim; DK
23 23510255850 150, 10V Lytic D10 485191A05 Rectilier, Silicon; 91A05
C24 215180B51 001, 10%, X3F, 500V; DI 485137714 Rectifier, H.v., D2Y
Cer. Disc. 2 485137638 Vert. Osc.; MPUGGZY
C25 BS10299827 0.82, 10%, 200V; Mtl7. D13, D14 485191A05 Rectifier, Silicon; 91A05
Palycarb. 013 48D67120A11  Diode; A11
C26 215137625 330pf, 10%, X5F, 500v; | DI6.-DI7o yuqioia0s Rectifier, Siticon; 91A05
Cer. Disc. D18, D19
a7 2510212411 1.0, 10%, 630V; Mtlz. D20 A6510813A02 Diode, Silicon, Zener;
Poly. 1N5231B
C28 8510571A06 01, 5%, 1200V; D21 48510813A03 Diode, 5ilicon, Zener;
Polyprop. Foil IN5242
29 8510212853 0.47, 10%, 630V; Mtlz. D22 48D67120A11  Diode; AT1
Poly. 023, D24 435191A05 Rectifier, Silicon; 91A05
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Table 6-2 Motorola Replacement Part Numbers

i{:: Part No. DCescription Eﬁ; Part No. Description
Fuses: N _ . Re0 18025245429 Vert. Size; 250K
F1, F2 535138269 Fuse, 0.8A-250V s 1BD25245A31  Vert, Lin - 100K
L Rbb 6510201404 Yaristor, 1 ma, 120V, 0.5W
Integraied Circuits: R73 18025245428  Control, Brightness; 200K
1C S1ST0732A01 Ref. Aimpt.; T3F R4 175135584 150, 10%. 10W
. K93 1803252453A21 Control, =73V out Adj.;
Coils/Chokes: 2 5K
L1 24C25448A01 Coil, Horir. Osc. RYS 1073 1A03 15K, 10% . 5V
12 24D25603A09  Coil, Horiz. Width T
3 24D25248A14  Coil, Horiz, Lin. itk
L3 24025261409 Coil, Defl. (M5000-155, SW 40570624707  Swilch, Slide; D.P. D.T.
MEOE-133)
L4 24D2526TAT0 Coil, Defl. (M7000-155, o
_ SATOIESEY, T 25D25229A05  Horiz. Driver
L5 250232271C12 Choke, Vertical ) 34025240823 H.V. Transformer
) 11 25D25234B20  Transformer, Power
Transistors: (M30100-135, M7010-155)
ol 485137171 Emitler Follower; A6H T3 23D25239B30  Transformer, Power
Q2 485137172 Video Pre-Ampl.; Ab) (M3000-135, M7000-155)
Q3 485137127 Video Pre-Ampl.; P25
Q4 485134952 video Driver; A2 Misc. Electrical Parts:
Q5 485137476 Video Output; BT V1 96524 1ADT 19"—CRT; Type 19VARP4
06 ARS137172 Haoriz, Osc,; Ab) [MAS000 83010}
Q7 485137127 Horiz. Pulse Shaper; P2S Vi 963 10848A01  23'—CRT; Type
Qb 285137093 Hariz. Driver; A3F M22VATPS {M7000/
09 85137570 Hlariz, Guiput; B2L MZ010)
Q10 485137173 Sync Separator: P2wW
Qn 485137172 Sync Ampl.; AS Mechanical Parts:
Q12 AB5137172 Verl. Sync Integrator; A0 9B25456A01 Block, Fuse (FI1, 23
Qs 485137172 Vert. Ssync Ampl.: Ab) 42D23158C01T  Clamp, Deil. Coil
Q’|4 85737634 Vert, Driver; MPS A3 2651025 1A08 Heat Sink ((13}
Q15 48513759 Vert, Quiput; B2V P 15510183A69 Housing, Conneclor;
Q6 485137172 Blanking Ampl.; A&} Female (12-Contact,
017 485137368 Regulator; ABW Less Cantacts)
Qs 485134952 Reg. Driver; A2 39510184467  Contact, Plug; 5 Req'd
Qi9 485137476 Reg. Buifer; BiE M3000/M7000, 9 Reg'd:
Q20 485137476 Spot Kill; B1E SASGT0MZ010
=) 155 1T A3IAR2 Housing, Connector;
Resistors/Controls: Male (3-Contact, Less
NOTE: Oniy power or special resistors are listed. Use Contacts), M5000/M7000
the description when ordering standard values of P2 15510183A81 Housing, Connector;
fixed resistors up to 2 watts. Female (3-Contact, Loss
R6 18025245427 Control, Contrast; 500 Contacts}, M5D10:M7010
R14 175133204 100, 109, 3W 295101 BAGT Contact, Plug; 3 Reg'd
R17 175107 31A01 39K, 5%, 5W forP2
R36 17510130807 1.5K, 10%, 3w P3 23510586A33 Header, Connector;
R42 18D25218A14  Control, Focus; 2M 2-Contact
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Table 6-2 Motorola Replacement Part Numbers

REF. PART REF. PART .
NO. NUMBER DESCRIPTIOIN NO. NUMBER DESCRIPTICONN
P4, P5 15510183812 Housing, Connector; 14B25459A01 'nsulator, Fuse Cover
female (3-Contact, Less {Fi,2
Contacts) M5010/ 144562353 Insulator, Mica (09,
M7010 Q15,. Q17)
39510184A84  Contact, Plug; 3 ea. 14C25230A01  Insufator, Molded (On
Req'd for P5, M50/ 011 Body)
MPIG 14510157A30 Insulator, Nylon (2-
52 155107183A81 Housing, Connector; Req'd.); Mtg. P.C. Board
Female (3-Contact, Less 14510550402 Insulator, Transistor
Contacts), M3000/M7000 Cover {Q9, 315, 317}
52 15510183A82 Housing, Connector; 35136050 Screw, Tpg: 6-20x%: CLU
Male (3-Contact, Less Pan (Mtg. 3%, Q15, Q17
Contacts), M5010:M7010 and D11 Socket)
39510184 Abd Contact, Receptacle; an25470A01 Socket, CRT; Incd's.
3 Req'd. for 52 R77. R78, R79, RB0
53 15510183A94  Housing, Connector; 9D25201A01 Socket, H.V. and CRT
Female {2-Contact, Less Anode
Contacts} 9ChH3IB23A03 Socket, Power Transistor
39510184A72  Contact, Receptacle; Q%, Q15,17
3 Req'd. for 53 41D65987A01  Spring Special; CRT
Aquadag Gnd.
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